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Conservation status of long-distance migratory birds

The ecology and population dynamics of migratory animals are influenced by events
that occur in different, often widely separated places and during different seasons
(Greenberg & Marra 2005, Newton 2008). Reproductive success is not only directly
influenced by effects operating during the breeding season, but also by pre-breeding
conditions and carry-over effects from previous seasons. For example, delays during
spring migration may result in late arrival in the breeding areas, resulting in turn in
acquisition of poorer quality breeding territories and lower reproductive success
(Newton 2008). Consequently, processes that have an impact during the non-
breeding season can ultimately influence reproductive success, additionally to their
potential influence on survival (Marra et al. 1998).

Populations of long-distance migratory birds have declined during the last
decades, whereas populations of short-distance migrants or residents generally did
not show such a decline (Sanderson et al. 2006). Hence, long-distance migratory
populations are of particular conservation concern. Next to factors during the
breeding season, the decline points towards the importance of factors acting during
the non-breeding season and outside the breeding range, affecting survival and
subsequent reproduction (Webster et al. 2002, Bairlein 2003, Newton 2008). Conse-
quently, additionally  to understanding ecology and conservation concerns in the
breeding areas, identification of migration routes, of en-route stopover sites and of
population specific wintering areas is of prime importance for effective conservation
measures (Moore et al. 1995, Newton 2006, Norris & Marra 2007).

This thesis is investigating the year-round ecology of a Palearctic-African long-
distance migratory raptor. The study species is Montagu’s harrier Circus pygargus, a
model species for migratory raptors and at the same time as a top – predator also a
key species for other birds that share similar ecological niches in the different year-
round habitats (e.g. farmland or steppe bird species in the breeding areas).
Montagu’s harrier travels between the worlds, breeding in NW-European farmland
areas, but wintering in farmland areas of the West-African Sahel and crossing a
whole range of landscapes during migration. Because of population declines or small
population sizes, Montagu’s harrier is red-listed in many European countries. It is
therefore relevant to investigate whether conservation actions can be taken in
breeding areas, stopover sites and wintering areas to enhance reproduction and
survival and thus population growth. However, the bottlenecks in the annual cycle
that determine population growth rates are still one of the most important open
questions in the population ecology of Montagu’s harrier. 

Study species: Montagu’s harrier

Montagu’s harrier is strictly migratory with a Southwest-Palearctic breeding and
Afrotropical/Indomalayan wintering distribution (Del Hoyo et al. 1992, Glutz von
Blotzheim 1989, Ferguson-Lees & Christie 2001, fig. 1.1). Breeding grounds include
Europe as well as West- and central-Asia (East to Kazakhstan and the upper river
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Yenisey). Wintering areas comprise sub-Saharan Africa, the Indian subcontinent and
adjacent South-Asia South to Sri Lanka (Del Hoyo et al. 1992). Montagu’s harrier is
currently categorized as a species of least conservation concern with a global popu-
lation estimate of up to 100,000 breeding pairs (BirdLife 2009). These estimates,
however, are liable to considerable uncertainty (chapter 8, 9). Montagu’s harriers in
Europe represent more than half of the global population and therefore have a
special protection status (Annex I of the European Birds’ Directive, 79/409/EEC;
Burfield & Van Bommel 2004, Arroyo et al. 2004). 

Montagu’s harriers are ground breeders and consequently especially vulnerable
during the breeding season. Problems arise since the harriers shifted - because of
habitat loss and degradation - from natural breeding habitats like dunes and moors
to mainly (70–90% in W-Europe) agricultural breeding habitats since the late 20th

century (Koks & Visser 2002b). In modern agricultural landscapes and depending on
weather and vegetation circumstances, 20–70% of nests (and sometimes even
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Figure 1.1 Global distribution of Montagu’s harriers (light grey: breeding areas, dark grey:
wintering areas, after Leroux 2004). Star indicates the presumed migratory divide between popu-
lations wintering in Africa (to the West) and in India (to the East), after Moreau (1972). Numbered
dots: study sites of the Dutch Montagu’s Harrier Foundation and co-operation partners that are
referred to in this thesis. Netherlands: Flevoland (1), northern Fryslân and Northwest - and East -
Groningen (2); Germany: Northwest Lower Saxony (3), Soester Börde in Northrhine-Westphalia
(4); Denmark: Ballum (5); Poland: Siedlce (6); Belarus: Hrodna (7); Georgia: Batumi (8); Niger: Lake
Chad (9), Niamey (10); Burkina Faso: Oursi (11); Mali: San (12); Senegal: Khelcom (13).



breeding females) need protection of harvest and subsequent predation (Corbacho  et
al. 1997, Koks et al. 2001, Millon et al. 2004, Vanderkerkhove et al. 2007). The
second important hazard to Montagu’s harrier populations in agricultural habitat is
the declining food availability in today’s intensively used farmed landscapes (Butet
& Leroux 2001; Donald et al. 2001). In many well-studied farmland Montagu’s
harrier populations, declining population trends are reported during the last decades
(Millon et al. 2004).

Montagu’s harriers’ breeding season lasts four to five months a year (fig. 1.2).
The largest part of the year is spent outside the breeding areas: on migrations and in
the wintering grounds. Complete moult takes place during parts of the breeding and
wintering season and is probably suspended during autumn migration (Forsman
1999, fig. 1.2). In contrast to the reasonable profound understanding of Montagu’s
harrier ecology during the breeding season, knowledge on ecology and hazards
during migrations and during the wintering season has been limited.

Background of current Montagu’s harrier conservation and 
research in NW-Europe

The Dutch Montagu’s Harrier Foundation monitors and conserves populations of
Montagu’s harriers in the Netherlands (E-Groningen, NW-Groningen, Flevoland,
Fryslân) and in parts of adjacent Lower Saxony (Rheiderland) in Germany by profes-
sional as well as volunteer work since the 1990s (fig. 1.1). Conservation and research
are closely interwoven, in co-operations with the University of Groningen, the
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Netherlands, and the Institute of Avian Research “Vogelwarte Helgoland” in
Wilhelmshaven, Germany. The Dutch Montagu’s Harrier Foundation strives to
realise a two-component model of Montagu’s harrier conservation in the breeding
areas; component one is nest protection, component two is hunting habitat improve-
ment by extensification of the farmed landscape using agri-environmental schemes
(fallow field margins).

The beneficial effect of fallow structures on Montagu’ harrier populations
became clear already when in 1988, farmland was set aside on a large scale by a
European law meant to decrease the grain over-production. In East-Groningen, the
Netherlands, around 20% of farmland was turned into fallow land. Soon after, the
Montagu’s harrier population increased in that region from occasional nesting
attempts (zero in 1989) to 29 breeding pairs in 1993 (Koks & Van Scharenburg 1997,
Koks et al. 2007, chapter 2). Concluding from population models, this increase
cannot have been achieved by reproduction alone but must have been at least partly
due to immigration (C.W.M. van Scharenburg pers. comm.). After the percentage of
set-aside was brought back to ca. 2% in 1993, the breeding population declined to 20
pairs in 1998.

In 1997, agri-environmental schemes (fallow field margins) were introduced in
East-Groningen. In an area of ca. 40,000 ha, the Montagu’s harrier population
increased from 19 breeding pairs in 1997 to 38 in 2009 (fig. 1.3). The same happened
in the German Rheiderland (ca. 5,000 ha), where enthusiastic farmers, organised in
the Agricultural Nature Association “Rheiderländer Marsch”, introduced fallow field
margins. There, the number of breeding pairs increased from zero in 2003 to 11 in
2007 (fig. 1.3). Also in NW-Groningen (ca. 10,000 ha), fallow field margins were
introduced in 2005, initiated by the Agricultural Nature Association “Wierde en
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Figure 1.3 Number of breeding pairs of Montagu’s harriers in different study areas in The Nether-
lands and in Rheiderland (Germany). Open symbols represent the situation before/after the intro-
duction of agri-environmental schemes (fallow field margins), closed symbols correspond to years
with effective schemes.
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Dijk”. After the last nesting attempt had been recorded there in 1999, a first
(successful) attempt was recorded in 2006 and subsequently the number of pairs
increased to 15 in 2009, representing now a substantial part of Montagu’s harriers
in the Netherlands (fig. 1.3). Evidence that a decline in fallow structures in agricul-
tural landscapes results in a decline in breeding numbers comes from the German
Hellwegbörde, where the population declined concurrently with the decreasing
surface of fallow structures since 1993 (Illner 2007). The clear positive effects of
fallow habitats on Montagu’s harriers’ population trends resulted in a pilot project
with fallow field margins since autumn 2007 in the Dutch province of Flevoland
(Visser et al. 2007). It will show whether the number of breeding pairs (four in 2009)
will increase when these measures will be scaled up. This experiment on a land-
scape scale will show whether agri-environmental schemes are indeed effective to
manipulate carrying capacity of intensively used agricultural landscapes for farm-
land birds. 

Since not only the situation during the breeding season, but also all other events
in the annual cycle are crucial for individuals and thus for population trends, our
current research does not only focus on the breeding areas but also tracks the
harriers during their migrations and investigates their ecology in the West-African
wintering areas. By studying the harriers year-round, we strive to identify bottle-
necks in their annual cycle (Drent et al. 2007, Buehler & Piersma 2008) and investi-
gate potential carry-over effects. We are interested in connectivity between
European breeding populations (Koks & Visser 2002a), as well as migratory connec-
tivity between breeding and wintering populations. Two important elements of
migratory connectivity are whether populations use specific migratory routes and
wintering areas, and whether individuals stick to chosen routes and areas (site
fidelity).

Thesis outline

Part I: Processes during the breeding season
Montagu’s harriers arrive in the Dutch and German breeding areas from the end of
April onwards (figure 1.2). Courtship behaviour by males includes courtship feeding
of females. Montagu’s harriers do not establish hunting territories, but both
members of a breeding pair defend a small breeding territory in the immediate
vicinity of the nest against conspecific and other intruders. Semi-coloniality occurs
when the food situation is favourable with several nests built at close distances
(Arroyo et al. 2004). Montagu’s harriers are often monogamic but a significant
proportion of males may be bigamic, having nests with two females that are mostly
as far as 1 km apart (Dutch Montagu’s Harrier Foundation, unpublished data). On
average three to four eggs are laid in a flat nest on the ground built of grass; mean
laying date is in the end of May. The females incubate the eggs during one month,
meanwhile being fed by the male. During the first two weeks of the nestling phase,
both female and young are fed by the male. When the young are at an age of about
two weeks and able to thermoregulate their bodies independently, females may set
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out hunting for themselves and contribute to prey deliveries at the nest for the
remaining nestling phase. After fledging, especially the males are observed feeding
the young for up to several weeks, before the start of autumn migration (Clarke
1996a).

To study breeding biology, we usually visit nests three times during the breeding
season, while taking precautions that disturbance is at the lowest possible level.
Clutch size, brood size and number of fledglings are recorded when possible. We
distinguish breeding pairs starting a clutch and territorial pairs not starting a
clutch. Farmers, land owners and harvesting companies are informed about neces-
sary nest protection measures. They participate on a voluntary basis in the protec-
tion activities. In lucerne (alfalfa), a square of 10 × 10 m around the clutch is spared
and protected by an electric fence against ground predators. Lucerne is harvested
several times during the breeding season, starting early in the season, which is also
a hazard to the incubating female. For nests in winter barley, where the young
fledge shortly after the harvest, a strong metal fence with a diameter of 2 m is suffi-
cient to protect the young from being trapped under lodged grain and against ground
predators during the remaining time in the nest. This method has been invented in
France (J.-L. Bourrioux pers. comm.). In years with an early harvest, nests in winter
wheat need to be protected from harvesting and subsequent predation in the same
way. Protection fences are placed shortly before (cereals) or immediately after
harvest (lucerne) of the surrounding field.

To investigate prey choice, we need methods to study the diet of free-living
Montagu’s harriers. Raptor diet studies mostly make use of three methods: direct
observations of prey brought to the nest, which is assumed to be the least biased
record of diet, the collection of pellets, and the collection of prey remains. Using a
feeding experiment with a captive Montagu’s harrier, we investigate in box A
(“pellet analyses”) whether pellet analyses employing a numerical or a gravimetrical
method are more suitable for diet studies.

In our Dutch study areas, diet of breeding pairs is monitored by weekly collection
of pellets (regurgitated indigestible prey parts) and prey remains (pluckings) in the
vicinity of the nest, e.g. close to an especially placed wooden pole used as perch by
both members of the breeding pair. Pellets of young are collected during nest visits.
These studies and videography at the nest revealed the diet of Montagu’s harriers in
Dutch farmland, consisting for the major part of small mammals, similar to else-
where in agricultural habitat (chapter 2: “Do voles make agricultural habitat attrac-
tive?”). Main and alternative prey species are documented in chapter 2.

To get a more complete picture, diet studies need to be complemented by
accounts of prey abundance. We quantified prey abundance in the breeding areas
using a small mammal census each year in the first week of August (since 1992). We
show how the East-Groningen Montagu’s harrier population responded to changes
in small mammal abundance in chapter 2. Availability of small mammals may influ-
ence reproductive parameters because small mammals often represent readily avail-
able staple food for the harriers. We seek to answer the question whether small
mammal abundance is the most important factor making agricultural habitat attrac-
tive to Montagu’s harriers.
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To investigate which habitat types in the agricultural landscape are used and
preferred by Montagu’s harriers, we tracked a number of Montagu’s harrier males
in Dutch farmland during several breeding seasons (2003  - 2006) by radio telemetry.
The males were followed by car during their hunting trips, by tracking signals of a
4.7 g light tailmount radio transmitter attached to a tail feather. The enthusiasm of a
large number of volunteers, students and professionals made it possible to track the
males for 10 hours a day and for several days a week. Each minute that the bird was
in sight, its activity and location was reported. Using these spatial and behavioural
data, we investigate home range size, habitat use, habitat preferences and hunting
success on different vegetations, as well as consequences of these factors for repro-
ductive success (chapter 3: “habitat selection using radio telemetry”). Ecological
insights from these analyses enable us to formulate recommendations for conserva-
tion actions in the breeding areas.

In chapter 4 (“mowing enhances hunting yield”), we investigate whether not
only vegetation type, but also vegetation management, for instance mowing
management, is important to warrant good hunting success for Montagu’s harriers.
Mowing may make habitats more suitable for hunting harriers by reducing the cover
for small mammal and bird prey (Bechard 1982, Simmons 2000, Vulink 2001). 

Part II: Processes during migrations 
It is relevant to investigate processes during the migration seasons, as these may
cause the highest proportion of annual mortality in long-distance migrants (Sillett &
Holmes 2002). Natural causes of mortality such as barrier crossings but also human
impacts such as illegal shooting at migratory bottlenecks may contribute to this
mortality (Strandberg et al. 2009a, own observations). Species conservation strate-
gies should take such mortality into account and migratory routes needs to be
documented, so that important bottlenecks and en-route staging sites can be identi-
fied. 

Wintering areas of western European Montagu’s harriers are located in different
West-African countries (Fransson & Petterson 2001, Arroyo et al. 2004). It has been
hypothesised that harriers leave Europe via Gibraltar and return in a loop via Italy
(Agostini & Logozzo 1997, García & Arroyo 1998). The exact migration routes and
wintering areas were unknown. Satellite tracking has proven to be a useful tech-
nique to document migratory routes of large bird species, such as white storks
(Ciconia ciconia; Berthold et al. 1992, 2004), peregrine falcons (Falco peregrinus;
Fuller et al. 1998), ospreys (Pandion haliaetus; Hake et al. 2001; Alerstam et al.
2006) and different eagle species (Meyburg et al. 1995, 2003). In 2005, the first satel-
lite transmitters became available that were light enough to attach on Montagu’s
harriers and we deployed satellite transmitters on two Dutch Montagu’s harrier
females (Trierweiler et al. 2007a, chapter 5: “dual migration pathways”). Subse-
quently, we chose to use this technique in several NW- and NE-European Montagu’s
harrier populations to investigate the migratory system of the Palearctic-African
populations. In total, the migrations of 20 NW-European (Dutch, German, Danish)
and 10 NE-European (Polish, Belarusian; figure 1.1) Montagu’s harriers were
tracked by analysing satellite telemetry data (box B: “standardisation of ARGOS
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data”) between 2005 and 2009. We retrieved 36 autumn tracks of 26 individuals and
16 spring tracks of 13 individuals. Important migration routes were documented,
correcting and supplementing earlier suppositions (Trierweiler et al. 2007a, chapter
5, chapter 6). We also investigated daily travel distances and compared these to
other satellite tracked raptor species (Trierweiler et al. 2007a, Trierweiler & Koks
2009, chapter 5, 8). Daily travel distances were used to identify potentially impor-
tant staging sites during migration and wintering (chapter 6, 7). Furthermore, we
investigated connectivity between breeding and wintering areas as well as site
fidelity in the breeding and non - breeding season and explored potential conserva-
tion implications (chapter 6: “migratory connectivity”). Recently started systematic
raptor autumn migration counts at the Georgian Black Sea coast have revealed
unprecedented concentrations of harriers funneling through this migration corridor
in the W-Palearctic (Trierweiler et al. in prep.). Results from satellite telemetry
(Trierweiler et al. 2007a, chapter 6, 7), ring recoveries (García & Arroyo 1998, Trier-
weiler & Koks 2009, chapter 8) and count data led to insights in the global migratory
system of Montagu’s harrier and the relative importance of different pathways
(box C: “global migratory system”). 

Part III: Processes during the wintering season
Environmental conditions in Montagu’s harriers wintering areas in the West-African
Sahel have changed during the last decades. Intensification of agriculture, cultiva-
tion of natural habitats, overgrazing, excessive woodcutting and climatic causes
resulted generally in lowered food availability for birds (Thiollay 2006a, Zwarts et
al. 2009). Birds may cope with environmental changes in the Sahel to some extent
(Wilson & Cresswell 2006), but many raptor species in the Sahel have declined
dramatically during the last decades (Thiollay 2006a). Additionally to man-made
changes in the landscape, hazards in the wintering areas arise when pesticide treat-
ment of large insects confronts harriers, which mainly feed on grasshoppers during
the wintering season, with poisoned food sources. Harmful pesticides are not only
used against nowadays seldom occurring migratory locust swarms, but also against
mainly non-migratory grasshoppers that are pests to agriculture (Mullié 2009a, b).
Consequences for acridivorous birds may be direct mortality (Cormier & Baillon
1991) or long-term negative impacts on fitness and reproduction (Mullié 2009b).
Montagu’s harrier mortality is furthermore caused by illegal persecution in the
wintering areas, by which we lost one satellite tracked bird (Thiollay 2006a, Trier-
weiler et al. 2007a, chapter 5).

Since 2006, the Dutch Montagu’s Harrier Foundation investigates Montagu’s
harrier ecology and conservation in the wintering grounds, mainly in Niger and
Senegal (figure 1.1). Distribution and habitat preferences are determined during
transects counted along roads by car (Thiollay 2006a, Trierweiler & Koks 2009,
chapter 7, 8). Prey abundance per habitat type is determined during transects by
foot, when birds, small mammal holes and grasshoppers are counted. Diet is studied
by analyses of pellets from night and day roosts. We strive to refine the idea that
Montagu’s harriers’ main preys in the wintering areas are migratory locusts
(Cormier & Baillon 1991, Arroyo & King 1995, Trierweiler & Koks 2009, chapter 7, 8). 
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In the West-African Sahel, the rainy season falls in the period of the northern
hemisphere summer. More rain falls at latitudes closer to the equator, and the rainy
season is shortest just south of the Sahara (the northernmost region of Montagu’s
harriers’ wintering grounds). When the rains cease and the vegetation gradually
desiccates during the dry season (the northern winter), this gives rise to a gradient
of vegetation greenness, with highest greenness remaining at latitudes furthest
south of the Sahara (closest to the equator). Large-scale vegetation greenness
patterns in the Sahel are thus caused by patterns of previous rainfall and ultimately
the shifting Intertropical Convergence Zone (ITCZ). Forbivorous grasshoppers need
green vegetation to survive, indicating that food supplies for Montagu’s harriers
may shift southward with the seasonal shift in vegetation greenness (Thiollay 1989,
Mullié 2009b). For harriers, sparse vegetation may be profitable, as cover for prey is
relatively low and prey availability thus relatively high. When green vegetation gets
sparser throughout the dry season, optimal harrier hunting habitats may also for
this reason shift southwards (P. Jones pers. comm.). We test the hypothesis whether
Montagu’s harrier movements (changes between different home ranges, box D:
“satellite telemetry home ranges”) during the wintering season relate to the south-
ward shift of what presumably is a gradient of food abundance and food availability,
represented by vegetation greenness, in chapter 7 (“following the green belt”). Our
hypothesis describes a phenomenon similar to the patterns termed in Barnacle geese
Branta leucopsis “following the green wave” of starting vegetation growth along the
migratory route in spring (Van der Graaf et al. 2006). Parallel to this hypothesis, we
termed the phenomenon in Montagu’s harriers “following the green belt” of optimal
vegetation greenness, representing high prey abundance and availability, during the
wintering season. The patterns we investigated in Montagu’s harriers may change
dramatically in years with migratory locust outbreaks, which may then dominate
harrier diet (Cormier & Baillon 1991, Arroyo & King 1995) and lead to different
movement patterns.

Synthesis
In chapter 8 (“Montagu’s harrier”), we sum up current knowledge on Montagu’s
harriers in their year - round habitats. We provide results from additional studies on
ring recoveries and new insights from recent and ongoing fieldwork in the Sahelian
wintering areas. Furthermore, factors influencing population change are investi-
gated, such as rainfall in the Sahel. In box E (“population model”), we feed data and
insights from our studies into a population model determining the relative impor-
tance of different seasonal effects on reproduction and survival, i.e. on population
change. In chapter 9 (“general discussion”), we strive to identify which periods in
the annual cycle are crucial for the change in Montagu’s harrier numbers, and
recommend conservation priorities. We furthermore identify gaps in current knowl-
edge and recommend future research that is needed to gain an even more complete
understanding of Montagu’s harrier ecology, enabling us to formulate efficient year-
round conservation strategies.
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Food intake in a diurnal raptor revealed by two
methods of pellet analysis - a feeding experiment

Christiane Trierweiler & Arne Hegemann

Box A

Dietary studies reveal important information on the ecology of bird popu-
lations. In raptors, out of several different methods, pellet analysis is the
most frequently used tool to investigate diet. Food intake is usually esti-
mated by multiplying prey numbers found in pellets with mean prey
weights from literature or local data (numerical method). However, the
reliability of this method has been rarely tested in harriers Circus spp. In
this study, we perform a feeding experiment with a captive Montagu’s
harrier (Circus pygargus) to test whether pellet weight is a reliable indi-
cator of food intake and if this approach should be favoured above the
numerical method. We show that a dietary shift was accurately reflected
in pellet composition with a delay of 1–2 days. Pellet weight represented
3.1% of the previous day’s food intake. Our estimates of food intake, using
the numerical method, closely resembled actual food intake, even in the
absence of clues as to the number of individuals in pellets. We found no
evidence that this method performs poorer than predictions from pellet
weight taken from the literature.

Abstract
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Introduction

Dietary studies reveal important information on the ecology of raptor populations
(Newton 1979). Field studies of raptor diets use direct and indirect methods (Marti
1987, Rosenberg & Cooper 1990). Observations and videography at the nest are used
as direct methods (Rutz 2003, Lewis et al. 2004), but are fraud with several draw-
backs. Prey consumed away from the observer/camera is not recorded (Lewis et al.
2004), and many prey items cannot be identified to species level (Lewis et al. 2004,
Huang et al. 2006, Tornberg & Reif 2007, Redpath et al. 2001). The large investment
in time and resources is often prohibitive to generating representative samples using
direct methods (Lewis et al. 2004, Huang et al. 2006).

Indirect techniques infer diets from evidence collected at or near nest sites and
perches. Analyses of regurgitated pellets and pluckings are most widespread (Marti
1987). Falconiformes often pluck their prey before consumption and only a propor-
tion of indigestible prey parts is ingested (Rosenberg & Cooper 1990, Lewis et al.
2004). Furthermore, the strong gastric acids of falconiformes leave relatively few
clues to identify prey species from pellets (Duke et al. 1975). Identification of prey
species from pellets alone is thus biased (Rosenberg & Cooper 1990) and should be
backed up with results from remains. Prey remains, however, are biased towards
large and conspicuous prey items (Redpath et al. 2001, Lewis et al. 2004, Tornberg
and Reif 2007, Bielefeldt et al. 1992, Simmons et al. 1991, Seguin et al. 1998,
Marchesi et al. 2002 and references therein, Seĺås et al. 2007, Schipper 1973, Oro &
Tella 1995). Combining analyses of pellets and prey remains is thus recommended
and appears to yield good results in some raptor species (Simmons et al. 1991, Lewis
2004). Still, indirect methods usually underestimate the daily prey capture rate of
raptors and should preferably be calibrated with direct observations (Rosenberg &
Cooper 1990). No matter the provisos, indirect methods are widely used because
they are cost-effective and provide large samples with little disturbance to the birds
(Lewis 2004, Marti et al. 2007). 

Montagu’s harriers Circus pygargus have a diverse diet, including small
mammals, birds, reptiles and insects (Schipper 1973, Koks et al. 2001, Arroyo &
García 2006, Millon et al. 2002, Hölker & Wagner 2006), leading to the characterisa-
tion of being an “opportunistic specialist” (Arroyo 1998). Prey choice between
different populations within Europe differs considerably (Leroux 2004) and has
locally changed over time with changing environmental circumstances (Schipper
1973, Koks et al. 2007, chapter 2). 

Observations and videography (Maurel & Poustomis 2001, Koks et al. 2007,
chapter 2), as well as analyses of pellets and prey remains, have been used to study
Montagu’s harriers’ diet (Schipper 1973, Sánchez-Zapata & Calvo 1998, Arroyo &
García 2006, Underhill-Day 1993, Koks et al. 2001). Food intake has been estimated
on the basis of pellet analyses (Arroyo 1998, Salamolard et al. 2000, Underhill-Day
1993, Trierweiler et al. 2006a, Koks et al. 2007, chapter 2), calculated by multiplying
prey numbers found in pellets with mean prey weights from literature or local data,
a numerical method (Hartley 1947). However, the reliability of this method has been
rarely tested in harriers Circus spp. (see Newgrain et al. 1993 for Swamp harrier



Circus approximans and Craighead & Craighead [1956] for Northern harrier Circus
hudsonicus), as in other raptors and owls in general (Lowe [1980] for Tawny owl
Strix aluco and citations therein for other owl species, Wijnandts [1984] for Long-
eared owl Asio otus, Yalden & Yalden [1985] for common kestrels Falco tinnuculus). 

In this study, we test whether pellet weight is a reliable indicator of food intake
in Montagu’s harriers, by performing a feeding experiment with a captive bird. We
investigate whether this method should be favoured above the numerical method.

Methods

An eight months old captive male Montagu’s harrier was experimentally fed during
21–27 February 2008 at a room temperature of 15°C. Its body weight of 260 g was
below-average compared to free-living Montagu’s Harrier males during the breeding
season (on average 285 g; unpublished data). The bird was born in farmland in
Northrhine-Westphalia (Germany) and kept in a rehabilitation centre because of
heavy wing damage that occurred shortly after fledging in mid-July 2007.

The harrier was kept on a diet of dead day-old chickens. During the experiment,
the bird was fed with known quantities of dead laboratory House mice (Mus
musculus), a substitute for common voles Microtus arvalis, the latter being the main
prey in Germany and The Netherlands (Hölker & Wagner 2006, Koks et al. 2007,
chapter 2). The regime of a diet based on house mice was switched again to day-old
chickens after seven days. 

Whereas the harrier was kept in a large aviary (3.5 × 3.5 × 3 m) for its recovery,
the bird was kept in a small cage (55 × 70 × 85 cm) under veterinary supervision
during the experiment. Dead mice with known weights were daily offered ad
libitum. Excess food and pellets were collected once every day, and discarded mice
were weighed. By subtracting the mass of uneaten from offered prey, ingested prey
mass was calculated. 

Pellets were dried in paper envelopes. Pellets were weighed digitally to the
nearest 0.05 g after having kept the pellets at room temperature for one month. The
dry pellets were dissected and prey species identified. The bone content of the
pellets was negligible, and no clues as to the number of individuals were obtained,
so the number was set to one per pellet (Clarke et al. 1993, Arroyo 1998). To simulate
field conditions, food intake was estimated from pellets by multiplying average body
weight of eaten mice (23.7 g) and literature estimates of mouse weight with the esti-
mated number ingested (set to one per pellet).

We used Microsoft Office Excel 2003 and paired-samples t-tests in SPSS 16 (SPSS
Inc.) for calculations and tests. Averages are presented ± 1 s.e.

Results

During the 7 days of the experiment the harrier ate 195 g of 831 g (24%) of food
offered (28 ±3 g per day). The bird produced 18 pellets (in total 7.95 g), ranging from
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0.2–1.5 g weight per pellet (tab. A.1). One day after having been on a mouse diet, the
Montagu’s harrier produced the first pellet containing hair exclusively (tab. A.1).
After the diet was switched back to chickens on day eight, it took two days before
any pellet was produced, which contained chicken remains. We concluded that, on
average, pellets best represent the previous day’s food intake. Pellet weight repre-
sented 3.1 ±0.2% (n = 7) of the previous day’s food intake. Taken over the whole
period of seven days, pellet weight represented 3.4 % of total food intake. 

Using a linear relationship (food intake = [pellet weight of following day +
1,1131] / 0,0735; fig. A.1), we estimated food intake from pellet weight. Predicted
food intake (tab. A.1) did not differ significantly from actual food intake on the
previous day (paired samples t-test, t = –0.543, df = 6, p = 0.607).

An estimate of food intake was also derived from the number of individuals
found in pellets (which by the absence of other clues was set to one), multiplied by
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Table A.1 Mouse diet of a captive Montagu’s harrier during day 1–7 reflected in pellet contents
and pellet weight. The prediction of food intake from pellet weight is based on the regression
equation from fig. A.1. The estimate of food intake is based on the number of individuals identi-
fied in pellets (in this study all set to 1) times the average weight of mice fed during the experi-
ment (23.7 g).

0 chicken
1 mouse 1 0.90 chicken
1 mouse 2 0.50 chicken
2 mouse 1 1.40 mouse 1 0.5 15.1 47.4 30.3
2 mouse 2 0.35 mouse 1
3 mouse 1 0.30 mouse 1 3.0 15.1 47.4 41.2
3 mouse 2 1.50 mouse 1
4 mouse 1 0.90 mouse 1 1.0 27.4 23.7 31.3
5 mouse 1 0.70 mouse 1 1.0 24.7 23.7 19.9
6 mouse 1 0.70 mouse 1 1.0 15.1 47.4 25.8
6 mouse 2 0.50 mouse 1
7 mouse 1 0.20 mouse 1 1.0 17.9 23.7 24.1
8 chicken 0 0.5 0.0 0.0 22.4
9 chicken 0

10 chicken 1 0.70 chicken

average 16.5 30.5 27.9
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the average weight of mice offered as food (23.7 g; tab. A.1). These estimates did not
differ significantly from actual food intake the previous day (t = 0.5, df = 6, p =
0.7). Differences between these estimates and the prediction from pellet weight were
not significant (t = –1.9, df = 6, p = 0.1).

In the field, collecting data on prey weights is often difficult, the reason why data
from the literature are taken instead. We simulated this approach by using 25 g as
the average mass of a laboratory mouse (www.wikipedia.org), and 22 g for free-
living house mice (Macdonald & Barrett 1993). The resulting estimates of food intake
did not differ significantly from actual food intake (laboratory mouse: t = –0.7, df = 6,
p = 0.5, house mouse: t = –0.1, df = 6, p = 0.9).

Discussion

During the experiment, our Montagu’s harrier had a low food intake, presumably
explained by the fact that it was a relatively small individual, restricted in its move-
ments and having low thermoregulatory costs. The production of small light-weight
pellets was in accordance with the low food intake. Montagu’s harriers’ pellets
found in the field are usually much larger than the pellets we collected in captivity,
as recorded in Long-eared owls (Wijnandts 1984).

We show that a dietary shift was accurately reflected in pellet composition with
a delay of 1–2 days, as found for Common kestrels by Yalden & Yalden (1985). In
Barn owls Tyto alba, it has been shown that the interval between food intake and
pellet production is not fixed, but depends on food quantity, time of feeding, and
availability of a subsequent meal (Smith & Richmond 1972). 

The relationship we found between pellet weight and food intake is based on
small mammal prey. Yalden & Yalden (1985) showed for Common kestrels that
various prey species were represented in pellets with different proportions of their
fresh weight, from 1.0% in Wood mice Apodemus sylvaticus, 1.4% in House sparrows
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Figure A.1 Linear regression of food intake of ingested house mice and weight of all pellets
produced the following day (p = 0.052). 



Passer domesticus to 1.6% in Brown rats Rattus norvegicus. The proportion of house
mice retrieved from pellets of our Montagu’s harrier was 3.1 % on a daily basis (3.4
% over 7 days), i.e. more in line with the 3.3% found in American kestrels Falco
sparverius and 6.9% in Rough-legged buzzards Buteo lagopus (Duke et al. 1975). As
digestive rates are known to show seasonal variations (Wijnandts 1984), feeding
experiments with larger-sized mammals, birds and insect prey should be undertaken
to account for seasonal variations and to refine the regression line we determined in
our study.

In many dietary studies of raptors and owls, quantifying prey found in pellets is
difficult because more than one prey item can contribute to a single pellet when the
interval between two successive meals is short (Lewis 2004, Wijnandts 1984), and
also because a single prey item can be distributed across more than one pellet (Lewis
2004, Rosenberg & Cooper 1990). The number of prey individuals contained in one
pellet is usually estimated by counting jaws, skulls or feet (Arroyo 1997, 1998,
Bijlsma 1997, Schipper 1973). If only hair (mammals) or feathers (birds) from one
species are found in a pellet, the number of individuals for that species is usually set
at one (Clarke et al. 1993, Arroyo 1998). 

Our estimates of food intake, using the numerical method, closely resembled
actual food intake, even in the absence of clues as to the number of individuals in
pellets. Equating the number of individuals per pellet to one yielded satisfactory
results in the setting of our experiment. For Common kestrels, it has been suggested
to set the number of individuals in small pellets to 1 and in large pellets to 2
(Kochanek 1990). This may also be a useful approach in harriers, because the
average number of prey per pellet in hen harrier was almost 2 (Redpath et al. 2001)
and only 69 % of rodents fed to a captive Northern harrier was retrieved from
pellets (Craighead & Craighead 1956). To use estimates from the numerical method
reliably, it is important that estimated prey weight accurately reflects real prey
weight. This prompts data to be collected locally rather than using average prey
weights from published sources (Steenhof 1983). We found no evidence that this
method performs poorer than predictions from pellet weight (contra Wijnandts
1984), although results should be corrected for biases inherent in pellet analyses
when used in the field, for instance by including correction factors based on prey
remains and calibrations by using direct observations or videography.
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Look at the birds in the sky.
They don't plant or harvest or gather food into barns,
and yet your heavenly Father feeds them. 

- Matthew 6:26 -
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Loss and degradation of habitat threatens many bird populations. Recent
rural land-use changes in the Netherlands have led to a shift in habitat
use by breeding Montagu's Harriers Circus pygargus. Since the 1990s,
unprecedented numbers of this species have bred in farmland compared
with numbers in natural habitat. Destruction of nests by agricultural
operations, however, compromises breeding success. Between 1992 and
2005, the number of breeding pairs in the Northeast Netherlands was
positively, though weakly, correlated with previous-year estimated abun-
dance of voles, mostly Microtus arvalis. In good vole years, the onset of
laying was earlier and mean clutch size was larger. Vole abundance was
relatively higher in set-aside land and in high and dense vegetation. We
suggest that agri-environmental schemes aimed at increasing the avail-
ability of voles in agricultural breeding areas may be an effective manage-
ment tool for the conservation of Montagu's Harriers in the northeastern
Netherlands.

Abstract



Introduction

In recent decades, many bird populations have declined in Europe and worldwide
(Tucker & Heath 1994, Norris & Pain 2002). One of the principal causes of these
declines has been habitat loss (e.g. Owens & Bennett 2000, Bruford 2002, Newton
2004). Large areas of natural habitat have been lost from Europe, where many bird
species have become increasingly reliant on farmland habitats (Tucker 1997). One
such species is Montagu's Harrier Circus pygargus (Arroyo et al. 2002), the conserva-
tion status of which is vulnerable because more than half of its global population is
found in Europe (Burfield & Van Bommel 2004). Montagu's Harrier is included in
Annex I of the European Birds Directive (79/409/EEC), which lists species that are
classified as particularly threatened and in need of special conservation measures.
European Montagu's Harriers are long-distance Palearctic migrants, traditionally
breeding in lowland heaths, dunes, hay-meadows and (pseudo-) steppes (Clarke
1996a, Leroux 2004). Since the 1990s, 70–90% of breeding pairs in Western Europe
have bred in agricultural habitats (Arroyo et al. 2002). With intensification of land
use, the percentage of Harriers breeding in farmland is also expected to increase in
Eastern Europe. Montagu's Harriers are opportunistic predators (Arroyo 1997) and,
in vole-rich habitats, feed mainly on voles. Up to 90% of their diet in Western France
(Butet & Leroux 1993, Salamolard et al. 2000) and around 60% in Dutch farmland
consisted of voles (Koks et al. 2005).

Montagu's Harriers breeding in farmland, however, may experience lower
breeding success than those in more natural habitats. Between 20 and 70% of nests
of this ground-nesting species can be destroyed during harvesting activities
(Corbacho et al. 1997, Koks et al. 2001, Millon et al. 2002). In the Netherlands,
lucerne (alfalfa) is mown repeatedly and early in the season (starting in May–June),
which means that clutches in this crop do not survive and even breeding females
can be killed during the harvest. Nests in early harvested winter barley and winter
wheat are at risk as well. In the Netherlands, nests are protected by leaving a
10 × 10-m unharvested area around nests and placing electric fences around the
remaining vegetation to exclude terrestrial predators. Nest protection in the Nether-
lands has proven to be successful (Koks & Visser 2002b), and farmers are willing to
participate without financial compensation. Nest protection, however, is still very
resource-consuming in terms of time, manpower and equipment (Arroyo et al. 2002).

Montagu's Harriers were widespread and numerous (500–1000 pairs) in the
Netherlands until the beginning of the 20th century (Zijlstra & Hustings 1992). The
Dutch population originally nested in natural vegetation and, during the 1970s and
1980s, in deciduous tree plantations (fig. 2.1). By 1987, the population had declined
to near extinction (fig. 2.1; Zijlstra & Hustings 1992). In the early 1990s, however,
Montagu's Harriers were observed regularly in agricultural habitat in the eastern
part of the province of Groningen (Northeastern Netherlands). During this period,
vole numbers in farmland in East Groningen increased rapidly, following increases
in agricultural set-aside. In 1988, 10–20% of farmland in this area was set aside
according to European agricultural policy (Koks & Van Scharenburg 1997, Robson
1997). Numbers of Common Voles Microtus arvalis in the resulting fallow grassland
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increased rapidly, and vole-eating raptors such as Hen Harrier Circus cyaneus,
Montagu's Harrier, Common Kestrel Falco tinnunculus and Short-eared Owl Asio
flammeus settled in East Groningen (Koks & Van Scharenburg 1997).

This study presents information derived from the East Groningen population.
Ecological information and knowledge of population trends is crucial for effective
conservation management (e.g. Green 2002, Underhill & Gibbons 2002, Komdeur &
Pels 2005, Whittingham et al. 2005), and for the development of conservation strate-
gies required by EU agri-environmental policy (Ormerod & Watkinson 2000, Fox
2004). We investigated (1) the relationship of vole abundance with the number of
Harrier pairs present in the study area and Harrier breeding parameters, (2) the
importance of voles in the Harrier diet and (3) the relationship between vegetation
characteristics and vole abundance. This information can be used to determine
which vegetation types support high densities of Montagu's Harrier prey, and as a
result, may attract higher numbers of Harriers and sustain better breeding perform-
ance than other vegetation types. Management of Harrier prey populations via
habitat management may be an alternative conservation strategy to intensive nest
protection.

Methods

Study area and study population
The study site was located in the eastern part of the province of Groningen, North-
eastern Netherlands (53°11'N, 7°4'E, surface area of c. 650 km2). The relatively
uniform, flat and open polder landscape of East Groningen is mainly used for culti-
vation of winter wheat but also for other land uses including pasture and cultivation
of lucerne, sugar beet, oilseed rape and winter barley.
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Montagu's Harriers in East Groningen constituted about two-thirds of the Dutch
population between 2000 and 2005 (172 out of the total 229 pair-years, Dutch
Montagu's Harrier Foundation unpublished data). The remaining pairs were located
in the province of Flevoland (29 pair-years, also in agricultural breeding habitat), the
Lauwersmeer nature reserve (26 pair-years) and in other areas (2 pair-years).

Harrier pairs and nests were located each year (1990–2005) through observation
of birds showing territorial, mating or nesting behaviour. The total number of pairs
present in the study area was divided into pairs that bred (successfully or not), pairs
that were territorial but did not breed and pairs of unknown breeding status. A
minority of males were bigamous, e.g. three out of 27 males (11%) in East Groningen
in 2005. Monogamous and bigamous pairs were treated in the same way for the
analyses, because the breeding parameters we used were measured per nest, not per
individual. Individual birds were distinguished by colour rings and plumage charac-
teristics. The annual finite population growth rate λ was calculated according to the
formula λ = nt+1/nt (Sibly et al. 2003), where nt+1 was the total number of pairs in
the following year and nt was the total number of pairs in a given year. Linear
regressions were calculated using SPSS version 12.0.1 (SPSS Inc.).

Known nests were visited on average three times during a breeding season
(May–July). The purpose of the first visit was to find the nest, the second visit was
made in order to check the number of young, and the third visit was made to ring
the young and measure them (weight, wing length, claw with and without nail, eye
colour, number of fault bars). The estimated clutch size at laying was a minimum, as
we could not exclude the possibility of partial predation. If the clutch was incomplete
during the first visit, laying date could be back-calculated assuming eggs had been
laid every second day (Clarke 1996a). For nests which were first visited in the nest-
ling phase, nestling growth curves were used to calculate the age of the young and
to back-calculate approximate laying dates (Bijlsma 1998). Means are denoted ± se.

Clutches in fields that were harvested before the fledging of the young were
protected. An electric fence prevented terrestrial predators from entering the nest
patch. Additional nest visits were made to check the battery of the protection fence.
Protected clutches that would have been destroyed without intervention had the
same probability of producing at least one young as clutches that did not require
protection (probability of 63% (56/89) vs. 60% (164/274), Dutch Montagu's Harrier
Foundation unpublished data).

Precautions were taken to minimize any risk of desertion and exposure to preda-
tion due to nest visits. Nests were only visited in the early stages of nesting when
this was necessary in order to protect them. Care was taken not to leave a trail in
the crop. Nest desertion caused by our visits was only observed in four pairs out of
172 pair-years in East Groningen (1990–2005). These were nests in lucerne that had
to be visited at a very early stage to prevent destruction by harvesting activities. In
two cases, the nest was empty (before the start of laying) and in the other two, the
nest contained one egg.

We used laying date and clutch size as measures of adult reproductive perform-
ance. In raptors, earlier laid clutches have a higher probability of producing young,
and larger clutches can produce more young (e.g. Daan et al. 1990). Laying date
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affects the probability that young will be produced, regardless of additional effects
of nest protection and predation. Clutch size reflects the investment of the female in
egg production, and the investment both parents will have to make to rear the
young. In this study (investigating the relationship between reproductive perform-
ance and food supply), fledging success is not a useful measure: the number of fledg-
lings produced not only depends on the available food, but also on nest protection
and predation.

Vole abundance and vegetation measures
Each year from 1992 to 2005 (except in 2002), the abundance of small mammals
during the first week of August was estimated. The missing abundance in 2002 was
estimated from the regression equation of vole index vs. proportion of small
mammals in pellets based on biomass (1994, 1996–2001, 2003–05). The proportion of
small mammals in pellets was arcsine square-root transformed before regression
with the vole index (regression line: y = 0.72 + 0.03*vole index; F = 3.2, df = 1, P =
0.1). Although the relationship between vole index and the proportion of small
mammals in pellets was a statistically non-significant trend, we assume it repre-
sents a biologically meaningful way to produce an estimate for the 2002 vole abun-
dance, especially as 2002 was a year with a low proportion of small mammals in
pellets and had the lowest estimated vole index (according to the above model). In
order to ensure that our estimated value did not overly influence the results,
analyses involving vole index were also performed without the 2002 data. Results
were broadly similar, in terms both of significance levels and of parameter estimates
in the regression equations.

Small mammals were trapped according to a standard protocol (Dijkstra et al.
1995, Hörnfeldt 2004): five snap traps were baited with carrots and arranged in a
circle of diameter 4 m, if present near vole runways or burrows, forming one
station. One transect comprised ten stations spaced 10 m apart. On average, 14 ±1
transects were checked annually on three consecutive days. If transect vegetation
type had not changed, the same transect was measured in consecutive years; other-
wise, new transects were chosen. Transects were located in different habitats,
grouped in two categories. Category one included non-fallow vegetation types, i.e.
roadsides, ditch edges, wood plantations and plantation edges, cereals (wheat,
barley), grassland, grass seed, old dyke used as pasture, lucerne, grassy path, and
small sample sizes of grazed nature reserve and sugar beet. Category two included
fallow vegetation types, i.e. set-aside land under different management regimes.
This category comprised whole set-aside fields (remaining fallow for more than 5
years) and field margins, which were managed according to agri-environmental
schemes. Margins set aside under these schemes remain fallow for 6 years, and must
comply with set mowing, fertilizer and pesticide/herbicide restrictions.

Almost all small mammals trapped (1845/1866) were identified to species level.
Of these (n = 1845), 92% were Common Voles (other species trapped: 4% Apodemus
sylvaticus, 3% Sorex araneus, 1% Micromys minutus, 1% Clethrionomys glareolus,
and <1% Microtus agrestis and Mus musculus). As most small mammals trapped
were voles, 'small mammals' are hereafter referred to as 'voles'.
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To produce a vole index, a multilevel logistic regression model with a logit link
function (Quinn & Keough 2002, Rasbash et al. 2004) was fitted to the vole capture
success data (average value over 50 traps and three trap nights for each transect in
each year, n = 177), using the program MLwiN version 2.02 (Multilevel Models
Project, Institute of Education, University of London). The estimation method was
second-order penalized quasi-likelihood (PQL) and parameter estimates were calcu-
lated by Residual Iterated Generalized Least Squares (RIGLS; Snijders & Bosker
1999). Level one represented the observations, level two years (1992–2005) and level
three unique transect numbers. Year was also added as a fixed effect (categorical
variable). The second fixed effect tested was habitat type (fallow or non-fallow).
Statistical significance of the effects was determined by Wald tests (the Wald
statistic follows a χ2 distribution). Trapping probabilities were calculated from the
model including year as well as habitat type. These probabilities were multiplied by
100 to derive a vole index, i.e. an estimate of the number of voles trapped in 100
trap nights.

We tested whether sampling the same transect in multiple years affected the
number of voles trapped. For this, we used a similar multilevel logistic regression
model as for the vole index. This model contained two explanatory variables:
habitat type (β = 0.77 ±0.21, Wald statistic = 13.4, df = 1, P = 0.0002) and the
number of years an individual plot was sampled (1–12 years, β = 0.006 ±0.04, Wald
statistic = 0.02, df = 1, P = 0.8). There was no negative effect of the number of
years a transect was sampled on the number of voles trapped, indicating that the
data were not biased by destructive sampling.

In 2003–05, vegetation height and cover of all vole trapping transects were meas-
ured. Vegetation height was measured by dropping a polystyrene disc (diameter 45
cm, height 1.5 cm) on the vegetation, along a tubing which was calibrated with a
centimetre scale. Vegetation cover was assessed visually over a 20 × 20-cm square as
the percentage of the area that was covered by live or dead vegetation. Vegetation
height and cover were measured ten times at random locations within each transect.
To establish the effects of vegetation height and cover on trapping probabilities, a
multilevel model was fitted to the subset of data (n = 52) for which information on
vegetation structure was available (2003–05). The model fitted was two-level (level
1, observation; level 2, year) because sample sizes were too small to include transect
number as a third level.

Harrier diet
During each week of each breeding season (end of April until beginning of August,
1992–2005), perch posts, field margins and paths along ditches near nest-sites were
checked for pellets. Pellet sample size differed between years, so in order to exclude
the confounding effect of sample size, we included data only from years with sample
sizes of at least 150 pellets in our analyses (1994, 1996–2005). Pellets were stored
(dry) and processed at the end of the season. The minimum number of individual
prey per pellet was counted. All prey individuals present in pellets were assigned to
prey categories (according to taxon) and, if possible, species and age class, using
characteristics of fur, teeth, feathers and other remains with the help of identification
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literature (Jenni & Winkler 1994, Lange et al. 1994, Kapteyn 1999) and reference
collections. For the resulting 97 taxon, species and age categories, an average mass
was available (data from Schipper 1973, Arroyo 1997 and Dutch Montagu's Harrier
Foundation unpublished). Prey numbers in each category were multiplied by average
biomass of the category to calculate its proportion of total biomass.

Five main categories of prey in pellets (npellets = 3353) were distinguished: 'small
mammals', 'larger mammals', 'birds', 'eggs' and 'invertebrates'. Of the 'small
mammals' category, 1917 out of 3128 prey items were sorted into taxonomic groups:
voles made up 95%, mice 4% and shrews 1%. Of items identified to species level in
this category, 95% were Common Voles (1539/1620) and 5% belonged to other species
(3% Micromys minutus, 1% Apodemus sylvaticus, and [all < 1%] Sorex araneus, Mus
musculus, Clethrionomys glareolus, Microtus agrestis and Sorex minutus). In the
'larger mammals' category, 145 out of 169 items were identified to species level, of
which 70% were Brown Hares Lepus europaeus, 15% Rabbits Oryctolagus
cuniculus, 14% Moles Talpa europaea and 1% Brown Rats Rattus norvegicus. From
960 prey items categorized as 'birds', 88% were passerines (mostly Yellow Wagtails
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Table 2.1 Multilevel logistic regression model for average vole capture success per transect per
year (n = 177). Predictions of the model multiplied by 100 produced the vole index (estimated vole
number trapped per 100 trap nights).

n (for year:
transects,

Explanatory for habitat type: Wald Vole index
variable transect-years) β (se) statistic df P (vole/100 nights)

Fixed part
Intercept –2.12 (0.38) 30.39 1 <0.0001
Year 97.37 12 <0.0001

1992 10 References 17.83
1993 14 –2.46 (0.47) 2.03
1994 12 –2.53 (0.50) 1.83
1995 12 –2.40 (0.50) 1.96
1996 11 –2.14 (0.50) 2.28
1997 11 –2.67 (0.51) 1.36
1998 13 –1.53 (0.47) 4.11
1999 13 –1.36 (0.46) 4.82
2000 10 –1.89 (0.51) 2.75
2001 13 –3.30 (0.52) 0.77
2003 19 –1.22 (0.43) 5.54
2004 21 –0.51 (0.41) 11.04
2005 18 –2.21 (0.49) 2.21

Habitat type 12.29 1 <0.0005
Non-fallow 84 References 2.81
Fallow 93 0.88 (0.25) 6.31

Random part
Year level 0.97 (0.14) 31.29 1 <0.0001
Transect level 0.34 (0.15) 4.98 1 0.03



Motacilla flava, Meadow Pipits Anthus pratensis and Skylarks Alauda arvensis) and
22% were other birds, such as Northern Lapwings Vanellus vanellus and Quails
Coturnix coturnix. The remaining categories were 'eggs' (of passerines and other bird
species) and 'invertebrates' (mostly Coleoptera, Orthoptera and Odonata spp.).

In 2003, prey delivery was observed at one nest. The nest was located in lucerne
and protected. A hide was placed outside the nest protection fence at 6 m from the
nest. Observations were conducted by one observer (C.T.) during the nestling phase
(10 July–2 August). A total of 13 observations were made, with an average duration
of 8.5 h. Prey delivered by the parents was filmed with a video camera and analysed
subsequently. To test whether diet revealed by pellet analysis reflected diet as
shown by video tape, the results of the video analysis were compared with prey
items identified from pellets collected on the same nest in the same period.

Results

Vole abundance, Harrier population growth and breeding parameters
Annual differences in vole index were statistically significant (tab 2.1). The vole
index showed two major peaks, in 1992 and 2004 (fig. 2.2A). The total number of
Montagu's Harrier pairs in the study area increased steeply up to 1993, decreased
between 1993 and 1996, and increased more or less steadily after this time (fig.
2.2a). Most of these pairs were breeding pairs (fig. 2.2B). Vole index in year t was not
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significantly correlated with the total number of Harrier pairs, the number of
breeding pairs or the number of non-breeding pairs in the same year (Linear regres-
sion, total number: F = 0.02, df = 1, P = 0.90; breeding: F = 0.72, df = 1, P = 0.4;
non-breeding: F = 0.08, df = 1, P = 0.8). However, the relationship between vole
index in year t and the total number of pairs in year t + 1 approached statistical
significance (F = 3.8, df = 1, P = 0.08). Furthermore, the annual finite population
growth rate λ from year t to year t + 1 (based on the total number of pairs) was
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positively correlated with vole index in year t (fig. 2.3A). Above a threshold vole
index of 2.3 in year t, population growth was predicted to be positive (λ >1). The
relationship of λ with vole abundance in year t – 1 was not significant (F = 0.7, df = 1,
P = 0.4); the relationship between λ and the vole index in year t + 1 approached
statistical significance (F = 4.5, df = 1, P = 0.06).

Clutches were laid significantly earlier in years with a high vole index (fig. 2.3B)
and clutches were significantly larger in years with a high vole index (fig. 2.3C).
Clutch size at laying was significantly negatively correlated with laying date
(n = 144, F = 74.8, df = 1, P < 0.0001).

Voles in Harrier diet
In terms of both numbers and biomass, small mammals were the most important
prey category found in pellets (fig. 2.4A,B). The average percentage of small
mammals in the diet, based on numbers found in the pellets of adults, was 61 ±4%
(1994, 1996–2005) with a range of 41% (1994) to 78% (1998). The average percentage
of small mammals based on biomass was 52 ± 4% with a range of 30% (1994) to 75%
(1998). Larger mammals were more important in terms of biomass (on average 23
±2%) than in terms of numbers (4 ±1%). On average, birds constituted 21 ±2% of
items found and 22 ±3% of biomass. Smaller prey categories (eggs and invertebrates)
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were less important, especially in terms of biomass. Video observations at one nest
(n = 78 items identified) suggested that small mammals made up 83% of ingested
biomass of juveniles, compared with 55% biomass as assessed from pellets of juveniles
(n = 35 items identified, fig. 2.5). Larger mammals were not observed from video
playback but accounted for 21% of biomass (1/35 items) as assessed from pellets.
Birds constituted 17% of biomass based on video observations and 24% based on
pellet analysis. Invertebrates were a minor dietary component according to data
from both video and pellets, especially in terms of biomass (both less than 1%). The
number and biomass of small mammals estimated from video observation was
higher than from pellet analysis, and larger mammals and birds were more often
recorded in pellets. Small mammals were, as for adults, the most important diet
component.
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Figure 2.5 Diet of Montagu’s Harrier nestlings: prey categories as percentages based on numbers
and biomass recorded on video at the nest (n = 78 prey items) and found in pellets collected on the
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Table 2.2 Multilevel logistic regression model for average vole capture success per transect per
year (n = 52) for transects with known vegetation structure (2003–05).

Explanatory n Wald
variable (transect-years) β (se) statistic df P

Fixed part
Intercept –3.78 (0.30) 156.20 1 <0.0001
Habitat type 8.72 1 0.003

Non-fallow 25 References
Fallow 93 0.88 (0.25)

Vegetation height 0.03 (0.004) 36.93 1 <0.0001
Vegetation cover 0.01 (0.003) 5.25 1 0.02

Random part
Year level 0.89 (0.22) 16.97 1 <0.0001



Vole abundance, vegetation type and vegetation structure
The vole index was more than twice as high in fallow habitat types as in non-fallow
types (tab. 2.1). Additionally, significantly larger numbers of voles were trapped both
in higher and in more dense vegetation, even when controlling for vegetation type
(tab. 2.2). Vegetation height and cover were significantly correlated (F = 6.9, df = 1,
P = 0.01). Percentage cover was variable in short vegetation, but was consistently
high in tall vegetation.

Discussion

Fluctuations in vole abundance
No regular vole cycles could be distinguished in East Groningen (1992–2005), in
contrast to observations of vole cycles in (semi-)natural areas in the Netherlands
(e.g. Dijkstra et al. 1988, Beemster & Dijkstra 1991, Bijlsma 2005). Agricultural
management may have interfered with natural fluctuations of vole abundance in the
study area: from 1992 onwards, long-term, large-scale fallow land disappeared, and
short-term, small-scale set-aside land increased due to new agri-environmental
schemes realized after the MacSharry reform of the European Common Agricultural
Policy.

Harrier population growth in relation to vole abundance
We found no relationship between Montagu's Harrier numbers and vole abundance
in the same year. Such a relationship has been observed for Montagu's Harrier in
western France (Salamolard et al. 2000), for other vole-eating raptors, such as Hen
Harrier (Hamerstrom 1979, Redpath et al. 2002) and Common Kestrel (Village 1990),
and for various owl species (Village 1981, 1987, Korpimäki 1985, Hörnfeldt et al.
1990, Taylor 1994). The growth rate of the Harrier population from year t to year t +
1, however, was positively though weakly correlated with the vole index in year t.
This cannot be explained by an increase in recruits born in year t as Montagu's
Harriers only rarely return to the breeding grounds in their second calendar year,
and usually start breeding in their third calendar year (Clarke 1996a). In the East
Groningen population, only one second calendar year bird (a female) was observed
to breed. An increase in population size from locally born recruits might be expected
2 years after a good vole year, but we found no evidence of a relationship between λ
and vole index in year t – 1. This is probably due to the low philopatry of the species
(Arroyo et al. 2004), including the East Groningen population. Despite the fact that
all young fledged from known nests since 1999 have been colour ringed, birds
known to be of local provenance comprise a relatively small proportion of breeders
in East Groningen (e.g. 13% (5/38) in 2005). This suggests that we are not dealing
with a closed population in East Groningen, and that there is movement to and from
adjacent subpopulations of the northwestern European Montagu's Harrier popula-
tion in northern Germany (Lower Saxony, Schleswig-Holstein) and southern
Denmark. This is confirmed both by the rapid increase of Montagu's Harrier pairs in
East Groningen from three pairs in 1990 to 20 pairs in 1992 (many of these birds

41Do voles make agricultural habitat attractive?



must have come from outside the Netherlands, as by 1987 the Dutch population was
virtually extinct), and by ring recoveries and resightings of Dutch birds breeding in
Germany and German birds breeding in the Netherlands (Koks & Visser 2002a, Trier-
weiler et al. 2006a).

The relationship between the number of Harrier pairs and the vole index of the
previous year suggests that Montagu's Harriers can use information on vole abun-
dance from the previous year when deciding where to settle and breed after
returning from their West African wintering grounds in spring. Harriers could be
attracted to the area when food conditions were good in the previous year, but settle
in another subpopulation when food conditions were poor, as annual vole densities
tend to vary synchronously over relatively large areas (Newton 1998). Harriers
could also be attracted to areas where conspecific reproductive success was high the
previous year (Arroyo et al. 2002), as a result of 'public information' (Valone &
Templeton 2002). During a satellite telemetry study, two Dutch Montagu's Harrier
females have been observed passing through breeding areas of neighbouring Harrier
populations during autumn migration, which could be a mechanism of 'prospecting'
(Trierweiler et al. 2006b). Finally, adult survival could be positively related to vole
abundance, with lower survival and fewer returning adults in years following poor
vole years.

Harrier breeding parameters in relation to vole abundance
Vole numbers in summer can be considerably higher than at the time when
Montagu's Harrier breeding territories are established (Dijkstra et al. 1988). It has
been shown that spring vole abundance is positively correlated with summer vole
abundance of the same year (Butet & Leroux 2001). We assume that our summer
estimates can be used to indicate food availability some months earlier, when laying
date and clutch size are determined.

The onset of laying was earlier in good vole years, a relationship that has also
been observed in other vole-eating raptors, such as Hen Harrier (Simmons et al.
1986), Common Kestrel (Meijer et al. 1988) and several owl species (Wijnandts 1984,
Hörnfeldt et al. 1990, Taylor 1994). Clutches laid earlier in the season tended to be
larger, as was observed in a Montagu's Harrier population in northeastern France
(Millon et al. 2002) and in other raptor species (Wijnandts 1984, Village 1990, Taylor
1994, Dijkstra & Zijlstra 1997). Consequently, clutches were larger in good vole
years, as has been found for Montagu's Harriers in western France (Salamolard et al.
2000, Butet & Leroux 2001) and Hen Harriers in southern Scotland (Redpath et al.
2002). In Common Kestrels, both laying date and clutch size correlate with measures
of adult fitness (Daan et al. 1990). Vole abundance affected both laying date and
clutch size in our study population, so if these variables are also related to fitness in
Montagu's Harrier, creating good vole habitats may have a positive impact on
numbers of this species. However, Harrier productivity is also affected by other
factors, such as agricultural practices, nest protection, predation and weather condi-
tions. In summary, our data indicate that annual vole abundance can affect timing
(laying date) and effort (clutch size) of Montagu's Harrier reproduction and perhaps
influence local settlement in the following year.
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Voles as vital food source
The influence of vole abundance on Montagu's Harrier reproduction is probably due
to the importance of voles in the diet. The results of video analysis, which found
that voles constitute up to 85% of nestling diet, are comparable with those of a
similar study on a population in cultivated land in southern France, where voles
made up 72% of nestling diet (Maurel & Poustomis 2001). Although the results of
pellet analysis suggest a lower proportion of voles in the diet (55%), both analyses
confirm the importance of voles to nestlings in the East Groningen population. In
the 1960s and 1970s, Schipper (1973) found that small mammals made up only
5–29% of prey items identified from nests in natural habitat, where the diet was
dominated by birds. Differences between the diets of these Harriers and Harriers in
East Groningen are likely to reflect differences in prey availability. Only two decades
after Schipper's study, Dutch Montagu's Harriers mostly chose not only different
breeding habitats, but also different prey.

Agri-environmental schemes: possibilities for management of
Harrier food supply
Set-aside habitats in East Groningen were generally more vole-rich than non-fallow
types, as was found in western France (Butet & Leroux 1989). Certain types of set-
aside can constitute very high-quality habitat for Common Voles (Jacob 2003, Briner
et al. 2005). Positive effects of set-aside land on biodiversity and abundance of
different taxa can be reinforced by increasing the area set aside and the duration for
which it is left fallow (Van Buskirk & Willi 2004). These and other characteristics of
set-aside land such as vegetation height, mowing regime and the seed mixtures with
which it is sown can be manipulated through appropriate agri-environment
schemes.

Vole abundance is highest in tall, dense vegetation, but voles in such cover are
less available to hunting harriers (Simmons 2000, Vulink 2001). Vole availability to
harriers could be increased through appropriate mowing management. Mowing does
not in itself lower vole survival significantly, but by reducing cover, it makes the
voles more vulnerable to predators (Jacob 2003). Regular partial mowing schemes
could be employed to increase the availability of voles to hunting harriers.

Harrier conservation in the agricultural landscape
Agricultural habitat is attractive for Montagu's Harriers as an alternative to
degraded or lost natural breeding habitat. We suggest that creating conditions that
favour high vole abundance, by expanding and optimizing certain agri-environ-
mental schemes, could improve Harrier food availability and thereby positively influ-
ence their reproductive performance. The decrease of prey abundance in intensively
used agricultural landscapes (Arroyo et al. 2002) could be halted. Set-aside land not
only supports high vole densities, but also high densities of farmland birds such as
Skylark (Boatman et al. 1999, Donald 2004), which are prey species of Montagu's
Harrier, and an important component of farmland biodiversity. Montagu's Harrier
conservation could be used to promote the positive perception of agricultural land-
scapes as bird habitats, and to prioritize farmland bird conservation in general.
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If management of food supply in agricultural breeding habitat proves to be
successful, it might be considered as an alternative to nest protection, which is
resource- and time-consuming. Higher prey abundance could attract more Harrier
pairs and increase Harrier fledgling production. An increase in the numbers of
Harriers breeding in farmland could make the Dutch population less susceptible to
the effects of short-term decreases in food supply, or to losses caused by agricultural
practices.
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In many European landscapes that are intensively influenced by human
utilization, birds increasingly rely on agricultural habitats. Montagu’s
harrier Circus pygargus is an example for a diurnal raptor species that is
since the middle of the 20th century mainly breeding in farmland habitats
in West-Europe. The breeding season is thought to strongly affect popula-
tion change in this long-distance migrant. Next to nest protection from
agricultural practices, it is important to understand the functional rela-
tionship of the predator with its habitats and base conservation actions
on these ecological insights. In a four – year radio telemetry study in the
Netherlands, we identified lucerne, fallow habitats and cereals as most
preferred habitats at different home range scale levels in two Dutch farm-
land areas. For hunting, high habitat diversity in general and especially
intensive grasslands, lucerne, natural grasslands and fallow habitat types
were most preferred. The frequency with which harriers attempted to
catch prey (a measure of food availability) as well as the number of prey
caught per hour (hunting yield) were highest in fallow habitats, intensive
grasslands and lucerne. Individual differences in hunting yield and home
range size related to differences in reproductive success. There was a
trend of high proportions of lucerne and fallow habitat types in a ca. 8 km2

area (1.6 km radius) around the nest contributing to relatively small core
home range size, which in turn related to high reproductive success. We
recommend to offer higher proportions of these favourable habitat types
in West-European intensively farmed landscapes and to optimise manage-
ment of natural and extensive grasslands as habitats for potential prey
populations. Because Montagu’s harrier is a top-predator, an optimised
habitat management for the harrier must improve the habitat characteris-
tics for the underlying food web, in particular small mammal and farm-
land bird communities.

Abstract



Introduction

In many NW-European landscapes that are intensively influenced by human utilisa-
tion, birds lost their natural habitats and increasingly rely on farmland habitats
(Tucker 1997). In farmland, bottlenecks may arise due to decreasing food abundance
with increasing intensification (Butet & Leroux, 2001; Donald et al. 2001) and nest
losses due to agricultural practices (Clarke 1996a). An example of a bird species that,
since the last century, mainly uses farmland habitats during the breeding season is
the diurnal raptor Montagu’s harrier Circus pygargus (Arroyo et al. 2002). 

European Montagu’s harriers are long-distance Palearctic-African migrants,
traditionally breeding in lowland heaths, dunes, wet meadows and (pseudo-) steppes
(Clarke 1996a, Leroux 2004, Trierweiler & Koks 2009, chapter 8). Due to the disap-
pearance or decreasing suitability of natural habitats, about 70 – 90% of western
European breeding pairs are nesting in agricultural habitats since the 1990s (Arroyo
et al. 2002). Because Montagu’s harriers are nesting on the ground, the advanced
onset of the cereal harvest and frequent lucerne harvest threaten nest survival in
agricultural areas. Depending on the nesting habitat and harvest timing, 20–70% of
nests can be destroyed during harvesting activities (Corbacho et al. 1997, Koks et al.
2001, Millon et al. 2002, Van der Kerkhove et al. 2007). Nest protection in European
farmland is thus imperative to prevent large-scale nest failure. Protecting nests has
proven successful, but is resource consuming in terms of time, manpower and
equipment (Glimm et al. 2001, Arroyo et al. 2002, Koks & Visser 2002b, Koks 2008).
In spite of locally successful conservation actions, Montagu’s harrier is included in
Annex I of the European Birds Directive (79/409/EEC) being in need of special
conservation measures and is red-listed in many West-European countries (e.g.
Germany, Netherlands, Denmark, Spain).

Optimally, nest protection should be complemented with improvement of harrier
habitat in farmland, in addition to the preservation and regeneration of natural
breeding habitats (Millon et al. 2002, Koks et al. 2007, Trierweiler & Koks 2009,
chapter 2, 8). In order to improve or increase favourable habitat types within the
agricultural landscape, information on habitat use is needed. Extensively used
structures (e.g. set-aside farmland with grassy or herbal vegetation, fallow land,
fallow field margins) have proven to be important habitat types in the NW-European
landscape that may positively influence reproductive effort and population develop-
ment of Montagu’s harriers (Koks & Van Scharenburg 1997, Koks et al. 2007, Trier-
weiler et al. 2008, chapter 1, 2). This effect is mainly related to high prey availability
in these habitats. Montagu’s harriers in Dutch farmland feed on small mammal prey
(especially common vole Microtus arvalis; ca. 60% of prey items) and bird prey
(mostly yellow wagtail Motacilla flava, meadow pipit Anthus pratensis and skylark
Alauda arvensis; birds constituting ca. 20% of prey items) as well as lagomorphs,
eggs and invertebrates (Koks et al. 2007, chapter 2). To understand the functional
relationship between different habitat types and individuals or populations, infor-
mation on habitat use and habitat selection of the hunting birds is most important,
as well as estimates of food availability in different habitat types. Such ecological
knowledge is crucial for the development of conservation strategies required by EU
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agri-environmental policy (Ormerod & Watkinson 2000, Fox 2004, Bos et al. 2009). 
In this study, we investigate home range size, habitat selection and hunting

behaviour of Montagu’s harriers during the breeding season (May – August) using
radio telemetry (Kenward 2000). In a four-year study (2003 - 2006), we radio-tagged
ten Montagu’s harrier males (two of which twice, in different years) in two agricul-
tural landscapes in the Netherlands, in order to record their spatial and hunting
behaviour. Both study sites were large-scale agricultural areas dominated by the
cultivation of winter cereals, root crops (potatoes, beetroots, onions) and intensively
used grasslands (used for cattle feed).

We investigated (1) habitat selection in general and especially hunting habitat
selection compared to habitat and soil types available at different scale levels, (2) the
seasonal change in habitat selection and (3) hunting behaviour and hunting success
according to different habitat types and breeding phases. The results, also in relation
to reproductive output, indicate which habitat types are preferred and profitable in
the farmed landscape, potentially supporting successful Montagu’s harriers breeding
attempts. This enables us to suggest efficient conservation strategies based on
habitat management. 

Methods

Study areas and study populations
One study area was in East-Groningen (Province of Groningen, northeastern Nether-
lands, 53°11'N, 7°4'E, surface area ca. 970 km2), consisting of acclaimed land
(polders) from the 16th century to 1924, with a relatively structured and diverse
landscape, including agri-environmental schemes (fallow field margins). It hosts a
stable to increasing harrier population since the early 1990s (25–30 breeding pairs
annually during the study period 2003–2006; Koks et al. 2007, chapter 1, 2). The
other study area, located in recently (1959–1968) acclaimed land in the Southern
Flevoland polder (Province of Flevoland, western Netherlands, 52°22'N, 5°28'E,
surface area ca. 490 km2), was comparatively poorly structured and devoid of agri-
environmental schemes during the study period. After thriving of a Montagu’s
harrier population in young forest plantations in the 1970s, the population in
Flevoland (now located exclusively in farmland) has been on a very low level since
the 1980s (5–6 breeding pairs annually in 2003–2006).

Habitat types in the study areas were cereals (mostly winter wheat, also winter
barley and others), potatoes, beetroots and onions, grassland and meadows, further-
more lucerne, set-aside, agri-environmental schemes, grassy paths and ditch edges
as well as nature reserves in smaller proportions (for details see results, fig. 3.2A,B). 
Montagu’s harrier breeding pairs in Groningen and Flevoland were monitored by
observing territorial and breeding behaviour. Nests were usually visited three times
a season (Koks et al. 2007, chapter 2). Farmers, landowners and harvesting compa-
nies were informed about the breeding attempt and potentially necessary protection
against harvesting practices. Nests were protected against harvesting and against
subsequent predation by sparing a small unharvested plot around the nest and
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fencing it (chapter 1). Clutch size was either observed directly or taken as being the
number of nestlings or fledglings (minimum clutch size). The number of fledglings
was recorded after all young had left the nest. Laying date was back-calculated from
nestling age determined from wing length (Bijlsma 1998, Koks et al. 2007, chapter 2).
Most Montagu’s harriers are supposedly monogamic (Simmons 2000) but a certain
part of the population may be bigamic (e.g. 11% in Groningen in 2005, Trierweiler et
al. 2006a). Bigamy is only easily identified when the bird is radio-tagged. For all
tracked males, the number of nests/females was determined.

Pellets and prey remains were collected weekly in the vicinity of the nests (Koks
et al. 2007, chapter 2): on average over all nests, 64% of the number of prey items
consisted of voles and mice (38 % of total diet were determined as common voles),
19% of birds (18% of total diet were passerines), 9% of insects, 4% of eggs, 2% of lago-
morphs and 2% of other small mammals. In terms of estimated biomass (number
multiplied with average body mass of prey item, Koks et al. 2007, chapter 2, Box A),
diet consisted of 55% voles and mice, 18% lagomorphs, 16% birds, 9% other small
mammals, 2% eggs and 0% insects.

Radio telemetry
Montagu’s harrier males need to provide food not only for themselves, but also for
their female (or females in case of polygamy) during the pre-breeding (courtship),
incubation and nestling phase. Furthermore, they need to provide food for their
young in the early fledgling phase. Incubation and nestling phases take each about
30 days, pre-breeding phase and post-fledging care may be of variable length (ca. 1–3
weeks each). Only females incubate and they contribute to the feeding of the young
only from the late nestling phase onwards, if at all. We therefore radio-tracked
exclusively males (10 males, two of which twice, in different years). They were
caught on a perch trap, which is a wooden pole equipped with a nylon maze closing
around the bird’s feet when the catching mechanism is triggered by the landing bird.
Wing length, wing span, body mass and claw size of the captured males were meas-
ured. A 4.7 g tailmount radio transmitter (Advanced Telemetry Systems Inc.,
Minnesota, US) was tied and glued to one of the central tail feathers. Radio signals
were picked up with ATS-100 Fieldmaster receivers and three-element hand-held
yaggi antennas. The males were caught in different phases of the breeding cycle (as
they could not all easily be captured) and were tracked for periods of different
lengths depending on the performance of the tracking equipment. In one case,
tracking stopped after nest failure because the male left its breeding home range. For
details of study area, biometry, reproduction and tracking period of all males see
appendix 3.1.

Tracking sessions usually lasted from 8.00–18.00 h and were conducted two or
more times a week. At the start of each session, the signal of the bird’s transmitter
was mostly picked up near the nest. Subsequently, the bird was radio-tracked by
two observers by car, with the aim to stay as long as possible in visual contact with
the bird (possible during ca. 40% of the time). During visual contact, behaviours of
the bird were noted every minute using either the bare eye, binoculars or a tele-
scope. Behaviours were categorised as hunting (low quartering flight), flying (in a
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straight line), circling, transporting prey, sitting, feeding, nest site defence and aerial
display (courtship). Events noted were strikes (attempts to catch prey) with outcome
(successful or not, or unknown; type/species of prey), food passes to female or
young, copulations and conspecific or interspecific aggressive interactions. Locations
of the bird were noted with numbered dots in daily maps. These numbers corre-
spond to the accompanying behaviour records. From the behaviour records, the
number of attempts to catch a prey per minute (strike frequency), the success of the
attempt (strike success) and the hunting yield per hour (strike frequency * strike
success * 60) were calculated (Dijkstra et al. 1995, De Voogd 2004).

Spatial and statistical analyses
Visual fixes (n = 4,426) were digitized in ESRI ArcView 3.2. The fixes were used to
calculate different home range contours in ESRI ArcMap 9.3.1 (ESRI Inc.). The
smoothing parameter href used to calculate fixed kernel home ranges was taken from
program Animal Space Use 1.3 (Horne & Garton 2007). With Hawth’s Analysis Tools
3.27 (www.spatialecology.com), 50%, 90% and 100% home range contours were
generated. Sample size of visual fixes per bird did not significantly affect home
range size at different levels (100% kernel home range: r = –0.13, n = 12, p = 0.69;
90%: r = –0.32, p = 0.32; 50%: r = –0.50, p = 0.10).

Habitat preferences were calculated using digital maps showing agricultural land
cover types for each year of our study period (2003–2006; copyright Dienst
Regelingen, Dutch Ministry of Agriculture, Nature and Food Quality). Agricultural
land cover of 2007 was used to calculate habitat diversity within 1 × 1 km squares
according to the Shannon-Weaver Index as relative diversity (proportion of the
maximum possible diversity): J’ = H’/H’max where H’ = – ∑i=1k pi log pi (Zar 1996).
Here, k is the number of categories and pi the proportion of the observations found
in category i. Additional information was derived from digital topographical maps
(showing houses, roads, parcel boundaries etc.) of Groningen and Flevoland (copy-
right Topografische Dienst Kadaster) as well as of the German area Rheiderland
(copyright Niedersächsischer Landesbetrieb für Wasserwirtschaft, Küsten- und
Naturschutz NLWKN) that is adjacent to Groningen and was part of some home
ranges as well. Furthermore, a soil type map of Groningen (copyright Province of
Groningen) was used. 

Analyses of hunting behaviours were conducted using two-level random inter-
cepts regression models in MLwiN 2.02 (Institute of Education), including bird ID as
level in order to correct for pseudo-replications of the birds tracked twice. To
analyse habitat selection, compositional analyses (Aebischer et al. 1993) were
carried out in R (package adehabitat, function compana, method: randomisation
test, Calenge 2006). Habitats were grouped as follows. Category 1 (“potatoes/beet-
roots/onions”): all categories of potatoes, beetroots, onions and flower bulbs; cate-
gory 2 (“urban”): roads, paths, buildings; category 3 (“fallow”): all types of fallow and
set-aside land (except for bare land and set-aside tree plantations) and agri-environ-
mental schemes (fallow field margins); category 4 (“wood”): all woods (also set-aside
tree plantations, in the study area > 10 years old); category 5 (“winter cereals”):
mainly winter wheat and winter barley; category 6 (“summer cereals”): mainly

52 Chapter 3



summer wheat and summer barley; category 7 (“intensive grasslands”): grasslands
intensively used for grazing (also on dykes) or for production of cattle feed or grass-
seed; category 8 (“natural grasslands”): extensive grasslands or grassy/herbal vegeta-
tion, e.g. nature reserves, salt marsh, road verges, ditch edges, grassy paths and hay
meadows; category 9 (“lucerne”): lucerne (alfalfa); category 10 (“water”): ditches,
lakes and mudflats; category 11 (“other”): all other agricultural vegetation types, e.g.
oilseed rape, corn, fruit, vegetables. In analyses of hunting behaviour, the categories
winter and summer cereals were merged. Other statistical tests were run in SPSS
version 16.0 (SPSS Inc.). Due to the small sample size of radio-tracked birds in
Flevoland, analyses of spatial and hunting behaviour were combined over both
study areas. Results were interpreted as significant at the α = 0.05 level.

Results

Home range size
Surface areas of home range contours taken over 1 track (a track comprises all fixes
from one breeding season of one male) based on kernel analyses were on average 8.4
±1.0 km2 (50% kernel, n = 12), 34.9 ±3.8 km2 (90% kernel) and 131.1 ±13.9 km2

(100% kernel, fig. 3.1). In a two level random intercepts regression model (level i:
track, level ii: individual) on home range size, individual differences were significant
(50% kernel home range: χ2 = 104.4, df = 9, p <0.001; 90%: χ2 = 662.0, df = 9,
p <0.001; 100%: χ2 = 30.3, df = 9, p <0.001). The individual effect was then substi-
tuted by number of offspring: home range size was significantly smaller when the
number of offspring was larger (50%: χ2 = 4.1, df = 1, p = 0.04; 90%: χ2 = 6.6,
df = 1, p = 0.01; 100%: χ2 = 4.7, df = 1, p = 0.03, fig. 3.7C).

Habitat selection: habitat types
A compositional analysis showed that proportions of habitat types within Montagu’s
harriers 100% kernel home ranges differed significantly from the available habitat
surface area in both Groningen and Flevoland (fig. 3.2A,B). Lucerne, fallow habitats,
winter cereals and summer cereals were ranked as the four most preferred habitat
types (pairwise comparisons revealed no significant differences at the α = 0.05
level). Habitats that were least preferred were natural grassland (mostly nature
reserve Oostvaardersplassen in Flevoland and salt marsh in Groningen), water
(mudflats and open water), intensive grasslands, the category “other” habitat types
and urban areas. Proportions of habitats within the 90% kernel home ranges were
not significantly different from proportions in the 100% kernel home ranges (λ =
0.003, 11 habitat types, 12 tracks, p = 0.8). Proportions of habitats within the 50%
kernel home ranges significantly differed from proportions in the 90% home range
(fig. 3.2C,D). The four most preferred habitat types in the 50% home ranges were
lucerne, winter cereals, fallow habitats and summer cereals (pairwise comparisons
revealed no significant differences between these habitat types).

The proportion of habitat types with fixes during active hunt (hunting fixes)
differed significantly from the available habitat in the 90% and 100% kernel home
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ranges (90%: λ = 0.003, 10 habitat types, 12 tracks, p = 0.006; 100%: λ = 0.002, p =
0.001). At both levels, most preferred hunting habitats were intensive grasslands,
lucerne, natural grasslands and fallow habitat types (pairwise comparisons not
significant). Least preferred were urban areas, water, woods and the category pota-
toes/beetroots/onions.

In a two level linear regression model (level i: track, level ii: individual) on 50%
kernel home range size, there was a trend of smaller home range size with higher
proportions of lucerne (χ2 = 2.8, df = 1, p = 0.09) and fallow habitat types (χ2 = 3.3,
df = 1, p = 0.07), the two most preferred habitat types in the home ranges. The
proportion of winter cereals was excluded from this model as its effect was not
significant (χ2 = 0.0, df = 1, p = 0.9). In a model on 90% home range size, all effects
of proportions of preferred habitat types within the home ranges were not signifi-
cant (lucerne: χ2 = 2.0, df = 1, p = 0.2; winter cereals: χ2 = 0.9, df = 1, p = 0.3;
fallow habitats: χ2 = 1.6, df = 1, p = 0.2).

No significant effects on 90% kernel home range size of proportions of preferred
hunting habitat types were found (intensive grasslands: χ2 = 0.6, df = 1, p = 0.5;
lucerne: χ2 = 2.5, df = 1, p = 0.1; natural grasslands: χ2 = 0.7, df = 1, p = 0.4). Also
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Figure 3.1 Montagu’s harrier fixed kernel home ranges calculated from visual fixes using ground
radio telemetry (10 birds, 12 breeding season tracks, 174 tracking days, 2003–2006). Black dots
indicate visual fixes. (A) Study area Flevoland (outlined in black) with two tracks; (B) study area
Groningen with 10 tracks. Inset: both study areas (black) in map of the Netherlands. Topograph-
ical maps: copyright of Topografische Dienst Kadaster and NLWKN.



for 100% kernel home range size, neither effects of proportions of preferred habitat
types within the home range nor of proportions of preferred hunting habitats were
significant (all p > 0.2).

Habitat selection: habitat diversity and soil types
Habitat diversity (based on 1 × 1 km squares) did not significantly differ between the
50, 90 and 100% home range levels (Kruskal-Wallis test, χ2 = 3.5, df = 2, p = 0.18).
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Figure 3.2 Habitat selection of radio-tracked Montagu’s harriers based on digital map of agri-
cultural land cover of Dienst Regelingen. (A, B) Proportion of 100% kernel home ranges (used)
compared to the whole study area (available) in Groningen (n = 8 birds, 10 tracks) and Flevoland
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to the category “other” for Flevoland as availability in the 90% home range was very small.
Compositional analysis: λ = 0.016, 11 habitat types, 12 tracks, p = 0.010.



Habitat diversity averaged over a 1 km radius around each hunting fix was
compared to diversity within the home ranges at different levels (fig. 3.3b). Habitat
diversity was significantly higher around hunting fixes than in 100% kernel home
ranges (Mann-Whitney U test, U = 1708536, n = 4270, p = 0.01) but did not differ
significantly from 90% and 50% home ranges (90%: U = 494917, n= 3440, p = 0.4;
50%: U = 130367, n = 3197, p = 1.0). 

Variation in habitat diversity may be the result of different underlying soil types.
Most diverse habitats are present on peat bog and sandy soils and less diverse on sea
clay soils and in coastal habitats (Kruskal-Wallis test of Shannon-Weaver relative
diversity index J’ per km2 square according to soil type in the centre of the square:
χ2 = 103.7, df = 3, p< 0.0001). In the Groningen study area, the available soil types
were peat bog soils (40%), sea clay soils (31%), sandy soils (20%), tidal zones (4%), salt
marsh (1%) as well as several other types (e.g. mixed soils or lakes) that occurred in
low percentages (fig. 3.3A). 

Habitat use in 100% kernel home ranges in Groningen according to soil types was
significantly different from random (compositional analysis, randomisation test: λ =
0.02, n = 10 animals, 7 soil types, p = 0.01). Sea clay, sandy and peat bog soils were
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preferred over other soil types; preferences did not differ significantly between
these soil types. Mixed soil types, lakes, salt marsh and tidal areas were least
preferred.

To calculate preferences within the 100% kernel home ranges, soils were grouped
into four main types to avoid very small availability values: sea clay, peat bog and
sandy soils as well as coastal habitats (salt marsh, tidal areas). Proportions of soil
types in 90% home ranges differed significantly from 100% home ranges (λ = 0.1,
n = 10 animals, 4 habitat types, p = 0.009). In the 90% kernel home ranges, sea clay
soils dominated, occupying 47% of total surface area, and were preferred. Propor-
tions of soil types in the 50% home range were significantly different from the 90%
home range (λ = 0.09, n = 10 animals, 4 habitat types, p = 0.008). Sea clay soils
occupied 66% of these home ranges and were most preferred. Proportions of hunting
fixes did not differ significantly from proportions of soil types available at the 90%
home range level (λ = 0.3, n = 10 animals, 4 habitat types, p = 0.4).

Hunting time spent on different habitat types
The average daily proportion of total time spent hunting differed significantly
between habitat types (fig. 3.4). Individual differences were not significant (χ2 = 3.2,
df = 9, p = 1.0). The daily proportion of hunting time on lucerne fields significantly
differed between breeding phases (tab. 3.1). Lucerne was mostly used in the pre-
breeding and incubation phase and least in the nestling and fledgling phase. Propor-
tions of intensive grasslands used for hunting did not differ between breeding
phases. There was a trend of natural grasslands being used more often during incu-
bation and least often during the fledgling phase. There was a trend of cereals being
used least often during incubation and nestling phase and most often during pre-
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Figure 3.4 Daily proportion of hunting time spent on different habitat types (n = 10 Montagu’s
harrier males, 12 breeding season tracks [2003–2006], 174 tracking days, Groningen and Flevo-
land). Two level regression model (level i: track, level ii: individual), χ2habitat type = 1030.7, df = 9,
p <0.001. Asterisks indicate preferred hunting habitat types at all home range levels (composi-
tional analysis, see text).



breeding and fledgling phase. Differences in the use of fallow habitats were not
significant, as hunting use during incubation, nestling and fledgling phase were
similar, only usage in the pre-breeding phase was low. The use of potatoes/beet-
roots/onions was significantly highest during incubation and fledgling phase and
lowest in the pre-breeding phase. 

Hunting behaviours and success
The frequency with which the tracked harriers attempted to catch a prey per minute
(strike frequency) differed significantly between habitat types (fig. 3.5A). Strike
frequency was significantly higher later in the season (χ2daynumber = 8.2, df = 1, p =
0.004). When the effect of daynumber was replaced by breeding phase, differences
between breeding phases were significant (fig. 3.6A). Strike frequency did not differ
between individuals (all effects tested in the same model, χ2individual = 0.6, df = 9,
p = 1.00).

Strike success (the proportion of attempts to catch a prey that was successful)
was not significantly different between different habitat types (fig. 3.5B). There were
no significant seasonal/breeding phase nor individual differences (χ2daynumber = 0.0,
df = 1, p = 1.00; χ2breeding phase = 0.0, df = 3, p = 1.00; χ2individual = 0.0, df = 9,
p = 1.00).

Hunting yield (the number of prey caught per hour) significantly differed
between habitat types and individuals, and increased significantly in the course of
the breeding season (χ2daynumber = 8.7, df = 1, p = 0.003; χ2individual = 114.7, df = 9,
p <0.001; fig. 3.5C). The effect of breeding phases, substituting daynumber in the
model, was significant (fig. 3.6B).
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Table 3.1 Results of two-level regression models (level i: track, level ii: individual) on arcsine-
transformed daily proportions of hunting habitats used, n = 10 Montagu’s harrier males, 12
breeding season tracks (2003–2006), 174 tracking days. Slopes of each breeding phase are given
(β and s.e.) as well as significance of the main effect of the categorical variable “breeding phases”
in each model. For each model, the most positive slope(s) are printed in bold grey, the most nega-
tive are printed in bold black.

breeding phases
pre-breeding incubation nestlings fledglings

ß s.e. β s.e. β s.e. β s.e. χ2 df p

lucerne ref. - –0.08 0.06 –0.21 0.06 –0.25 0.06 18.47 3 <0.001
intensive grasslands  ref. - –0.15 0.12 –0.30 0.15 –0.26 0.16 4.13 3 0.250
and grass-seed
natural grasslands ref. - 0.11 0.08 –0.07 0.13 –0.14 0.14 6.45 3 0.090
cereals ref. - –0.20 0.11 –0.18 0.12 –0.07 0.12 7.33 3 0.060
fallow ref. - 0.20 0.09 0.12 0.11 0.13 0.11 4.81 3 0.190
potatoes/beetroots/ ref. - 0.23 0.05 0.14 0.07 0.19 0.08 20.77 3 <0.001
onions



59Home range and habitat selection of Montagu’s harriers

0.0

potatoe/beetroots/onions

0.2 0.4 0.6
proportion strike success

fallow

intensive grasslands

natural grasslands

lucerne

other

cereals

unknown

ha
bi

ta
t t

yp
e

0 2 4 6
hunting yield (prey caught per hour)

0.00

potatoe/beetroots/onions

0.05 0.10 0.25
strike frequency / min

fallow

intensive grasslands

natural grasslands

lucerne

other

cereals

unknown

ha
bi

ta
t t

yp
e

0.15 0.20

A

B C

Figure 3.5 (A) Frequency of attempts to catch a prey (strike frequency), (B) proportion successful
attempts of all attempts to catch a prey (strike success) and (C) number of prey caught per hour
(hunting yield) of tracked male Montagu’s harriers in Groningen and Flevoland, The Netherlands
(n = 10 birds, 12 tracks, 14,591 hunting minutes, 2003–2006). Statistics were tested in two level
(logistic respectively normal) random intercepts regression models with level i = track and level
ii = individual. Strike frequency: χ2habitat = 152.2, df = 7, p < 0.001; strike success: χ2habitat =
0.0, df = 7, p = 1.0; hunting yield: χ2habitat = 114.4, df = 7, p < 0.001.
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Figure 3.6 (A) Strike frequency and (B) hunting yield of tracked male Montagu’s harriers in
Groningen and Flevoland, The Netherlands, according to breeding phases (n = 10 birds, 12 tracks,
14,591 hunting minutes, 2003–2006). Differences between breeding phases were significant (strike
frequency: χ2 = 10.83, df = 3, p = 0.013; hunting yield: χ2 = 29.63, df = 3, p < 0.001).



The individual differences in hunting yield were highly correlated with the
number of fledged young and the young’s fledging success (fig. 3.7A,B). Hunting
yield was not significantly different between monogamic and bigamic males
(Spearman correlation, R = 0.37, n = 12, p = 0.2).

Discussion

Habitat selection: vegetation, soil type and diversity
Montagu’s harriers choose habitats in their breeding range at different spatial
scales. We compared the 100% kernel home range (ca. 130 km2), representing the
entire individual breeding season range, with regionally available habitats (970 km2

in Groningen and 490 km2 in Flevoland). We also compared the 90% kernel home
range (ca. 35 km2), the usual movement range, with 50% kernel home range (ca.
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Figure 3.7 (A) Average hunting yield per bird per year and number of the bird’s young fledged that
year (from one nest for monogamic males and from two nests for bigamic males; multilevel
poisson model, χ2yield = 8.7, df = 1, p = 0.003). (B) Hunting yield vs. fledging success per bird per
year (two unknown clutch sizes result in two missing values; multilevel linear model on arcsine-
transformed proportion, χ2yield = 4.6, df = 1, p = 0.03). (C) 90% kernel home range size per bird
per year vs. number of fledglings (multilevel linear model on home range size, χ2fledglings = 6.6,
df = 1, p = 0.01).



8 km2), representing the core home range. The selection of the core home range
probably relates to choice of the nest site (which is always located in the core home
range) as well as the core hunting range, whereas the 90% home range may corre-
spond to the usual hunting range, and areas outside the 90% within the 100% home
range are used for infrequent excursions. Our 90% kernel home range estimates are
ca. twice the size of home range estimates in western French farmland populations
(in the regions Deux-Sèvres and Charente-Maritime), which may at least partly
result from different radio-telemetry protocols and more conservative home range
methods chosen in those studies (Salamolard 1997, Denonfoux 2003, T. de Cornulier
& V. Bretagnolle in Thiollay & Bretagnolle 2004). Home range sizes of Montagu’s
harriers estimated in German, Dutch and French studies in the 1960s–80s are
summarised by Salamolard (1997) and report that home ranges are not larger than
15 km2. However, these conclusions are drawn only from visual observations and
are not based on telemetry. Maximum hunting distances from the nest of not more
than 8 km were observed in these studies, whereas in our study, the maximum
distance was 18 km. It is questionable whether the differences described above arise
solely from methodology or may be affected by differences in food abundance and
thus hunting behaviour between the study areas and time periods. A study in an
intensively farmed area in northern Germany (Rheiderland, ca. 40 km2, adjacent to
Groningen), using the same methods as in the present study, showed that Montagu’s
harrier home range size can be considerably smaller than we found and more
comparable to above mentioned estimates (50% kernel: 1 km2; 90%: 7 km2; 95%:
11 km2; n = 1; Arisz et al. 2008). This difference in home range size between
Rheiderland and Groningen/Flevoland may be attributed to the extensification in
Rheiderland by ca. 13% agri-environmental schemes (fallow field margins): abun-
dance of small mammal and especially bird prey was during the study period consid-
erably higher than in Groningen/Flevoland (Arisz et al. 2008).

In our study, proportions of habitats in 100% kernel home ranges differed signifi-
cantly from proportions present in the entire study areas. At this scale level as well
as at the smallest analysed level (core home ranges vs. 90% kernel home ranges),
lucerne, fallow habitats and winter and summer cereals were most preferred habi-
tats. This is similar to results of French Montagu’s harriers preferring (next to
oilseed rape) cereals, grasslands and lucerne in their home ranges (Denonfoux 2003).
In our study areas, lucerne and cereals are potential nesting as well as hunting habi-
tats. In contrast, fallow land is often covered with dead biomass at the start of the
breeding season and is thus usually not attractive for nesting, but is especially rich
in small mammal prey (Buskirk & Willi 2004, Koks et al. 2007, chapter 2). The
general preference of Montagu’s harriers for fallow structures is thus probably
based on food availability within these structures, and the potentially positive influ-
ence on food availability in the surrounding hunting grounds (voles colonising also
surrounding other habitat types).

Whereas intensive grasslands were not preferred habitats at the different home
range levels, these were most preferred hunting habitats, together with lucerne,
natural grasslands and fallow habitats. Intensive grasslands and lucerne are habitat
types that are regularly mown during the breeding season of Montagu’s harriers,
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making these habitats especially attractive during several days after the mowing
event, when the cover for prey animals (mainly small mammals and lagomorphs) is
reduced (Bechard 1982, Simmons 2000, Vulink 2001, chapter 4). A strong preference
for lucerne as hunting habitat has also been shown in a farmland population of
Montagu’s harriers in Bavaria (southern Germany), where lucerne is an equally
scarce habitat as in Groningen and Flevoland (Kracher 2008). Similar to our results,
intensive and extensive grassland types were the second most preferred hunting
habitats in Bavaria (fallow habitats were absent from the area). In western France,
harriers also preferred grasslands and especially lucerne as well as cereals as
hunting habitats (Denonfoux 2003).

Reasoning that high prevalence of the most preferred hunting habitat “intensive
grasslands” in the home range would reduce far hunting trips, we hypothesise that
this prevalence may negatively influence home range size (Newton 1979). We could
not show this effect, however, at the 90% and 100% home range levels. The only
effect of preferred habitat types on home range size we could show was the trend of
high proportions of lucerne and fallow habitats (both preferred in general and as
hunting habitats) being related to smaller core home range sizes. A smaller core
home range may save the hunting bird energy and time otherwise needed for longer
hunting trips. Lucerne as well as fallow habitats are not widely available in the
study areas (lucerne: on average 1% in both study areas, fallow habitats: 3% in
Groningen, 1% in Flevoland; fig. 3.2A,B), whereas intensive grasslands are more
widespread (Groningen: 13%, Flevoland 16% ).

Hunting harriers showed a preference for high habitat diversity at a large scale
(within the 100% home range). Habitat diversity may be a result of differences in
agricultural use between different soil types. Within the Groningen study area,
Montagu’s harriers showed a preference for sea clay soils at all investigated home
range levels. Habitat diversity on sea clay soils is relatively low. The preference for
sea clay soils may thus not be related to diversity but potentially to the high avail-
ability of winter cereals and lucerne on these soils, which are widespread nesting
and hunting habitats. During hunting, harriers do not have a clear preference for
either soil type. The absence of a preference indicates that other than sea clay soils
may be more often used for hunting than for nesting. We consequently show that
the criterion for harriers to choose their hunting habitat at a large scale seems to be
habitat diversity in itself and not diversity linked to differential agricultural use
according to underlying soil type. Harriers may choose relatively high diversity in
hunting habitats because diversity may result in more diverse prey available at
different times of the season, but also other effects may play a role, for instance
higher prevalence of extensive edge structures hosting more prey than large-scale
intensive monoculture fields.

Influences of habitat types: hunting time and success
Different hunting habitat types were used preferentially during different times of
the season. In the pre-breeding phase, lucerne and cereals were used to a high
extent. Vegetation height in both habitat types is relatively low at that time of the
year. Cereals grow quickly during the incubation and nestling phase of Montagu’s
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harriers, and the large height probably makes (small mammal) prey less available
than in the beginning of the season. During the incubation phase, lucerne was still
favoured as well as natural grasslands and potato/beetroot/onion fields. The latter
may be due to the availability of passerines (nestlings) as prey in root crop
(potato/beetroot/onion); high vole densities are not typical for these habitats (own
observations). During the harriers’ nestling phase, no peak use of any hunting
habitat was indentified, but intermediate use of root crops, fallow habitats, inten-
sive and natural grasslands. In the fledgling phase, cereals were again frequently
used, before or after they are mown. Whereas before mowing, bird prey such as
yellow wagtail may be highly available in cereals, after mowing, voles become more
available than before. Also root crop fields were frequently used in the harriers’
fledgling phase, possibly because of the availability of recently fledged prey birds.
Whereas seasonal peak use occurred in lucerne, root crops and as a trend also in
natural grasslands and cereals, both intensive grasslands and fallow land appeared
to have an equally important function as hunting habitats throughout all breeding
phases.

Strike frequency, the frequency with which the harrier attempts to catch prey,
probably relates to food abundance, mediated by vegetation density and height,
resulting in food availability. We can thus conclude that habitats with highest food
availability are fallow lands, lucerne and intensive grasslands, especially after
mowing (fig. 3.5A, chapter 4). That fallow habitats host highest densities and diver-
sity of small mammals, birds and insects is confirmed by field data (Van Buskirk &
Willi 2004, Koks et al. 2007, Boatman et al. 2010, chapter 2). Hunting yield, the
product of strike frequency and strike success, expressed as number of prey caught
per hour, was highest in intensive grassland and fallow habitats, as well as lucerne
and natural grasslands. In Bavaria and West-France, lucerne and grasslands (the
latter including in France both intensive grasslands and fallow habitats) have also
been shown to be habitats with highest strike frequency and hunting yield (Denon-
foux 2003, Kracher 2008) and thus appear to be favourable habitat types for
Montagu’s harriers on a West-European scale.

Strike frequency and hunting yield were different between the breeding phases,
probably related mainly to seasonal differences in prey availability (Dijkstra et al.
1995). Reasons for this may be that small mammal populations increase from very
low levels in May to a peak in September (Dijkstra et al. 1995, own unpublished
data) and nestling and fledgling prey birds become gradually more available during
the season. On the other hand, a higher hunting yield may also be (partly) influenced
by a higher motivation of the hunting harrier: hunting yield got higher the more
food was required, from the incubation to the nestling and fledgling phase. More-
over, hunting yield was relatively high during the pre-breeding phase, when food
availability is supposedly low, and the male has to courtship feed his female partner
in order to pair-bond and to get her in a body condition well enough to breed
(Simmons 2000).

As hunting yield directly related to reproductive output, this measure should
indicate most reliably which habitat types are crucial for Montagu’s harrier indi-
vidual fitness and population dynamics resulting from reproduction. As the nests in
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our study areas were protected from agricultural practices, no agricultural nest
losses occurred and next to food availability, only factors such as predation and bad
weather during the nestling phase may have contributed to fledging success. Indi-
vidual quality of the male (for instance inherited, based on prior breeding experience
or on physiological body condition) may be another important factor causing differ-
ences in reproductive output. We found several indications supporting this hypoth-
esis in our study: home range sizes (presumably resulting in different amounts of
energy and time needed for hunting) differed significantly between individuals, and
home range size related inversely to reproductive output. Whereas hunting time
spent on different habitats, strike frequency and strike success were not signifi-
cantly different between individuals, hunting yield was, and it correlated strongly
with reproductive output. A possible explanation is that slight individual differences
in choice of hunting habitats, strike frequency and strike success added up to signifi-
cant differences in hunting yield.

Conservation implications: contributions to individual fitness
Montagu’s harriers’ population dynamics are influenced during the breeding season
but also during the non-breeding season. Based on the current situation in NW-
European breeding grounds and West-African wintering grounds, models have
shown that breeding season effects are probably most profoundly affecting popula-
tion dynamics (box E). In a conservation context, a focus on habitat management
and cultivation practices in the breeding areas is thus highly relevant. Conservation
management of Montagu’s harrier farmland populations is imperative because
populations in natural breeding areas have almost completely disappeared in West-
Europe. A first prerequisite for population growth in the current farmland situation
in many West-European areas is protection of nests against agricultural losses. Nest
protection is, however, futile when harrier populations become unsustainable due to
decline in suitability of the agricultural landscape by increasing intensification and
consequently declining food abundance (Butet & Leroux, 2001; Donald et al. 2001,
Arroyo et al. 2002). 

Taking results from studies in Bavaria and West-France into account, we suggest
that the findings of the present study may be widely applicable in Montagu’s harrier
populations in West-European intensively used agricultural landscapes, which is a
prerequisite for generic species conservation recommendations (Salamolard 1997,
Denonfoux 2003, Whittingham et al. 2003, Kracher 2008). Consequently, we suggest
the following strategies to keep or make agricultural areas suitable habitats for
Montagu’s harriers.

First, we roughly calculate the total number of prey caught during the breeding
season in each habitat type, assuming a three months breeding season with eight
hours hunting per day (hunting yield*daily proportion of hunting time per
habitat*728 hunting hours): intensive grasslands, 1490 prey items (range based on
s.e.: 1050–4470); cereals, 740 (500–2180); natural grasslands, 424 (280–1230); fallow
habitats, 380 (240–1090) and lucerne, 160 (88–420). Lucerne and fallow, the most
preferred and profitable habitats, do currently only contribute a small part to the
total number of prey that male Montagu’s harriers capture to feed themselves, their
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female partner and their young during the breeding season. We thus recommend
offering a higher percentage of these habitat types in the breeding areas, which may
(given the agricultural occurrence of cereals and intensive grasslands), make the
Dutch agricultural landscape more attractive to Montagu’s harriers and result in
higher breeding success. Proportions of lucerne and fallow habitats available in the
core home range showed a trend of negative correlation with core home range size,
and small home range sizes correlated with a high number of fledged young. Addi-
tionally, harriers hunting on lucerne and fallow habitats achieved a high hunting
yield, and high hunting yields correlated with a high reproductive output. A similar
strategy is recommended for the conservation of hen harriers Circus cyaneus on
Orkney, where an increase in the favoured habitat type (rough grass) in a radius of 2
km around nest sites is thought to contribute to an improved breeding success (Amar
et al. 2008, Arroyo et al. 2010). The relevant scale for favoured habitat occurrence
identified in the present study is very similar, i.e. at the 50% home range level, an on
average 8.4 km2 area with a radius of 1.6 km.

Second, our study indicates that natural and extensive grasslands offered less
food for Montagu’s harriers than some intensive farmland habitat types. Natural
and extensive grasslands comprise diverse kinds of grasslands, managed e.g. as
nature reserve only mown after 20 June (just as fallow habitat types), and areas that
are grazed year–round. Our results are in line with densities of prey animals (e.g.
skylark) being relatively low in the extensive grassland reserve Oostvaardersplassen
in Flevoland during the study period (Bijlsma 2008). In the Groningen salt marsh,
vole densities are generally low, whereas densities of bird prey may be significant
(e.g. meadow pipit, late in summer juvenile starlings Sturnus vulgaris, own observa-
tions). Extensive grassland habitat types are often managed by public institutes
(such as nature reserves, ditch edges, road verges), making management adjustments
relatively easily possible, for instance adjustment of grazing and mowing intensity.
Future research should reveal which management adjustments are needed to opti-
mise these habitat types as small mammal, insect and bird habitat. Mowing manage-
ment is not only likely to make habitat types such as intensive grassland and lucerne
attractive due to short term peak food availability after mowing (chapter 4), but
could also be used to adjust food availability in natural and extensive grasslands,
ditch edges and road verges or fallow field margins, as long as it does not interfere
with other conservation goals. Especially relevant may be the increase of food avail-
ability during the harriers’ nestling phase, when no habitat type is preferentially
used, and the increasing need of food for the nestlings causes an increasing demand
for prey delivery at the nest, whereas the peak of food availability occurs only later
on.

The recommended conservation actions (offering higher percentages of fallow
structures and lucerne in the farmed landscape as well as optimising natural and
extensive grasslands as farmland animal habitats) would not only benefit harriers.
Next to Montagu’s harrier, originally a steppe or grassland bird, also its grassland
prey bird species are nowadays farmland birds (e.g. skylark). Grassland obligate bird
populations have been shown to especially benefit from fallow structures in the
farmed landscape (Herkert 2009). In general, harriers can act as a flagship species,
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indicating benefits for the underlying ecological community that supports the top-
predator: fallow habitat types generally enhance farmland small mammal, insect
and bird biodiversity (Van Buskirk & Willi 2004). When nesting periods of ground-
breeders are taken into account, or by mowing high enough above the ground to
spare birds’ nests or young, diverse mowing regimes create small-scale hetero-
geneity that may next to hunting harriers also benefit other farmland birds. These
may profit from the combination of (low vegetation) foraging habitats and (high
vegetation) cover, e.g. skylark Alauda arvensis, lapwing Vanellus vanellus and grey
partridge Perdix perdix.

Preferences of Montagu’s harriers in our study indicate that habitat diversity of
the agricultural landscape should be maintained or increased, as harriers preferred
high habitat diversity not only within their large scale home range, but especially
during the hunt. The importance of diverse (mosaic) landscapes has earlier been
shown for hen harriers and is playing an important role in other farmland bird
populations (Arroyo et al. 2008, Boatman et al. 2010). Realising agri-environmental
schemes, for instance fallow field margins, in farmland is a conservation action that
also contributes to the target of diversifying the agricultural landscape.

Conservation of farmland habitat diversity and consequently biodiversity is an
especially relevant topic in the light of current and future agricultural land use
changes: the Common Agricultural Policy of the European Union requests 0% set-
aside from 2008 onwards, resulting in smaller proportions of fallow habitats in
European farmland than in previous decades and potentially lowering biodiversity
(Stoate et al. 2009). Additionally, the recent increase in cultivation of energy crops as
well as agriculture led by solely commercial interests may result in further intensifi-
cation and decrease of diversity in European farmland (Henle et al. 2008, Boatman
et al. 2010).
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Appendix 3.1 Study area, biometry, tracking periods (start to end date), reproduction, observation
sample sizes and kernel home range sizes of ten radio-tracked Montagu’s harrier males (12 tracks,
2003–2006).

Y22 Bliepo 2003 Groningen winter wheat winter wheat 11 365 108.5 250 65 53 17-jun-03 22-jul-03

Y27 Leo 2003 Groningen lucerne 6 389 114.2 272 63 48 24-jun-03 29-jul-03

Y97 Jan 2004 Groningen wheat-barley hybrid winter wheat ad 370 110.0 275 66 49 19-jun-04 31-aug-04

Y95 Cors 2004 Groningen winter barley winter wheat ad 373 110.3 284 68 52 23-jun-04 05-aug-04

Y72 Hans 2005 Groningen wheat-barley hybrid 3 389 111.5 278 66 51 14-mei-05 13-jun-05

YNL Harrie 2005 Groningen winter wheat ad 383 112.2 333 19-mei-05 06-jul-05

Y97 Jan 2005 Groningen winter wheat ad 369 109.9 287 62 50 17-jun-05 13-aug-05

Y99 Kees 2005 Groningen winter wheat ad 368 110.8 280 71 52 01-jul-05 16-jul-05

Y27 Leo 2005 Groningen winter wheat lucerne 8 393 115.3 250 67 50 26-jul-05 13-aug-05

GT3 Helmut 2006 Flevoland winter wheat 4 370 107.8 305 66 50 23-jun-06 04-aug-06

YTS Elzo 2006 Groningen winter barley ad 377 111.2 290 67 50 24-jun-06 11-jul-06

YTV Harold 2006 Flevoland wheat-barley hybrid winter wheat ad 383 113.7 325 64 49 30-jun-06 17-aug-06
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Y22 Bliepo 2 7 16-mei-03 25-mei-03 2 4 101 69 2.740 92 88.1 28.7 9.7

Y27 Leo 1 5 25-mei-03 1 3 246 177 7.637 255 94.7 21.7 3.6

Y97 Jan 2 8 17-mei-04 20-mei-04 2 6 850 625 15.305 1977 117.9 26.4 6.4

Y95 Cors 2 9 18-mei-04 24-mei-04 2 6 399 250 9.890 836 147.0 39.3 9.5

Y72 Hans 1 4 20-mei-05 1 3 381 336 6.102 1680 92.0 22.7 4.8

YNL Harrie 1 4 03-jun-05 0 0 582 513 10.580 2390 230.0 57.3 10.9

Y97 Jan 1 4 15-mei-05 1 4 999 829 13.543 3050 80.8 19.6 4.2

Y99 Kees 1 5 26-mei-05 0 0 100 76 2.503 343 162.6 48.7 11.3

Y27 Leo 2 4 27-mei-05 - 1 4 255 191 3.183 742 75.8 23.1 5.8

GT3 Helmut 1 19-mei-06 1 4 220 154 3.288 575 141.1 35.7 8.4

YTS Elzo 1 2 - 0 0 73 49 2.717 238 154.0 45.3 14.7

YTV Harold 2 17-jun-06 - 1 1 220 141 4.444 701 188.8 50.6 12.1
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It is not explanations that carry us forward; it is our will to proceed.

- Paulo Coelho -
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70 Chapter 4

Due to the massive loss of natural habitats, increasing numbers of
animals are compelled to exploit human-dominated habitats such as
farmland. For their conservation, it is important to understand how they
adapt to these environments and how agricultural management affects
their demography. We investigated hunting behaviour of an endangered
farmland raptor, Montagu’s harrier Circus pygargus, and quantified the
effects of mowing on foraging returns. Hunting harriers spent half of
their time and caught more than half of their prey in improved grass-
lands, and almost all prey they caught in these vegetations were voles. In
the short-term (2 days), mowing of both improved grasslands as well as
set-asides resulted in a 1.6-3.1-fold increase in harrier hunting yield (prey
caught per hour hunting). Harriers also increased time spent hunting on
freshly mown habitats. These factors combined resulted in a 37-fold
increase in the number of prey captured on freshly mown fields compared
to the unmown situation. The higher the proportion of time harriers spent
hunting on freshly mown habitats, the less time they hunted in total and
the more prey they ate. Improved grasslands are important sources of
prey for Montagu’s harriers in rural areas in Western Europe. The impor-
tance is due to the fact that some fields support relatively high vole
numbers, which are easy to catch during the first few days after mowing.
Future conservation efforts should consider improved grasslands as
potentially profitable hunting habitats for Montagu’s harrier and their
appropriate management could complement set-asides.

Abstract



Introduction

Due to massive loss of natural habitats, an increasing number of animals are
compelled to use human-dominated habitats like farmland (Krebs et al. 1999).
Therefore, the importance of agricultural habitats for conserving endangered species
has increased during the last decades (Donald et al. 2002). The appropriate manage-
ment of cultivated lands may be a key for the persistence of nearly 120 European
bird species. Therefore, it is a major challenge for conservation biology to unravel
the influence of farmland management on the birds’ demography (Tucker 1997).

Montagu’s harrier Circus pygargus L. is nowadays more common in agricultural
areas than in its original (moor, heather and dune) habitats (Arroyo et al. 2002). Its
European population underwent a severe decline during the last century and its
current conservation status is vulnerable (Tucker & Heath 1994). The main cause of
the species’ recent decline seems to be impoverished food supply due to intensifica-
tion of agriculture (Arroyo 1998, Arroyo et al. 2002, Millon et al. 2002; Koks et al.
2007, chapter 2). Its main prey species in Western Europe is the common vole
Microtus arvalis L. (Koks et al. 2005), and vole abundance is positively correlated
with breeding performance of Montagu’s harrier (Butet & Leroux 1993, 2001;
Salamolard et al. 2000; Koks et al. 2007; Millon et al. 2008; Millon & Bretagnolle
2008, chapter 2). The causal relationship between food availability and reproductive
performance was experimentally shown in another vole-eating raptor, the European
kestrel Falco tinnunculus L. (Dijkstra et al. 1982; Meijer et al. 1988).

On the landscape level, prey abundance depends on the distribution of different
agricultural habitats. For example, uncultivated field margins and extensively
managed set-asides are often richer in food than arable fields, and therefore high
proportions of these habitats in the farmed landscape are preferable from a conser-
vation perspective (Buskirk & Willi 2004; Koks et al. 2007, chapter 2). Accordingly,
the main emphasis in conserving Montagu’s harrier has been on optimising existing
and creation of new grass sown set-asides (Koks et al. 2007, chapter 2). Meanwhile,
other habitats have been somewhat neglected, although improved grasslands for
example may also support large vole populations (Delattre et al. 1992).

On the level of agricultural fields, prey abundance is mainly determined by
farming management, i.e. pesticide and fertiliser use, use of machinery and timing
of agricultural activities (Robinson & Sutherland 2002). For predators, however, prey
availability also influenced by its detectability and accessibility (Ontiveros et al.
2005). In intensively managed grasslands and alfalfa Medicago sativa L., prey
detectability and accessibility are low, since these vegetations produce large
amounts of biomass and are homogenously tall and dense (Janes 1985; Widen 1994).
The detectability and accessibility of voles are expected to substantially increase
after mowing, since both vegetation height and cover decrease (Bechard 1982; Yosef
& Grubb 1993; Wittingham & Devereux 2008). Thus, agricultural habitats may
become favourable hunting habitats, especially after mowing.

This study has two objectives. First, we investigated the exploitation of improved
grasslands and set-asides by Montagu’s harriers during their breeding season.
Second, we investigated how mowing of grasslands, alfalfa and set-asides influenced
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hunting yield. We expected that harriers detect more voles and strike more often in
mown habitats, and their strikes will be more often successful. Consequently they
will catch more prey per hour hunting on mown compared to unmown habitats. If
so, we expected that harriers prefer mown over unmown habitats and capture more
prey per day from mown than from unmown habitats. Harriers will profit from
hunting on mown fields through enhanced prey delivery rates and reduced total
hunting effort. To test these hypotheses, we carried out two studies. First, we
followed radio-tagged males and related their individual hunting behaviour to the
mowing status (unmown or mown) of their hunting habitats, and we related prey
delivery rates and daily hunting effort to the proportion they hunted in mown habi-
tats. Second, we observed variation in hunting parameters of harriers on experi-
mental fields in relation to mowing date, i.e. immediately before, and during the
days after mowing of these fields.

Methods

Study area
Field work was carried out from 2003-2005 during the Montagu’s harriers’ breeding
season (April-August) in East Groningen, north-eastern Netherlands, in an area (ca.
650 km2) characterised by a mosaic of agricultural lands, i.e. crop fields, improved
grasslands, alfalfa fields and set-asides. Grassy ditch and road edges were also
typical habitats. Improved grasslands and edges were typically mown two to three
times (interval: four-five weeks) and alfalfa once to twice (interval: seven-eight
weeks) during the breeding season. Most set-asides were also mown once after 15
July. The local Montagu’s harrier population was ca. 30 breeding pairs each year
(Trierweiler et al. 2006a; Koks et al. 2007, chapter 2). Additional field work in
2001–2002 was carried out in the Lauwersmeer area (ca. 100 km2) in the northern
Netherlands, which is a freshwater lake surrounded by marsh vegetation, unim-
proved grasslands and small woods. Unimproved grasslands were managed by grad-
ually mowing the whole area once, from mid-June until mid-August.

Hunting of individual males on mown and unmown habitats
To obtain information on individual behaviour, breeding males were fitted with
radio transmitters and observed in East Groningen in 2003 (n = 2), 2004 (n = 2) and
2005 (n = 5, see appendix 4.1). In addition, one breeding male without radio trans-
mitter was followed by a team of four observers at the Lauwersmeer in 2001 (see
appendix 4.1). This male was individually recognizable by a broken primary feather.
Males were caught by using a pole-trap placed at the edge of the field where they
nested, and individually ringed. Radio transmitters (ATS Inc, type 4570, weight 4.7 g,
ca. 1.5–2% of adult male body weight) were glued and tied on the base of one of the
middle tail feathers (Kenward 2000). Radio-tagged males were tracked using three-
element Yagi antennas connected to a receiver (ATS, FM100), receiving signals from
within 1.5–2 km. After release, males were tracked for six to eight hours a day for
15.7 ±3.3 days between 14 May and 31 Augustus (see appendix 4.1).
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During tracking, we noted whether the male was in sight (42.6 ±1.8% per male of
total observation time, n = 141 tracking days), and if so, we recorded his behaviour
during each full minute. We distinguished between hunting, flying, sitting and
eating, noted each strike and added whether it was successful or not. For each
minute of hunting we noted the type of habitat where the male was hunting. Habi-
tats were assigned to three types based on vegetation and management: (1)
improved grasslands (grasslands for grazing, silage or seed, grassy edges and alfalfa);
(2) crops (cereals, sugar beet, oil-seed rape, potatoes, corn); and (3) set-asides
(fallows: entire fields set aside for at least five years; fauna edges: grassy stripes
between fields with extensive management; semi-natural grasslands). Improved
grasslands and crops were intensively managed with fertilisers and other chemicals
and frequent mowing, whereas set-asides were either uncultivated for longer time
period or managed extensively by annual mowing. During observations we estab-
lished whether the field was unmown or mown recently (within approximately 10
days from the day of mowing) based on known mowing dates or the height of vege-
tation (“mowing status” = mown/unmown). For each minute of hunting we noted
the presence or absence of strikes made (attempts to catch prey), and whether the
strike was successful in terms of catching prey. For each successful strike, we
recorded prey type (vole, passerine or insect) and followed the male to the nest to
establish prey delivery to its mate or young. Hunting behaviour was described by
three variables. First, strike frequency as the proportion of hunting minutes in
which a strike was observed. Second, strike success as the proportion of successful
strikes out of all strikes. Finally, hunting yield as the proportion of hunting minutes
with a successful strike. For each tracked male we recorded laying and hatching date
of his clutch, and observations were assigned to one of three breeding stages (Cramp
& Simmons 1980): courtship (length: 6–10 days), incubation (27–40 days) and
nestling provisioning (35–40 days).

To investigate time allocation and the amount of prey caught in different habi-
tats, we calculated the proportion of time spent hunting, the number of prey caught,
and the proportion of voles, birds and insects among prey for (1) improved grass-
lands, (2) agricultural crops and (3) set-asides in the East Groningen agricultural
study area, where all three habitat types were present within the home ranges of all
tracked males. To investigate the effect of mowing on time allocation, we calculated
the proportion of time spent either hunting or resting, and the proportion of hunting
time allocated to unmown or mown habitats.

Hunting on experimental fields in relation to mowing date
To compare hunting behaviour of harriers between different mowing stages, we
observed their hunting behaviour on the same grass (5–40 ha) and alfalfa fields (5-30
ha) both before and after mowing. Fields were located in the Lauwersmeer in 2002
(one grass field, 5 June–11 July) and in East Groningen in 2004 (two improved grass
and 14 alfalfa fields; 19 May–29 July) and 2005 (six improved grass and 17 alfalfa
fields; 30 May–4 August). Each field was chosen such that it fell within the home
ranges of several breeding pairs (2–5). Observations were conducted before mowing
(10.6 ±0.9 days [mean ±SE] before mowing, n = 63/35 [observations/fields]), on
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mown fields on the day of mowing (day 0, n = 12/12), one day (day 1, n = 21/21),
two (day 2, n = 17/17) and more than two days after mowing (day >2, 7.5 ±0.7 days
after mowing, n = 13/11). Note that not each field was observed in all stages after
mowing. Each observation was carried out by one observer, using binoculars and
telescope, and observations lasted for 156 ±9 minutes. For each minute, we
recorded the presence or absence of hunting harriers, whether they made a strike
and whether the strike was successful. Strike frequency, strike success and hunting
yield were also calculated. In addition, we calculated hunting activity as percentage
of observation time (minutes) for which hunting individuals were present at the
field. To estimate the amount of prey caught per field in different mowing stages
over a whole day, we calculated “daily exploitation rate” as hunting yield * 60 (nr of
prey captured per hr hunting) * hunting activity (proportion of observed minutes
spent hunting) * 16.8 (average day length in hours in June-July, when most data
were collected; Meeus 1991). Then, the relative daily exploitation rate per field was
calculated for all mowing stages, relative to the unmown situation, by dividing the
values per mowing stage by the value of the unmown stage. This estimate integrates
effects of mowing on the combination of hunting yield as well as hunting activity on
a daily basis. Harriers observed on experimental fields were not marked, and there-
fore individual identification was impossible. However, each field was situated
within the home range of several breeding pairs, and we potentially observed the
majority of local pairs.

To quantify the effect of mowing on vegetation structure, we measured height
and cover of vegetation both 10.8 ±1.2 days before and immediately (0–2 days) after
mowing at three grass and 16 alfalfa fields. Height was measured by a ruler placed
vertically on the ground. Cover was defined as percentage of surface covered by
vegetation and was estimated visually within a 50 × 50 cm frame. Both height and
cover were measured at every tenth meter along a 100 m transect across the field
and averaged for the analyses.

Statistical analyses
We analysed hunting behaviour in relation to mowing by Generalised Linear Mixed
Models (GLMM) with binomial error distribution and logit link function including
either the identity (ID) of the observed field (experimental fields observations) or the
ID of the male and the day it was observed (individual males’ observations) as
nested random factors (Venables & Ripley 2002). Hunting activity was analysed as
the probability that a hunting harrier was present at each full minute during the
observations. Strike frequency and hunting yield were analysed as the probability
that a strike was made and that a prey was caught in a hunting minute, respectively.
Strike success was analysed as the probability that a strike was successful. The
explanatory variables in the GLMMs of field observations were mowing stage
(unmown, day 0, day 1, day 2, and day >2), habitat type (grass, alfalfa) and year
(2002, 2004, 2005) as fixed factors. In the case of hunting behaviour of individual
males, mowing status (unmown, mown), habitat type (improved grassland, set-
aside), breeding stage (egg-laying, incubation, nestling feeding) and year (2001, 2003,
2004, 2005) were the fixed factors.
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Time allocation of individual males in relation to mowing status (mown-unmown
comparison) was investigated by Linear Mixed-Effects Models (LM, Venables &
Ripley 2002). We related time spent hunting and resting per hour, number of prey
caught per hour, the proportion of voles among prey, prey delivered to female and
young, and eaten by the male per hour (response variables) to the proportion of
hunting time spent on mown grasslands (explanatory variable). Models also included
breeding stage and year as fixed factors. All variables except total time spent
hunting were normalised by arcsine (xi-0.5) transformation.

All statistical analyses were performed by R 2.2.0 Project for Statistical
Computing software (R Development Core Team 2005; Ihaka & Gentleman 1996). To
estimate parameters, penalised quasi likelihood method (PQL) was used in GLMMs
and restricted maximum likelihood method (REML) in LMEs. All tests were two-
sided and we rejected the null hypothesis at P<0.05. Non-significant terms were
removed from the models by step-wise elimination and the results of final models
for each factor (the last in which it was included) are presented throughout the
paper. Results are reported as means ± SE.

Results

Use of different hunting habitats
In our main study area, the agricultural area of East Groningen, radio-tracked males
spent on average 46% of their time hunting. They allocated about half of their
hunting time to improved grasslands, around 20% to set-asides and 30% to agricul-
tural crops. Similarly, more than half of their prey was caught on improved grass-
lands (tab. 4.1). In addition, nearly all prey caught were voles on both improved
grasslands and set-asides, although insects and birds were also numerous in crop
fields (tab. 4.1).
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Table 4.1 Mean ±SE percentage of time spent hunting (120 days), prey caught (803 prey items) and
voles, birds and insects among the prey (195 prey items) of seven radio-tracked male Montagu’s
harriers on three different habitat types in the agricultural study area of East Groningen.

Improved grasslands Set-asides Crop fields

Hunting (%) 48.4 ±2.7 19.2 ±2.1 32.4 ±2.4
Prey (%) 56.2 ±4.0 21.6 ±3.1 22.2 ±3.2

Voles (%) 96.1 ±2.6 100.0 ±0.0 56.1 ±10.3
Birds (%) 0.4 ±0.4 0 5.0 ±4.6
Insects (%) 3.5 ±2.6 0 38.9 ±10.0



Hunting of individual males on mown and unmown habitats
Hunting yield of individual males was 1.6 times higher on mown than unmown
fields (tab. 4.2, fig. 4.1A). This increase in hunting yield was caused by a 1.3 fold rise
in strike frequency as well as in strike success (tab. 4.2, fig. 4.1B,C).
Strike frequency was higher on set-asides than on improved grasslands (β = 0.23
±0.09, z = 2.447, P = 0.014), and both strike frequency and hunting yield was
higher in 2004 than in the other years (Helmert-contrasts: t7 = 7.328, P<0.001).

Hunting on experimental fields in relation to mowing date
By mowing of grasslands, vegetation height decreased from 19.8 ±1.5 cm to 7.5
±0.6 cm and cover from 78.1 ± 4.5% to 57.4 ±4.1% (n = 3 fields). By mowing of
alfalfa fields, vegetation height decreased from 72.7 ±2.3 cm to 7.0 ±0.3 cm and
cover from 76.6 ±2.3% to 11.1 ±1.6% (n = 16 fields).
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Table 4.2 The effect of mowing status (mown/unmown), breeding stage (courtship, incubation,
nestling stage) and year (2001,’03, ‘04,’05) on hunting yield, strike frequency, and strike success of
eight tracked male Montagu’s harriers (see also fig. 4.1). The results of final GLMMs are presented
for each explanatory variable.

Hunting yield Strike frequency Strike success
χ2 df P χ2 df P χ2 df P

Mowing status 27.408 1 < 0.001 18.626 1 < 0.001 10.646 1 0.001
Vegetation category 0.054 1 0.816 9.605 1 0.008 1.992 1 0.158
Breeding stage 3.928 2 0.140 0.561 2 0.756 2.659 2 0.265
Year 10.301 3 0.016 10.254 3 0.017 6.035 3 0.110
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Figure 4.1 Difference in (A) hunting yield, (B) strike frequency and (C) strikes success between
mown and unmown vegetations based on eight radio-tracked male Montagu’s harriers in East
Groningen. Markers represent predictions of GLMMs for each mowing status, and error bars
represent their confidence intervals (see also tab. 4.4). Numbers in brackets indicate number of
hunting hours in (A) and (B), and number of strikes in (C).



Hunting activity, strike frequency, strike success and hunting yield were higher
after mowing than before mowing. Hunting activity was 11.8 times higher on day 0
than before mowing and steeply declined after that, although it remained still signif-
icantly higher than it was before mowing (fig. 4.2A, tab. 4.3). Strike frequency was
2.6 times higher on day 0 and 1.6 times higher on day 1 than before mowing,
whereas it was not significantly different from before mowing from day 2 onwards
(fig. 4.2B, tab. 4.3). Similarly, strike success was 1.8 times higher on day 0 and 1.6
times higher on day 1 than before mowing (fig. 4.2C, tab. 4.3). Consequently, the
hunting yield (= strike frequency * strike success) was 3.1 times higher on day 0 and
2.4 times higher on day 1 than before mowing (fig. 4.2D, tab. 4.3). As a result of the
simultaneous increase of hunting yield as well as hunting activity the prey exploita-
tion rate of fields (see Methods) by hunting harriers was 36.9 times higher at the
first day after mowing compared to the unmown situation (fig. 4.3). However, this
dramatic effect of mowing was already diminished three days later (fig. 4.3).
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Figure 4.2 Changes in (A) hunting activity, (B) strike frequency, (C) strike success and (D) hunting
yield of Montagu’s harriers with mowing stage (number of days after mowing) for grass and
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bars represent their confidence intervals. Numbers in brackets indicate the number of fields
observed in each mowing stage (for statistics see tab. 4.5).
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Table 4.3 The effect of mowing stage (days after mowing) on hunting activity (22,246 minutes),
strike frequency (1,259 minutes), strike success (212 minutes) and hunting yield (1,259 minutes) of
Montagu’s harriers based on repeated observations of grass and alfalfa fields (see also fig. 4.2).
The results of final GLMMs are given and β values indicate differences in the effect sizes
compared to the unmown stage (as a reference).

Hunting yield Strike frequency
Mowing stage β ±SE t or χ2 P β ±SE t or χ2 P

day 0 1.27 ±0.39 3.242† 0.001 1.21 ±0.31 3.923† < 0.001
day 1 0.96 ±0.39 2.477† 0.013 0.58 ±0.29 1.968† 0.049
day 2 0.12 ±0.38 0.321† 0.749 0.12 ±0.30 0.405† 0.686
day >2 -0.13 ±0.37 0.356† 0.722 0.15 ±0.28 0.532† 0.595

Vegetation 5.543‡ 0.063 5.444‡ 0.066
Year 6.007‡ 0.05 2.069‡ 0.356

Strike success Hunting activity
Mowing stage β ±SE t or χ2 P β ±SE t or χ2 P

day 0 1.13 ± 0.55 2.048† 0.042 2.49 ± 0.18 13.826† < 0.001
day 1 1.05 ± 0.52 2.014† 0.045 1.92 ± 0.11 16.879† < 0.001
day 2 0.86 ± 0.57 1.523† 0.13 0.74 ± 0.13 5.495† < 0.001
day >2 -0.08 ± 0.51 0.155† 0.877 1.37 ± 0.18 7.476† < 0.001

Vegetation 5.668‡ 0.059 4.480‡ 0.107
Year 4.390‡ 0.111 2.353‡ 0.125

† t statistics for the comparison of mowing stages to unmown stage, 
‡ χ2 statistics for the overall effect of vegetation and year
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Figure 4.3 Relative daily exploitation rates of fields (grass and alfalfa fields combined, mean
values) by Montagu’s harriers in relation to mowing stage. Daily exploitation rate equals to
hunting yield (= prey captured per hour hunting) * daily hunting activity (= proportion hunting
per hour observation * 16.8 daylight hours, see Methods). Bars represent increase in exploitation
rate of fields relative to the unmown stage (dashed line = 1).



Time allocation and prey consumption in relation to mowing
The higher proportion of time harriers spent hunting on mown grasslands, the less
they hunted in total over a day (fig. 4.4A, tab. 4.4), and the more they tended to
spend resting (tab. 4.4). Furthermore, the amount of prey caught and the proportion
of voles among prey tended to increase with the proportion of time spent hunting on
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Figure 4.4 Relationships between
the proportion of time spent
hunting on mown grasslands and
(A) total time spent hunting (= 55
- 0.23 * hunting on mown grass-
lands, t = 3.874, P < 0.001) and
(B) amount of prey eaten (= 0.57
+ 0.002 * hunting on mown
grasslands, t = 2.160, P = 0.03)
by eight tracked male Montagu’s
Harriers.

Table 4.4 The influence of proportion of hunting on mown grassland on total time spent hunting
and resting (126 days), total number of prey caught (869 prey items) and proportion of voles
among prey (205 prey items), prey delivered to female and young (653 prey items) and prey eaten
(290 prey items) by eight male Montagu’s harriers per hour. The results of final LMEs are shown
for each explanatory variable. The initial models also included breeding stage and year as covari-
ates, but these results, being non-significant are not presented here.

Predictor: Proportion hunting on mown grassland
Dependent variable F df. error df P

Total hrs. hunting 15.010 1, 117 < 0.001
Total hrs. resting 3.483 1, 117 0.065
Total prey captured 3.509 1, 114 0.064
Voles captured 2.855 1, 590 0.096
Nr. prey delivered 0.408 1, 107 0.524
Prey eaten by male 4.666 1, 880 0.034



mown grasslands (tab. 4.4). Similarly, the amount of prey eaten by the males
increased with the proportion of time they spent hunting on mown grasslands (fig.
4.4B, tab. 4.4). However, the amount of prey delivered to females and young was
unrelated to the proportion of time spent hunting on mown grasslands (tab. 4.4).

Discussion

The importance of improved grasslands
Our results show that in the Dutch agricultural landscape, improved grasslands are
important hunting habitats for Montagu’s harriers, since they allocated about half of
their hunting time and caught more than half of their prey on these habitats (tab.
4.1). In the first place, this high representation of improved grasslands is due to the
large proportion of surface area occupied by these habitats. Additionally, our results
suggest that prey is readily available in improved grasslands and especially becomes
accessible due to mowing. However, these results do not mean that improved grass-
lands are high quality habitats for raptors, since most of them accommodate very
low vole populations compared for example to set-asides or natural grasslands (Koks
et al. 2007, chapter 2). The relatively low prey abundance of improved grasslands is
mainly due to their intensive management. Regular fertilisation and frequent
mowing reduces food availability for raptors in the long run and by destroying the
soil directly harms voles (Jacob & Halle 2001; Jacob & Hempel 2003). Our results
indicate frequent hunting and regular prey captures of Montagu’s harriers on
improved grasslands, but we emphasize that more extensive management is neces-
sary to further improve the foraging possibilities of Montagu’s harriers (Vickery et
al. 2001; Verhulst et al. 2004).

Mowing and hunting yield
Our data from both repeated observations of experimental grass and alfalfa fields
and tracking of individual males revealed that mowing results in a substantial
increase in hunting yield. When hunting on freshly mown fields (day 0), or one day
after mowing (day 1) harrier hunting yield was respectively 3.1 and 2.4 times higher
than before mowing. This strong effect was only short-term, because hunting yield 2
days after mowing or later did not differ from the unmown situation. Consequently,
freshly mown fields attracted more harriers and their hunting activity on the experi-
mental fields showed a 12-fold increase immediately after mowing. This is in line
with studies on kestrels and long-eared owls Asio otus L., showing that these species
preferred to hunt on freshly mown grasslands (Sheffield et al. 2001; Aschwanden et
al. 2005). Furthermore, our data support other studies on avian predators indicating
preference for lower vegetation cover and height (Wakeley 1978; Leyhe & Ritchison
2004; Amar & Redpath 2005; Whittingham & Devereux 2008). The combined effect
of increased hunting activity and hunting yield resulted in a vast, 37-fold increase in
the daily amount of prey exploited from freshly mown fields compared to the
unmown situation. This very strong effect is still an under-estimation of the total
predation rate on freshly mown fields since we did not quantify additional depletion
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of vole numbers by other predator species (Pers. Obs.). This clearly underlines that
mowing of grasslands is a key factor determining hunting efficiency of Montagu’s
harriers in agricultural areas. Hunting yield in turn is a crucial life history param-
eter since it limits the number of nestlings that can be raised, and mowing is thereby
linked to the harrier’s evolutionary fitness (see below).

The change in hunting yield was caused by a 1.3-fold increase in both strike
frequency and strike success. The increase in strike frequency is most likely
explained by two factors. First, by reducing vegetation cover and height, mowing
apparently improves the detectability of prey, in our case mainly common voles
(Butet & Leroux 2001; Millon et al. 2002; Koks et al. 2007, chapter 2). This effect of
mowing was found in other predator species as well and we assume that it is a
general phenomenon in most visually searching predators (Bechard 1982; Yosef &
Grubb 1993). More generally, it was also found that hunting success of raptors
increases with decreasing vegetation cover (Jenkins 2000; Aschwanden et al. 2005).
Second, the machinery used for mowing and removing hay can potentially injure
and kill voles and hares, creating easily accessible prey for raptors. This latter effect
has not been quantified up to now, but the presence of several dead voles on an
alfalfa field immediately after mowing has been confirmed in our study (Pers. obs.).
The reason for increased strike success is probably the reduction of hiding cover for
voles where they can escape from the attacks of harriers, and the increase of dead or
injured prey in the field.

Although mowing had a profound effect on the availability of prey and its
exploitation by Montagu’s harriers, this lasted only for a few days. Just two days
after mowing there was no significant difference in strike frequency, strike success
and hunting yield between mown and unmown fields. A potential reason for the
observed pattern is that mown fields attract many Montagu’s harriers and other
predator species, and thus the prey source can be quickly depleted. Furthermore,
voles can adapt to the new conditions by spending less time above ground, travelling
shorter distances from their holes or migrating out of the mown field (Jacob &
Hempel 2003).

In contrast to its short-term positive effects, too frequent mowing has a negative
effect on vole populations in the long term (Jacob & Halle 2001; Jacob & Hempel
2003). Therefore improved grasslands are highly unstable habitats for voles and
other prey species of Montagu’s harriers, and set-asides are necessary to maintain a
stable vole population at the landscape level (Briner et al. 2005). Set-asides may also
serve as refuges from where voles can re-colonise improved grasslands after local
extinctions or emigrations. Furthermore set-asides also provide stable prey avail-
ability for raptors all over the year (Koks et al. 2007, chapter 2).

Mowing and time allocation
The more time males spent hunting on mown habitats the less they hunted in total.
This suggests that the availability of mown hunting habitat enhanced hunting effi-
ciency, and thus decreased the time needed to catch the daily amount of prey
needed. Consequently, when harriers could hunt more on mown habitats, they had
more time left for resting. The availability of mown hunting habitat seems to reduce
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hunting effort and thus may reduce the costs of hunting. There is strong evidence
from brood manipulation experiments that high hunting effort results in increased
energetic demands and may eventually lead to reduced adult survival prospects in
avian predators (Dijkstra et al. 1990; Deerenberg et al. 1995; Daan et al. 1996). The
total number of prey caught also tended to increase and the prey eaten by the male
significantly increased with the time that males spent hunting on mown fields.
Taken together, the availability of mown habitats may have a positive influence on
the energy budget and ultimately the annual survival of adult male Montagu’s
harriers by reducing the necessary hunting effort.

Synthesis and applications
This study reveals two important facts for Montagu’s harrier conservation. First,
improved grasslands are important hunting habitats in agricultural areas. Second,
mowing of both improved grasslands and set-asides enhances prey availability, and
the availability of freshly mown habitats thus may improve the survival probabili-
ties and thereby fitness of harriers.

There are two main limitations of the positive impact of mowing. First, although
vegetation cover and height remains largely unchanged for many days after mowing,
hunting yield declines steeply from just one day after mowing, probably due to rapid
depletion of vole numbers by high predation pressure. Therefore, the amount of
available high quality hunting habitat (freshly mown grasslands and set-asides)
within a harrier home range may be low on most days of the breeding season.
Second, as indicated by large proportion of variance in hunting yield explained by
field identity, only some of the fields support large numbers of voles and provide
good hunting opportunities for harriers after mowing.

Based on these results, we suggest that future conservation efforts should take
into consideration that improved grasslands can be profitable hunting habitats for
Montagu’s harrier and their appropriate management could complement set-asides.
By reducing fertiliser use and the frequency of mowing and leaving somewhat taller
stubble, grasslands could be transformed into much better vole habitats than they
currently are (Vickery et al. 2001; Verhulst et al. 2004). It is important to note
however, that set-asides are more stable hunting habitats for harriers and may serve
as refuges for voles to re-colonise mown and subsequently vole-depleted grasslands
(Koks et al. 2007, chapter 2). In general, the positive but short-term impact of
mowing of grass habitats on harrier hunting yield could be enhanced by introducing
mowing regimes that may benefit both voles and their predators. Employing tempo-
rally and spatially staggered mowing regimes, i.e. mowing different (parts of) fields
at different times, may provide freshly mown habitats in the home ranges of
harriers more or less continuously over the breeding season, without serious deple-
tion or even local extinction of the voles, and avoiding possible depensation effects
on the vole population. The idea of temporally staggered mowing regimes actually
reflects a more general theory about the role of spatial and temporal diversity of
cultivated lands in maintaining farmland biodiversity (Benton et al. 2003). Leaving
uncut stripes within or between grass fields may further improve prey availability
for harriers, which may serve as refuges for voles and allow vole population to
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recover faster after mowing and to re-colonise mown parts (Aschwanden et al. 2007;
Koks et al. 2007, chapter 2).

Optimisation of mowing management facilitating optimal foraging conditions for
harriers can only be achieved by investigating the effects of different experimental
mowing regimes on vole populations and their predators. Furthermore, feasibility
studies are necessary to investigate economic consequences of different mowing
regimes.
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Appendix 4.1 Information on the eight tracked male Montagu’s harriers. Seven were followed
using radio telemetry in East Groningen, and one was individually recognizable and followed
without radio telemetry in the Lauwersmeer (LM).

Male Year Observation No. days No. minutes
identity period observed Observed

LM 2001 17 July 1 493
Y22 2003 17 Jun–22 Jul 8 529
Y27 2003 24 Jun–4 Aug 18 3013
Y27 2005 20 Jul–12 Aug 7 1753
Y72 2005 14 May–16 Jun 15 3034
Y95 2004 20 Jun–5 Aug 21 2788
Y97 2004 19 Jun–31 Aug 33 5712
Y97 2005 17 Jun–14 Aug 27 6923
Y99 2005 1 Jul–13 Jul 5 500
YNL 2005 19 May–9 July 22 5424
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Autumn migration routes of two Dutch female Montagu’s Harriers (Circus
pygargus) were documented for the first time using satellite telemetry.
Both migrated to their African wintering area—one via the Straits of
Gibraltar through the Mediterranean and the other via Italy/Tunisia. The
rate of travel was comparable to values reported for larger raptor species. 

Abstract



Introduction

Satellite tracking has proven to be a useful technique to document migratory routes
of large bird species, such as White Storks (Ciconia ciconia; Berthold et al. 1992,
2004), Peregrine falcons (Falco peregrinus; Fuller et al. 1998), Ospreys (Pandion hali-
aetus; Hake et al. 2001; Alerstam et al. 2006) and eagle species (Meyburg et al. 1995,
2003). Western European Montagu’s Harriers (Circus pygargus) winter in different
West African countries (Fransson & Petterson 2001; Arroyo et al. 2004). During the
autumn migration, the proportion of Harriers passing over Gibraltar is higher than
that over Italy, but the reverse pattern is observed in spring. This has led to the
hypothesis of loop migration: Harriers leaving Europe via Gibraltar and returning
via Italy (Agostini & Logozzo 1997; Garcia & Arroyo 1998). In 2005, Montagu’s
Harriers could for the first time be tracked using satellite transmitters. Two Dutch
female Harriers chose dual pathways during their autumn migration.

Methods

We used 12-g solar satellite transmitters (Microwave Telemetry, Columbia, Md.) that
send signals for a 10-h period followed by a 48-h pause. Data were obtained from
the Argos system via CLS (Collecte Localisation Satellites, Toulouse, France). The
satellite transmitters were attached on 16 July 2005 using teflon-ribbon backpacks
(M. Gschweng, personal communication; Kenward 1987; Snyder et al. 1989). The
total backpack weighed less than 5% of the females’ body weight. Hereafter, we refer
to the first female as Marion and the second female as Beatriz. Both females success-
fully bred in 2005 in the northeastern part of The Netherlands (Marion: four fledg-
lings, Beatriz: two). Based on iris colouration observed in 2005 and before (Arroyo et
al. 2004), Marion was assessed as being at least in her fifth calendar year and
Beatriz at least her third. STAT and MAPTOOL software were used for analyses
(Coyne & Godley 2005). Only high-quality fixes with a presumed error between 150
m and several kilometres (CLS) were included.

Results and discussion

The two Montagu’s Harriers used a western and a central route, respectively,
through the Mediterranean during the autumn migration (fig. 5.1). Marion’s stay at
her wintering site in Nigeria ended when she was killed by a local farmer (20
November), at which time she had been tracked for almost 5000 km. Beatriz’ trans-
mitter failed, after almost 3000 km of tracking, in Morocco (25 September). The fact
that Marion left just 2 days after Beatriz may have been caused by the influence of
large-scale weather systems. Both females left ahead of their mates (Marion: at least
11 days, Beatriz: no precise estimate available). Marion left The Netherlands in a
southeastern direction, crossing breeding areas of neighbouring German harrier
populations (rate of travel: 56–114 km day-1) (fig. 5.2). Beatriz left in a northeastern
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direction (80 km day-1). After two stopovers in Germany, Beatriz continued to south-
central France (Le-Puy-en-Velay, Haute-Loire, 190 km day-1) and stayed 7 days in
this part of the French Montagu’s Harrier breeding range (Millon et al. 2004) (fig.
5.2). A possible explanation for the initial movements in easterly directions is the
visiting of neighbouring Montagu’s Harrier breeding areas and “prospecting” for
future breeding sites. Hake et al. (2001) reported that a female Osprey bred at her
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September). Arrows indicate the minimum distances the Harriers had to fly over the sea.



first autumn migration stop-over site in the following year. It is also possible that
the females originated from more Eastern populations and visited their native sites,
which has also been observed in the Osprey (Hake et al. 2001). Whether the choice of
migratory route is mainly based on contemporary cues (weather, food abundance,
body condition) or on the past origin and inherited traits of the birds remains open.

Both females seemed to choose relatively narrow sea crossings near Gibraltar
and Italy, respectively. Beatriz may have crossed the Mediterranean East of
Gibraltar (140 km over the open sea; fig. 5.1), as 65% of Montagu’s Harriers migrat-
ing through this region do cross here (Meyer et al. 2000). High-quality fixes of
Marion between the Czech Republic and Niger were lacking. A low-quality fix of 8
September indicated a position in Italy, with its mirror image in Greece (fig. 5.1). A
low-quality fix in Algeria (11 September) suggests that Marion took the route via
Italy. To reach Italy via the Adriatic Sea required at least a 80-km flight over the
open sea. Taking the location in Algeria into account, we assume that Marion did not
fly the 480 km from Italy to Libya but arrived in Tunisia first, which means a 140-
km sea crossing. 

Based on studies on the Peregrine falcon and Osprey, it is known that migration
is faster in the middle phase than in the beginning and at the end (Fuller et al. 1998;
Kjellén et al. 2001). We observed the same seasonal pattern in terms of daily
distances covered for the two Harriers: whereas in August they covered maximally
just above 100 km day_1, the distances became longer in the first half of September.
Marion reached her highest rate of travel above the Sahara, as has been found for
Ospreys (Kjellén et al. 2001), when she travelled up to 623 km day-1 (1247 km on
16–17 September) before slowing down before she reached her first destination,
Dakoro (Niger) on 21 September. Assuming a straight travel route and a constant
rate of travel between Italy and Niger, crossing the Sahara would have taken her 8
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days. The average daily distance Marion covered on travel days was 168 km. The
average over both travel and stop-over days during the migration period was 143
km day-1. If we assume that the low-quality fixes in Italy and Algeria were correct,
this travel rate would have been 160 km. Both estimates are similar to those found
for heavier raptor species, such as the Greater Spotted Eagle (Aquila clanga; 150 km
day-1; Meyburg & Meyburg 1999), Lesser Spotted Eagle (Aquila pomarina; 166 km
day-1; Meyburg & Meyburg 1999), Peregrine falcon (172 km day-1; Fuller et al. 1998)
and Osprey (183 km day-1; Alerstam et al. 2006). Marion’s maximum daily distance
of 623 km was again similar to the 537 km day-1 reported for the Lesser Spotted
Eagle (Meyburg & Meyburg 1999). Taking this into account, it seems likely that
Montagu’s Harriers are able to migrate at similar rates of travel as the larger and
heavier raptors. 

Marion apparently did not engage in loop migration (at least not in the predicted
direction), and this behaviour could not be evaluated for Beatriz due to the early
lack of signals. The exact proportions of Western European Montagu’s Harriers that
use the western or central route through the Mediterranean and the extent of migra-
tory connectivity between different breeding and wintering areas will have to be
investigated using larger sample sizes of tracked birds and ring recoveries.
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Populations of long-distance migratory birds are of particular conserva-
tion concern, and knowledge on migration routes and migratory connec-
tivity is necessary for effective conservation measures. In this study,
migration routes of a threatened long-distance migrant, Montagu’s
harrier Circus pygargus, are investigated by satellite telemetry. For the
first time, migratory connectivity is quantified in a Palaearctic-African
migratory raptor species. Montagu’s harriers from different breeding
areas use population-specific migration routes: Northwest-European
harriers migrate south via either Spain or Italy to the sub-Saharan
wintering grounds, and travel on the same route in reversed direction
during spring migration. A potentially crucial staging area for Northwest-
European harriers in East-Morocco / West-Algeria is identified. North-
east-European harriers reach Africa via Greece, a previously little known
pathway for this species, and return via Italy in spring. The largest
proportions of western and eastern European harriers remain geographi-
cally segregated during the non-breeding season, indicating migratory
connectivity between breeding and wintering grounds. Harriers tracked
during several years show fidelity to their migration routes, wintering
and mostly also breeding areas. Individual- and population-specific
migration routes of Montagu’s harriers revealed by satellite telemetry
indicate a significant degree of migratory connectivity between specific
breeding and wintering populations. These findings show the importance
of protection of specific wintering regions and stopover areas when
aiming at the conservation of a specific breeding population. 

Abstract



Introduction

Populations of long-distance migratory birds have declined during the last decades,
whereas populations of short-distance migrants or residents generally did not show
such a decline (Sanderson et al. 2006). Hence, long-distance migratory populations
are of particular conservation concern and factors during the non-breeding season
and outside the breeding range affecting survival and subsequent reproduction need
special consideration (Webster et al. 2002, Bairlein 2003, Newton 2008). Conse-
quently, identification of migration routes, of en-route stopover sites and of popula-
tion specific wintering sites is of prime importance for effective conservation
measures (Moore et al. 1995, Newton 2006, Norris & Marra 2007). 

A species of concern is Montagu’s harrier Circus pygargus (Linnaeus), a long-
distance Palaearctic-African migratory raptor species wintering in sub-Saharan
Africa. It is red-listed in many European countries and listed as vulnerable in Annex
I of the European Birds Directive (79/409/EEC). Although Montagu’s harriers spend
ca. eight months per year outside their breeding areas, migration routes and
wintering sites are poorly known (Moreau 1972, Clarke 1996a). To investigate their
migration routes, we deployed satellite transmitters on harriers of northwestern
(NW) and northeastern (NE) European breeding populations (located in The Nether-
lands, Germany and Denmark, respectively in Poland and Belarus). 

The present study has three specific aims: (1) to analyse migration routes and
daily travel distances of 30 satellite-tagged Montagu’s harriers from NW- and NE-
Europe; (2) to identify potentially important staging sites during migration and
wintering; and (3), to investigate migratory connectivity, i.e. whether breeding and
wintering populations are geographically linked via specific migration routes.

Methods

Satellite tracking
We fitted 30 Montagu’s harriers with satellite transmitters during 2005-2008 (23
adults, 7 juveniles; Netherlands: n = 11, Germany: n = 7, Denmark: n = 2, Poland:
n = 4, Belarus: n = 6; indicated in fig. 6.1a, appendix 6.1). Colour-marks have
shown exchange of individuals between the Dutch, German and Danish breeding
areas (unpublished data), indicating that these areas belong to the same, NW-Euro-
pean breeding population. As the Polish and Belarusian breeding areas are not
widely geographically separated, we treat these areas as belonging to the same, NE-
European breeding population. We used solar satellite transmitters, six of 9.5 g and
24 of 12 g (PTT-100 series, Microwave Telemetry Inc., Columbia, MD, USA). The
9.5 g-transmitters were not available prior to 2006, and only allow long duty cycles
(10:48 h on:off) to recharge their battery. Of the 12 g transmitters, six were
programmed on a 10:48 h cycle and 18 on a 6:16 h cycle.

Adult breeding Montagu’s harriers were captured near their nest, shortly prior to
fledging of their offspring. Transmitters were attached using a Teflon ribbon harness
(Trierweiler et al. 2007a, chapter 5) and the birds were released within ca. 20 min of
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catching. Subsequent monitoring revealed no exceptional behaviour or nest deser-
tion. All tagged breeding birds reproduced successfully, except one female (F13) that
lost her mate.

Data were received via the ARGOS system (CLS, Toulouse, France). For this study,
the highest quality localisation was selected for every transmission period of either
six or 10 hours (Fuller, Seegar & Schueck 1998, box B). Localisation quality and
precision was indicated by the ARGOS Location Class (LC) with high precision
(hundreds of m until several km) for classes 3, 2 and 1 and unspecified lower preci-
sion for 0, A, B and Z (CLS 2008). When there were several localisations of the same
LC within one transmission period, the one with the highest ARGOS IQ-value (CLS
2008) was selected. The IQ-value is a measure of consistency of the radio signals
from which the localisation was calculated. When there were several localisations
with same LC and IQ values within one transmission period, the first one in time
was selected. The selected localisations were checked graphically for outliers, by
plotting date vs. latitude and date vs. longitude. Outliers were swapped to their
mirror location (CLS 2008). In case the mirror location was an outlier as well and LC
was 0, A, B or Z, the localisation was discarded. Localisations of LC 3, 2 and 1 were
always regarded as being accurate. Using this procedure, we reduced the complete
dataset of 14,239 localisations (2005-2008) to 3,324 best of duty cycle localisations
for the whole annual cycle, of which 644 represented autumn migratory movements
and 245 represented spring migratory movements.

Migration routes
In total, 36 autumn tracks of 26 individuals and 16 spring tracks of 13 individuals
were used (appendix 6.1). 30 autumn tracks of 22 individuals and 10 spring tracks
from seven individuals were complete between the breeding and wintering area
(appendix 6.2). Incomplete tracks were collected when birds died or transmitters
failed en route. 24 autumn and five spring tracks showed prolonged periods without
localisations (referred to as gaps, when period was eight days or longer). Of the 31
autumn tracks, 10 were repeated journeys of seven individuals tracked during two
(n = 4) or three (n = 3) consecutive autumn migrations. Two of these repeated tracks
were incomplete. Of the 16 spring tracks, three were repeated journeys of three indi-
viduals. When calculating travel statistics, parameters from repeated journeys of the
same individual were averaged to avoid pseudo-replication. The small sample of
juveniles’ tracks (5 autumn tracks, 1 spring track) was mapped and included in
connectivity analyses, but not in the analyses of daily distances.

An autumn track consisted of the best-of-duty-cycle localisations with the last
recorded localisation from the breeding area as starting point (including potential
pre-migratory behaviour) and the first recorded localisation in the first wintering
area as end point. A spring track consisted of the last localisation recorded in the last
wintering area as starting point and the first localisation recorded in the breeding
area as end point. Start of the autumn migration period was defined as a movement
of more than 40 km away from the nest site, regardless of daily distance and direc-
tion. The threshold of 40 km was chosen because radio-tracked males and females
never ventured further than 18 km from the nest during the breeding season
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(chapter 3, B. Grajetzky pers. comm.). Roughly doubling the breeding home range
radius is therefore taken as a conservative threshold estimate.

Arrival in the first wintering area was defined as the beginning of the first stay
of longer than one day in the same area south of the Sahara (approximately 16°N). To
determine the location of the first visited wintering area, average latitudes and
longitudes were calculated over at least two consecutive positions south of the
Sahara that did not deviate by more than 0.1 decimal degrees (appendix 6.3). The
resulting average position was the reference point for arrival. When the bird was
within 40 km distance of this point, we assumed that it arrived at its first visited
wintering area.

The start of spring migration was defined as the end of the last stay of >1 day in
the last visited area in the wintering range. The end of a spring track was defined
similar to the end of an autumn track, but then for the breeding area. Maps of
migration routes are displayed in Africa Lambert Conformal Conic Projection (ESRI
ArcMap 9.2).

Daily distances covered during migrations were calculated as loxodrome (rhumb
line) distances between consecutive localisations using the best of duty cycle-
dataset, divided by the number of days between localisations. Total migration
distances (track length) were calculated as the sum of loxodrome distances between
consecutive best-of-duty-cycle localisations of tracks. The overall daily distance was
calculated as track length (km) divided by migration duration (days). To analyse
daily distances vs. latitude and compare between autumn and spring, we assigned
all values of each individual to five degree latitudinal bins. For autumn migrations,
only complete tracks with no more than one gap of eight days were selected for
analyses (appendix 6.2). Due to the low sample size, spring tracks that were incom-
plete or contained gaps were included, but segments of longer than eight days were
excluded from analyses. 

Migratory connectivity
The last localisation of each individual recorded in the breeding area and the first
localisation recorded in the wintering area were averaged for each main migration
route, resulting in three geographical centres of breeding and three geographical
centres of wintering areas, respectively. Loxodrome distances between the breeding-
and wintering area centres were calculated. To test the existence of migratory
connectivity, Chi-squared tests were conducted on the longitudinal distribution of
first wintering areas (Jones et al. 2008). The first wintering area visited by each
individual was assigned to one of four 8 ° longitude categories (16 - 8°W, 7.9 - 0°W,
0.1 - 8°E, 8.1 - 16°E) and distributions of first wintering areas for the NW-European
respectively NE-European population were tested against a uniform distribution.
Statistical tests were calculated using SPSS 16 (SPSS Inc.). Additionally, migratory
connectivity was quantified using a Mantel test on the loxodrome distance matrices
of breeding and first wintering areas. The test included a randomization procedure
(executed in Microsoft Office Excel 2003) during which the position of all individuals
in the breeding areas was permutated 4999 times to calculate the significance of the
observed Mantel correlation coefficient (Ambrosini, Møller & Saino 2009). This test
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has the advantage that no arbitrary division of the breeding and wintering ranges
has to be defined a priori. Averages are given ±1 s.e. In statistical tests, α (two-
tailed) was set at 0.05. Bird IDs indicate age and sex (F = adult female, M = adult
male, JF = juvenile female, JM = juvenile male).

Results

Migration routes
Montagu’s harriers from northern Europe used three main migration routes during
autumn migration (fig. 6.1A-E): NW-European harriers migrated either via Spain (9
individuals, 69 %) or Italy (4 individuals, 31 %), whereas all NE-European harriers (8
individuals, 100 %) migrated via Greece. No systematic differences in route choice
between adult females and males could be detected within the NW-European popu-
lation (migrating via Spain or Italy; Mann-Whitney test, Z = –1.403, n = 14, p =
0.160). In spring, NW-European harriers travelled in the reversed direction using
routes similar to their autumn migration routes (fig. 6.1D). Spring tracks of NE-
European harriers (all from 2008) showed spring routes situated more to the West
(via Italy, i.e., Sardinia or Sicily) than autumn routes (via Greece), suggesting a loop
migration. Tracks over the western pathway (via Spain) appeared to be most concen-
trated in Morocco as well as the border region of Morocco and Algeria (fig. 6.1A,B,D),
both in autumn and spring, indicating the presence of an important stopover site.

Both autumn and spring migrations took on average 5–6 weeks over a distance of
ca. 5000 km, with daily travel distances of on average 131 km for adults (tab. 6.1).
Adult harriers travelled on average faster during spring than during autumn migra-
tion (tab. 6.1). Adult males left the breeding areas significantly later than adult
females (tab. 6.1). As they travelled significantly faster, arrival dates in the
wintering areas were not significantly different (tab. 6.1). During spring migration,
no significant differences in timing and speed of migrations between females and
males were found (tab. 6.1). The maximum distance achieved within 24 hours was
1,196 km (adult male M1 in autumn 2006, travelling from the Netherlands to Spain).
Daily travel distances during autumn and spring migrations were significantly
related to latitude (fig. 2A, Kruskal-Wallis test, autumn: χ2 = 110.939, df = 10,
p <0.0001; spring: χ2 = 19.098, df = 7, p = 0.008). Highest daily distances were
attained in Europe and the Mediterranean region (35 – 50 ° N; autumn: 284 ±32 km,
spring: 281 ±52 km) and the Sahara desert (20 – 30°N; autumn: 355 ±27 km, spring:
353 ±42 km), whereas daily distances near the breeding areas (50 - 55°N; autumn:
45 ±7 km, spring: 94 ±22 km) and wintering areas (10 – 20°N; autumn: 107 ±32 km,
spring: 215 ±22 km) were smaller. Migrants via Spain travelled relatively slowly in
the concentration area in Morocco / Algeria (fig. 6.2). Daily distances preceding and
following the passage of this area were higher. The difference was more pronounced
in spring than in autumn (fig. 6.2).
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Migratory connectivity 
Areas that Montagu’s harriers visited first during the wintering season were located
in sub-Saharan Africa between 10 – 17°N. The wintering range extended from 16°W
– 16°E (migrants from NW-Europe: 16°W – 8°E; migrants from NE-Europe: 0°E –
16°E). In general, NW-European harriers wintered west of NE-European harriers,
indicating population specific wintering grounds (fig. 6.1A-C). This pattern was
especially clear when comparing western breeding birds migrating via Spain and
eastern breeding birds (all migrating via Greece): the distance between the two
geographical centres of all breeding locations in the western and eastern populations
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Table 6.1 Travel statistics and statistical tests of autumn and spring migrations of satellite-
tracked adult Montagu’s harriers. Autumn tracks include possible pre-migratory movements. 
P-values <0.05 are indicated in bold.

autumn females males females vs. males

variable (average) value (s.e.) n value (s.e.) n test statistic df P

departure date* 02-aug (6) 12 4-sep (2) 4 t-test t = 3.184 14 0.007
arrival date * 23-sep (3) 11 02-okt (7) 5 t-test t = 1.436 10 0.182
duration of migratory 44 (6) 9 38 (8) 3 t-test t = –0.685 13 0.505
period (days)*
track length (km)* 4828 (133) 8 5137 (398) 3 t-test t = 0.983 9 0.351
daily distance (km)** 118 (11) 180 144 (14) 84 Mann- Z = –2.523 264 0.012

Whitney

spring females males females vs. males

variable (average) value (s.e.) n value (s.e.) n test statistic df P

departure date* 29-mrt (3) 9 28-mrt (1) 3 t-test t = –0.344 8.9 0.739
arrival date * 05-mei (4) 5 13-mei (2) 2 t-test t = 1.276 5 0.258
duration of migratory 32 (7) 5 42 (2) 2 t-test t = 0.867 5 0.426
period (days)*
track length (km)* 5194 (242) 5 5504 (262) 2 t-test t = 0.725 5 0.501
daily distance (km)** 168 (17) 87 210 (24) 66 Mann- Z = –1.278 153 0.201

Whitney

autumn vs. spring

variable (average) test statistic df P

duration of migratory t-test t = 1.058 17 0.305 
period (days)*
track length (km)* t -test t = -1.615 16 0.126
daily distance (km)** Mann-Whitney Z = –5.356 310 <0.0001

* n expressed as number of individuals
** n expressed as number of segments between consecutive localisations



was 1,093 km, whereas the distance between the centres of their first wintering
areas was more than twice as large (2,232 km, fig. 6.1E). There was no evidence for
overlap between breeding or between wintering areas of these populations. The
most eastern migrant via Spain (JF2) wintered 899 km to the west of the most
western migrant via Greece (F9). The centre of the wintering areas visited by
western breeding birds migrating via Italy, on the other hand, was 1,696 km east of
that of migrants via Spain. The most eastern migrant via Spain (JF2) wintered 436
km west of the most western migrant via Italy (F12). Migrants via Italy wintered on
average only 547 km west of migrants via Greece, including an overlap of 1022 km
between individuals’ first visited wintering areas. The three wintering areas that
were reached via the three documented pathways can better be described as geo-
graphical regions: Individuals’ first visited wintering areas were spread out over
hundreds of km mainly in west-east direction (largest distance of first visited winter-
ing areas of migrants via Spain: 1,420 km, via Italy: 740 km, via Greece: 1,860 km).

First visited wintering areas of birds originating from NW-Europe deviated
significantly from a uniform longitudinal distribution (χ2 = 11.9, df = 3, p = 0.008).
For birds from NE-European populations, there was a trend of non-uniformity (χ2 =
7.0, df = 3, p = 0.072). The non-randomness indicates the existence of specific
wintering regions connected to specific breeding areas and hence a relatively high
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degree of migratory connectivity. The Mantel test indicated that small distances
between wintering areas were generally seen among pairs of birds whose breeding
areas were close to each other (r = 0.5, n = 21, p = 0.0006, fig. 6.3).

Of adult birds tracked during two (n = 4) and three (n = 3) consecutive autumn
migrations, all used similar routes during their consecutive autumn journeys (F4, F5
and M2 always migrated via Spain, F12 via Italy, F8 and F9 via Greece; the second
track of F11 ended in the breeding areas). Birds tracked during two consecutive
spring migrations (F4, F5, M2) used similar routes during consecutive spring jour-
neys (all via Spain). It could be determined that during a second (F4, F5, F8, F9, M2)
and third (F4, F5, M2) consecutive wintering season, in all cases, at least one of the
visited wintering areas was the same (<40 km distance) as in a previous year,
although the order of visits was not necessarily the same. Other visited wintering
areas were located at tens or hundreds of km distance, but in the same geographical
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Europe via Italy (instead of Spain) into Africa.



region. Most individuals returned to the same breeding site (<10 km distance)
during the second (F4, F9, F11, M2) and also the third (F4, M2) consecutive breeding
season. A non-breeding female visited her former breeding area during the summer
(F12). Two females did not show site fidelity during the breeding season (F5, F8). F5
was breeding in The Netherlands in 2006, at 183 km distance in Germany in 2007,
and at 43 km distance in Germany in 2008 (144 km from the Dutch site). All
breeding sites were located in arable land; the first two breeding attempts were
successful. F8 was breeding in Belarusian arable land in 2007 and in a Belarusian
sedge mire at 88 km distance in 2008 (breeding success unknown). Seven out of 10
times (70%, n = 7 birds) that a bird returned to the breeding areas, it was site
faithful. Seven out of seven times (100%, n = 5 birds) that a bird returned to the
wintering grounds, it visited at least one area it had been located before.

Discussion

Migration routes
This study shows by satellite telemetry that northern European Montagu’s harriers
use three broad, population specific pathways to the African wintering areas: via
Spain, Italy or Greece. Although harriers appear to be capable of sea crossings of
several hundred km (east of Gibraltar: 140 km, Crete to Libya: 300 km), they seem to
avoid the longest sea crossings (from France to Algeria and from western Greece
over the Ionian Sea to NW-Libya), which shapes separated migration pathways. A
similar pattern has been observed for ospreys Pandion haliaetus (Hake, Kjellén &
Alerstam 2001). Our findings are in line with the supposition that harriers may not
be as land-bound as other, soaring raptor species, e.g. honey buzzards Pernis
apivorus (Moreau 1953).

The present study supports the idea of García & Arroyo (1998) that during
autumn migration, more harriers migrate via Spain than via Italy (two thirds vs. one
third of tracked NW-European birds). Birds from eastern Germany and western
Poland, however, may migrate via Italy into Africa. Overall, breeding birds of
western Europe migrating via Spain may still outnumber birds migrating via Italy,
considering the large volume of breeding populations in Iberia and France compared
to other western and central European countries (Mebs & Schmidt 2006, box C).
Future work should aim at determining factors that influence initial route choice of
NW-European harriers via Spain or Italy. Possible factors involved may be wind and
weather effects, an endogenous migration programme and food availability en route. 
We could not confirm the supposed loop migration of western European harrier
populations (García & Arroyo 1998). NW-European harriers generally back-tracked
their autumn migration routes in spring. We did, however, detect a circular migra-
tion pathway in the NE-European birds. All data currently available showed that
birds that reached Africa via Greece did not back-track their autumn route in spring,
but chose a more western route via Sardinia or Sicily into Europe. This is in line
with Montagu’s harriers ringed at Cap Bon (Tunisia) in spring being recovered in
eastern Europe, NNE or ENE from Cap Bon (Mihelsons & Haraszthy 1985). 
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A potentially fast traveller
The average daily distance we report (131 km for adults) is in the lower range of
those reported for other satellite-tracked raptors on autumn migration (appendix
6.4). On the other hand, Montagu’s harriers can achieve very large daily distances on
the short term. A daily distance of 1,196 km has, to our knowledge, never been
reported for a migrating raptor before, and exceeds the highest reported daily
distances of ospreys (746 km, Kjellén, Hake & Alerstam 2001) and marsh harriers
Circus aeruginosus (809 km, Strandberg et al. 2008). The high speeds are probably
achieved by making more flight hours per day rather than increasing instantaneous
speed, except when birds profit from exceptional tail winds.

Relatively slow travel speeds of NW-European birds in N-Africa (Morocco,
Algeria) and the convergence of routes in that area indicate the presence of an
important concentration of harriers in both migration seasons. This N-African area
may represent a crucial staging site, and as such would be worth receiving high
priority when contemplating conservation strategies.

Migratory connectivity
Satellite tracking data clearly reveal that northern European Montagu’s harriers do
not spread over the entire potential wintering range in sub-Saharan Africa, but
winter in rather well separated population-specific regions. The western and
eastern wintering regions (of migrants via Spain and Greece, respectively) show no
or minor overlap. The relatively small proportion of NW-European birds that
migrates via Italy, however, is wintering in the eastern instead of the western range.
Individuals tracked during several years show fidelity to their migration routes and
all revisit wintering areas visited in an earlier winter. Breeding site fidelity appears
to be significant, but lower than winter site fidelity, as found in marsh harriers
(Strandberg et al. 2008). Montagu’s harriers that changed to a different breeding
area stayed within the same geographical region and the same breeding population
(NW- respectively NE-Europe). These findings indicate a relatively high migratory
connectivity; i.e. in general, western breeding areas are linked to western wintering
areas and eastern to eastern, via population specific migration routes.

To clarify the underlying causes of the precarious state of Montagu’s harrier
breeding populations in Europe, the relative importance of mortality occurring in
the breeding and non-breeding season and reproductive output remains to be inves-
tigated (box E). When aiming at the conservation of specific breeding populations, it
may be most valuable - additional to protection on the breeding grounds -, to priori-
tize the protection of specific wintering regions. Using satellite telemetry, we have
been able to geographically pinpoint areas of highest priority outside the breeding
range in this long-distance migratory raptor species: western European breeding
populations use wintering areas in mainly Senegal, South Mauritania and West Mali
(to a lesser degree Southwest Niger), whereas eastern European populations visit
areas in South Niger, North Nigeria and West Chad.

Migratory connectivity, however, is not restricted to wintering area fidelity and
connectivity. For NW-European Montagu’s harriers migrating via Spain, there is
even strong evidence for considerable stopover area connectivity with a site in
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Morocco / Algeria, stressing the general importance of evaluating population-specific
stopover areas and considering them in conservation strategies (chapter 9).
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Appendix 6.1 Origin and catching date of satellite-tracked Montagu’s harriers (2005-2008), sorted
on catching time. Catching location is given in decimal degrees. Age is at catching time. Exact age
was known for nestlings and birds ringed as nestlings. Females with brown iris colouration were
aged as being approximately 3-4 K (calendar year).  Sex “f” = female, “m” = male.

Catching autumn spring 
Bird location Catching tracks  tracks
ID Name Place                Country N E date Age Sex (n) (n)

F1 Beatriz E-Groningen NL 53.09 7.11 16-jul-05 adult f 1 0
F2 Marion E-Groningen NL 53.13 7.07 16-jul-05 adult f 1 0
F3 Paula E-Groningen NL 53.13 7.07 10-jul-06 adult f 0 0
M1 Rudi E-Groningen NL 53.21 7.10 15-jul-06 adult m 1 1
F4 Cathryn E-Groningen NL 53.15 6.95 15-jul-06 adult f 3 2
M2 Franz E-Groningen NL 53.11 7.13 20-jul-06 6K m 3 2
F5 Merel N-Groningen NL 53.41 6.45 24-jul-06 adult f 3 2
M3 Freyr Leer D 53.17 7.21 28-jul-06 adult m 1 0
F6 Jinthe Flevoland NL 52.38 5.33 3-jul-07 7K f 1 1
F7 Halina Siedlce PL 52.15 22.76 8-jul-07 adult f 1 1
F8 Volia Hrodna BY 53.55 23.97 12-jul-07 adult f 2 1
JM1 Dzima Hrodna BY 53.55 23.98 12-jul-07 1K m 1 1
JF1 Sigrid Flevoland NL 52.38 5.33 14-jul-07 1K f 1 0
F9 Grazyna Siedlce PL 52.23 22.53 14-jul-07 adult f 2 1
F10 Doris Soest D 51.62 8.44 17-jul-07 adult f 1 1
JF2 Theodora Soest D 51.66 8.46 19-jul-07 1K f 1 0
F11 Margret Soest D 51.63 8.44 21-jul-07 14K f 1 1
M4 Edzard E-Groningen NL 53.22 6.91 1-aug-07 4K m 1 1
F12 Fenna E-Groningen NL 53.22 6.91 1-aug-07 adult f 2 1

(3-4 K?)
F13 Aliona Hrodna BY 53.78 23.92 13-jul-08 adult f 1
F14 Tania Hrodna BY 53.31 23.93 13-jul-08 adult f 1

(3-4 K?)
M5 Alexandre Hrodna BY 53.31 23.93 13-jul-08 adult m 1
JF3 Barbára Hrodna BY 53.31 23.93 14-jul-08 1K f 0
M6 Dominik Siedlce PL 52.10 22.85 16-jul-08 adult m 1
JM2 Jurek Siedlce PL 52.10 22.85 16-jul-08 1K m 1
F15 Karen Ballum DK 55.10 8.68 18-jul-08 9K f 1
JM3 Asger Ballum DK 55.10 8.68 18-jul-08 1K m 1
F16 Aletta Cuxhaven D 53.79 8.56 22-jul-08 adult f 0
JM4 Flo Cuxhaven D 53.79 8.56 22-jul-08 1K m 0
M7 Jochen Cuxhaven D 53.79 8.56 26-jul-08 3K m 1

35 16
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Appendix 6.2 Selection of Montagu’s harrier satellite tracks for statistical analyses. Upper part:
autumn tracks, lower part: spring tracks. Table is sorted on year and age / sex; “n” = no, “y” =
yes; “1” = included, “0” = not included in analysis.

F1 2005 a adult female Spain 0 n n 0 0 0 0 1 0
F2 2005 a adult female Italy 1 n y n 1 1 1 1 1 1
F4 2006 a adult female Spain 0 n n n 1 1 1 1 1 1
F5 2006 a adult female Spain 0 n n n 1 1 1 1 1 1
M1 2006 a adult male Spain 2 y n n 1 0 0 0 1 0
M2 2006 a adult male Spain 2 y n y 1 0 0 0 1 0
M3 2006 a adult male Spain 0 n n n 1 1 1 1 1 1
F4 2007 a adult female Spain 2 n y y 1 0 0 0 1 0
F5 2007 a adult female Spain 1 n y n 1 1 1 1 1 1
F6 2007 a adult female Spain 3 y y n 1 0 0 0 1 0
F7 2007 a adult female Greece 0 n n n 1 1 1 1 1 1
F8 2007 a adult female Greece 2 y y n 1 0 0 0 1 0
F9 2007 a adult female Greece 3 y y n 1 0 0 0 1 0
F10 2007 a adult female Spain 1 y n n 1 0 0 0 1 0
F11 2007 a adult female Spain 4 y y y 1 0 0 0 1 0
F12 2007 a adult female Italy 1 n y n 1 1 1 1 1 1
M2 2007 a adult male Spain 3 y y n 1 0 0 0 1 0
M4 2007 a adult male Spain 0 n n n 1 1 1 1 1 1
JF1 2007 a juvenile female Italy 2 y y n 1 0 0 0 1 0
JF2 2007 a juvenile female Spain 1 y n n 1 0 0 0 1 0
JM1 2007 a juvenile male Greece 2 n y n 1 0 0 0 1 0
F4 2008 a adult female Spain 0 n n n 1 1 1 1 1 1
F5 2008 a adult female Spain 0 n n n 1 1 1 1 1 1
F8 2008 a adult female Greece 1 n y n 1 1 1 1 1 1
F9 2008 a adult female Greece 2 n y n 1 1 0 1 1 1
F11 2008 a adult female Spain 1 n y 0 0 0 0 1 0
F12 2008 a adult female Italy 1 n y 0 0 0 0 1 0
F13 2008 a adult female Greece 1 n y 0 0 0 0 1 0
F14 2008 a adult female Greece 0 n n n 1 1 1 1 1 1
F15 2008 a adult female Italy 1 n y n 1 1 1 1 1 1
M2 2008 a adult male Spain 0 n n n 1 1 1 1 1 1
M5 2008 a adult male Greece 3 y y y 1 0 0 0 1 0
M6 2008 a adult male Greece 2 y y n 1 0 0 0 1 0
M7 2008 a adult male Spain 0 n n 0 0 0 0 1 0
JM2 2008 a juvenile male Greece 1 n y n 1 0 0 0 1 0
JM3 2008 a juvenile male Spain 0 n n 0 0 0 0 1 0
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Appendix 6.2 Continued

F4 2007 s adult female Spain 2 n y n 1 1 1 1 1 1
F5 2007 s adult female Spain 0 n n n 1 1 1 1 1 1
M2 2007 s adult male Spain 1 n y n 1 1 1 1 1 1
M1 2007 s adult male Spain 2 y y n 1 1 1 1 1 1
F4 2008 s adult female Spain 2 n y n 1 1 1 1 1 1
F10 2008 s adult female Spain 0 n n n 0 0 0 0 1 0
F12 2008 s adult female Italy to NW 0 n n n 0 0 0 0 1 0
F9 2008 s adult female Italy to NE 0 n n n 1 1 1 1 1 1
F7 2008 s adult female Italy to NE 0 n n n 0 0 0 0 1 0
F6 2008 s adult female Spain 0 n n n 0 0 0 0 1 0
F11 2008 s adult female Spain 0 n n n 1 1 1 1 1 1
F5 2008 s adult female Spain 0 n n n 1 1 1 1 1 1
F8 2008 s adult female Italy to NE 0 n n n 1 1 1 1 1 1
M4 2008 s adult male Spain 0 n n n 0 0 0 0 1 0
M2 2008 s adult male Spain 0 n n n 1 1 1 1 1 1
JM1 2008 s subadult male Italy to NE 1 n n y 0 0 0 0 1 0

10 10 10 10 16 10

B
ir

d 
ID

Ye
ar

S
ea

so
n

A
ge

 / 
se

x

R
ou

te
 v

ia

Spring tracks

N
um

be
r 

of
 g

ap
s

>
8 

da
ys

M
ax

im
um

 D
ai

ly
di

st
an

ce
D

ai
ly

 d
is

ta
nc

e 
vs

.
la

tit
ud

e

G
ab

 in
 th

e 
be

gi
nn

in
g

G
ab

 in
 th

e 
m

id
dl

e

G
ab

 in
 th

e 
en

d

C
om

pl
et

e

M
ig

ra
tio

n 
du

ra
tio

n

Tr
ac

k 
le

ng
th

D
ai

ly
 d

is
ta

nc
e

Appendix 6.4 Examples of daily distances reported in other raptor satellite telemetry studies are
marsh harriers Circus aeruginosus (127 km, Strandberg et al. 2008), Eleonora’s falcons Falco
eleonorae (134 km, Gschweng et al. 2008), honey buzzards Pernis apivorus (148 km, Hake et al.
2003), hobbies Falco subbuteo (151 km, Strandberg et al. 2009b), Montagu’s harriers Circus
pygargus from Spain (163 km, Limiñana et al. 2007), lesser spotted eagles Aquila pomarina (179
km, Meyburg et al. 2004), peregrine falcons Falco peregrinus (172 km, Fuller et al. 1998), ospreys
Pandion haliaetus (174 km, Kjellén et al. 2001), Swainson’s hawks Buteo swainsoni (188 km,
Fuller et al. 1998) and short-toed eagles Circaetus gallicus (234 km, Meyburg et al. 1998). 
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Appendix 6.3 Determining arrival in a wintering area. Given are latitude and longitude (decimal
degrees) of 20 satellite localisations of adult female F2 during autumn migration in 2005. The first
reference area position is the nest site location (position number 1). Position 1 is located 750 km
(loxodrome distance, with an error estimate added according to LC) from the nest site. The thres-
hold of entering an area is set at 40 km. At position 1, F2 is outside the breeding area. The season
is autumn migration (2). No wintering area has been reached yet. Positions 7 to 11 do not deviate
more than 0.1 decimal degrees (latitude and longitude) from postion 6. Positions 6–11 were used to
calculate the new reference area (the geographical centre of the first wintering area) indicated as
14.9 degrees N and 7.6 degrees E. F2 is within the 40 km range of the centre starting at position 6,
which indicates arrival at the first wintering area (season 3, wintering; arrival at wintering area
number 1). Positions 12 and 13 were not used to calculate the centre of the first wintering area as
they deviate 0.1 degree from position 6 in the other direction than positions 7–11, however, F2 is
still within the 40 km range of the first wintering area at these positions. The new reference area
(centre of the second wintering area) is calculated over positions 14–20 and following. Wintering
area number two is reached at position 14. 

1 49.0 15.5 53.1 7.1 749.7 40 1 2
2 37.2 15.4 14.9 7.6 2608.6 40 1 2
3 23.9 11.5 14.9 7.6 1084.5 40 1 2
4 17.1 7.1 14.9 7.6 252.3 40 1 2
5 14.8 6.8 14.9 7.6 85.9 40 1 2
6 14.9 7.6 14.9 7.6 2.3 40 0 3 1
7 14.9 7.7 14.9 7.6 5.8 40 0 3 1
8 14.9 7.7 14.9 7.6 5.7 40 0 3 1
9 14.9 7.6 14.9 7.6 2.1 40 0 3 1

10 14.9 7.7 14.9 7.6 6.2 40 0 3 1
11 14.9 7.6 14.9 7.6 4.3 40 0 3 1
12 14.9 7.5 14.9 7.6 10.6 40 0 3 1
13 14.9 7.5 14.9 7.6 11.1 40 0 3 1
14 13.2 6.0 13.3 6.0 7.4 40 0 3 2
15 13.3 5.9 13.3 6.0 6.5 40 0 3 2
16 13.3 5.9 13.3 6.0 8.4 40 0 3 2
17 13.3 5.9 13.3 6.0 5.7 40 0 3 2
18 13.3 5.9 13.3 6.0 6.3 40 0 3 2
19 13.3 5.9 13.3 6.0 9.3 40 0 3 2
20 13.3 5.9 13.3 6.0 5.7 40 0 3 2
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Introduction

To study migratory pathways of birds, marking them with rings or tags and reading
or recovering these marks has for a long time been the only available technique
(Bairlein 2001). Withdrawals of these methods are that the probability of recovery is
often low. If at all, mostly not more than one data point per individual becomes
available. An even more serious withdrawal is that ring readings and recoveries
may, next to being erroneous, be skewed towards the presence of observers or
hunters, resulting in serious biases and consequently systematic errors in for
example temporal patterns of migration (Strandberg et al. 2009c and references
therein).

Satellite-based radio telemetry is a now widely used alternative method to docu-
ment migratory pathways of birds (Meyburg & Fuller 2008). Important advantages
of this technique are the large amounts of data collected per individual (up to several
location fixes per day), possibly up to several migratory journeys (Berthold et al.
2004, Alerstam et al. 2006, chapter 6). The close to real time-element of satellite
telemetry also enables researchers to follow individual birds to their wintering areas
and study their behaviour in these areas by direct observations (Kaatz 2004, Trier-
weiler & Koks 2009, chapter 6, 8). Disadvantages of the technique are that the trans-
mitters are currently relatively heavy, which excludes the tracking of the majority of
migrating birds. Furthermore, costs per bird for purchase of a transmitter and for
satellite use are high, and thus samples sizes are often small.

Satellite telemetry provides detailed information not only on the migration path-
ways, but also on travel dynamics of individuals. Travel dynamics statistics that are
often calculated for satellite tracks are the total migration distance, the duration of
the pre-migratory and migratory phase, the number of travel and stop-over days
during migration and different types of movement rates (travel and migration
speeds; see below). Unfortunately, all these parameters cannot be calculated
straightforward from conventional satellite tracks as not all location fixes are accu-
rate, and thus researchers have to decide which fixes to include. This selection
procedure potentially has an important effect on the outcome of subsequent

112 Box B

Standardization of the analysis of ARGOS satellite
tracking data in order to enhance interspecific
comparisons of migrating birds
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analyses. Furthermore, researchers have used different methods to calculate travel
dynamics, with different assumptions, introducing another source of bias between
studies. 

Meyburg and Fuller (2008) suggest that each researcher should establish criteria
for his study objectives and species and apply those criteria when selecting the posi-
tions used in their analyses. There are two problems with this approach. First,
researchers do not always state clearly in their publications what their criteria are.
When selection proceeds by hand, the method may even not be repeatable. Second,
researchers tend to compare travel statistics calculated according to their own
criteria with literature values, which are often calculated according to different
criteria. Such comparisons can be misleading, as different criteria produce different
results. In order to optimise the use of satellite tracking data, we should thus strive
to standardized data selection and analysis procedures. Important initiatives, in this
respect, are online data storage and analysis tools, such as the Satellite Tracking and
Analysis Tool (STAT, Coyne and Godley 2005) and Movebank (www.movebank.org),
which offer several automated data filtering and analysis options. Nevertheless,
there are no widely used and accepted criteria for filtering and analysing satellite
data.

Here we revisit a number of problems and pitfalls with the analyses of bird satel-
lite tracks. We describe how the system works that receives radio signals and calcu-
lates location fixes of satellite transmitters (ARGOS) and discuss the problem of
location fix selection. Subsequently we suggest a method to determine travel
dynamics (start and end of the migration period as well as total distance, rate of
travel and the number of travel and stop-over days) in a way that is objective but
treats different species differentially. This method should allow analyses of biologi-
cally relevant differences in for instance migration speed between species, such that
obtained results for different species are comparable.

113Analysis of ARGOs data

Satellite transmitters (Platform Transmitter Terminals, PTTs) transmit radio
messages (usually one every minute) at a frequency of 401.650 MHz ±30 kHz,
which are picked up by ARGOS instruments installed in several satellites in
low polar orbits. The messages, including the identification number of the
PTT and its sensor data (e.g. temperature, activity), are subsequently relayed
to ARGOS processing centres (for Europe: Collecte Localisation Satellites
[CLS], France) to compute results and make the data available to end users.
Location fixes are computed from all messages received during a satellite pass
(a pass from one horizon to the other taking ca. 10 minutes) using the Doppler

Frame B.1
How does the ARGOS system work?
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overhead:
signal frequency equal
to actual frequency leaving:

signal frequency lower
than actual frequency

approaching:
signal frequency higher
than actual frequency

satellite

satellite

satellite

Figure B.F1 The ARGOS instrument included in a satellite determines a location fix of a
bird-borne satellite transmitter using the Doppler frequency shift
(after: www.npwrc.usgs.gov/resource/birds/cranemov/location.htm; picture copyrights:
bird, Hans Hut; earth, NASA).

Tabel B.F1 Location Classes (LC) and related estimated error according to ARGOS/CLS and
errors measured by Pfeiffer & Meyburg (2009). The estimated error is assumed to be
isotropic (uniform in all directions) and hence characterized by a single number called the
radius of error. It corresponds to one standard deviation (sigma) of the estimated location
error. The location class is attributed based on the radius of error. In reality, the location
error is not strictly isotropic and hence is better approximated by an ellipse than by a
circle (longitudinal errors being often larger than latitudinal errors).

LC Estimated error (radius) # messages received Accuracy as determined 
per satellite pass by Pfeiffer & Meyburg (2009) 

Mean km, Min-Max (sample size)

3 < 250 m 4 messages or more 2.3, 0.3-6.7 (6)
2 250 – 500 m 4 messages or more 0.8, 0.1-3.3 (7)
1 500 – 1500 m 4 messages or more 3.4, 0.3-17.9 (19)
0 > 1500 m 4 messages or more 6.6, 0.6-56.0 (33)
A No accuracy estimation 3 messages 8.1, 0.3-91.9 (107)
B No accuracy estimation 2 messages 49.5, 0.33-511.9 (193)



Selection of ARGOS location fixes

A basic but important problem in handling ARGOS data is to select the location fixes
used for graphical presentations and analyses. This fundamental step is necessary
since obtained fixes differ in accuracy (frame B.1). At least, erroneous fixes should
be excluded using filters. Alternatively, the dataset is also re-sampled, extracting one
position per day or per duty cycle. Filtering and resampling is outlined below.
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shift of transmission frequency (fig. B.F1). Computations give two possible loca-
tion fixes (mirror locations), of which the most plausible one is automatically
selected (location fix with the minimal residual error). For each location fix for
which at least four messages have been received during a satellite pass, a Loca-
tion Class LC (estimation of the location fix accuracy) is calculated using the
residual error and the satellite pass characteristics (tab. B.F1). For location fixes
labelled with A or B, no estimation on location fix accuracy is available; these
fixes are normally regarded as being inaccurate (but see Hays et al. 2001,
Soutullo et al. 2007, Pfeiffer & Meyburg 2009).

Two factors deteriorate location estimation for birds. First, location calcula-
tions are extremely sensitive to altitude variations. An altitude error of 1,000 m
can significantly erode the accuracy of calculated locations, especially if a PTT
is on or near the sub-satellite ground track (CLS 2008). To enhance location fix
accuracy, CLS applies a digital elevation model (DEM) from the USGS. Devia-
tions from this model, for example because the bird is flying high above the
ground, deteriorates location fix accuracy. Second, PTT motion reduces the
accuracy of Doppler location fixes. PTT motion, seen from the processing point
of view, looks like frequency drift. The motion thus introduces an additional
Doppler shift, which is included in the frequency shift measured by the satel-
lite. As a consequence, the residual error is larger and the accuracy is lower if
the bird is moving during the radio message transmission.

Because of limited battery power and transmitter lifetime considerations,
satellite transmitters do not send messages continuously but alternate between
periods of transmission (ON) and periods without transmission (OFF). Transmit-
ters are deliberately programmed to have a duty cycle timing (ON:OFF cycle)
that is not a direct multiple of 24 hours. This prevents the ON time from
becoming locked into a time window when there may be few satellite passes,
and assures that the transmission period is shifted from day to day and thus
location fixes are obtained for both day and night. The standard duty cycle for
conventional solar powered satellite transmitters (18–50g) is 10 hours ON, 24
hours OFF. For smaller transmitters (9.5g, 12g), the standard duty cycle is often
10 hours ON 48 hours OFF.
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Figure B.1 Satellite track (July 2006 – July 2007) of Montagu’s harrier adult female “Merel” using
(a) all unfiltered satellite location fixes (n = 480 location fixes), (b) all fixes of LC 3, 2 and 1
(n = 137), (c) graphically filtered best-of-dutycycle fixes (n = 110) and (d) best-of-dutycycle fixes
filtered by the Douglas-Argos filter (MRD set at 10 km; n = 117).



Filters
A straightforward way to get rid of erroneous fixes is to only include high quality
location fixes (LC 1–3, fig. B.1A,B). This way of filtering, however, is extremely
conservative as 0, A and B fixes can be correct (i.e. close to the true location). Addi-
tionally, such filtering considerably reduces the dataset as normally, only a minority
of the fixes are of high quality LC: Strandberg et al. ([2008] report 21% high quality
fixes for marsh harriers Circus aeruginosus migrating between Sweden and West-
Africa; Pfeiffer and Meyburg (2009) report 4.2% high quality fixes for red kites Milvus
milvus in Germany, and 32.3% high quality fixes for tracked raptors in the USA.

Erroneous location fixes can be recognized on maps; the animal seems to move a
substantial distance and then return to the area where it came from, resulting in a
track that goes “out - and – back”. Such “spikes” imply unrealistic movement rates in
combination with unrealistic bearings between subsequent location fixes (fig B.1A).
Filters can thus also be based on the speed and angle between subsequent location
fixes, removing fixes that result in unlikely speeds and angles. Alternatively, erro-
neous location fixes are removed by graphical means, by plotting latitude over time
and longitude over time (fig. B.2A,B). Spikes in either of these graphs mean that in a
series of location fixes, one fix is far off from others, whereas both the preceding and
the following fix are in line with the ones before and after (although, occasionally,
“double errors” occurr, with two subsequent erroneous fixes). For spikes, it should
be checked whether the mirror location is an outlier as well. If not, the mirror loca-
tion is assumed to be the accurate position. Spikes produced by high quality location
fixes should always be accepted as being true. To double-check whether the bird
track selected based on the applied selection is plausible, the location fixes should be
plotted on a map. These plots can be used to represent migratory routes. An impor-
tant advantage of these filtering procedures over only selecting certain LC is that
low quality location fixes can be included, enlarging the dataset and avoiding large
gaps in the tracks (fig. B.1C). 

When very few locations are obtained, it will be difficult to recognize erroneous
locations by above-mentioned criteria. For example in the case only a single low
quality location fix is obtained for a certain part of the migratory travel, it cannot be
evaluated whether this location fix is aberrant as nearby fixes are lacking. Including
low quality fixes in this case will however not affect general travelling statistics,
although care should be taken when evaluating spatial aspects or short time statistics.

The Douglas Argos-Filter Algorithm, available from the USGS Alaska Science
Centre (http://alaska.usgs.gov/science/biology/spatial/douglas.html) and included in
the Movebank tool pack (www.movebank.org), combines these two approaches by
including all high quality location fixes, and filtering low quality fixes based on
distances between consecutive fixes and movement rates and bearings of consecutive
movement vectors (fig. B.1D). While selecting low quality location fixes, this algo-
rithm also evaluates the ARGOS mirror locations, which sometimes are correct. User-
defined thresholds for improbable velocity and angles allow the user to adjust the
filtering to conform to a species’ movement capability and behaviour. The algorithm
also allows animals to alternate between non-migratory periods with short and
undirected movements and migration periods with high velocity and directionality.

117Analysis of ARGOs data



Resampling procedures
For certain analyses (see below) not all data points are necessary; it may for example
be desirable to use just one location fix per 24 hours. Here we discuss two alterna-
tive resampling procedures: the best fix per duty cycle, and the best fix per day
(independent of duty cycle). For both alternatives, it is important to first remove
erroneous location fixes from the raw dataset, preferably by graphical means or by
applying the Douglas Argos-Filter Algorithm. For the best location fix per duty cycle,
the fix with the highest LC value is selected for every transmission period. From
fixes with the same LC value, the first in time is chosen (see also Thorup et al. 2003).
Selecting one location fix per day may have advantages in case the migrant does not
travel continuously but only during the day or during the night. In that case, the fix
with the highest LC is selected for the period the animal is not moving (night for
diurnal migrants and day for nocturnal migrants). When no fix is obtained for the
stationary period (for example because the OFF period coincided with the stationary
period), no fix is selected. This will result in a gap in the dataset or create segments
that span several days.

Calculating travel dynamics

It is rather straightforward to define the start and end of migration for a migrant
that occupies small territories during breeding and wintering; migration starts the
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Figure B.2 Satellite track (July 2006 –
July 2007) of Montagu’s harrier adult
female “Merel” plotting (A) latitude of all
unfiltered satellite location fixes (open
squares, n = 480) over time and (B) longi-
tude over time. Whereas some “spikes”
(see text) can be discovered in the latitude
plot (denoted by x), other erroneous fixes
can only be seen in the longitude plot
(denoted by cross). The same track is
plotted in a map in fig. B.2A.



day when the bird leaves its breeding territory and ends when it has arrived in its
wintering territory (and vice versa for the return migration). Defining the onset and
end of migration is more challenging for mobile birds that do not hold strict breeding
or wintering territories, and in the case the animals make pre- and post-migratory
movements. Limiñana et al. (2007) recognized the need for a method that is widely
applicable and objective, but used different criteria to define start and end of migra-
tion. We plea for using similar criteria to define onset and end of migration.

In general terms, we can state that migration has started as soon as the bird has
left the range used during the breeding season. In other words, migration has started
as soon as the bird changes its behaviour from roaming a limited space to making a
directional movement out of this space towards its wintering quarters. Similarly, we
can state in very general terms that migration has ended when the bird has arrived
at its wintering grounds, i.e. when it switches from directional to local movements
again. Although these definitions are somewhat vague, and not applicable to all
species and situations, they sketch a general framework which helps to decide on
the criteria to use for different species and situations.

Start and end of migration
In many cases, birds use a limited area during both summer and winter. If this is
true, the onset of migration is defined as the day the bird leaves one area, and the
end of migration is defined as the day the bird arrives at the other area. To define
the borders of these areas, high quality location fixes can be used to calculate the
maximum distance from the centre of the area (e.g. nest or roosting place), which
can function as a threshold value for departure or arrival. For Montagu’s harriers
Circus pygargus for instance, during a four - year radio telemetry study, the
maximum distance a male was observed from its nest during the breeding season
was 18 km (chapter 3). GPS-based satellite telemetry indicated that marsh harriers
move up to 15 km from their nest in the summer (RHGK, personal observation). It
can be defined that, as soon as the bird moves further away than this distance,
migration has started; and when the bird arrives within this distance of its later
wintering location, migration has ended. When a low quality location fix is the first
position outside the normal range, one can use the estimated error for that partic-
ular LC to establish whether this fix was definitively outside the breeding range or
not. Note that in order to define the end of migration, it is often convenient to work
backwards in time, i.e. to start to define the wintering range based on high quality
locations, and then check when this range was entered in autumn. According to this
definition, migration periods can start and end with very slow travel days. In the
case no location fixes were obtained at the onset or end of migration, average travel
rates can be used to determine the start or end of migration, extrapolating from the
first or last location fix the birds was on migration.

Dispersal is the behaviour of young birds to leave their natal territory after
fledging, and it possibly is important to explore possible future breeding sites. This
is a special form of migration (dispersal migration), and should not be included when
evaluating autumn migration. Dispersal migration differs from normal migration in
timing, and in directions: dispersal may occur much earlier in the season, and it may
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occur into all possible directions. Thus, by looking at the timing and directions of the
first movements of young birds, one can establish whether these movements should
be considered as dispersal or true migratory movements.

A factor that very much complicates defining the start and end of migration are
pre- and post-migratory movements. Pre-migratory movements are movements
away from the area used during the breeding season, and round trips towards loca-
tions outside the area used during the breeding season, that occur well before the
onset of migration. Pre-migratory movements also mimic dispersal movements by
the fact that they may occur in many different directions. Some marsh harriers, for
example, make pre-migratory movements, well before August, when the harriers
initiate their migrations. Some harriers also make large scale round trips before the
onset of migration (Strandberg et al. 2008). Lesser-black backed gulls Larus fuscus
also make pre-migratory movements, in this case always round trips to distant sites
(Klaassen et al. in prep). Pre-migratory movements should not be considered when
calculating migration distance and daily travel rates. However, these movements
should be included when calculating the overall speed of migration, in the case the
birds acquire energy at their pre-migratory sites (in such case, pre-migratory move-
ments can be considered as the first movement to the first stopover site). 

Post-migratory movements occur when birds use several wintering sites. The
first wintering area, i.e. the first site within the wintering range where the animal
stays for a longer period, is presumably the primary goal of autumn migration.
Migration has ended when the first wintering site is reached. Post-migratory move-
ments should not be included in the calculation of migration distance, daily travel
rates, or overall migration speed, as their function is predominantly wintering itself.
Just as pre-migratory movements, post-migratory movements occur outside the
normal migration period. Marsh harriers, for instance, make post-migratory move-
ments in mid-winter, rather than in autumn (Strandberg et al. 2008). Movements of
Montagu’s harriers between different home ranges in the wintering range have been
recorded throughout the whole wintering period (chapter 7). The timing of these
movements is thus important to distinguish them from stopover behaviour.

Due to the high variation in behaviour of birds, it seems impossible to provide
firm statistical rules that define the onset and end of migration. However, by
acknowledging that birds can make dispersal movements, and pre- and post-migra-
tory movements, we have a tool pack at hand to classify different behaviours, and to
restrict further analyses to the period for which the movement to and from the
wintering area is the main function.

Total migration distance
The total migration distance is defined as the length of the path between the
breeding and wintering site, which is longer than the shortest possible route
between breeding and wintering site (i.e. great circle route). The shorter the duty
cycle of a satellite transmitter, the more precise the path of the bird (with all its
detours) is tracked. Tracks with more location fixes are longer, and thus transmitters
with shorter duty cycles produce longer paths than transmitters with longer duty
cycles.

120 Box B



In order to correct for different path lengths caused by a different amount of data,
the calculation of total migration distance is often based on the best fix per duty
cycle dataset. The distance between consecutive selected fixes is summed up to
calculate total track length, in which stopover days are not included (see below). By
only including one fix per duty cycle, the paths are smoothed, and spatial and
temporal autocorrelation between fixes are reduced in a standardized way, making
path lengths comparable between studies. The path lengths calculated in this way
should be considered as being conservative estimates of true path lengths, as they
probably underestimate the true distance migrated. The method is not applicable
when duty cycles vary too much, or the data set contains too many or too large gaps.
Tracks containing very few data (with gaps in the order of magnitude of one to
several weeks) will not produce comparable results and should be excluded from
analyses.

Movement rates
The overall migration speed is a key parameter in migration studies, and is defined
as the overall rate of travel, including the time that was necessary for accumulating
the energy required for the travel (Alerstam & Lindström 1990). Overall migration
speed is often calculated by dividing the total migration distance by the number of
days between start and end of migration (i.e. the time between departure from the
breeding area and arrival at the wintering area). The obtained migration speed is,
however, an overestimate of the true migration speed, as the time the animal may
have acquired energy before the onset of migration is not included. In order to calcu-
late the true overall migration speed, the researcher thus needs to obtain informa-
tion about energy fuelling time before the onset of migration (see for example Green
et al. 2002).

Daily travel rate is another important parameter in migration studies, and is
defined as the average distance an animal travels on travel days (excluding stopover
days). In order to be able to calculate the daily travel rate, first a distinction between
travel and stopover days must be made (see next paragraph). Daily travel rates are
best calculated using the best position per duty cycle dataset (for migrants travelling
during both the day and the night) or the best position per day/night dataset (for
nocturnal and diurnal migrants). Based on one of these datasets, segments are
defined. The daily travel rate is the average length of the segments that are labelled
as travel days (see below). For long gaps in the dataset, no distinction can be made
between stopover and travel days. Either, tracks with long gaps can be excluded
from analyses; or only short segments out of all tracks are used, and long (gap)
segments are excluded from analyses.

Distinguishing between stopover and travel days
The distance an animal travels during a day or during 24 hours varies depending on
the number of hours the animal is travelling and effects of wind. The distance trav-
elled on stopover days is small (close to 0), whereas the distance covered on travel
days is large (for diurnal raptors typically >100 km). Often, an arbitrary threshold is
chosen to distinguish between travel and stopover days. As a result, very different
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threshold values have been used in different studies. For example 25 km/day was
used for marsh harriers (Strandberg et al. 2008), 50 km/day for Montagu’s harriers
(Trierweiler et al. 2007a, chapter 5), and 100 km/day for ospreys Pandion haliaetus
(Kjellén et al. 2001). As these different threshold values are merely based on intu-
ition, comparisons between studies are misleading. The use of the same threshold
value for different species is, however, also not legitimate as it will cut off the
frequency distribution of segment lengths at different positions.

The frequency distribution of log transformed segment lengths (all segments)
typically shows two distinct peaks (fig. B.3A,B). The first peak is thought to be
related to stopover days and the second peak to travel days. Two normal distribu-
tions can be fitted (for example using R-package mclust, Chris Fraley & Adrian
Raftery). The intersection of these curves is the best possible estimate for the
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Figure B.3 Frequency distribution of daily travel speeds (in km/d) of migrating (A) Montagu’s
harriers (n=53) and (B) marsh harriers (n=424). A bi-normal distribution was fitted. This distribu-
tion is the sum of two normal distributions, and has a probability density of q · N(μ1, σ1) + (1 – q) ·
N(μ2, σ2), where q is a scaling coefficient between 0 and 1. The first normal distribution is thought
to be related to stopover days, and days with slow progress due to intensive fly-and-forage migra-
tion, and had a mean of 9.6 and 8.9 km/d for Montagu’s harriers and marsh harriers, respectively.
The second distribution is thought to be related to travel days, and had a mean of 207.5 and 183.7
km/d for Montagu’s harriers and marsh harriers, respectively. The intercept of these curves
provides a threshold to distinguish between stopover and travel days. This threshold was for both
species 50 km/d.



threshold value to distinguish between stopover and travel days. This provides a
standard method to determine the threshold value for different species in an objec-
tive but flexible way, in order to achieve comparable results.

Discussion

Satellite telemetry has definitely opened a new chapter in the study of bird migra-
tion, as it allows to track the migratory movements of individual birds in great
temporal and spatial detail. The analysis of ARGOS data is however not as straight-
forward as one might think, mainly because location fixes come with considerable
uncertainty. Researchers thus have to make decisions which fixes to include in their
analyses, affecting the outcome. Currently, there are no widely used and accepted
criteria for filtering and analysing satellite data, and researchers tend to invent their
own methods over and over again. This lack of consistency in the treatment of satel-
lite data may make comparisons between species misleading. This is unfortunate as
inter-specific comparisons are a powerful tool to reveal general patterns. In this
paper, we have discussed several aspects of handling ARGOS data in order to under-
line possible pitfalls, and we make suggestions how to analyse data in order to
moderate inter-specific comparisons.

Next to analyses of conventional ARGOS satellite tracks that we discussed here,
we recommend to introduce flexible but objective criteria also in the analysis of
other tracking data, e.g. geolocator data (Stutchbury et al. 2009). In recent decades,
satellite tags that produce Geographical Positioning System (GPS) locations became
available. These location fixes, which are produced using cross localisations of
several satellites instead of the Doppler effect, have a high accuracy and can be
regarded as “true” locations, solving many of the here discussed problems. It is
nevertheless a challenge to analyse GPS data in such way that sensible comparisons
can be made with conventional satellite tracking data.
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The global migratory system of Montagu’s harrier
Circus pygargus – insights from satellite
telemetry and migration counts

Christiane Trierweiler & Rob G. Bijlsma

Box C

In this review, we investigate where Montagu’s harriers Circus pygargus
cross the Mediterranean whilst heading to and from their African
wintering grounds. The migrating numbers involved were calculated by
using breeding population estimates differentiated for corridors which
were delineated on the basis of flight paths shown by ring recoveries and
satellite telemetry. Further information on the relative volume of migra-
tion in different parts of the Mediterranean and Black Sea regions was
gleaned from migration counts at fixed watch sites (often bottlenecks). We
propose four migration corridors: Spain, the central Mediterranean
(mainly Italy), the Aegean (Greece, western Turkey) and the eastern route
(Georgia/eastern Turkey/Middle East). The easternmost migration route
into India is still unknown (perhaps skirting the Tien Shan), and smaller
numbers may cross along the eastern shoreline of the Caspian Sea into the
Arabian peninsula (with a crossing into Africa via Yemen-Djibouti).

Abstract



Introduction

Montagu’s harrier Circus pygargus is a migratory raptor species with a Palearctic
breeding and an Afrotropical/Indomalayan wintering distribution (fig. C.1). Breeding
grounds include Europe and parts of Asia East to Kazakhstan and the upper Yenisey.
Wintering areas comprise sub-Saharan Africa and the Indian Subcontinent
(Ferguson-Lees & Christie 2001). The global population estimate amounts to 100,000
breeding pairs (BirdLife 2009) of which 35,000–65,000 in Europe (BirdLife 2004,
Mebs & Schmidt 2006). These estimates come with a considerable amount of uncer-
tainty (chapter 9).

Montagu’s harriers stay four to five months on the breeding grounds. The larger
part of the year is spent on migration and in the wintering areas. Ring recoveries
and field observations have shown that western European Montagu’s harriers
winter in West-Africa (Arroyo et al. 2004, Trierweiler & Koks 2009). In contrast to
the intimate understanding of their ecology on the breeding grounds, the migratory
system is not completely understood. 

125Montagu’s harrier’s migratory system

Figure C.1 Breeding (black) and wintering (grey) distribution of Montagu’s harrier after Ferguson-
Lees & Christie (2001). Asterisk indicates hypothetical migratory divide between Montagu’s
harriers wintering in Africa (to the West) and in India (to the East) after Moreau (1972).



Since the 1930s, and especially since the late 1960s, counts of migratory raptors
at bottlenecks across the Mediterranean have substantially increased our knowledge
of pathways, species composition, numbers, timing and trends (Bijlsma 1987, Zalles
& Bildstein 2000). However, methodologies employed are rarely standardized. This is
because counts increasingly cover the ‘better’ part of the migration period only (i.e.
with the most species, the highest numbers). Results are often unpublished,
obscurely published or lack details regarding methodology. Several sections of the
Mediterranean are still poorly covered (notably the Aegean, Crete and Cyprus),
although the coverage of the central Mediterranean has much improved since the
1990s (www.raptormigration.org, www.sunbird.it/ornitos/bibliography.htm). From
the available literature, we compiled counts from across the Mediterranean up to
and including the Black Sea region and the Middle East. There can be no doubt that
many more data are available in the grey literature, but this loss of data is probably
insubstantial as so few reports can be used given the lack of details (websites and
birding reports being particularly notorious).

With the advent of satellite tracking, real time journeys of Montagu’s harriers
became visible (Limiñana et al. 2007, Trierweiler et al. 2007a, Trierweiler & Koks
2009, chapter 5, 8), elucidating flight trajectories during migrations and on the
wintering grounds. Known migration routes via Iberia and Italy were confirmed,
and the one via the Aegean was clarified (chapter 6). Satellite telemetry also made it
possible to test the hypothesis of loop migration, as put forward by García & Arroyo
(1998), based on ringing results, and by Panuccio & Agostini (2006), using counts of
migratory raptors in the central Mediterranean. The satellite-tracked birds confirm-
ed the existence of loop migration, but, in contrast to earlier suggestions, the loop
was not performed by birds wintering in western Africa (for which outward and
return migrations follow the same path), but by birds wintering in the central Sahel,
i.e. those originating from more easterly European breeding grounds (chapter 6).
These birds show a westward displacement during spring migration, eventually
crossing the central Mediterranean between Tunisia and Italy on their way to the
breeding areas.

Here, we try to broaden our vista of migratory strategies by combining satellite
tracks with raptor counts across the Mediterranean (including Middle East and
parts of Asia) and estimates of the source populations. 

Methods

Estimates of breeding populations in Europe were taken from Mebs & Schmidt
(2006), updated for Poland (D. Krupiński pers. comm.) and Spain (B.E. Arroyo pers.
comm.), and mostly spanning the early 2000s.  Additional estimates were derived
from Puzović 2000, Kirwan et al. 2008 and BirdLife International 2004. Based on
directions taken by satellite-tracked and ringed Montagu’s harriers, for each
country, an estimate was made which proportion of breeding pairs used one of
several migration routes known from migration counts, ringing records and satellite
telemetry: Spain, Italy, the Aegean and the Middle  East (Missbach 1973, Speek &
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Table C.1 Estimates of population size per country (see methods). Percentages of breeding pairs
(BP) supposedly migrating via the different migration routes into Africa are given for each
pathway (via Spain = Iberia and Gibraltar, via Italy = central Mediterranean, via Aegean =
Greece and western Turkey, via Middle East = between Black and Caspian Sea, through Middle
East, fig. C.2B). These percentages are derived from ring recoveries and satellite telemetry (see
methods).

via Spain via Italy via Aegean via Middle East
% BP % BP % BP % BP total BP

Armenia 100 150 150
Austria 100 20 20
Azerbaijan 100 350 350
Belarus 50 2,000 50 2,000 4,000
Belgium 75 3 25 1 4
Bulgaria 100 150 150
Croatia 100 50 50
Czech Republic 100 100 100
Denmark 75 35 25 12 47
Estonia 50 70 50 70 140
Finland 100 5 5
France 90 3,600 10 400 4,000
Georgia 100 150 150
Germany 75 300 25 100 400
Greece 100 15 15
Hungary 100 275 275
Ireland 100 1 1
Italy 100 300 300
Latvia 50 50 50 50 100
Lithuania 50 200 50 200 400
Luxembourg 50 1 50 1 2
Macedonia 100 60 60
Moldova 100 5 5
Netherlands 75 35 25 12 47
Poland 15 600 85 3,400 4,000
Portugal 100 1,000 1,000
Romania 100 10 10
Russia (European) + 15 3,750 85 21,250 25,000
NW Kazakhstan
Serbia 50 2 50 2 4
Slovakia 50 25 50 25 50
Spain 100 6,500 6,500
Sweden 25 18 50 36 25 18 72
Switzerland 50 3 50 3 6
Turkey 100 500 500
Ukraine 50 500 50 500 1,000
UK 100 7 7

Pairs total (post-breeding) 11,503 1,617 10,580 25,220 48,920
Individuals (post-breeding)* 36,810 5,174 33,856 80,704 156,544
Percentage (post-breeding) 23.5 3.3 21.6 51.6

* Number of individuals = number of breeding pairs*2+number of breeding pairs*1.2 (see text)
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Figure C.2 (A) Satellite tracks of Montagu’s harriers (after Trierweiler & Koks 2009, chapter 5, 6, 8).
Dots represent satellite location fixes. Lines connect subsequent fixes but do not necessarily
depict the actual migratory route. Solid lines: autumn tracks (n = 26 individuals); dashed lines:
spring tracks (n = 13 individuals). Only one autumn and spring track per individual is shown,
tracks of the same individual during subsequent years are excluded. (B) Relative importance of
migration routes (via Iberia, central Mediterranean, Aegean and East Turkey/Middle East) based
on estimated percentage of individual Montagu’s harriers of the total European population
migrating during autumn migration (proportional bars, based on tab. C.1)



Speek 1984, García & Arroyo 1998, Fransson & Pettersson 2001, Wernham et al.
2002, Limiñana et al. 2007, Cepák et al. 2008, Trierweiler & Koks 2009, chapter 6, 8,
tab. C.1, fig. C.2A). For countries where no such information was available, an extra-
polation was made based on findings for the nearest country with published data on
ringing and satellite-tracking. This exercise provided a rough estimate of the number
of Montagu’s harrier pairs potentially using different sections of the Mediterranean
during migration. Numbers migrating in autumn were calculated by doubling this
estimated number of breeding pairs (male and female), and adding 1.2 young per
pair (a conservative estimate of the mean number of fledglings per breeding pair;
Trierweiler et al. 2006a), resulting in the estimated number of individuals. For
spring migration, lack of data prevented an assessment of the relative importance of
the eastern migratory routes (via Aegean, Middle East and Turkey).

We compared the calculated numerical distribution of autumn migration through
Spain, Italy, the Aegean and the Middle East with the relative abundance of
migrating Montagu’s Harriers at migration watch sites across the width of the
Mediterranean Basin. Ringtail harriers, mostly female and juvenile Montagu’s
harriers and pallid harriers Circus macrourus with some hen harriers C. cyaneus,
are hard to identify, explaining the varying proportion of unidentified harriers
Circus spp. per watch site. To calculate the average number of migrants per day, we
used the sum of Circus pygargus and unidentified Circus spp., because we presume
the majority of unidentified ringtails to have been Montagu’s harriers. We expressed
the daily migration volume for the main period of passage, i.e. 15 August up to and
including 15 October, averaged per watch site over the available years (for counts
used, see appendix C.1). This exercise was repeated for spring migration (main
period of passage: 15 March up to and including 15 May), to elucidate differences
with autumn migration, if any.

Results

Of the estimated annual total of more than 156,000 European Montagu’s harriers
heading for Africa, 23% were considered to fly via the westernmost route across
Spain, 3% via the Central Mediterranean region (Adriatic Sea and Italy), 22% via the
Aegean Archipelago and 52% via the eastern route of Georgia, eastern Turkey and
the Middle East (tab. C.1, fig. C.2B). Raptor counts show a similar spatial distribu-
tion of autumnal migrants (C. pygargus and Circus spp.), with high numbers
recorded for southern Spain and – especially – between 35ºE and 45ºE (Georgia,
eastern Turkey, Middle East). The intervening section, from Italy through the
Aegean Archipelago, showed a steady trickle of much smaller numbers in any one
place (fig. C.3A,C).

The situation during spring migration is much the same as in autumn, albeit with
a more pronounced passage across the Central Mediterranean (about ten times that
in autumn, but still small in comparison to the eastern route; fig. C.3B,D).
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Figure C.3 Daily numbers of Montagu’s harriers plus unidentified Circus spp. counted during
autumn and spring migration averaged over watch sites across the Mediterranean and
Black/Caspian Sea areas (see methods; for references and data see appendix 1). (A) Autumn counts,
(B) spring counts, (C) map of watch sites and autumn counts, (D) map of watch sites and spring
counts.



Discussion

Many of the European raptor species wintering in Africa rely on thermals during
migration and are known to avoid large sea crossings, concentrating at bottlenecks
on either side of the Mediterranean instead (Bijlsma 1987). Harriers nor falcons
abide this ‘law’, using active flight to cross the Mediterranean Sea and its hinterland
in a broader front, in the case of harriers greatly facilitated by their extremely low
wing loading (Spaar & Bruderer 1997, Meyer et al. 2000, Meyer et al. 2003, Bruderer
& Boldt 2001). Our analysis supports the notion of Montagu’s harriers crossing the
Mediterranean in broad corridors (chapter 6). In addition, the satellite tracks
revealed that the Aegean Archipelago is an important autumnal passage way for
eastern European Montagu’s harriers, much more so than hitherto appreciated (the
latter because of lack of data; Vaughan 1960, Vagliano 1985, Handrinos 1987). In
contrast to the islands in the Aegean, the Balearic Islands in the western Mediter-
ranean receive only a small share of migrating harriers, as indicated by radar obser-
vations (Meyer et al. 2000, Meyer et al. 2003). It is evident from satellite-tracked
birds that the majority of Montagu’s harriers using the western flyway do so via the
Gibraltar-Tarifa crossing or slightly to the east of it (www.seaturtle.org, chapter 6).
The crossing of the Aegean Archipelago may seem insignificant from visual observa-
tions of raptor migration, but it is – in contrast to the Balearics - numerically impor-
tant nonetheless. Autumn passage through Greece presumably does not differ much
from that through West-Turkey, where the rarity of Montagu’s harriers at bottle-
necks (notably Bosphorus and immediate environment) is to be regarded as an indi-
cation of migration on a broader front. Even in Georgia and eastern Turkey, where
Montagu’s harriers have been recorded in unprecedented numbers at bottlenecks
(Huber & Barbalat 1990, www.batumiraptorcount.org, Trierweiler et al. in prep.),
the numbers are still small compared to the population inhabiting the hinterland
(again, indicating migration over a wider front).

The importance of the Central Mediterranean pathway in spring has been known
for quite some time (Arnould et al. 1959, Thiollay 1975), and has been highlighted by
a multitude of censuses on islands off the Italian coast and in the Straits of Messina
(fig. C.2A-E, appendix C.1). Even so, this importance is still rather small compared to
the numbers using the flyway via the Middle East and eastern Turkey. The fact that
numbers passing daily in spring in the Central Mediterranean can be higher than at
Gibraltar-Tarifa is probably an artefact of the many watches in the central Mediter-
ranean being carried out on small islands. Islands perhaps attract passing Montagu’s
harriers from afar, and raptors are generally low-flying and highly visible after the
long flight across water. The incoming birds in the Gibraltar-Tarifa region cover a
wide front depending on wind direction, hence run a greater chance of being missed
during raptor counts (not to mention the poor coverage of spring raptor migration in
this region; Bensusan et al. 2007). A spring count from East-Turkey suggests that the
route via the Middle East/East-Turkey/Georgia may be of similar or higher impor-
tance than the Central Mediterranean route. More information on the importance of
this route, and especially the origin and goal of the birds that use the Middle East
and Aegean flyway in spring, should be collected.
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The main Mediterranean flyways, as depicted here, are the shortest water cross-
ings possible, i.e. ranging from 15-22 km in the west (Tarifa-Gibraltar to Morocco),
to 160 km in the centre (Cap Bon to Sicily, reduced to steps of 75–100 km when
intermittent islands like Pantelleria or Malta are used) or from Tunesia to Sardinia
(200 km), and up to 470 km in the east (170 km from southern Greece to Crete, then
300 km to Libya). Beyond these corridors, crossings are much wider, i.e. 700 km
between southern France and Algeria, 490 km between Northeast-Spain and Algeria
(with the Balearic Islands in between, at 190 km from the Spanish coast), and 600
km from southern Turkey to Egypt. Consequently, the choices of Montagu’s harriers
are in general not different from those made by nocturnal migrants (Bruderer &
Liechti 1999). This finding does not preclude the use of the widest sea crossings, as
evident from occasional observations of harriers at sea (Moreau 1953) and satellite
telemetry on Montagu’s harriers (fig. C.2A).

The available data do not allow an analysis of the migrations of Montagu’s
harriers breeding east of 55°E. This population is estimated at some 50,000 breeding
pairs (BirdLife 2009), but the margin of error in this estimate must be huge indeed
given the scarcity of quantitative data from much of this breeding range. Substantial
migration of Montagu’s harriers has been recorded along the eastern coast of the
Aral Sea and the southern Caspian Sea (Schüz 1959, Korelov 1962), which may end
up in East-Africa either by crossing the Arabian Peninsula (as shown by the passage
between Yemen and Djibouti; Welch & Welch 1989) or via the Middle East. The
harriers recorded migrating in the Syr-Darya and the Chokpak Pass in Kazakhstan
(Korelov 1962, Gavrilov et al. 2000) probably skirt the western Tien Shan and head
for India. Although the entire Indian Subcontinent is ascribed as a wintering region
for Montagu’s harriers, little information is available to substantiate such claims.
Large roosts of up to 2000 Montagu’s harriers have been recorded for Gujarat in NW
India (Clarke et al. 1998), and roosting numbers in Andhra Pradesh in Central India
ranged in the tens to several hundreds (Ganesh & Kanniah 2000). The relative impor-
tance of India as a wintering area compared to Africa is unknown.
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Appendix C.1 Average number of migrating Montagu’s harriers and unidentified Circus spp. per
day (in the main migration periods, see text) at different watch sites, with references. Spring
counts at Gibraltar denote daily averages for the periods before and after 1980 (no details
provided).

Country Site Year Season Source

Bulgaria Balcik + Burgas 1976 Autumn 16 Königstedt & Robel 1982 2.1
Bulgaria Burgas 1976 Autumn 29 Roberts 1979 0.2
Bulgaria Burgas 1978 Spring 29 Roberts 1979 0.5
Cyprus Cap Greco 2005 Autumn 42 Roth 2008 0.0
Djibouti NE 1985 Autumn 1 Welch & Welch 1989 6.0
Egypt Gebel el Zeit 1992 Spring 1 Grieve 1996 0.0
Egypt Gebel el Zeit 1994 Spring 1 Grieve 1996 1.0
Egypt Gebel el Zeit 1994 Spring 1 Grieve 1996 1.0
Egypt Suez 1981 Autumn 42 Bijlsma 1983 0.3
Egypt Suez 1984 Autumn 41 van Diggelen et al. 1987 0.3
Egypt Suez 1990 Spring 28 Meininger & de Roder 1992 0.4
Egypt Suez 1982 Spring 55 Wimpfheimer 1983 0.1
Egypt Suez 1981 Spring 5 Bruun 1985 0.0
Georgia Batumi 2008 Autumn 51 www.batumiraptorcount.org/raptormigraton.htm 164.7
Georgia Batumi 2009 Autumn 50 www.batumiraptorcount.org/raptormigraton.htm 88.2
Greece Lesbos 2002 Autumn 3 www.greenlesbos.com/dowloads.igration.pdf 0.0
Greece Lesbos 1995- Spring 7 www.greenlesbos.com/dowloads.igration.pdf 1.3

2000
Israel Beit Shean. Northern Valley 1990 Autumn 66 Alon et al. 2004 7.6
Israel Beit Shean. Northern Valley 1991 Autumn 66 Alon et al. 2004 9.3
Israel Beit Shean. Northern Valley 1992 Autumn 66 Alon et al. 2004 5.7
Israel Beit Shean. Northern Valley 1993 Autumn 66 Alon et al. 2004 7.0
Israel Beit Shean. Northern Valley 1994 Autumn 66 Alon et al. 2004 9.2
Israel Beit Shean. Northern Valley 1995 Autumn 66 Alon et al. 2004 4.1
Israel Beit Shean. Northern Valley 1996 Autumn 66 Alon et al. 2004 8.7
Israel Beit Shean. Northern Valley 1997 Autumn 66 Alon et al. 2004 5.9
Israel Beit Shean. Northern Valley 1998 Autumn 66 Alon et al. 2004 5.4
Israel Beit Shean. Northern Valley 1999 Autumn 66 Alon et al. 2004 4.9
Israel Eilat 1980 Autumn 62 Shirihai 1982 0.4
Israel Eilat 1994 Spring 62 Yosef 1995 0.7
Israel Eilat 1977 Spring 62 Christensen et al. 1981 0.5
Israel Eilat 1983 Spring 62 Shirihai & Christie 1992 1.6
Israel Eilat 1985 Spring 62 Shirihai & Christie 1992 0.9
Israel Eilat 1986 Spring 62 Shirihai & Christie 1992 0.3
Israel Eilat 1987 Spring 62 Shirihai & Christie 1992 0.7
Israel Eilat 1988 Spring 62 Shirihai & Christie 1992 0.4
Italy Adriatic Coast. 2003 Spring 15 Panuccio et al. 2004 3.9

Mount Capodarco
Italy Arenzano 1985 Spring 15 Baghino 1996 0.5
Italy Arenzano 1986 Spring 20 Baghino 1996 1.1
Italy Arenzano 1987 Spring 30 Baghino 1996 0.4
Italy Arenzano 1988 Spring 20 Baghino 1996 0.3
Italy Arenzano 1989 Spring 30 Baghino 1996 1.6
Italy Arenzano 1990 Spring 31 Baghino 1996 1.5
Italy Arenzano 1991 Spring 20 Baghino 1996 0.6
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Appendix C.1 Continued

Country Site Year Season Source

Italy Arenzano 1992 Spring 20 Baghino 1996 0.2
Italy Arenzano 1993 Spring 20 Baghino 1996 1.0
Italy Arenzano 1994 Spring 20 Baghino 1996 0.4
Italy Calabria. Monte Conello 1992 Autumn 30 Agostini & Logozo 1995 0.2
Italy Calabria. Monte Conello 1993 Autumn 30 Agostini & Logozo 1995 0.4
Italy Capri 1994 Autumn 30 Jonzén & Pettersson 1999 0.4
Italy Capri 1995 Autumn 43 Jonzén & Pettersson 1999 0.1
Italy Conero Promontory 1999 Spring 25 Gustin et al. 2002 1.1
Italy Marettimo 2003 Autumn 16 Agostini et al. 2004 0.2
Italy Messina 2004 Autumn 18 Panuccio et al. 2005 3.5
Italy Messina 1996 Spring 45 Corso 2001 16.5
Italy Messina 1997 Spring 45 Corso 2001 11.3
Italy Messina 1998 Spring 45 Corso 2001 7.7
Italy Messina 1999 Spring 45 Corso 2001 4.2
Italy Messina 2000 Spring 45 Corso 2001 20.0
Italy Messina 1984 Spring 26 Giordano 1991 5.5
Italy Messina 1985 Spring 26 Giordano 1991 1.2
Italy Messina 1986 Spring 41 Giordano 1991 0.1
Italy Messina 1987 Spring 41 Giordano 1991 1.0
Italy Messina 1988 Spring 42 Giordano 1991 1.1
Italy Messina 1989 Spring 38 Giordano 1991 2.4
Italy Messina 1990 Spring 46 Giordano 1991 6.1
Italy Monte Brisinghella 1992 Spring 30 Serra et al. 1995 1.0
Italy Monte Brisinghella 1993 Spring 30 Serra et al. 1995 1.7
Italy Pantelleria 2003 Autumn 19 Agostini et al. 2004 0.4
Italy Sardinia 2005 Spring 14 Premuda et al. 2007 0.4
Italy Ustica 2002 Spring 45 Panuccio & Agostini 2006 2.8
Italy Ustica 2004 Spring 45 Panuccio & Agostini 2006 3.2
Jordan Wadi Dana 1994 Autumn 15 Andrews 1996 0.3
Jordan Wadi Dana 1995 Spring 61 Andrews 1996 0.0
Lebanon Harissa 1968 Autumn 4 Nielsen & Christensen 1970 0.5
Lebanon Harissa 1969 Autumn 10 Nielsen & Christensen 1970 0.7
Malta Buskett 1998 Autumn 62 Sammut & Bonavia 2004 0.3
Malta Buskett 1999 Autumn 62 Sammut & Bonavia 2004 0.3
Malta Buskett 2000 Autumn 62 Sammut & Bonavia 2004 0.4
Malta Buskett 2001 Autumn 62 Sammut & Bonavia 2004 0.2
Malta Buskett 2002 Autumn 62 Sammut & Bonavia 2004 1.0
Malta Buskett 1969 Autumn 45 Beaman & Galea 1974 0.1
Malta Buskett 1970 Autumn 45 Beaman & Galea 1974 0.1
Malta Buskett 1971 Autumn 45 Beaman & Galea 1974 0.1
Malta Buskett 1972 Autumn 45 Beaman & Galea 1974 0.0
Malta Buskett 1973 Autumn 45 Beaman & Galea 1974 0.0
Malta Buskett 1969 Spring 42 Beaman & Galea 1974 0.8
Malta Buskett 1970 Spring 41 Beaman & Galea 1974 0.8
Malta Buskett 1971 Spring 41 Beaman & Galea 1974 0.3
Malta Buskett 1972 Spring 41 Beaman & Galea 1974 0.2
Malta Buskett 1973 Spring 41 Beaman & Galea 1974 0.0
Romania Macin 2002 Autumn 45 Domahidi et al. 2004 1.0
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Appendix C.1 Continued

Country Site Year Season Source

Spain Gibraltar 1976 Autumn 62 Bernis 1980 22.0
Spain Gibraltar 1977 Autumn 62 Bernis 1980 22.3
Spain Gibraltar 1974 Autumn 62 Bernis 1975 12.7
Spain Gibraltar 1972 Autumn 61 Berrnis 1974 28.0
Spain Gibraltar 1973 Autumn 53 Bernis 1974 2.2
Spain Gibraltar <1980Spring 1 Bensusan et al. 2007 8.7
Spain Gibraltar >1980Spring 1 Bensusan et al. 2007 9.4
Spain Gibraltar 2008 Spring 43 www.gonhs.org/SoaringBirds2008.htm 2.0
Tunisia Cap Bon 1974 Spring 29 Thiollay 1975. de Jong et al. 2009 4.5
Tunisia Cap Bon 1975 Spring 15 Thiollay 1977 3.1
Tunisia Cap Bon 1979 Spring 16 Dejonghe 1980 8.3
Tunisia Cap Bon 1990 Spring 62 Kisling et al. 1994 6.5
Tunisia Cap Bon 1991 Spring 51 Kisling et al. 1994 3.9
Tunisia Cap Bon 1992 Spring 51 Kisling et al. 1994 4.8
Turkey Arhavi 1976 Autumn 54 Andrews et al. 1996 15.6
Turkey Arhavi 1990 Autumn 5 Kok & Ongenae 1995 5.8
Turkey Belen Pass 1989 Autumn 3 Huber & Barbalat 1990 0.0
Turkey Belen Pass 1976 Autumn 39 Sutherland & Brooks 1981 4.5
Turkey Belen Pass 1963 Autumn 5 Cameron et al. 1967 0.4
Turkey Borcka 1980 Autumn 13 P. Heathcote in letter 2.7
Turkey Borcka 1978 Autumn 10 A. Broome & P.A. Doherty in letter 7.4
Turkey Borcka 1990 Autumn 8 Kok & Ongenae 1995 0.5
Turkey Borcka 1994 Autumn 12 Mrlík et al. 1995 0.8
Turkey Bosphorus 1931 Autumn 33 Steinfatt 1932 0.0
Turkey Bosphorus 1959 Autumn 18 Ballance & Lee 1961 0.0
Turkey Bosphorus 1966 Autumn 52 Porter & Willis 1968 0.0
Turkey Bosphorus 1980 Autumn 35 Somsag 1981 0.5
Turkey Bosphorus 1988 Autumn 12 Tucker 1989 0.2
Turkey Bosphorus 1971 Autumn 51 Beaman 1973 0.2
Turkey Bosphorus 1973 Autumn 23 Pedersen & Ollegaard 1974 0.2
Turkey Bosphorus 1937 Spring 39 Mauve 1938 0.0
Turkey Bosphorus 1965 Spring 23 Collman & Croxall 1967 0.0
Turkey Bosphorus 1978 Spring 14 Ritzel 1980 0.4
Turkey Bosphorus. Camlica 1990 Autumn 2 Bijlsma 1990 0.0
Turkey Bosphorus. Sariyer 1990 Autumn 2 Bijlsma 1990 0.0
Turkey Cildir 1989 Autumn 2 Huber & Barbalat 1990 57.5
Italy Marettimo 1997 Autumn 14 Agostini et al. 2000 0.4
Italy Marettimo 1998 Autumn 20 Agostini et al. 2000 0.3
Turkey Firtina River. Rize 1993 Spring 5 Faldborg 1994 12.6
Ukraine Crimea 2006 Autumn 6 Ouweneel 2007 3.5
Greece Porto Lagos 1987 Spring 62 de Nobel et al. 1990 0.9
Greece Antikythira 2006 Autumn 52 http://greekbirding.blogspot.com/2006/ 0.5
Italy Conero. Gradina del Poggio 2004 Spring 26 Premuda et al. 2008 3.5
Italy Monte dei Corvi 2004 Spring 26 Premuda et al. 2008 1.5
Italy Po Delta 2005 Spring 15 Premuda 2007 2.5
Italy Promontorio del Gargano 2003 Spring 11 Premuda 2004 0.7
Italy Capo d'Otranto 2003 Spring 10 Premuda et al. 2004 9.4
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140 Chapter 7

The ecology and population dynamics of migratory animals are influenced
by events that occur in different, often geographically distant places and
during different seasons. Conditions on the wintering grounds can
directly influence survival and even carry over to affect reproductive
success. Food availability plays a major role in the causation of non-
breeding season behaviours such as movement behaviours in the
wintering grounds. We studied the movement behaviours of a Palearctic-
African migratory raptor, Montagu’s harrier Circus pygargus in its
wintering grounds. Satellite telemetry indicates that northern European
Montagu’s harriers winter (September – March) in a narrow latitudinal
range of the Sudano-Sahelian Zone in West-Africa. Harriers visit on
average four home ranges during each winter that are at on average at
200 km distance from each other. Two out of 16 birds, however, remained
in the same region during the whole season, indicating the existence of
mixed wintering strategies. Home range size was in the same order of
magnitude as in the breeding areas. Most preferred habitats were mosaics
of diverse habitat types including high percentages of grassy vegetation
and cropland. Montagu’s harriers, birds of open landscapes in the
breeding areas, consequently occupy a similar niche year-round. The
main prey of Montagu’s harriers in the wintering areas are grasshoppers.
Grasshopper abundance in the field was related to vegetation greenness
(measured by the Normalized Difference Vegetation Index NDVI). This
measure of primary productivity was therefore used as proxy for food
availability. Highest grasshopper numbers were found in a relatively low
range of NDVI values (“optimal range”) representing open vegetation.
Harriers selected home ranges with NDVI values within this optimal
range throughout the dry season. The general seasonal decline in vegeta-
tion greenness was less pronounced in visited home ranges than outside
of these. This was most likely caused by the directed regional movement
behaviours of the harriers in on average SSW direction. We suggest that
Montagu’s harriers follow a “green belt” of optimal NDVI values through-
out their overwinter stay, which are linked to highest food availability.
Ecological conditions in the wintering areas have been shown to influence
spring migration phenology, survival rates and population changes in
several migratory bird species. It remains to be investigated whether
fitness consequences for Montagu’s harriers result from ecological condi-
tions in the wintering areas and from different wintering strategies. 

Abstract



Introduction

The ecology and population dynamics of migratory animals are influenced by events
that occur not only during different seasons, but often also in geographically distant
places (Greenberg & Marra 2005). Reproductive success of migrants is directly influ-
enced by effects operating during the breeding season, but also by pre-breeding
conditions and carry-over effects from previous seasons. Survival is affected year-
round, i.e. also during migrations and in the wintering grounds.

To understand the year-round ecology and effectively conserve a migratory
species, research and conservation on the breeding grounds alone is not sufficient
(Newton 2008). Environmental conditions in the winter quarters may directly influ-
ence non-breeding season survival, and also indirectly influence subsequent
survival and reproductive success via spring arrival date in the breeding areas, body
condition (individual level) or density-dependent processes (population level; Runge
& Marra 2005). Consequently, there is a clear need to understand ecological condi-
tions in the wintering areas of migrants. It has been suggested that food availability
plays a major role in the causation of wintering movement behaviours in migrants
and is thus important to study (Newton 2008). 

Among Palearctic-African migratory bird species, many raptor species have been
subject to detailed studies. Although relatively profound knowledge on breeding and
migration ecology of these species exists (e.g. Meyburg et al. 1998, 2004, Kjellén et
al. 2001, Hake et al. 2003, Limiñana et al. 2007, Trierweiler et al. 2007a, Gschweng
et al. 2008, Strandberg et al. 2008, 2009b, chapter 5, 6), their winter ecology has up
to now received little attention.

In the present study, we investigate spatial behaviours of a Palearctic-African
migratory raptor in the wintering grounds and test whether such behaviours are
influenced by environmental conditions, in particular food availability. We satellite
tracked Montagu’s harriers Circus pygargus. Montagu’s harrier breeding popula-
tions are vulnerable (European Birds Directive 79/409/EEC) and intensively
protected in many European countries (e.g. Koks & Visser 2002, Arroyo et al. 2004,
Trierweiler & Koks 2009, chapter 8). Montagu’s harriers spend ca. eight months per
year outside the breeding areas, of which ca. six months in the wintering areas
(chapter 6). The African wintering grounds of Montagu’s Harriers are arid and open
habitats located in the Sudano-Sahelian Zone of West-Africa, as well as in eastern
and southern Africa (Moreau 1972, Clarke 1996a, Trierweiler & Koks 2009, chapter
8). Ecological conditions in many West-African countries have changed dramatically
during the last decades, mostly due to degradation of natural and agricultural habi-
tats by an increasing human population pressure, as well as drought and climate
change (Thiollay 1989, 2006, Zwarts et al. 2009). Consequently, changing ecological
conditions on Montagu’s harriers’ wintering grounds are, next to bottlenecks on
breeding grounds and during migration, one of the potential reasons for the precar-
ious situation of the breeding populations.

The West-African Sahel and northern Sudan Zone (ca. 700 km wide) are charac-
terised by a long, severe dry season (October-May/June) with only 100 mm annual
rainfall in the North to 600–1050 mm in the South, caused by the seasonal shift of
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the Intertropical Convergence Zone ITCZ (Thiollay 1989, Mullié 2009a). During the
dry season (the northern winter), the vegetation is in general gradually desiccating,
starting in the North of this zone, where the dry season is longest, and proceeding to
the South.

It was supposed that in the diverse diet of Palearctic harrier Circus species
wintering in the Sahel, grasshoppers and particularly large migratory locusts usually
form the most important prey item (Thiollay 1989, Cormier & Baillon 1991, Arroyo
& King 1995). In years without migratory locust outbreaks, the picture may be quite
different. Several mainly sedentary grasshopper species, in particular Ornithacris
cavroisi, were identified as prey items of Montagu’s harriers wintering in Niger by
analysing pellets collected at small communal night roosts (ca. 60% of prey items
identified from pellets in January - February of 2006 and 2007, Trierweiler & Koks
2009, chapter 8). Other consumed prey items were e.g. mantids, beetles, birds and
gerbils. Grasshoppers also formed the bulk of prey items identified from pellets of
Montagu’s Harriers collected in Senegal in January - February 2008, with over 90%
of the prey items consisting of at least five grasshopper species of which O. cavroisi,
Acorypha clara and Diabolocatantops axillaris were the most important (Mullié
2009a). Non-migratory grasshoppers may be a much more reliable and predictable
food source than migratory ones (Moreau 1972, Clarke 2002). Thiollay (1989)
suspected that grasshopper numbers were highest in the northern Sahel Zone in the
beginning of the dry season, whereas peak grasshopper abundances in the middle
and late dry season were found in the more southern Sudan respectively Guinea
Zones. Thiollay (1989) supposed that this seasonal southward shift in peak abun-
dance of grasshoppers is tracked by a southward shift of acridivorous (grasshopper-
consuming) migratory birds (see also Mullié 2009a).

Satellite telemetry is a unique tool that allows testing whether habitat selection
and movement patterns of the acridivorous Montagu’s harriers are indeed related to
seasonal changes in environmental conditions caused by patterns of previous rain-
fall and the resulting patterns of grasshopper abundance in West-Africa.

The present study has three aims. The first is to investigate patterns of home
range use of Montagu’s harriers in West-Africa. Data were collected by satellite-
tagging 30 Montagu’s harriers in nine breeding areas in the Netherlands, Germany,
Denmark, Poland and Belarus and tracking their overwinter stay in West-Africa. The
second aim is to test whether Montagu’s harriers are selective in their habitat choice
(do they prefer certain habitat types over others?). We determine habitat types in
harrier home ranges using remote sensing data in the form of a readily classified
digital land cover map based on satellite imagery. The third aim is testing whether
any harrier dry season movements correlate with food availability. As no data on
grasshopper or other prey abundance covering the whole Sudano-Sahelian Zone
were available to us, we used vegetation greenness as a proxy for food availability,
because Montagu’s harriers often consume forbivorous (leaf-eating) grasshoppers
that depend on green vegetation. We tested whether harrier movements correlated
with the gradually desiccating conditions (decline in vegetation greenness) in the
course of the dry season. Vegetation greenness was analysed using images of the
Normalized Vegetation Difference Index (NDVI). NDVI has proven to be a mean-
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ingful measure for ecological conditions in studies on migrants before (Szep & Møller
2005, Balbontín et al. 2009, Rasmussen et al. 2006, Pettorelli et al. 2005). We first
investigated whether NDVI correlated with grasshopper abundance determined in
the field. Various authors (summarized in Maiga et al. 2008) have shown already
that the low resolution (8 km) but highly replicated NDVI data can successfully be
applied to identify areas suitable for grasshopper development. We expect that
harriers select a certain (optimal) range of NDVI values, which is related to high food
availability, and that this selection results in differences in vegetation greenness
within and outside visited harrier home ranges. 

Methods

Satellite tracking
We fitted 30 Montagu’s harriers (20 females, 10 males; 23 adults, 7 juveniles) from 9
breeding areas across NW- and NE-Europe with satellite transmitters during 2005-
2009 (Netherlands, Germany, Denmark, Poland, Belarus; details: chapter 6). We used
solar satellite transmitters of 9.5 g or 12 g weight (PTT-100 series, Microwave Tele-
metry Inc., Columbia, MD, USA; details: chapter 6). 

For the different analyses, two filtered datasets were created. The first dataset (1)
was a graphically filtered daily set with high temporal resolution, used for analyses
of temporal movement patterns. Only the highest quality signal (indicated by ARGOS
Location Class) for every day was selected (Fuller et al. 1998, Strandberg et al. 2008,
box B). We checked for outliers by plotting date vs. latitude and date vs. longitude.
4,482 positions of the total 20,171 positions covering the whole annual cycle
remained. In this study, we used the 2,879 fixes representing 31 wintering periods
(in four different winters) of 22 birds. Of these, the “most complete” 23 tracks of 16
individuals showed no or few periods without satellite signals of >8 days.

The second dataset (2) was a strictly filtered daily set with a lower temporal
resolution but higher spatial reliability than set 1. The set was filtered by The
Douglas Argos-Filter (http://alaska.usgs.gov), using a hybrid filtering procedure of
Minimum Redundant Distance (MRD, threshold set at 2 km) and constraints pre-
venting overly large travel distances and overly small angles (Distance, Angle and
Rate of travel, DAR). This set was used for spatial analyses (home range calcula-
tions). It consisted of 3,898 localisations for the whole annual cycle, of which 2,460
corresponded to 127 winter home range visits of 22 birds. Visits could be more than
one time to the same home range (within the same winter and also in different
winters).

Identification of wintering areas
Arrival in the first visited winter home range was defined in dataset 1 as the begin-
ning of the first stay of >1 day in the same local area south of the Sahara (south
18°N). To determine the location of the first as well as all subsequent home ranges
during one season, average latitudes and longitudes were averaged over at least two
consecutive positions south of the Sahara that did not deviate more than 0.1 decimal
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degrees (see chapter 6, appendix 6.3; box B). The resulting average position
(geographical centre of the home range) was the reference point for arrival. When
the bird was within a 40 km radius of this geographical centre, we assumed that it
had arrived in that home range (appendix 7.1, Box B). The home ranges assigned in
dataset 1 were imported into dataset 2. Only fixes within a home range (staging
days) were used in spatial analyses.

Home range contours and winter movement patterns
Localisations within each home range were taken from dataset 2 and loaded in ESRI
ArcMap 9.3.1 (ESRI Inc.) software. We calculated kernel home ranges using Likeli-
hood Cross Validation (CV) to estimate smoothing parameter h (box D). When the
dataset contained plausible outliers, we used Least Squares Cross Validation (LSCV)
to estimate h, a method more robust to outliers than CV. To check the reliability of
home range sizes calculated from satellite telemetry data, we compared breeding
home ranges from satellite telemetry and ground radio-tracking (box D). The average
50% kernel breeding home range size derived from satellite data (51 ±9 km2) was of
similar size as the 90% kernel estimates of breeding home ranges in the Netherlands
derived from ground radio telemetry (34.9 ±3.8 km2 , chapter 3). The average 90%
kernel breeding home range size from satellite data was tenfold larger: 250 ±49
km2. Whereas radio ground tracking may be liable to underestimate home range size
because of low detection probability of the bird near the outer home range contours,
satellite tracking may be liable to overestimates because of the relatively large error
estimates of satellite fixes (on average 1.7 km in our dataset, but see chapter 9). We
did consequently not draw strong conclusions on absolute winter home range size.
These home ranges are at this time the best available indications of the birds’
whereabouts; as home ranges are based on a number of satellite fixes, we think they
are more reliable and more suitable for studies of habitat selection than the use of
single fixes, which may be prone to considerable error (box D). No fine scale conclu-
sions can be drawn.

The smoothing parameters CVh and LSCVh were calculated with Animal Space
Use 1.3 software (Horne & Garton 2006, 2007). With Hawth’s Analysis Tools 3.27
(www.spatialecology.com), 90% home range contours were generated. For home
ranges with n <15 fixes, data points were buffered with 1.7 km (the average loca-
tion error estimate over the whole dataset) instead of calculating a kernel home
range (referred to as “buffered fixes” in the following; box D). The total wintering
range per individual was calculated as Minimum Convex Polygon (MCP) using
Hawth’s Tools over all localisations during one season (“track MCP”). A MCP
including 100 % of data of all individuals was used as a proxy for the species’
regional wintering range (“all MCP”). These MCPs were buffered with 1.7 km.

Distances and directions between two wintering areas were calculated using
loxodromes between the geographical centres of the two areas (Alerstam et al. 2006).
Dates were transformed to day numbers by subtracting 1 January 2005 of the data
from winter 2005/2006, 1 January 2006 from the data of 2006/2007 etc.
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Spatial analyses of habitat use in relationship to habitat type and
green vegetation
Proportions of different habitat types within the home ranges of Montagu’s harriers
were calculated using digital maps of land cover and NDVI in ArcMap (see below).
These were compared to the total range of that individual (track MCP) and of all
individuals (all MCP) with compositional analyses (Aebischer et al. 1993).

LAND COVER:
For the whole of West-Africa, habitat types were determined using the GlobCover
land cover dataset V2.2 (ESA GlobCover Project, led by MEDIAS-France) based on
satellite scenes from 2004–2006, with a resolution of 300 m. Home range polygons
were intersected with this map. In compositional analyses, habitat selection was
tested by comparing the home range surface area occupied by each habitat type to
the surface area of habitat available at different scales (Aebischer et al. 1993). Avail-
ability of the different habitat types was defined as follows: for the track MCPs from
the species’ regional wintering range (all MCP) and for 90% kernel home ranges by
the corresponding track MCP (broad view of resource use; Sunde & Redpath 2006).

NDVI:
Values of the NDVI range between 0 and 1. Ten day (decadal) NDVI composite
pictures with a resolution of 8 km were used:
(US Geological Survey, http://igskmncngs600.cr.usgs.gov./adds/).
First, we related grasshopper counts to NDVI. Grasshoppers were counted by
observers walking along line transects (846 ±38 m length, n = 328 transects, Niger
and Benin, January – February 2007, Trierweiler et al. 2007b, Trierweiler & Koks
2009, chapter 8) in natural and agricultural habitat types, ca. 1.5 m left and right of
the observer. We intersected polygons representing these transects with NDVI raster
maps in Arcmap. NDVI values were related to the number of grasshoppers >3 cm
length (smaller grasshoppers were assumed not to be an important food source for
harriers) counted in each transect (grasshopper abundance per meter transect
counted).

Next, NDVI within 90% kernel / buffered fixes home ranges was determined. An
average NDVI value for each wintering season decade was calculated for each home
range that was visited at least once in that winter, using raster statistics in ArcMap.
The value was calculated for decades when the harrier was actually present in the
home range and when it was not. Data from home ranges before the harrier arrived
or after it left the wintering range were deleted. Furthermore, NDVI values were
calculated for 158 randomly drawn points in the wintering range (all MCP). The
points were buffered with 1.7 km.

The difference of NDVI in a home range at time t (a given decade when the bird
was present in a given home range) and at time t-1 (the previous measurement of
that bird, at least one decade earlier) was calculated (hereafter referred to as Δ NDVI)
for all home ranges / decades with harriers present. Each Δ NDVI value was assigned
a movement score: either the harrier stayed in the home range or moved to a new
home range. 
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Statistical analyses
Temporal patterns of home range use and patterns of NDVI values were analysed in
multilevel random intercepts regression models in MLwiN 2.02 (Institute of Educa-
tion). Circular statistics and Rayleigh’s test were produced in R (package circular,
Lund & Agostinelli). Compositional analyses were carried out in R (package
adehabitat, function compana, Calenge 2006). Other statistical tests were run in
SPSS version 16.0 (SPSS Inc.).

Results

Temporal and spatial patterns of winter home range visits
The wintering range of NW- and NE-European satellite tagged Montagu’s Harriers
was between 9.9°N – 17.4°N and between 16.9°W – 15.7°E (fig. 7.1A,B).  The average
number of home ranges visited during one winter was 4.0 ±0.7 (most complete 23
tracks of 16 individuals selected, 2006-2009). A typical example of home range visit
patterns is shown in fig. 7.1C. One adult female used only one home range, another
female used only two in very close vicinity (<50 km separated) during one winter.
The maximum number of 12 home ranges during one winter was visited by an adult
female. The average distance between the geographical centre of home ranges was
208 ±34 km (n = 16 birds). In five out of 25 tracks, the same home range was visited
two (n = 6 home ranges) or three (n = 2 home ranges) times within the same season.
On average, each single home range visit took 45.1 ±5.7 days (n = 78 home range
visits). The longest visit in one home range took 181 days (the only home range
visited by an adult female during one winter).

The average direction between geographical centres of subsequently visited
home ranges was 207 ° (South-Southwest) and deviated significantly from random
(Rayleigh test, rho = 0.21, n = 75, p = 0.03). Larger distances tended to be moved
earlier in the season (two-level regression, Wald χ2 [distance moved] = 2.98, df =1,
p = 0.08). The latitudinal position of all birds was significantly related to day
number (fig 7.1B).

Habitat selection in the winter quarters 
A list and description of habitat types and a table of surface areas available in the
species’ regional wintering range (“all MCP”) is included in appendix 7.2. The
comparison of habitat use in track MCPs with the regional wintering range showed
that habitat use deviated significantly from random (compositional analysis,
randomisation test: λ = 0.00003, n = 31 tracks, 24 habitat types, p = 0.001, see fig.
7.2A,B). The habitat type “mosaic grassland, shrubland, forest, cropland” was not
only the most available category in the regional wintering range (14.7%), but it was
ranked as most preferred habitat type within track MCPs. Habitat types that were
selected over most others were furthermore “mosaic forest, shrubland, grassland”,
“open grassland”, “sparse vegetation”, “rainfed croplands”, “grassland, savannas”,
“mosaic cropland, grassland, shrubland, forest”, “bare areas” and “water bodies”.
Least favoured habitat types were “open forest/woodland”, “mosaic grassland, forest,
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Figure 7.1 (A) Satellite location fixes (triangles) of staging Montagu’s Harriers in the West-African
wintering areas (2005 – 2009). The digital map is a NDVI map (resolution: 8 km) of the first decade
of January 2007, as an example. The continuous NDVI values (0–1) have here been grouped into
five categories representing different greenness. (B) Average monthly latitudes over satellite fixes
of all tracked birds (2005 – 2009, two-level regression, Wald χ2 [latitude] = 18.49, df =1, p<0.0001,
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(C) Movements of a satellite tracked adult Dutch/German Montagu’s harrier female during three
subsequent winters. Circles represent satellite location fixes (black: 2006/2007, grey: 2007/2008,
white: 2008/2009), lines connect subsequent location fixes. Numbers indicate order of visits of the
three home ranges.
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shrubland”, “sandy desert”, “closed forest or shrubland flooded”, and “broadleaved
evergreen or semi-deciduous forest” (fig 7.2B).

Comparing habitat composition of 90% kernel and 1.7 km buffered fixes home
ranges with the habitats available in the corresponding 100% track MCPs, habitat
use also deviated significantly from random (λ = 0.293, n = 121 home ranges, 13
habitat types, p = 0.01). “Mosaic cropland, grassland, shrubland, forest” (in varying
proportions) was ranked as most preferred habitat type (fig. 7.2C). This habitat type
was not significantly different from “grassland, savanna”. Other habitat types were
not preferred.

Correlations of harrier dry season movements with vegetation greenness
Grasshopper abundance in transect counts correlated with NDVI (fig. 7.3).
Maximum grasshopper (>3 cm length) abundance in Niger and Benin (January –
February 2007) occurred at NDVI values between 0.180 and 0.259 (in the lower
range of NDVI values for open vegetation, in the following referred to as “optimal
range”). The presence of a relationship between grasshopper abundance and NDVI
indicates that NDVI may be used as a suitable proxy for food abundance for
grasshopper-consumers like Montagu’s harriers. 

Greenness in home ranges where a Montagu’s harrier was present differed
significantly from greenness outside these areas; furthermore, the seasonal decline
in greenness was significantly less pronounced in visited home ranges than outside
these home ranges (tab. 7.1). The fitted curves (fig. 7.4) show that average NDVI
values in visited home ranges were within the predicted optimal range of relatively
open vegetation, correlating with high abundance of grasshoppers, during the major
part of the season. On average, harrier movements between home ranges resulted in
a positive difference in NDVI values (fig. 7.5), whereas seasonal changes in the Sahel
cause on average decreasing NDVI values throughout the dry season (fig. 7.4). This
indicates that the harriers select new home ranges in order to maintain optimal
vegetation greenness. In the first part of the dry season, harriers were able to reach
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Figure 7.2 (left) (A) 100% MCP of all fixes of satellite tracked Montagu’s harriers in West-Africa
(regional species wintering range, “all MCP”, black outline) with 100% track MCPs (grey) and 90%
kernel home ranges and buffered fixes (black dots, drawn larger than actual size). (B) Percentage
surface area of available habitat types in “all MCP” (description see appendix 7.1, based on digital
map GlobCover landcover V2.2) compared to percentage within track MCPs (i.e. the selection of
the harriers; surface areas 3,000,000 km2 respectively 1,000,000 km2). Habitat types are ordered
from top to bottom according to descending rank in compositional analysis (rank 1: most
preferred, last rank: least preferred). Asterisks indicate the cluster of habitats that was preferred
over the other habitats (α = 0.05). Note that the compositional analyses are based on the propor-
tional use of habitat types per track (not overall) compared to the habitat available. Selection can
thus be significantly positive even though the total used percentage presented in the figure is
smaller than the percentage available. (C) idem for habitat types available in track MCPs
compared to 90% kernel and buffered fixes home ranges (surface area 13,000 km2). Habitat cate-
gories that had zero surface areas in track MCPs were omitted from this analysis, the remaining
categories were grouped to avoid a large number of zero occurrences. 
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Figure 7.3 NDVI vs. average abundance of grasshoppers >3 cm length (number/meter transect
counted) in January – February 2007 in Niger and Benin (Spearman correlation on ungrouped
data: R = 0.23, n = 328, p<0.0001). The light grey rectangle indicates the range of NDVI values
with highest grasshopper abundances. To determine this range, a cubic curve was fitted to the
averages over 0.01 NDVI bins (dotted line; y = –3E-06x3 – 8E-05x2 + 0.003x – 0.007, R2 = 0.20,
p = 0.3). Although this fit was not significant, the highest part of the curve was useful to identify
the NDVI range (0.180 – 0.259) in which significantly higher numbers of grasshoppers were
encountered than at either lower or higher NDVI values (Mann-Whitney U test of grasshopper
counts within and outside the identified range: U = 9092.0, n = 328, p<0.0001).

Table 7.1 Significance of random and fixed effects in a three-level regression model with
y = lg10(NDVI * 250 + 0.375). Here, home ranges where the harrier was absent and random points
in the wintering range were grouped as “absent”.

beta s.e. chi df p
squared

random
winter ID 0.001 0.002 0.7 1 0.4
bird ID 0.011 0.002 24.7 1 <0.0001
home range ID 0.042 0 7192.7 1 <0.0001

fixed
constant 1.869 0.026 5288.1 1 <0.0001
harrier presence (absence = reference category) –0.042 0.018 5.7 1 0.0200
decade –0.014 0 2881 1 <0.0001
harrier presence/absence*decade 0.005 0.002 8.7 2 0.003

n = 14.456



home ranges with a much higher NDVI than their previous home range, whereas in
the second half of the dry season, when NDVI values are generally low, differences
were smaller (fig. 7.4, 7.5).

Discussion

Temporal and spatial patterns of winter home range visits
Satellite telemetry shows that NW- and NE-European Montagu’s harriers winter in
a relatively narrow belt of the Sudano-Sahelian Zone in West-Africa. Opposed to
earlier hypotheses of nomadic movements of Montagu’s harriers in the wintering
quarters (e.g. García & Arroyo 1998), this study shows that individuals chose a small
number of home ranges. The average surface area of 90% kernel winter home ranges
was of similar size as breeding home ranges based on satellite telemetry data
(winter: 158 ±18 km2, n = 68, breeding: 250 ±49 km2, n = 11). We conclude that
familiarity with relatively small areas within the wintering range is relevant or
convenient for Montagu’s harriers.

The home ranges that were visited in the beginning of the overwinter stay were
in general more northern than later visited home ranges. Montagu’s harriers showed
a directed movement of on average ca. 650 km SSW during the dry season between
their subsequent home ranges. If the birds followed retreating greenness (see here-
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after), which occurs along a North-South axis, movements to the South would be
expected. Often prevailing strong NE trade winds (Harmattan) in the Sahel,
however, may result in the SSW shift. In the following, we investigated whether the
selection of home ranges was related to habitat characteristics and whether move-
ment patterns were related to seasonal changes in habitats and food abundance.

Habitat selection in the winter quarters
We investigated habitat selection at two scale levels. One was that of selecting an
individual Montagu’s harrier’s wintering range (average size 32,000 ±6,500 km2)
out of the species’ regional wintering range (“all MCP”; 3,000,000 km2). The second
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was the choice of home ranges (average size 158 ±18 km2) within the individual’s
wintering range. Montagu’s harriers are birds of open landscapes in the breeding
areas and prefer open habitat types also in the wintering areas. They can therefore
be classified as niche followers, occupying a similar niche throughout the year
(Salewski & Jones 2006 and references therein). The most important winter habitat
types for the harriers appear to be mosaics of herbaceous vegetation (grassland,
savanna) and cropland in varying proportions, potentially interspersed with shrub-
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Table 7.2 Significance of random and fixed effects in three multilevel regression models with
y = lg10(NDVI * 250 + 0.375), according to presence / absence of bird respectively type of area.

Absent from home range   n = 1737
beta s.e. chi squared df p

random
winter ID 0.001 0.002 0.558 1 0.455
bird ID 0.014 0.003 27.266 1 < 0.0001
home range ID 0.009 <0.001 837.538 1 < 0.0001

fixed
constant 1.140 0.029 1533.267 1 < 0.0001
1/daynumber 204.633 4.872 1763.881 1 < 0.0001

Random 1.7 km buffered points   n = 12166
beta s.e. chi squared df p

random
winter ID 0.001 <0.001 1.843 1 0.175
home range ID 0.047 0.001 6063.457 1 < 0.0001

fixed
constant 1.216 0.016 5816.596 1 < 0.0001
1/daynumber 178.146 3.511 2574.192 1 < 0.0001

Present in home range   n = 553
beta s.e. chi squared df p

random
winter ID 0.003 0.003 0.941 1 0.332
bird ID 0.013 0.003 23.227 1 < 0.0001
home range ID 0.007 0.000 245.860 1 < 0.0001

fixed
constant 1.011 0.178 32.200 1 < 0.0001
daynumber 0.005 0.001 26.469 1 < 0.0001
daynumber^2 <0.001 <0.001 36.067 1 < 0.0001



land and forest. The preference for mosaic habitat types may indicate that heteroge-
neous habitats are preferred over homogeneous ones. This would be in line with the
theory that Palearctic migrants in the Sahel generally prefer structurally diverse
habitats (Salewski & Jones 2006 and references therein). High or dense forests,
flooded habitats and sandy desert were habitat types that were least preferred. This
is in line with results from fieldwork in Niger (January – February 2007), where
Montagu’s harriers were shown to avoid high tree densities and prefer grassland
and shrubland, possibly interspersed with trees, as well as some mosaic cropland
habitat types (unpublished data). Cropland may be attractive for harriers during
regular cultivation but also, and maybe especially, when it is fallow land.  Fallow
land can be seen as a natural habitat in the early stages of vegetation succession and
represents an ideal habitat for many grasshopper species: In Khelcom, central
Senegal, for instance, deforestation of a sylvo-pastoral reserve (55,400 ha) and
subsequent partial cultivation with a fallow cycle and partial natural succession
(1991–2004) resulted in a varied grasshopper community. More than 38 grasshopper
species were reported and many acridivorous bird species were attracted, including
Montagu’s harriers (Mullié & Gueye 2009, Mullié 2009b). 

Relationship of grasshopper abundance and vegetation greenness
We expected that the southward shift of Montagu’s harriers is related to the avail-
ability of grasshoppers, their main prey (Thiollay 1989, Mullié 2009a). Grasshoppers
in the Sahel and Sudan zones can be divided into species groups showing different
life history strategies, related to rainfall and vegetation development (Lecoq 1978,
Launois-Luong & Lecoq 1989). Locally, where conditions remain favourable during
the dry season, grasshoppers with continuous reproduction occur. Thus far, such
species have not been shown to be of major importance as Montagu’s harrier prey
(Mullié 2009a).

Species laying diapausing eggs, such as Acorypha glaucopsis, are becoming rare
in November and are absent from December/January until the eggs hatch after the
first significant rains of the next rainy season (Mullié & Gueye 2009). Montagu’s
harriers may prey upon these species only in the beginning of their overwinter stay
in the Sahel, and many remains of A. glaucopsis have indeed been found as prey
(WCM own obs.). Oedaleus senegalensis, a grasshopper species considered as the
most important grasshopper pest to Sahelian agriculture (Cheke 1990) and often the
dominant species of the grasshopper community, shows considerable movements
from the northern Sahel to the South at the end of the rainy season in September-
October (Maiga et al. 2008), coinciding with the first wave of Montagu’s harriers
moving in a SSW direction from their first home range. It is tempting to suggest a
causal relationship between O. senegalensis and harrier movements, as has been
found in Niger for the Abdim’s Stork (Petersen et al. 2008). Information on harrier
prey remains in the northern Sahel, however, is currently lacking, and visual obser-
vations of harriers taking O. senegalensis are yet rare.

Of definite importance as prey for Montagu’s harriers are grasshoppers with
diapausing adults. To this group belong Ornithacris cavroisi and Acorypha clara.
These species lay eggs after the first rains and develop into adults at the end of the
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rainy season. As they are present as adults during the dry season, they form the
most important prey species of all grasshoppers for acridivorous birds found in the
Sahel. Most of these species have an either forbivorous or forbivorous-graminivo-
rous diet. To the first group belongs A. clara (Launois-Luong & Lecoq 1989), to the
second O. cavroisi (Chapman 1964). Although forbivorous grasshoppers may find
food even in relatively dried out conditions, a relationship of adult densities of these
species with vegetation greenness is likely when they occur in evergreen shrubs.
Some species, however, are also - or predominantly - found in areas dominated by
Gramineae with only very scattered green vegetation, unlikely to show on satellite
imagery. Within the group of grasshoppers with diapausing adults, the relationship
of adult densities with vegetation greenness during the dry season may conse-
quently depend on the species and its ecological requirements.

Grasshopper species identified during fieldwork in Niger 2007 were a.o. Acan-
tacris ruficornis, A. clara and O. cavroisi (Trierweiler et al. 2007b, Trierweiler &
Koks 2009, chapter 8). Grasshopper abundance measured in the field correlated with
vegetation greenness (NDVI), presumably because of the dominance of O. cavroisi.
We could show this relationship even though grasshopper abundance was measured
in transects of on average several hundred m length (spread over more than 1000 km
from east to west), whereas NDVI maps were of much lower resolution (8 km). It is
thus reasonable to use NDVI in our study as the currently best available proxy for
food abundance. Highest numbers of grasshoppers in the field were associated with
a relatively low range of NDVI values, representing open vegetation, as the
mentioned grasshopper species occur mainly in open landscapes.

Vegetation greenness within and outside of home ranges
Habitats in the first visited winter home ranges of Montagu’s harriers, mostly situ-
ated in the North of the wintering range, comprised relatively open or sparse vegeta-
tion types of the northern Sahel Zone, with a relatively low greenness (fig. 4). NDVI
in harrier home ranges in the beginning of the dry season was consequently within
the “optimal” range of grasshopper availability we identified from field data,
whereas average NDVI over random areas and in home ranges where the harrier
was absent were above that range. There are at least two possible explanations for
the staging behaviour in the northern Sahel. First, the harriers face an energetic
bottleneck after the energy demanding crossing of the Sahara desert and are forced
to stage in the first suitable area they encounter on their way to their final destina-
tions. Their stay can be interpreted as a stopover and their further movements
within the wintering range as a continuation of autumn migration. Second, the
harriers stage in the northern Sahel zone because they encounter attractive habitat.
In this view, the staging behaviour may not be forced upon the birds by immediate
energetic constraints, but be more adaptive than continuing directly to more
southern destinations. Vegetation in the South may at that time of the season not
harbour as many grasshoppers, or it may be too lush to be favourable for hunting
harriers: dense vegetation cover and high vegetation height may result in relatively
low prey availability for harriers (Simmons 2000). The idea of an “optimal” range of
vegetation greenness suggests that the latter hypothesis is more plausible.
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Whereas NDVI in subsequently visited Montagu’s harrier home ranges remains
relatively stable in the first part of the dry season, NDVI outside the visited home
ranges declines strongly (fig. 4). The pattern of greenness in subsequently visited
home ranges thus deviate from the general seasonal pattern throughout the Sahel.
This effect is not caused by home ranges being in themselves different from random
areas: the seasonal pattern of greenness in non-visited home ranges was similar to
random areas. This strongly suggests that the birds move to home ranges, which
they select according to food availability linked to vegetation greenness. Large posi-
tive differences in greenness between subsequently visited home ranges only
occurred in the beginning of the season, when the range of available greenness was
still large. It is in line with this observation that harriers tended to move larger
distances earlier than later in the season.

Harriers are regularly present in areas with NDVI values above or below the
presumed optimal range of high food availability, showing that this range represents
no strict thresholds. This may be explained by a seasonal shift in the optimal range
or geographical/habitat differences in this range, which can be expected due to
large habitat and seasonal differences throughout the Sahel during the dry season.
Behavioural flexibility of the birds may be another explanation, as the raptors may
feed to a higher extent on alternative prey such as birds or reptiles at NDVI values
lower or higher than the optimal range. An indication for the relevance of the
optimal range is, however, that Montagu’s harriers left the Sahel before average
greenness in visited home ranges declined below the optimal range (which happened
in the first decade of April, fig. 4): Average onset of spring migration was on 29
March (chapter 6). 

Our findings support the view that January to March are months when
grasshopper-consuming birds face limited food supplies in the Sahel (Brouwer et al.
2003, Mullié 2009a). By their movements, harriers may overcome these constraints
to a certain extent or length of time. From the beginning of April onwards, however,
even harriers may be confronted with low greenness within the habitat types that
are available to them, and consequently low food supplies. The preparation for the
energy-demanding migration (e.g. acquiring body reserves) may be difficult when
food supplies become limited. 

Following the “green belt” of optimal vegetation greenness
Our results indicate that the regional movements of wintering Montagu’s harriers in
the Sahel are indeed driven by dry-season habitat changes and related changes in
food availability. We propose to explain the observed movement patterns of harriers
by following a “green belt” of predictable and reliable (grasshopper) food availability
linked to vegetation greenness, which is shifting southward during the dry season,
caused by patterns of previous rainfall, in turn caused by patterns of a shifting ITCZ.

Montagu’s harriers wintering in West-Africa do not show itinerancy (Jones
1995). As the harriers move between home ranges that are on average 200 km sepa-
rated, it can be concluded, however, that they track food availability on a large scale.
Other migrant species have been shown to track food availability on such large
scales, e.g. wildebeest Connochaetes taurinus (Holdo et al. 2009). In birds, it has
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been shown that migrants’ numbers in a certain wintering site may correlate with
food availability, which was explained by extended migrations during the wintering
period (yellow wagtail Motacilla flava: Wood 1979; yellow-rumped warblers
Dendroica coronata: Terrill & Ohmart 1984). Experiments revealed that these
extended migrations may be triggered by food deprivation: in garden warblers
Sylvia borin, food deprivation during the wintering period enhanced nocturnal
(potentially migratory) activity (Gwinner et al. 1985, 1988). In outbreak years,
Montagu’s harriers may track exceptional high densities of alternative prey species
instead of seasonal grasshopper availability: Montagu’s harrier densities in some
Senegalese areas were much higher in a migratory locust (Schistocerca gregaria)
outbreak year than in a recession year (Baillon & Cormier 1993); exceptional high
densities of Montagu’s harriers were observed during a small mammal outbreak in
the Ethopian wintering area (C. Magin cited in Trierweiler & Koks 2009, chapter 8).

Mixed wintering strategies
Montagu’s harriers’ regional movement strategy during the wintering season points
towards seasonal shifts in food availability, and their between-year site faithfulness
to at least a subset of their winter home ranges (chapter 6) points towards relatively
constant food availability between years (Terrill 1990). Surprisingly, two out of 16
tracked birds (13%) used only a single home range (respectively two in close vicinity)
in the wintering range. The home range of one of these two birds remained rela-
tively green throughout the season. A visit to this home range revealed a diverse and
rich savanna surrounded by farmland habitats at this place in W-Mali. The two
home ranges of the other bird in S-Mauritania, however, decreased in greenness to
NDVI values representing very sparse vegetation. It could be that harriers staying
the whole season in one home range switch between differentially available prey
types. 

Potential fitness consequences
Effects of ecological conditions in the wintering areas may carry over to the
breeding season migratory bird species: Better ecological conditions in the wintering
areas (measured by higher NDVI values) advance migratory phenology in several
bird species (Balbontín et al 2009, Gordo & Sanz 2008). Variation in food availability
(or primary productivity or rainfall as proxy for food availability) in the wintering
areas has been shown to contribute to survival rates or even breeding success or
population change in many long-distance migratory bird species (Bairlein &
Henneberg 2000, Schaub et al. 2005, Grande et al. 2009, Peach et al. 1990, Szép 1995,
Saether et al. 2006, Eraud 2009, Norris et al. 2004, 2007). Whether influences of
ecological conditions in the wintering grounds carry over to the breeding season and
influence population changes remains to be investigated in Montagu’s harriers.

Acknowledgements
Thanks to Jorna Arisz, Eelke Folmer, Edwin van Hooff, Leo Zwarts and Jan van den Burg for help

with the GIS analyses. Special thanks to David Douglas for filtering the satellite data and many

useful advices. Thanks to Lars Rasmussen, Henning Heldbjerg, Kasper Thorup, Michael Clausen,

157Montagu’s harrier’s winter movements
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Appendix 7.1 

Determination of a threshold for arrival in a home range
A histogram of daily distances that satellite-tracked Montagu’s harriers covered
during wintering in the Sahel (in km/day) showed two distinct peaks (presumably
representing two mixed normal distributions; fig. A7.1.1, box B). One peak was close
to zero, the other around 110 km/day. Assuming that values close to zero represent
staging days and values close to 110 km/day represent travel days (birds moving
between two staging areas), we conclude that on staging days, harriers move seldom
more than 70 km/day (the point where both curves meet). That means the radius of a
winter home range should be at maximum 35 km, which we rounded up to 40 km.
When determining whether a position was within or outside the 40 km boundary
around the geographical centre, we added approximate error estimates to the signals
of different quality (Hays et al. 2001, Soutullo et al. 2007).
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Appendix 7.2

Habitat types in the regional wintering range of Montagu’s harriers in West-Africa
(Tab. A.7.2.1 and Fig. A.7.2.1)

saltpans
closed grassland

closed forest
closed to open deciduous shrubland

sparse grassland
post-flooding or irrigated croplands

urban areas
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Figure A7.2.1 Landcover types in the regional wintering range of Montagu’s harriers based on
table A7.2.1.
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Table A7.2.1 Habitat types in the regional wintering range of Montagu’s harriers in West-Africa
(100% MCP of all wintering localisations of satellite tracked Montagu’s harriers, “all MCP”). The
table is based on and the landcover description is taken from GlobCover landcover dataset V2.2
(ESA GlobCover Project, led by MEDIAS-France), Africa regional legend. Groningen.

surface % of habitat type description
area (km2) total

433,931 15 Mosaic grassland, shrubland, forest, Mosaic vegetation (grassland/shrubland/forest) (50-70%) /   
cropland cropland (20-50%)

421,524 14 Grassland, savannas Closed to open (>15%) herbaceous vegetation 
(grassland, savannas or lichens/mosses)

330,763 11 Rainfed croplands Rainfed croplands

324,984 11 Mosaic cropland, grassland,  Mosaic cropland (50-70%) / vegetation 
shrubland, forest (grassland/shrubland/forest) (20-50%)

321,816 11 Closed to open shrubland Closed to open (>15%) (broadleaved or needleleaved, 
evergreen or deciduous) shrubland (<5m)

224,168 8 Bare areas Bare areas

211,881 7 Open grassland open (<40 %) grassland

198,573 7 Sandy desert Non-consolidated bare areas (sandy desert)

166,412 6 Mosaic forest, shrubland, grassland Mosaic forest or shrubland (50-70%) / grassland (20-50%)

106,120 4 Sparse vegetation Sparse (<15%) vegetation

92,129 3 Consolidated bare areas Consolidated bare areas (hardpans, gravels, bare rock, stones,  
boulders)

65,598 2 Open forest/woodland Open (15-40%) broadleaved deciduous forest/woodland (>5m)
17,873 1 Grassland or woody vegetation Closed to open (>15%) grassland or woody vegetation on 

regularly flooded regularly flooded or waterlogged soil - Fresh, brackish or 
saline water

16,331 1 Water bodies Water bodies

7,379 <1 Closed forest or shrubland flooded Closed (>40%) broadleaved forest or shrubland permanently 
flooded - Saline or brackish water

6,514 <1 Broadleaved evergreen or Closed to open (>15%) broadleaved evergreen or 
semi-deciduous forest semi-deciduous forest (>5m)

1,958 <1 Mosaic grassland, forest, shrubland Mosaic grassland (50-70%) / forest or shrubland (20-50%) 

1,219 <1 Urban areas Artificial surfaces and associated areas (Urban areas >50%)

71 <1 Post-flooding or irrigated croplands Post-flooding or irrigated croplands (or aquatic)

17 <1 Sparse grassland Sparse (<15%) grassland

10 <1 Closed to open deciduous shrubland Closed to open (>15%) broadleaved deciduous shrubland 
(<5m)

10 <1 Closed forest Closed (>40%) broadleaved evergreen and/or 
semi-deciduous forest (>5m)

4 <1 Closed grassland Closed (>40%) grassland

3 <1 Saltpans Salt hardpans

2,949,289 100 Sum
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Kernel estimates of raptor home range size using
ARGOS satellite telemetry datasets

Christiane Trierweiler

Box D

Animal home ranges can be estimated using telemetry data, for instance
cross-localisations or visual fixes of radio-tagged birds. Location fixes
may also be calculated via satellites, using ARGOS satellite transmitters,
GPS loggers or GPS satellite transmitters. ARGOS satellite data are prone
to potentially large errors. When birds range in distant and remote areas,
however, ARGOS satellite telemetry data may be the only available data
indicating the bird’s whereabouts. In this study, I discuss different
methods to estimate home range size from ARGOS data and compare the
results with ground radio telemetry home range estimates, to test
whether ARGOS estimates may be used to draw reliable, biologically rele-
vant conclusions.

I estimated kernel home range size from ARGOS satellite telemetry
datasets in a diurnal raptor, Montagu’s harrier Circus pygargus. Results
using smoothing parameter h according to likelihood Cross-Validation
(CVh) and Least Squares Cross-Validation (LSCVh) were compared. Three
ARGOS datasets were used, differing in strictness of filtering by the
Douglas ARGOS filter previous to analysis. The most consistent home
range estimates were achieved using CVh as smoothing parameter in a
strictly filtered dataset containing daily fixes.

50% kernel home range size estimates from satellite data were in the
same order of magnitude as 90% estimates from ground radio telemetry,
90% kernel home range estimates from satellite data were at least tenfold
larger. Whereas ground tracking may be biased towards home range size
underestimation, satellite telemetry location errors may lead to overesti-
mates of home range size. Most reliable and relevant conclusions from
satellite data can probably be drawn rather from relative than absolute
differences in home range sizes. Moreover, home range contours deter-
mined from ARGOS satellite telemetry data are useful for intersection
with digital maps, when the use of separate location fixes would intro-
duce a bias due to location fix errors.

Abstract



Introduction

The range animals use during certain time periods in their annual cycle can be esti-
mated using telemetry data (Kenward 2000). Telemetry means that the location of
the animal is estimated from a distance. A collection of location fixes is used to
calculate the range where the animal lives during a certain time period, for instance
during the breeding season, representing its home range for that period (White &
Garrot 1990). Location fixes of an animal can for instance be collected by cross local-
isations or visual detection of radio-tagged animals using hand-held antennas, as
well as by automated registration using ground receiver stations (Kenward 2000,
chapter 3, 4). In recent decades, more sophisticated techniques became available, for
instance data-loggers using GPS (Global Positioning System) location fixes. For large
scale tracking, satellite telemetry is an especially rewarding method, as animal-
borne transmitters do not need to be tracked by researchers from the ground;
neither need the study animals be recaptured to retrieve the data (Meyburg & Fuller
2007). Satellite transmitters are available as ARGOS Platform Transmitter Terminals
(PTTs) that are tracked by satellites localising the transmitter by the Doppler shift of
its radio signals (CLS, France, see box B), or as GPS PTTs, which are tracked by
ARGOS as well as GPS signals. The most important advantage of ARGOS PTTs is that
they can be more light-weight than GPS PTTs, the most important disadvantage is
that ARGOS location fixes are prone to much larger errors (up to many km) than GPS
fixes (up to several m; Hays et al. 2001, Soutullo et al. 2007, Pfeiffer & Meyburg
2009, box B).

The large errors inherent to ARGOS location fixes make these telemetry data not
the most suitable for home range calculations. When birds range in distant and
remote areas, however, ARGOS satellite telemetry data may be the only available
data indicating the birds’ whereabouts. In such a case, the question is whether the
data can be used to draw reliable conclusions. 

In our study animal, the migratory diurnal raptor Montagu’s harrier Circus
pygargus, ground radio-tracking in the Sahelian wintering areas is hardly possible
and no data but ARGOS satellite location fixes are currently available for character-
ising winter movement patterns. To determine which data filtering procedure and
which home range estimation method would yield satisfactory results using these
data, we investigate surface area and consistency of ARGOS home range estimates of
individual Montagu’s harriers in the NW-European breeding grounds. These esti-
mates are validated by comparison with home range estimates of Montagu’s harriers
that were ground radio-tracked in the same geographical area (chapter 3).

Methods

Montagu’s harriers that were satellite-tracked in this study were tagged in the
northern Netherlands, northern Germany and southern Denmark (chapter 6). We
deployed solar ARGOS satellite transmitters as a backpack, either of 9.5 g or of 12 g
weight (PTT-100 series, Microwave Telemetry Inc., Columbia, MD, US). 9.5 g PTTs
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were programmed on 10:48 h on:off cycles, 12 g PTTs either on a 10:48 h cycle or a
6:16 h cycle (chapter 6). Breeding season home ranges (HR) based on ARGOS satellite
data were analysed for three adult female Montagu’s harriers (two birds with one
breeding season track, one with three), two juvenile males (each with one track) and
one adult male (with four tracks).

For ground-tracking, a 4.7 g tailmount radio-transmitter (Advanced Telemetry
Systems Inc., Minnesota, US) was used to track the bird by car and gather visual
fixes (chapter 3). Radio signals were picked up with ATS-100 Fieldmaster receivers
and three-element hand-held yaggi antennas. The ground radio-tracked Montagu’s
harriers were 10 males (2 with 2 breeding season tracks) breeding in the Nether-
lands.

For the kernel home range analyses, Hawth’s Analysis Tools 3.27 (www.spatiale-
cology.com) were used in the ESRI ArcMap 9.3.1 (ESRI Inc.) Geographical Informa-
tion System. The smoothing parameter h used in kernel home range analyses of
satellite data was chosen either according to the likelihood Cross-Validation (CV) or
to the Least Squares Cross-Validation (LSCV) method (Horne & Garton 2006). CVh
and LSCVh were both calculated by program Animal Space Use 1.3 (Horne & Garton
2007). The smoothing parameter href used for analysis of radio telemetry data was
calculated by Hawth’s Tools.

Three different satellite datasets were analysed: (i) a strictly filtered ARGOS
satellite telemetry dataset including all fixes (“all 2km”, the Douglas ARGOS Filter
minimum redundant distance [MRD] threshold was set at 2 km), (ii) a strictly filtered
dataset including one fix per day (“daily 2km”, MRD threshold set at 2 km), and (iii) a
less strictly filtered dataset including daily fixes (“daily 5km”, MRD threshold set at
5 km). Statistical analyses were conducted in SPSS 16 (SPSS Inc.). Averages are
presented including ±1 s.e.

Results

Average sample size per satellite track (bird per season) was 28 ±7 (“all 2 km”
dataset), 16 ±4 (“daily 2 km”) and 23 ±6 (“daily 5 km”) location fixes. Differences in
average sample size between these datasets were not statistically significant
(Oneway ANOVA, F = 1.5, df = 2, p = 0.2). The h parameter was significantly
smaller (less smooth) using LSCV than CV in the satellite data (fig. D.1). Parameter h
differed significantly between tracks (F = 5.5, df = 6, p < 0.0001), whereas the
choice of dataset (fig. D.1) and sample size per track (F = 0.8, df = 15, p = 0.7) did
not have significant effects on h.

50% and 90% HR sizes based on satellite data were significantly influenced by
choice of smoothing parameter h (CVh or LSCVh) and were significantly different
between tracks (fig. D.2, D.3; track: 50% contour, F = 8.1, df = 6, p < 0.0001, 90%
contour: F = 5.8, df = 6, p = 0.001). Dataset and sample size had no significant
effect on HR size (fig. D.2, sample size: 50% contour, F = 0.8, df = 15, p = 0.7; 90%
contour, F = 0.8, df = 15, p = 0.7). Standard errors of HR size based on LSCVh were
relatively large compared to those of HR size based on CVh in the “daily 2 km” and
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“daily 5 km” satellite datasets (fig. D.2). Standard errors of HR size were relatively
large based on both LSCVh and CVh in the “all 2 km” dataset (fig. D.2).

LSCV HR were more fragmented than CV HR. They consisted of a significantly
higher number of separate HR fragments (5-6 vs. 1–2 fragments on average; 50%
contour, F = 11.9, df = 1, p = 0.002; 90% contour, F = 21.8, df = 1, p < 0.0001, see
for instance fig. D.3 track Franz4). From visual inspection, it appears that the higher
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number of fragments produced by LSCV HR yields more satisfactory results than
CVh estimates when plausible outliers (reliable fixes far off all others) are included
for HR calculation (for instance fig. D.3, track Cathryn3). CV tends to produce rela-
tively large (overly smooth) h values in that situation. When small sample sizes are
used for HR estimates, overly large estimates may be produced by both CVh and
LSCVh (fig. D.4). At sample sizes >20, effects of sample size on HR size should be
negligible (fig. D.4).

For the analyses of ground radio-tracks, the smoothing parameter href was used,
because CVh and LSCVh yielded very conservative (small) HR sizes with these data.
A comparison of results from ground tracking and satellite tracking (dataset daily
2 km) shows that 50% kernel home range estimates from satellite tracking were of
the same order of magnitude as 90% home range estimates from ground tracking
(fig. D.5A-C; average kernel home range size from ground tracking using href: 50%,
8 ±1 km2; 90 %, 35 ±4 km2; from satellite tracking using CVh: 50%, 51 ±22 km2;
90%, 254 ±120 km2; from satellite tracking using LSCVh: 50%, 75 ±159 km2; 90%,
255 ±526 km2). 90% kernel home range estimates from ARGOS data were at least
tenfold larger than 90% ground tracking estimates. On the one hand, results from
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Figure D.3 Four example home ranges in the northeastern Netherlands/northwestern Germany of
an adult female Montagu’s harrier (Cathryn1-3, 3 breeding season tracks) and an adult male
(Franz4, 1 breeding season track) based on the “daily 5 km” dataset (see text). Sample size (denoted
by n) is the number of ARGOS satellite location fixes. 50% and 90% kernel home range size esti-
mates are given based on the smoothing parameters CVh and LSCVh (see text).



LSCV were often more conservative than from CV, and thereby often closer to
ground tracking estimates. On the other hand, LSCV home range estimates included
more outliers (overly large home range size), i.e. they were less consistent than CV,
and more sensitive to small sample size (fig. D.5B,C).

Conclusions

In ARGOS satellite data of Montagu’s harriers in their NW-European breeding areas,
relatively small average sample sizes per track remained after filtering. Stricter
filtering of ARGOS satellite data, for instance Douglas ARGOS filter MRD threshold
set at 2 km vs. 5 km, did not lead to a massive reduction in sample size in the
datasets including one fix per day. In general, even small sample sizes of location
fixes may result in meaningful conclusions on home ranges (Börger et al. 2006). The
choice of filtering procedure (more or less strict, but all relatively strict procedures)
did not have a significant effect on HR size. Standard errors of HR size using
datasets with one fix per day were smaller than of the dataset using all fixes. This
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Figure D.5 Home range size (50% and 90% kernel contours) of (A) 10 Montagu’s harriers (12
breeding season tracks) tracked by ground radio telemetry, analysed with smoothing parameter
href (chapter 3): (B) 3 harriers (6 breeding season tracks) tracked by ARGOS satellite telemetry
(dataset daily 2km), analysed with CVh and (C) 6 harriers (11 breeding season tracks) tracked by
ARGOS satellite telemetry (dataset daily 2 km), analysed with LSCVh. Sample size (number of
location fixes) is stated after each track name. Inset figures show sample size (number of fixes) vs.
90% home range size for (A) – (C). 

0

500

1000

1500

2000

Bliepo: 101
Leo1: 246
Jan1: 850
Cors: 399
Hans: 381
Jan2: 999
Kees: 100
Leo2: 255
Helmut: 220
Elzo: 73
Harold: 220
Harrie: 582

0

500

1000

1500

2000

Asger: 38
Cathryn1: 11
Cathryn2: 11
Cathryn3: 13
Franz3: 46
Franz4: 34

0

500

1000

1500

2000

50 90
% kernel home range level

Aletta: 9
Asger: 38
Cathryn1: 11
Cathryn2: 11
Cathryn3: 13
Fenna: 8
Flo: 9
Franz1: 9
Franz2: 10
Franz3: 46
Franz4: 34

y = -0,0139x + 40,039

R2 = 0,1004

0

500

1000

1500

2000

0 500 1000 1500

y = -2,276x + 311,68

R2 = 0,0881

0

500

1000

1500

2000

0 10 20 30 40 50

y = -10.819x + 449.26

R2 = 0.0835

0

500

1000

1500

2000

0 10 20 30 40 50
number of fixes

number of fixes

number of fixes

90
%

 h
om

e 
ra

ng
e 

si
ze

 (
km

2 )

su
rf

ac
e 

ar
ea

 o
f h

om
e 

ra
ng

e 
(k

m
2 )

ground radio tracking: h ref

90
%

 h
om

e 
ra

ng
e 

si
ze

 (
km

2 )
90

%
 h

om
e 

ra
ng

e 
si

ze
 (

km
2 )

A

satellite tracking: CVhB

satellite tracking: LSCVhC



means that usage of a  daily ARGOS dataset should lead to more robust conclusions
than the use of all fixes.

In kernel home range analyses of ARGOS data, the value of the smoothing param-
eter h depended heavily on the method chosen to determine it: CV or LSCV, the latter
resulting often in substantially smaller values of h and consequently more frag-
mented home ranges and smaller home range sizes. As the choice of h had a large
effect on HR size, method (CV vs. LSCV) was, next to differences between tracks, i.e.
potentially biological differences, the most important factor determining HR size.
Most reliable results should consequently be achieved using estimates resulting
from the same method for comparative studies.

The most robust estimates of HR size were produced by the CV method in the
daily datasets. For both the CV and the LSCV method, a minimum of ca. 20 fixes
should be used in HR calculations to avoid overly large HR estimates (fig. D.4, D.5C).
When plausible outliers are included in kernel HR calculation, LSCVh as smoothing
factor seems to yield more satisfactory results than CVh.

50% kernel home range size estimates from ARGOS satellite data were in the
same order of magnitude as 90% home range estimates from ground radio telemetry,
90% home range estimates from satellite data were at least tenfold larger than radio
telemetry estimates. During ground radio-tracking, far excursions of the bird are
difficult to detect, as the detection probability near the outer home range contours is
low (a larger surface area has to be covered by the observers than close to the centre
of the home range). Satellite telemetry location fix errors may lead to very large
home range size estimates. A pilot study using GPS loggers on Montagu’s harriers in
the NW-European breeding areas indicates that home range size estimates from
ground radio-tracking must be underestimates, seen the far excursions recorded by
the GPS (chapter 9). It remains to be investigated whether home range size estimates
from ARGOS data are overestimates.

We conclude that using ARGOS satellite telemetry data, it is probably most
meaningful to interpret relative differences in HR size, not drawing strong conclu-
sions from absolute size. In our case, ARGOS home range estimates are at this time
the best available indications of Montagu’s harriers whereabouts on the wintering
grounds. ARGOS home range estimates are useful for spatial analyses involving
intersection with digital maps of for instance land cover to determine habitat selec-
tion (Limiñana et al. 2008, chapter 7): as home ranges are based on a number of
satellite fixes, we think they are more reliable and more suitable for studies of
habitat selection than the use of separate location fixes, which may be prone to
considerable error.
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To talk of Montagu’s Harriers, or Monties as they are known by harrier
aficionados, is to conjure up farmland, protection and volunteers; or, in
the case of The Netherlands, waving cereals, flowering oilseed rape and
butterfly-covered lucerne. ‘Empty’ quarters which are not empty at all,
but the remote corners of a small country otherwise packed with human
beings. The protection of nests demands unfailing dedication on the part
of both farmers and volunteers. Hundreds of people have helped us over
the years and are immortalised in our hall of fame, or in the names of
those Monties which carry satellite transmitters (www.grauwekiek-
endief.nl). A special place in our hearts is reserved for Rudi Drent. After
his retirement as an animal ecologist at the Centre for Ecological and
Evolutionary Studies (Groningen University), he continued to supervise
our Monty research. Rudi was the ideal sparring partner, keeping sight of
the larger picture amidst a multitude of details, pointing out promising
avenues for further research and honing the data to perfection. His death
on 9 September 2008 was a shock to all of us.

Superscript numbers in the text refer to endnotes at the end of this
chapter.

Abstract



Breeding areas

Montagu’s Harriers have a wide but patchy distribution across Europe, extending
eastwards to the Caspian lowlands, Kazahkstan and the upper Yenisey at 93°E. The
latest estimate of the European population, including Russia, stands at 35,000–
65,000 pairs, with stable or slightly increasing numbers in the 1990s (BirdLife Inter-
national 2004, but see below).

Wintering areas

On the Indian subcontinent, notably NW India, large roosts have been found,
containing several thousand individuals (Clarke 1996b, 1998). These birds are most
likely to come from the eastern breeding grounds. The latter population may also, at
least partly, winter in eastern and southern Africa, given the vast migration of
Montagu’s Harriers observed in Georgia during early autumn 2008 (B. Verhelst
unpubl.), and the average migration directions attributed to birds recovered along
the Dnepr, Don and east of the Volga (Mihelsons & Haraszthy 1985). If this interpre-
tation is correct, the Sahel from Chad/Nigeria eastwards and eastern and south-
eastern Africa are a melting pot of Montagu’s Harriers breeding from Fennoscandia
(10°E) eastwards to at least 55°E. Three birds ringed in spring and autumn at
Dzjambul in southern Kazakhstan (45°50’N, 71°25’E) were recovered in western Asia
at distances of 674, 1209 and 1594 km to the NE-NNE (Mihelsons & Haraszthy
1985); these birds may have wintered in India, probably circumventing the impres-
sive Tien Shan mountain range on the way.

In Kenya, the species is considered to be a fairly common visitor to the grass-
lands and other open habitats in the highlands and in the southeast (Lewis &
Pomeroy 1989). Many birds venture further south into the semi-deserts, grasslands,
savannas, pans and fallow lands of Tanzania and the eastern half of southern Africa,
albeit in ever lower numbers the farther south they fly (Brown et al. 1982, Harrison
et al. 1997). However, the birds from Europe are confined overwhelmingly to the
narrow band of the Sahel in W Africa.

Migration strategies

By 2008, after almost a century of bird ringing, the EURING files contained 46
African recoveries of Montagu’s Harriers ringed in Europe (fig. 8.1). The picture
emerging from these recoveries is one of migratory connectivity: birds from The
Netherlands, Britain, France and Spain mostly ended up in de western part of the
Sahel, birds from northern Germany and Sweden converged in the central Sahel.
Notable exceptions occur, however, showing that birds from western Europe may
find their way to the central Sahel (fig. 8.1).

From the information derived from satellite telemetry, radar studies and visual
observations in the Central Mediterranean, our perception of the migration of

175Montagu’s harrier



Montagu’s Harriers has changed substantially from that provided by the ring
recovery analysis by García & Arroyo (1998).

Autumn
Pre-migratory movements, following brood failure or shortly after the chicks have
fledged, may occupy up to 73 days before true migration commences (own data,
Limiñana et al. 2008). During pre-migratory movements, unless blocked by large
stretches of open water, Spanish birds dispersed on random headings, shorthopping
between sites that abound in food. They may also frequent conspecifics’ breeding
haunts up to 500-1100 km away (Trierweiler et al. 2007a, Limiñana et al. 2008). The
latter behaviour may function as prospecting for next year’s choice of breeding site,
it may be due to wind drift or it may simply involve a brief return to the natal site.
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Figure 8.1 European ringing locations of Montagu’s Harriers recovered in Africa (n=47) and
Malta (n=2), including 15 south of the Sahara. From: EURING and García & Arroyo (1998). The
Montagu’s Harrier ringed as a juvenile near Lippstadt, Germany by W. Prünte on 4 July 1970, and
shot in the Dassa-Zoumé district in Benin in February 1971 (indicated by the arrow), is one of
several reported well south of the wintering grounds in the western Sahel. The letter reporting
the bird is a fine example of the many obstacles which have to be assailed in order to get the
report onto the ringing centre’s desk; no wonder that many rings from birds taken in Africa are
never reported. From: Vogelwarte Helgoland, Wilhemshaven.



In general, autumn migration follows broad parallel bands in an arc between SW
and S. Despite some overlap, western birds winter on average in western Africa and
eastern birds do so further east (fig. 8.2A,B; Limiñana et al. 2007). The previous idea
that in order to cross the Mediterranean Sea, Montagu’s Harriers converge at suit-
able short sea crossings, such as the Strait of Gibraltar, the numerous central
Mediterranean islands, or the Near East (García & Arroyo 1998), is not substantiated
by the course of satellite-tracked birds, nor is it apparent from radar studies in
southern Spain (Meyer et al. 2003) and visual observations in the central Mediter-
ranean (Panuccio et al. 2005). Radar observations from the southern coast of Spain,
25 km east of Malaga in autumn 1996, showed that 74% of the Montagu’s Harriers
continued their southbound flight without hesitation upon reaching the coastline.
The Mediterranean Sea here is only 150 km wide, which in autumn would take
about 4 hours to cross at an average ground speed of 11.6 m per second, or 42 km/h
(Meyer et al. 2003). The extremely low wing loading of 2.05 (body mass in kg/wing
area in m2 = 0.300/0.1463), the lowest recorded among the 36 raptor species so far
measured (Bruderer & Boldt 2001), and the high aspect ratio of the slender wings
allow Montagu’s Harriers to alternate between soaring, gliding and flapping-and-
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A B

Figure 8.2 (A) Representation of 34 flight paths of 25 satellite-tracked Montagu’s Harriers during
autumn migration in 2005-2008, showing birds from The Netherlands (10), Germany (5), Denmark
(2), Poland (4) and Belarus (5); blue: males, red: females, green: juveniles; from Dutch Montagu's
Harrier Foundation, Vogelwarte Helgoland, University of Groningen and Deutsche Bundesstiftung
Umwelt. (B) Successive migratory routes in autumn 2006-2008 (black) and spring 2007-2008 (red),
based on satellite telemetry of Merel, a female Montagu’s Harrier named after 11-year old Merel
Schothorst, our youngest Monty helper in The Netherlands. Lines represent the shortest distances
between successive recorded positions (small dots) and not necessarily the actual route (Trier-
weiler et al. 2007a, 2008).



gliding flight and to migrate in less than favourable thermal and wind conditions
(Spaar & Bruderer 1997). That Montagu’s Harriers are able to make long sea cross-
ings is proved from our satellite-tracked birds (see fig. 8.2A, birds crossing the Gulf
of Biscay and the eastern Mediterranean near Greece and Crete).

During autumn migration, the average daily distance covered by our satellite-
tracked birds was 153 km, a very similar distance to those of other long-distance
raptor migrants1. One of our males made a nonstop flight from The Netherlands to
northern Spain in 2006, showing that nocturnal flights are possible. Montagu’s
Harriers presumably speed up when crossing the Sahara; an adult female tracked in
2005 averaged 623 km in a day when crossing the Sahara (Trierweiler et al. 2007a).
The satellite-tracked Spanish Montagu’s Harriers apparently followed a different
strategy, as their daily speed dropped considerably after the first stage of desert
crossing in Morocco (more than 450 km in a day). These birds took up to two weeks
to complete the remaining 1000–1500 km to the wintering grounds, with average
daily distances ranging between 93 and 219 km; they did not fly at night (Limiñana
et al. 2007). This strategy would imply feeding along the way, but how this could be
accomplished in the Sahara is difficult to envisage.

Spring
So far, most satellite-tracks have shown clearly that eastern European birds winter
to the east of western European birds, with some overlap in Mali and Niger, and
little movement along the length of the Sahel during the northern winter, with the
possible exception of birds in the central Sahel (see below). Once settled in the Sahel,
many birds remain there or reasonably close nearby (a few hundred km) for the rest
of the winter. Eurasian Marsh Harriers were found to perform a small clockwise
circular loop movement in West Africa, notably so between the latitudes of 20°N and
35°N, with the loop narrowing going northwards until it intercepted the autumn
route in northern Spain (Klaassen et al. 2008a). In West Africa, the widest separation
between autumn and spring routes was at 20°N, amounting to slightly more than
400 km. None of the Swedish Marsh Harriers showed any inclination to make the
spring crossing of the Mediterranean in the central section (Cap Bon-Sicily), which
accords with the spring migration of Eurasian Marsh Harriers which have wintered
in West Africa following a more westerly flyway than in autumn (Klaassen et al.
2008a). So far, our NW-European Montagu’s Harriers also refrained from using the
central Mediterranean corridor on their return migration (www.grauwekiekendief.nl).
Instead they retraced their outward route, except in West Africa, where they drifted
slightly to the east or west of the autumn track. In spring 2008, eastern European
birds, having wintered in the central Sahel, performed a clockwise loop which took
them to the central Mediterranean on return migration. This loop was unrelated to
locust movements; the Montagu’s Harriers had been more or less sedentary in their
wintering quarters where they fed mostly on resident grasshoppers (migratory
locusts are prominent in the diet only during outbreaks; see below). Furthermore,
any significant movement associated with grasshopper supply occurred along a
north-south axis (as displayed by satellite-tracked Montagu’s Harriers; Trierweiler
et al. 2008), following the retreating Intertropical Convergence Zone (ITCZ). Whether
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a clockwise loop migration is consistent across years has yet to be proven. The
suggestion by Klaassen et al. (2008a) that the clockwise loop migration of Eurasian
Marsh Harriers in West Africa is influenced by the wind patterns in spring (predom-
inantly from eastern sectors, and stronger in spring than in autumn; see also Zwarts
et al. 2009), may also hold for Montagu’s Harriers (but see tracks of female ‘Merel’ at
fig. 8.2B). In the central Mediterranean, visible migration of Montagu’s Harriers in
spring is more conspicuous than in autumn (unlike at Gibraltar, where migration
intensity in both periods is about the same; Tables 3 & 4 in Finlayson 1992), but
counts here are very small in comparison to the total volume of Montagu’s Harrier
migration (Panuccio et al. 2005). If this seasonal pattern indeed exists in the central
Mediterranean, it must then involve Montagu’s Harriers from northern and – espe-
cially – eastern Europe, which enter Africa via the eastern and central Mediter-
ranean and return via a clockwise loop in spring. Indeed, five birds ringed at Cap
Bon, Tunisia, in spring, were recovered in Hungary, Bulgaria (2), Ukraine and the
Voronezh region (SW Russia), having taken directions between NNE and ENE (recov-
ered in the same year, or up to six years later; Mihelsons & Haraszthy 1985).

Fidelity to wintering sites

During the northern winter, many European Montagu’s Harriers, presumably the
majority, are confined to the Sahel and northern Sudan zone (fig. 8.2A,B), but until
recently next to nothing was known about their temporal distribution and move-
ments within the wintering quarters. The predominance of insects in Montagu’s
Harrier diets would suggest a dynamic distribution related not only to outbreaks of
locusts and grasshoppers but also to seasonality and movements of local grass-
hopper species triggered by the cyclic position of the ITCZ (Zwarts et al. 2009). In
other words, birds may be forced to exploit different sections of the Sahel and
northern Sudan zone each year and to perform seasonal movements within years (as
suggested by Thiollay 1978).

Between-year movements
Three tagged birds, which were followed for three consecutive seasons, returned to
the same spots in Mali and Senegal (see fig. 8.2B for an adult female). This sample is,
of course, too small to conclude that fidelity to the wintering site is the norm for this
species in Africa. On the population level, the high migratory connectivity demon-
strated by ring recoveries and satellite telemetry of birds from western Europe
strongly indicates the fidelity of Montagu’s Harriers to restricted parts of the Sahe-
lian and adjoining Sudan zones (García & Arroyo 1998, our data). A similar conclu-
sion was derived from the ringing data of Eurasian Marsh Harriers (Zwarts et al.
2009), a species for which satellite telemetry hinted at a stronger site fidelity to
stopover and wintering areas than to breeding grounds (Strandberg et al. 2008).

Within-year movements
The first results from our tagged birds indicate that upon arrival at the wintering
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quarters the birds remain for several weeks or months within a few km of the places
where they first settle. A gradual southward shift begins as the dry season
progresses, over some 200–250 km, a distance that bears testimony to several factors:
the narrowness of the Sahel belt, the increasingly desiccating conditions in the Sahel
that start in September and end with the first rains in May, and the change in abun-
dance of birds and grasshoppers in conjunction with the southward shifting ‘green
belt’ (fig. 8.3A-C, see also Mullié 2009b, Jones 1995). This process would explain the
Montagu’s Harriers’ movements into the adjacent Sudan vegetation zone.

Habitat use2

Montagu’s Harriers in Africa are essentially birds of dry ground that is sparsely
covered by trees. During road transect surveys in West Africa from 1967 to 1973,
Thiollay (1977) found clear latitudinal gradients for the presence and density of
Montagu’s Harriers. Examples from his data are: absence of the species in the
forested regions around 6°N in the Ivory Coast; near-absence in the well-wooded
Guinean zone (0.02 birds/100 km); low densities in the wooded savanna of the Sudan
zone (between 9.30°N and 14.30°N: 0.72-1.17 birds/100 km); the highest densities in
the Sahel (which included the inundation zones of the Niger and Senegal: 0.79-3.11
birds/100 km; dry savanna is preferred over wet floodplains – see Zwarts et al. 2009
for niche differentiation between harriers in the Inner Niger Delta); and, lastly, densi-
ties rapidly declined to zero in the northern Sahel close to the Sahara (near 20°N).

Within the Sahel, densities showed large variations, supposedly in relation to
prey abundance (Orthoptera) and habitat. Our road counts in Niger in 2006-2007
revealed that large stretches of land were devoid of Montagu’s Harriers; line tran-
sects often failed to come up with any grasshoppers there. Montagu’s Harriers were
most commonly encountered where grasshoppers were abundant (fig. 8.3C).

In Niger, Mali and Senegal, Montagu’s Harriers avoided severely degraded habi-
tats (few remaining trees or shrubs and overgrazed), and regions with high tree
cover, but favoured slightly degraded shrubland and cropland. The latter habitats,
often having retained elements of more natural habitats, had the highest bird and
grasshopper densities, a finding in concurrence with bird densities in northern
Nigeria (Hulme 2007). In Niger, tiger bush is an important natural habitat for
Montagu’s Harriers, but such a patterned vegetation community, with alternating
bands of trees and shrubs separated by bare ground or low herb cover (resembling
the stripes on a tiger), is rapidly giving way to cultivation. The widespread replace-
ment of natural habitats by a mixture of degraded natural habitats (fewer trees,
more scrubland, and low herb layer) and cultivated land (with some shrubs and
trees) may have favoured Montagu’s Harriers. However, such a modified landscape
is not a steady state. Ongoing cultivation and human population pressure result in
severe and irreversible degradation. Tree and shrub loss and impoverished bird and
insect life are in evidence over much of the Sahel nowadays, a circumstance that has
negatively influenced almost the entire raptor community in Mali, Niger and
Burkina Faso, with Montagu’s Harriers particularly affected (Thiollay 2006a-c).
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Roosts as treasure-troves3, 4

Daytime roosts
During the hottest part of the day, many Montagu’s Harriers retreat into the shade
of trees or shrubs, either singly or in small flocks. One such roost we accidentally
encountered in January 2007 near Birni N’Konni in Niger. Around 14:00, we spotted
twelve Montagu’s Harriers, each in a different shrub without undergrowth, on the
slope leading to a plateau. Underneath some shrubs, we found pellets and faeces,
but in such small numbers that we suspected the site was used only during daylight.
In February 2008, another typical daytime roost was found near Kaolack in Senegal,
close to a salt lake. The day had been very hot, and we were desperately in search of
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some shade. Our bias towards shade-bringing bushes revealed an adult female
Montagu’s Harrier standing on bare ground in a small patch of shade beneath a
shrub. This site produced some 20 prey remains of the grasshopper Ornithacris
cavroisi and also some freshly plucked Yellow Wagtail feathers. Because the only
raptor species we observed here were Montagu’s Harriers, we feel it safe to assume
that the prey remains had indeed been left by this raptor.

Night roosts
The conventional way to find roosts is to watch for Montagu’s Harriers flying in
steady, straight lines before sunrise or just after sunset (fig. 8.4). Usually, more than
one bird will display this ‘atypical’ flight behaviour, not at all representative of that
of foraging birds. The latter adopt a more roaming flight mode, meandering in low
quartering searches across the terrain, switching direction and stalling frequently.
Roost flights head clearly to or from a particular spot. However, to find the roosts
one needs a number of well-spaced observers, preferably in contact with each other
(walkie-talkie), to plot the general directions of the roost flight. Roosts can then be
located either by triangulation of the extrapolated flight paths or by following the
birds. This approach to finding roosts is most likely to be successful when roosts are
large (the more harriers observed, the greater the chances of encountering roost
flights).

By tracking our transmitter-carrying Montagu’s Harriers, using the most up-to-
date positions received each day, we were able to locate roosts in a completely
different way that often pointed us towards areas which we would not otherwise
have visited, because the logistic problems would have seemed too daunting.
Furthermore, from the telemetry we detected that some birds, like an adult Polish
female residing east of Niamey, Niger, daily switched between roost sites, some of
which we managed to reach; at one such site we found the remains of a freshly-
eaten grasshopper O. cavroisi. A tagged juvenile female, from The Netherlands, led
us to find, near Niamey, a 700 ha plateau containing a roost of 2 or 3 Montagu’s
Harriers. A particularly spectacular discovery near Mopti, Mali, was a roost
containing some 30 Montagu’s and 5 Eurasian Marsh Harriers in a well-wooded
agricultural area dominated by tall grasses, not exactly the type of habitat where we
would have expected to find Montagu’s Harriers. At some telemetry-indicated loca-
tions, we found pellets before we had actually seen a single Harrier, but on 24
January 2008, between 18:50 and 19:40, we recorded Montagu’s Harriers heading
inwards from every direction. Around 19:30, ‘Franz’, a seventh calendar-year male,
came into view, the satellite transmitter clearly visible on his back. To watch this
Dutch bird, whose nest in a field of lucerne we had successfully protected in the
preceding summer, in a Malinese setting, made us feel we had received an accolade
for our fieldwork. As a bonus, at this site we were able to collect 70 pellets, whose
contents of small mammals and reptiles, passerine eggs and a few small grasshop-
pers were not that different from the average pellets in an average year in NW-
Europe.

Satellite-generated data revealed the positions of three roosts in Senegal; two
contained ‘only’ 100–200 birds, but the third was enormous in comparison. The exis-
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tence of this mega-roost was first detected by Wim Mullié in the evening of 25
November 2006. Although its exact location remained hidden, 500-1000 birds were
observed near Darou Khoudoss, just before sunset, flying to a roost. The surround-
ings of this site were revisited in the evening of 2 February 2008, when a pre-roost
gathering of 90 birds on bare farmland was noted. Although the light was failing
quickly, the actual roost was conservatively estimated as holding about 1000 birds.
Between 17:40 and 19:10 on the next day we counted more than 1000 birds (fig. 8.4).
At 19:14 it was almost dark, but, as luck would have it, all the birds began to mill
around again just before darkness prevented any further observations; at this time
we noted 300 more birds on the side of a hill not yet surveyed. Our totals came to
1300 Montagu’s Harriers and a few Marsh Harriers; perhaps 1500 birds might have
been present. We could not be any more precise, because birds were still entering
the roost moments before complete darkness descended and we had to leave the
area for security reasons.

Until recently, in Africa, the largest roosts mentioned have not usually exceeded
70-160 birds for Senegal (Arroyo & King 1995, Rodwell et al. 1996) and well over 200
birds for Kenya (predominantly Montagu’s Harriers; Meinertzhagen 1956). An
apparent exception was the count on 8 February 1989 recorded for a roost in the
area of M’Bour and Joal (delta of Sine Saloum, Senegal) of 800-1000 Montagu’s
Harriers; this large number was associated with an outbreak of Desert Locusts
Schistocerca gregaria (Cormier & Baillon 1991). In February 2008, Montagu’s
Harriers on the Darou Khoudouss roost profited from an abundant supply of the
medium-sized Acorypha clara (highest densities of 3–5 individuals/m2); pellets
contained this grasshopper species almost exclusively; in March, the larger O. cravoisi
became the predominant item in the diet of Montagu’s Harriers (Mullié 2009b).

Since at least the mid-1980s in the Indian subcontinent, even larger roosts of
Montagu’s Harriers have been recorded by Clarke (1996b), who found up to 2000
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birds in Bhavnagar District in NW India. This roost was estimated as holding some
3000 harriers on 6 December 1997; 15–25% comprised Pallid Harriers and a few
Eurasian Marsh Harriers, but the great majority were Montagu’s Harriers (Clarke et
al. 1998).

The role of resident grasshoppers

Both the general literature and the few real data collected in the field suggest that
the locusts Locusta migratoria and Schistocerca gregaria are of crucial importance
as food for acridivorous birds, including Montagu’s Harriers (Brown 1970, Thiollay
1978c, Cormier & Baillon 1991, see also Mullié 2009b). These locust species are
certainly abundant in some years at some sites, but the available evidence clearly
shows that resident grasshopper species are of far greater importance to Montagu’s
Harriers, especially because their cumulative availability, usually in high numbers,
is more stable within seasons and across years, thus representing a reliable food
source for acridivorous species. The infrequent outbreaks of migratory locusts
provide a stark contrast in annual availability, for, characteristically, locusts remain
in very low numbers or are absent during the extensive periods of recession or
remission. Furthermore, the frequency of such outbreaks has been much reduced
since 1965 (Zwarts et al. 2009), often occurring outside the window of presence of
Palearctic migrants. Indeed the highest frequency of S. gregaria in the Sahel occurs
from July until December; Mullié 2009b).

In Niger, both in 2006 and 2007, the most frequently consumed prey were
Orthoptera, mostly comprising the resident grasshopper species O. cavroisi, but,
surprisingly, mantids did form a large share of prey numbers (fig. 8.5). Birds and
mammals were insignificant in terms of numbers, but, individually weighing much
more than a single grasshopper, were obviously more important in terms of biomass.
A high frequency of O. cavroisi in Montagu’s Harrier pellets was also recorded in
2008 (Niger, Senegal; analyses not yet fully completed), attesting to the importance
of medium-sized (3–7 cm) and large (>7 cm) resident grasshopper species for
Montagu’s Harriers (and other acridivorous bird species, such as White Storks;
Brouwer et al. 2003).

Montagu’s Harriers wintering in the central and western Sahel have proved to be
quite versatile in their choice of prey. In February 2008, for example, we found large
differences in prey choice between regions, presumably reflecting local variations in
food supply. Pellets collected in Niger, Mali and Senegal contained small insects
(termites, beetles), small, medium-sized and large Orthoptera, rodents, passerines,
eggs and reptiles (see also Mullié 2009b). Our data suggest an interpretation that is a
far cry from the notion of a diet predominated by locusts. Just as in NW India (fig.
8.5), the Montagu’s Harriers in the Sahel make do with whatever is available5. On
the breeding grounds in Europe, Montagu’s Harriers also forage on an assortment of
prey species, predominantly passerines in Britain (Clarke 2002), voles and passerines
in The Netherlands (Koks et al. 2007) and France (Millon et al. 2002) and birds and
insects in Spain (Sánchez-Zapata & Calvo 1998). However, between-year differences

184 Chapter 8



are substantial, in Europe as well as in Africa. The predominance of locusts in the
diet of Montagu’s Harriers in Senegal in 1988/1989 perhaps reflected a dietary
exception rather than the rule; even then, despite the abundance of locusts in the
outbreak that year, rodents remained an important food source (fig. 8.5). Clearly, the
story of the importance of locusts to acridivorous bird species in Africa needs
revising to account for the dietary prominence of resident grasshopper species (see
also Mullié 2009b, for an elaboration on this issue) and alternative prey.

Population change

Wintering conditions
That Montagu’s Harriers wintering in the Sahel have been in decline is shown by a
comparison of road counts in Mali, Burkina Faso and Niger in 1969–1973 and
2003–2004 (down by 74% for unprotected areas and National Parks combined;
Thiollay 2006a). The same effect had earlier been suggested for East Africa: “I have
little doubt that some disaster has stricken the population that used to come to East
Africa”, wrote Leslie Brown (1970). Some support for that view for southern Africa
may also be gleaned from observations in the Transvaal’s Nyl River floodplain,
where Tarboton & Allan (1984) recorded eight birds in 1959-1970, but none in
1975–1981. The information collated by Clarke (1996a) seems to suggest that – at
least in East Africa – numbers since then may have recovered to some extent.
However, according to Simon Thomsett (in litt.): “Brown’s large roosts are no more.”
In southern Africa, the species is now relatively rare throughout the region except in
Botswana, where it is fairly common in the north (Harrison et al. 1997). How
numerous Montagu’s Harriers may once have been in East Africa, is apparent from
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the casual observations of Meinertzhagen (1956) in Kenya.6 On 17 January 1956, he
recorded 17 harriers (predominantly Montagu’s) during a motor journey of 200 miles
between Isiolo and Marsabit (5.3 birds/100 km), and another 11 individuals in
February on another 140-mile motor journey in the Rift Valley (4.9/ birds/100 km). In
the Sahel, such densities have rarely been encountered, and, if so, only in the very
best habitats and many decades ago (Thiollay 1977). Our own road counts, for
example, in southern Niger in January and February 2006 and 2007, yielded provi-
sional densities of 0.43 (4172 km) and 0.52 birds/100 km (4950 km) respectively. The
road counts by Thiollay (2006a) in the western Sahel in 2003-2004 produced
between 0.7 and 0.9 Montagu’s Harriers per 100 km.

The trends of European populations wintering in the western Sahel fluctuate
independently of rainfall in the Sahel (fig. 8.6), the variable affecting green vegeta-
tion and therefore the food supply of Montagu’s Harriers. The trends of the Dutch
Montagu’s Harriers suggest an effect of rainfall in the Sahel on numbers, but this is
an artefact of conditions on the breeding grounds (see below). Also, we were unable
to replicate the significant positive correlation between the number of Montagu’s
Harrier nests found in Britain and the West African rainfall anomaly (Clarke 2002),
using a longer time series and the relative change in breeding numbers from one
year to the next. Despite large-scale habitat degradation in the Sahel (Thiollay
2006a, 2007) and elsewhere in Africa (Fishpool & Evans 2001), we have little
evidence that the ups and downs in Europe are, as yet, triggered by such events.
This may change with ongoing habitat loss.

Breeding conditions
Montagu’s Harriers are among the best-studied raptor species in Europe. Many of
these studies started only in the 1970s or even later (examples in fig. 8.6). State-
ments based on short-term trends (such as an increase in 1970–1990; BirdLife Inter-
national 2004a, see Zwarts et al. 2009) can be quite misleading when not viewed
against the backdrop of historical data. In The Netherlands, for example, the popula-
tion was estimated at 500–1000 pairs in the first half of the 20th century, but this
had declined to a handful of pairs by the late 1980s (Bijlsma 1993); the subsequent
increase to more than 40 pairs in the 2000s is a reminder that this recovery – heart-
ening in itself – still represents only a small proportion of a once large population.
The all-time dip in the Dutch population accidentally coincided with the Great
Drought in the Sahel (1980s). A closer look at the data, however, reveals that the
trends in The Netherlands are driven by local conditions. For example, the embank-
ment of Zuidelijk Flevoland in 1968 created good breeding habitat and high food
abundance, resulting in peak numbers around 1980, but the cultivation of that area
in subsequent years caused loss of habitat, with a consequent steep decline of
Montagu’s Harriers to near-extinction in the early 1990s. However, a sudden
upsurge in numbers came after fallow land had been introduced as a measure to
counter overproduction in agriculture (part of the European Common Agricultural
Policy; Pain & Pienkowski 1997). The ensuing increase in The Netherlands was
actively assisted by nest protection and agri-environmental schemes in farmland
(Koks & Visser 2002, Trierweiler et al. 2008).
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In many regions in Europe, natural breeding habitats have disappeared, forcing
Montagu’s Harriers into farmland where, because of their late laying date, the onset
of the cereal and lucerne harvests threaten nest survival (Corbacho et al. 1999). Nest
protection is imperative to prevent large-scale nest failure, particularly so in
western Europe, where the timing of the cereal harvest has much advanced, e.g. by
about two weeks in Lorraine, France, between 1988 and 2006 (Vandekerkhove et al.
2007) and by a month in The Netherlands between 1968 and 2008 (Bijlsma 2006,
unpubl.). Without nest protection in farmland, reproductive output cannot sustain
existing population levels in farmland populations (Koks & Visser 2002, Millon et al.
2002, Vandekerkhove et al. 2007). On average, 60% of the farmland nests would be
destroyed in the absence of nest protection; typical estimates range from 41% to 98%
in 14 regions in France, Portugal and Spain (Arroyo et al. 2002, Millon et al. 2002).

The human effort involved in nest protection throughout Europe is enormous. In
France, for example, 40–50 groups in 60 districts have been active in nest protection
each year; the combined effort safeguarded 11,000 nests from destruction, enabling
22 000 nestlings to fledge in 1976–2001 (Pacteau 2003). This massive involvement is
estimated to cover between 7.5% and 17% of the French Montagu’s Harrier popula-
tion annually, but is apparently insufficient to stop the negative population trend in
much of France (Pacteau 2003, Thiollay & Bretagnolle 2004).

Even in the tiny Dutch farmland population (16–48 pairs in 1990–2008), whose
nests are protected each year when necessary, nest protection and habitat improve-
ment only just sustain a more or less stable population (Koks & Visser 2002). Colour-
ringing has shown some exchange between breeding clusters in The Netherlands
and northern and eastern Germany (Visser et al. 2008). Pre-migratory dispersal may
be one of the mechanisms by which potential breeding habitats over a wide vicinity
are being explored and tested (Limiñana et al. 2007, Trierweiler et al. 2007a). Food
abundance, in particular of Common Voles Microtus arvalis (in Britain: Field Vole  M.
agrestis) and small passerines, may then serve as the trigger for settlement (Salamo-
lard et al. 2000, Arroyo et al. 2007, Koks et al. 2007). The scarcity of formerly
common prey species in Europe’s industrialized farmland strains the already precar-
ious status of European Montagu’s Harriers. Nest protection should therefore be
merged with improvement of harrier habitat in farmland (Millon et al. 2002, Koks et
al. 2007), in addition to the preservation of natural breeding habitats, where repro-
ductive output is – at least in Spain – better than in farmland (Limiñana et al. 2006).

Conclusion

The increase of Montagu’s Harriers recorded in Europe between 1970 and 1990
represents only a small recovery from losses incurred earlier in the 20th century.
Destruction of natural breeding habitats, and a subsequent shift to breeding in farm-
land, has had an overriding influence on the fortunes of this species in the 20th

century. Harvesting often prevents pairs breeding in cropland from successfully
raising chicks, unless nests are being protected. Modern farming has also had a
devastating impact on prey abundance (notably voles and passerines). Without
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habitat improvement, nest protection in farmland cannot reverse negative trends.
Montagu’s Harriers winter mostly in the Sahel, where the eastwest distribution

largely mirrors the longitudinal distribution of the breeding grounds. During that
period they may be forced southwards by the desiccating conditions of the Sahel into
the southern Sahel or northern Sudan zone. Their main food comprises many resi-
dent grasshopper species (with different phenologies and occurring in local
outbreaks), which remain a reliable food source throughout the dry season, a diet
complemented by passerines, mantids and small mammals; outbreaks of migratory
locusts are but a rare dryseason opportunistic food source. Large harrier assem-
blages may occur wherever small mammals, resident grasshoppers or locusts
abound. The present habitat degradation in the Sahel is likely to increase in extent,
but for the time being may favour resident grasshopper species and hence Montagu’s
Harriers. The impact of Sahel rainfall and habitat degradation on Montagu’s
Harriers is overridden by the much greater land changes which have occurred in
Europe in the 20th century.

Endnotes
1) Many medium-sized and large raptor species have now been tracked by satellite, providing

information on migration speeds relative to sex, age and season (see tab. 8.E1). On average, birds

attain higher speeds during the return migration (but see Swainson’s Hawk below), adults move

faster than juveniles and immatures, and speeds over deserts are higher than over more

hospitable land (European Honey Buzzard, Short-toed Eagle, Eurasian Marsh Harrier). 
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Table 8.E1 Migration distance and speeds of satellite tracked raptors. Body weight is expressed in
grammes (averaged for male and female; Dunning 1993). Distance relates to the one-way distance
between breeding and wintering grounds in km (based on tracked birds), origin to the breeding
site. Daily migration distances (in km) are given for the entire southbound or northbound migra-
tion period (including stopovers), with number of tracked birds in brackets. Notice that Wahlberg’s
Eagle is the only species which was tagged in the southern hemisphere, and for which the outward
migration is to the north.

Species Body weight Distance Origin South North Source

Osprey 1486 6393 Sweden 162 (12) 244 (8) Alerstam et al. 2006
Osprey 1486 5260 Scotland 168 (7) 236 (3) Dennis 2008
Osprey 1486 4958 USA 241 (52) - Martell et al. 2001
European Honey Buzzard 758 6709 Sweden 148 (8) - Hake et al. 2003
Egyptian Vulture 2120 4160 France, Bulgaria 194 (3) - Meyburg et al. 2004a
Short-toed Eagle 1703 4365 France 234 (1) - Meyburg et al. 1996, 1998
Montagu’s Harrier 316 5000 Europe* 153 (16) - C. Trierweiler et al. in prep.
Eurasian Marsh Harrier 628 4243 Sweden 127 (23) 161 (13) Strandberg et al. 2008a
Broad-winged Hawk 455 6998 North America 69 (3) 105 (1) Haines et al. 2003
Swainson’s Hawk 989 12 728 North America 188 (27) 150 (19) Fuller et al. 1998
Lesser Spotted Eagle 1370 8725 Central Europe 164 (5) 177 (3) Meyburg et al. 1995a, 2001, 2004b
Wahlberg’s Eagle 640 3520 Namibia 214 (1) 185 (1) Meyburg et al. 1995b
Hobby 240 9635 Sweden 151 (4) - Strandberg et al. 2008b
Eleonora’s Falcon 390 8600 Italy, Sardinia 134 (1) 293 (1) Gschweng et al. 2008
Peregrine Falcon 780 3841 Russia, Kola 190 (2) - Ganusevich et al. 2004
Peregrine Falcon 780 8463 North America 172 (22) 198 (7) Fuller et al. 1998

*Consisting of birds breeding in Germany and The Netherlands (12), Poland (2) and Belarus (2).



2) Inspired by the work of Jean-Marc Thiollay in West Africa, we adopted the method of road

transects to detect spatial and temporal variations in abundance of Montagu’s Harriers. Travelling

at a maximum of 60 km/h, we counted all raptors systematically along roads, dirt roads and

tracks while estimating the distance of each raptor from the road (Trierweiler et al. 2007b). When-

ever a Montagu’s Harrier was seen, we stopped to check whether there was more than one bird,

but if so, they were not included in the road count itself. Since starting in SW Niger in the

northern winter of 2005/2006, we have covered more than 15,000 km of road transects in Niger,

Mali and Senegal. We also used the road counts to record habitat types (every 5 km) and habitat

degradation (scored thus: no, little or much, the categories related to pre-determined values for

the extent of undergrowth, erosion and tree-felling). In addition, we collected data on prey densi-

ties by walking line transects at least 30 m long, recording birds (species and numbers, within 20

m on either side), active burrows of small mammals (rodents, burrows <3 and >3 cm diameter,

within 1.5 m on either side), reptiles (within 1.5 m on either side) and grasshoppers (lengths <3

cm, 3-7 cm or >7 cm, within 1.5 m on either side). Samples of grasshoppers were collected on the

spot, to be identified at a later date and to be used as references. We used these data to calculate

relative prey densities. Between 2006 and 2008, we collected data from more than 1100 prey tran-

sects (Trierweiler et al. 2007b, unpubl.).

3) ‘Roost’ is used here in the sense of any place where one or more individuals spend time resting

or loafing, at night or during daylight.

4) Finding roosts, and by doing so, finding pellets, is essential when investigating the diet of

Montagu’s Harriers in the wintering areas. Large roosts (hundreds of birds) are easier to find than

small roosts (a few birds, sometimes only one). However, investigating only the large roosts will

bias the results, because large roosts indicate areas of high food abundance, where the diet will

usually be less diverse than in areas of lower food abundance. In the latter areas, Montagu’s

Harriers normally have a more diverse diet. The small body of literature on the food of wintering

Montagu’s Harriers is strongly biased towards large roosts in areas subject to outbreaks of Schis-

tocerca gregaria (Cormier & Baillon 1991, Arroyo & King 1995); this bias is often exacerbated by

small sample sizes and short sample periods. A second bias in dietary studies relates to the tech-

niques used to study diets: pellet analysis, collection of prey remains, visual observations or video

recordings at the nest. Each method in itself under- or over-represents certain prey categories

(Schipper 1973, Simmons et al. 1991, Underhill-Day 1993, Sánchez-Zapata & Calvo 1998, Redpath

et al. 2001, Koks et al. 2007), and so a combination of methods is usually considered to provide the

smallest bias. Our Sahelian dietary studies are largely based on pellets.

5) An eye-witness account of Chris Magin may serve to illustrate that Montagu’s Harriers in

Africa also capitalise opportunistically on sudden outbursts of food. Returning to Addis Ababa

from Lalibella, Ethiopia, in late January/early February 2008, he took the lowland route from

Dese, descending into the Afar plains. “As we headed south to Awash NP we passed through

Yangudi Rasa NP, which straddles the main road. The grassy plains were extremely well vegetated

(i.e. the rains a few months previously must have been extremely good) and the grass was

absolutely swarming with a super-abundance of small rodents. Every step you took seemed to

cause one to scuttle for safety. I cannot say with certainty what species they were. The skies were

alive with raptors, almost entirely harriers. I was so impressed with the numbers that at one
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point I attempted a rudimentary census, scanning a 90 degree arc very slowly with my 10x50

Zeiss Jenoptem binoculars and counting all harriers seen up to the horizon. I counted 125 in this

quarter horizon, so estimated that there were around 500 present within the limits of my visi-

bility. I could see quite far – although it was the middle of the day, this was the cool season, so

relatively little heat haze – so probably I could pick out harriers up to 3–4 km away. As there were

no locusts or large grasshoppers present and most of the harriers were quartering low to the

ground, I assumed that they were congregating to feed on the ‘exploded’ rodent population. The

harriers would have been between the hamlet of Gewane and the junction with the Dese road. I

also assume that they would have been within the Yangudi NP limits, if only because the amount

of good grazing would have attracted hordes of nomads and their livestock herds if it had been

outside the NP boundaries. The harriers I saw must have been Pallid and Montagu’s Harriers,

which are common in the area.”

6) The reputation of Richard Meinertzhagen, ornithologist extraordinaire in his time, as being a

reliable source of information has crumbled in recent years (review in Garfield 2007). Painstaking

research by Alan Knox, Robert Prys-Jones, Pamela Rasmussen and Nigel Collar has shown that

“much that he left us cannot be taken at face value” (Knox 1993). His note on harriers in Kenya,

however, has a ring of credibility, since it was published within months of the actual observation.

This is also evident from the remark of Simon Thomsett (in litt.), born and raised in Kenya and

intimately familiar with the raptors there: “I believe Meinertzhagen in this case.” Garfield (2007)

documents that most of the numerous fabrications occurred long after the event, but concedes

that, “All the same, his bird writing, even if sometimes factually wrong, usually tends to be much

more dependable and certainly more plausible – therefore less irritating – than his military or

political memoirs.”
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A population model based on Montagu’s harrier’s
annual cycle: Nest protection, agri-environmental
schemes and non-breeding season survival 

Christiane Trierweiler, Ben J. Koks &  Kees C.W.M. van Scharenburg

Box E

In this study, we model population change in a Palearctic-African migra-
tory raptor species, Montagu’s harrier Circus pygargus, and investigate
relative influences of several demographic and extrinsic factors during
the annual cycle. Montagu’s harrier is red-listed in many European coun-
tries. The species is a ground-breeder and prone to nest losses caused by
harvesting practices when nesting in farmland. The factors of main
interest in this study were the protection of nests in farmland in relation
to harvesting practices, improvement of food supply in agricultural
breeding areas, and circumstances during the non-breeding season that
influence survival and may carry over to the subsequent breeding season.
Our model indicates that protection of nests seems to be the most impor-
tant factor for population growth under the current circumstances in
NW-European breeding and W-African wintering grounds. Furthermore,
improved food supply in farmland habitats and high adult non-breeding
season survival are important to achieve population growth. Food avail-
ability in the breeding areas may be increased by using agri-environ-
mental schemes, e.g. fallow field margins. Adult non-breeding season
mortality may be reduced by promotion of bio-pesticides that are not
harmful to acridivorous birds like Montagu’s harriers and prevention of
illegal persecution during the migration and wintering seasons. Adult
non-breeding season mortality can furthermore be restrained from an
expected future increase by conservation of threatened habitats along the
migratory flyways and in the wintering areas.

Abstract



Introduction

Prey availability may have major effects on predator reprodution and population
dynamics (Caughley 1980, Dijkstra et al. 1982, Meijer et al. 1988, Renshaw 1991).
Dynamics of prey populations have thus often been used to explain predator popula-
tion dynamics, for instance in raptors (Hamerstrom 1979, Taylor 1994, Hone & Sibly
2003). Population dynamics of long-distance migrants are influenced by factors
acting in the breeding and wintering areas and along the migratory route (Newton
2008). Montagu’s harriers Circus pygargus are long-distance migratory raptors that
feed mainly on small mammal and bird prey in the northern European breeding
grounds and on grasshopper prey in the African wintering grounds (chapter 2, 8).
Montagu’s harrier is red-listed in many European countries. The species is a ground-
breeder and prone to nest losses caused by harvesting practices when nesting in
farmland. Previous models of Montagu’s harriers’ population dynamics focussed
mainly on effects during the breeding season (Koks et al. 2001, Arroyo et al. 2002,
Arroyo et al. 2007, Millon et al. 2008, Millon & Bretagnolle 2008, Vanderkerkhove et
al. 2007). These models revealed two important findings. First, changes in abun-
dance of common voles Microtus arvalis have great explanatory power regarding
Montagu’s harrier population changes. Vole abundance influences the harriers’
reproductive success and also their survival. Second, protection of nests in relation
to harvesting practices and subsequent predation influences reproductive success
and consequently population dynamics.

In this study, changes in a hypothetical Montagu’s harrier population are
modelled based on demographic and extrinsic factors acting in the breeding season
and in the non-breeding season. For the breeding season, we include effects of nest
protection and food abundance, and the potential up-regulation of food abundance
by agri-environmental schemes (e.g. fallow field margins: food abundance is higher
in fallow land; chapter 3). The model also includes mortality during migrations and
the wintering period as well as carry-over effects from the non-breeding season to
the breeding season. Carry-over effects of non-breeding season food abundance are
thought to act via delayed spring migration phenology (Balbontín et al 2009, Gordo &
Sanz 2008), a lower probability of a bird entering the breeding population, a lower
probability of starting a clutch, a delayed start of laying and consequently a higher
risk of nest loss by agricultural practices (own data).

The goal of our population model is identifying the relative impacts of different
phases in the annual cycle (breeding season, non-breeding season) and of different con-
servation actions (nest protection, agri-environmental schemes) on population change.

Methods

Model
The deterministic model was based on females. Population change λ ( λ = Nt+1/Nt

where Nt is population size at time t) was determined as follows (Burgman et al.
1993).
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In this model, we took reproduction, survival and recruitment into account to calcu-
late the reproduction that is necessary every year to compensate losses by mortality
(including females and males). Values of the finite population growth rate λ indicate
a population decrease when <1 and an increase when >1.

Parameter estimates
In our population model, we mainly used parameter estimates from a Dutch study
area in the east of the Province Groningen (chapter 2, and unpublished data) and
from own satellite telemetry data of Montagu’s harriers tagged in northern Euro-
pean breeding areas (Trierweiler & Exo 2009, chapter 5, 6). If no reliable parameter
estimates were available, we used values of other populations from literature, for
example survival estimates (Millon & Bretagnolle 2008). In our model, a female had
a probability of settling in a certain breeding population (psettle), which was high
(high was set to 100 %) after a good winter. Satellite telemetry has shown that birds
surviving sandstorms during spring migration may arrive late in the breeding areas
and may refrain from starting a clutch, or may not even settle in a breeding area at
all (own data). We therefore used a low value of psettle after “bad winters” (low was
estimated to be 80%, for the frequency of good and bad winters see below). We have
indications that, whereas emigration and immigration in our study population may
be balanced in average years, settlement (immigration) is higher in years following
years with peak food abundance (Koks et al. 2007, chapter 2). We plan to extend the
model with such a feedback loop in the future. Based on Arroyo et al. (2007), we
modelled the probability of laying a clutch (pbreed) for a settled female to be high
(94%, median of own data) when food abundance is high and low when food abun-
dance is low (low was set to 84%, which is 94% - 1 standard deviation). Median
clutch size was set at 3.6 eggs according to own data. In the model, clutch size was
higher when laying date was earlier and when food abundance in the breeding area
was higher according to Koks et al. (2007, chapter 2), using the regression equation
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λ = (psettle * pbreed * 0.5 * clutch * pfledge * s2CY * precruit 2CY) +
(psettle * pbreed * 0.5 * clutch * pfledge * s2CY * s3CY * precruit 3CY) +
(psettle * pbreed * 0.5 * clutch * pfledge * s2CY * 

where
psettle = probability to settle in the breeding population
pbreed = probability to start a breeding attempt (lay a clutch)
clutch = clutch size
psettle = probability that a young fledges (clutch * pfledge = number

of fledglings
s = survival, with indication of age class (second of third calendar year,

or adult i.e. >third calendar year)
precruit =probability that a bird enters the breeding population for its first

breeding attempt, with indication of age class)



clutch size = 4.396 + 0.035 * food abundance – 0.035 * laydate 

Laydate (in the formula expressed as day number starting from 1 May) was set
(according to own data) at 25 May for median years, 14 May for early years and 14
June for late years. We reasoned that bad winters (low food supply in the wintering
areas) would result in females leaving in poor body condition with lower probability
of successful spring migration (Zwarts et al. 2009). This and adverse weather condi-
tions during spring migration would result in late arrival in the breeding areas.
Therefore, laydate in years with a bad winter was always set to be late, resulting in
smaller clutches and higher agricultural nest losses (see below).

Hatching success was not explicitly modelled and assumed to be constant.
Fledging success (pfledge) was set to 68% (Butet & Leroux 1993: 68 ±8%). We account-
ed for differences in reproductive success between monogamic females and α- and
β-females of polygamic males by using the clutch size and fledging success values
measured in the field, which are values that are averaged over the different pair
forms. The only effect of food abundance on reproduction included in the model was
the effect on clutch size (see above), as no relationship between food abundance and
number of fledglings was measured in the field (own data). Next to nest protection
in relation to harvesting practices, fledging success may also be related to other, not
modelled factors, e.g. individual quality of the parents, weather conditions in the
early nestling phase and predation.

According to estimates from our small mammal censuses, we set food abundance
at 5 for median years, 1 for low years and 20 for peak years (values refer to small
mammals/100 trap nights measured during vole censuses, for the frequency of each
event see below; Koks et al. 2007, chapter 2). To model the role of alternative prey
items, especially farmland birds, which are assumed to replace small mammals in
poor years, we include only median and peak years in the model scenarios we run
here, and therefore refer to “food abundance” instead of “small mammal abundance”.
Food abundance was set to be ten times higher in agri-environmental schemes
(fallow field margins) than in regular farmland. This decision was based on Koks &
Van Scharenburg 1997 and chapter 2, where small mammal abundance was esti-
mated to be 2 – 6 times higher in fallow than in regular farmland. The estimate was
increased to 10 times to include the beneficial effect of the margins on the
surrounding farmland. Overall food abundance was calculated as a weighed mean of
proportions surface area of land with agri-environmental schemes (food abundance
in median/peak years was multiplied by 10) and regular farmland (food abundance
was multiplied by 1).

Next, fledging probability (pfledge) was corrected for agricultural losses. Nests
were distributed over different vegetation types (e.g. winter wheat, lucerne, winter
barley, which was varied according to different model scenarios). In each vegetation
type, a nest had a certain survival probability related to harvesting practices and
lodged vegetation, which may differ between nests started early or late in the
season. In “safe” vegetation types, nests have a high survival probability related to
harvesting practices and lodged vegetation, in “unsafe” types a low one. A “safe” type
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is for instance late harvested winter wheat, where losses were estimated to be 7%
when the laying date is median, but 100% when the laying date is late (own data).
“Unsafe” types are early mown lucerne, winter barley, wheat/barley hybrid and
oilseed rape, where losses are almost always 100% (own data). With nest protection,
agricultural losses were set to zero. Only natural habitats had always zero agricul-
tural losses. We did not model losses of incubating females, as no estimate of the
number of females killed annually by harvesting activities was available, and the
number was likely to be low (own data).

Age-specific survival estimates were based a study on wing-tagged Montagu’s
harriers by Millon & Bretagnolle (2008). Their study showed that first year survival
was 31 ±6% (set to 31 % in our model) and adult female survival was between 60%
and 80%. In our model, we distributed mortality for adults over the annual cycle
according to insights from satellite telemetry (Trierweiler & Exo 2009, Strandberg et
al. 2009a): during spring migration 9%, during the breeding season 5%, during
autumn migration 8% and during the wintering season 5%. Catastrophic events such
as sand storms during spring migrations can dramatically lower adult survival
during migrations (Strandberg et al. 2009a, Trierweiler & Exo 2009). For bad
winters, mortality estimates for adults were consequently corrected up to 20%
during spring migration based on estimates from satellite telemetry (Trierweiler &
Exo 2009), resulting (multiplied) in the annual adult survival of 76% in average years
and 66% after bad winters (for the frequency of good and bad winters see below). We
assumed that most Montagu’s harriers do not head for the breeding areas in their
second calendar year but stay in the wintering grounds until their 3rd calendar year
(Clarke 1996a). Survival of 3rd calendar year birds was therefore 

S3CY = sautumn migration * swinter2 * sspring migration

where s denotes survival and subscripts indicate periods in the manual cycle

As females start breeding mainly in their third calendar year (CY; Clarke 1996a, own
data), we set the proportion of recruitment into the breeding population (precruit,
related to the age of first breeding) in the 2nd CY to 2%, in the 3rd CY to 80% and in
the 4th CY to 18%.

Frequencies of rich and poor food abundance and of good and bad winters
Finite population growth rates were calculated for combinations of normal and low
probability of entering the breeding population, for early, median and late laying date
and median and high food abundance. We assumed that peak food abundance years
as well as bad winters occur each twice every 10 years, other years being median /
normal years (own data: small mammal census and satellite telemetry). Scenarios
were run by randomly drawing values of λ according to the specified frequencies of
peak food abundance and bad winters, taking nest protection and different propor-
tions of agri-environmental schemes into account. Average population change was
calculated in scenarios run in MS excel over 50 years with 100 randomisations. For
the present purpose, no carrying capacity was set and exponential population
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growth was possible. We evaluated the average λ and the probability that final
population size falls below one individual (extinction criterion) within 50 years.

Scenarios
Modelling a hypothetical population with a start value of 40 (the size of the study
population in Groningen), we run three scenarios differing in the distribution of
nests over different vegetation types. In scenario 1, most nests were located in
winter wheat (“safe”) but some also in “unsafe” vegetation types, in scenario 2 most
nests were located in winter barley (“unsafe”) and in scenario 3, the population was
almost entirely located in winter wheat (details see fig. E.1A-C). In scenario 1, the
distribution of nests over different vegetation types represents the situation in
Groningen, The Netherlands (53°11’N, 7°4’E) in 2005, and in scenario 2, the distribu-
tion represents the situation in Rheiderland, Germany, in 2008, which is adjacent to
Groningen. Scenario 3 is a hypothetical scenario.

Results

In scenario 1 (“Groningen 2005”), finite population growth rate λ was always below
1 (population decrease) in the two situations where nest protection was absent (on
average 0.89 and 0.95, with and without bad winters, respectively; fig. E.1A).
Without nest protection, extinction risk over 50 years was 100%, whereas with
protection, it was 0% (no carrying capacity set). The negative effect of bad winters
was slightly larger in the unprotected than in the protected situation (decrease in
average λ when bad winters were introduced: unprotected, 0.95 to 0.89; protected,
1.05 to 1.01). This is the case because late arrival after a bad winter was modelled to
result not only in a smaller proportion settling and breeding as well as smaller
clutches, but also in additional agricultural losses (harvest/mowing is more likely to
be earlier than fledging date in late nests in an otherwise “safe” vegetation type like
winter wheat). 

In the situation with bad winters and with nest protection (representing the most
realistic situation), deterministic population growth was slightly negative without
agri-environmental schemes (λ = 0.99). Growth rate was positive when in more than
6.6% of surface area, agri-environmental schemes (fallow field margins) were
realised. Simulating a surface area a little larger than this value (8%), 100 random
runs over 50 years produced an average λ of 1.004 with an extinction risk of 0% (no
carrying capacity set).

In scenario 2 (“Rheiderland 2008”), the situation without nest protection was
more critical than in scenario 1 (fig. E.1B): Population growth was even more nega-
tive without nest protection than in scenario 1, due to the high percentage of nests
in “unsafe” vegetation. The relative effect of bad winters in the unprotected situa-
tion was smaller than in scenario 1, as agricultural losses were high any way.
Trajectories in the most realistic situation (with bad winters, with nest protection,
10% agri-environmental schemes) resulted in an average λ of 1.008 and 0% extinc-
tion risk over 50 years. 
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In scenario 3, positive population growth could be achieved without nest protec-
tion, given that no bad winters occurred ( λ >1 in the situation “-badwinter-protec-
tion”, fig. E.1C). When no bad winters occurred, the positive effect of nest protection
on population change was relatively small, whereas it was larger in case bad
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Figure E.1 Modelled Montagu’s
harrier finite population growth
rates (λ) in three different scenarios
run over 50 years and 100 randomi-
sations, vs. percentage surface area
of agri-environmental schemes
(fallow field margins) in the breeding
area, according to occurrence of bad
winters (+/- bad winter) and nest
protection (+/-protection). The three
different scenarios are based on
different percentages of breeders
located in vegetation types where
nests can be safe from harvesting
practices or not. That means only
the situations without nest protec-
tion differ between the scenarios.
(A) Scenario 1 (“Groningen 2005”):
63% of nests in winter wheat, 15%
in wheat-barley hybrid, 5% in
lucerne and 3% in natural habitats;
(B) scenario 2 (“Rheiderland 2008”):
67% of nests in winter barley, 17%
in oilseed rape and 17% in winter
wheat and (C) scenario 3 (“safe
vegetation”): 97% of nests in winter
wheat and 3% in natural vegetation.

Figure E.2 (right) Sensitivity of the model on Montagu’s harrier population growth rate used in
this study to changes in different parameter estimates. The basis is scenario 1 (“Groningen 2005”,
see text), one variable is changed at a time. Outcomes are shown for several example situations,
that are termed after the winter (normal or bad), laying date (early or late) and food abundance
(low or high), with (NP) or without (blank) nest protection. Not all situations are shown in each
graph. (A) The probability of settlement (psettle) in good years is set at one. In the graph, outcomes
are shown for variations in the probability of settlement after a bad winter (proportions of
females settling in the breeding population). (B) The probability of breeding (laying a clutch, pbreed)
in normal years is set to 0.94 (94%). The graph shows the effect of changes in the probability of
breeding in bad years (proportions of females laying a clutch). (C) In the model, food abundance in
agri-environmental schemes was assumed to be 10 times higher than in regular farmland. The
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graph shows the effects of changes in the estimate of food abundance in agri-environmental
schemes when regular farmland is kept at food abundance = 1. Graph (D) shows the effects of
variation in fledging probability (pfledge, expressed as proportion of young that fledge). We set
fledging probability at 0.69 (69%) in our scenarios. In graphs (E) and (F), respectively, the effects of
variations in adult female survival after normal and after bad winters are shown. In (G), four
different situations (1–4) are shown for recruitment into the breeding population. The percentage
of females’ age of first breeding was varied as follows. Situation 1: 2nd Calendar Year, 2%; 3rd CY,
50%; 4th CY, 40%; 5th CY, 8%; situation 2: 0% / 50% / 50% / 0%; situation 3: 10% / 60% / 30% / 0%;
situation 4: 2% / 80% / 18% / 0%, the latter being the situation used in our scenarios. 



winters occurred. This was caused by agricultural losses in winter wheat modelled
to be small early in the season, but high late in the season (after a bad winter and
consequently late arrival).

To evaluate the sensitivity of the model outcomes to changes in parameter esti-
mates, we chose scenario 1 (“Groningen 2005”) and varied several parameters one by
one (fig E.2A-G). It showed that the model outcomes were most sensitive to varia-
tions in fledging probability and adult survival, especially adult survival after bad
winters.

Conclusions

Factors acting during the breeding season seemed to be most important for
Montagu’s harrier’s population change, under the current conditions in NW-Europe
and W-Africa, which we modelled. Protection of Montagu’s harrier nests in relation
to harvesting practices and subsequent predation seems to have the largest influ-
ence on population change under different scenarios. Scenario 1 (“Groningen 2005”)
and 2 (“Rheiderland 2008”) represent both realistic scenarios with, in Groningen, a
high proportion of nests located in “safe” vegetation types (winter wheat, mostly
harvested after fledging of the young), and in Rheiderland a high proportion in
“unsafe” types (mostly winter barley, causing 100% nest loss without protection). In
both scenarios, our model predicts that positive deterministic population growth can
only be achieved with nest protection. Due to high agricultural losses, deterministic
population growth in the unprotected situation was much more negative in scenario
2 than in 1 (33% vs. 9% annual decline). 

In the situation with nest protection, our model predicts that adult winter
survival as well as food abundance in the breeding areas become the most important
factors determining population change. When all nests were protected in the model
scenarios 1 and 2, population growth was still slightly negative without agri-envi-
ronmental schemes, given that bad winters occur. Improvement of food abundance
by fallow field margins on a relatively small surface area of the breeding grounds
was necessary to make population growth positive. Our model predicted that agri-
cultural losses (without nest protection) cannot be completely compensated by
improving food supply by agri-environmental schemes in scenarios 1 and 2. Even in
scenario 3, with the major part of nests located in relatively “safe” vegetation
(winter wheat), population growth was slightly negative over the whole range of %
surface areas with agri-environmental schemes, without nest protection. Only a
higher adult survival made population growth in the “safe” scenario 3 positive
without nest protection. In practice, this means that in populations nesting for the
major part in safe vegetation, we may not need to protect 100% of nests in need of
conservation to achieve positive population growth. This implication is especially
relevant at a large scale (e.g. countrywide), when lack of manpower and resources is
often prohibitive for 100 % nest protection.

In scenarios 1 and 2 with nest protection, reduction of non-breeding season
mortality would have an even larger beneficial effect on population growth than
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realising agri-environmental schemes. Exclusion of bad winters (with 0% agri-envi-
ronmental schemes realised) would result in an annual deterministic population
growth of 3%, the same that may be achieved with 24% agri-environmental schemes
when bad winters were included. In practice, the occurrence of bad winters in the
strict sense cannot be influenced, because headwinds, dust storms and consequently
energetic bottlenecks during sea and desert crossings cause extra mortality during
bad years. In a wider sense, especially in the light of current human- and climate-
induced environmental changes in the wintering and stopover areas, conservation
may focus on non-breeding season habitats, aiming at the conservation of reliable
food sources for harriers. Next to the expected future loss of non-breeding season
habitats, harriers may suffer lethal or sub-lethal effects of harmful chemical pesti-
cides used against migratory but also non-migratory grasshoppers (the latter being
the staple food during the non-breeding season): bio-pesticides that are not harmful
to acridivorous birds should be promoted (Cormier & Baillon 1991, Mullié 2009b).
Prevention of illegal persecution in the non-breeding season should be another
priority. Such conservation actions should be aimed at halting a potential future
increase in adult non-breeding season mortality.

The numerical results from this modelling exercise should not be taken literally
but interpreted as indications. Outcomes of our model are robust to changes in most
parameter estimates, but sensitive to changes in adult survival, in particular adult
survival after bad winters. The latter shows the possible detrimental consequences
of catastrophic events during migration. To further evaluate processes relating to
adult survival, we recommend to calculate specific survival estimates for NW-
Europe. The estimate of survival after bad winters we used was based on relatively
few own data from satellite telemetry. Our results must consequently be seen as
first indications and we recommend to refine the model when better parameter esti-
mates, especially for non-breeding season mortality, become available. 

Our model was furthermore sensitive to changes in fledging probability. This
indicates that improvement of fledging success could be a rewarding conservation
strategy. We recommend to investigate correlates of fledging probability in a longer
time series of data. In the present dataset, we found no significant relationship of
fledging success with small mammal abundance in the breeding areas. Other factors
such as predation, weather circumstances and individual quality may also play a
role. The positive relationship of hunting yield of Montagu’s harrier males with
fledging probability of their broods is, however, an indication that food abundance
may in general positively influence fledging probability (chapter 3). 

Nest protection is no desirable nor realistic long-term conservation strategy. On
the long term, strategies have to be investigated how to create enough safe and
attractive breeding habitats in Montagu’s harriers’ breeding areas to counter the
high proportion of nest losses. A low proportion of nest losses could be compensated
for by improvement of food abundance (agri-environmental schemes) and higher
adult survival (stable and on average favourable conditions during the non-breeding
season).
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The world lies in the hands of those
who have the courage to dream and
who take the risk of living out their dreams
- each according to his or her own talent.

- Paulo Coelho -
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Backgrounds

The ecology and population dynamics of migratory animals are influenced by events
that occur in different, often geographically distant places and during different
seasons (Greenberg & Marra 2005). Conditions on the breeding as well as wintering
grounds may not only have direct effects on reproduction and survival respectively,
but effects may even carry over to subsequent seasons. Food availability plays a
major role in the causation of breeding season behaviours in birds, such as choice of
breeding areas, nest sites and hunting habitats. Besides predation, food availability
in the breeding areas may strongly influence reproductive success. Food availability
is, additionally, one of the major causes linked to migratory behaviour and move-
ment behaviours in the wintering grounds (Newton 2008).

We studied ecology and movement behaviours of a Palearctic-African migratory
raptor, Montagu’s harrier Circus pygargus in the course of the year - in the breeding
and wintering season and during migrations. Montagu’s harrier was a common
breeding bird in Europe until the beginning of the 20th century, but is nowadays red-
listed in several European countries (Burfield & Van Bommel 2004, Südbeck et al.
2008). Detailed long-term studies show declines in many breeding populations (Zijl-
stra & Hustings 1992, Millon et al. 2004, NABU 2004). The main cause for these
declines is probably the drastic reduction in natural breeding habitats since the
1940s. Habitats such as moors and heathlands were destroyed or declined in suit-
ability due to reduced food abundance. Furthermore, Montagu’s harriers were
victims of persecution and may have suffered, as other raptor species, of organo-
chlorine pesticide use in the 20th century (Clarke 1996a, Zwarts et al. 2009).

Nowadays, Montagu’s harrier in western Europe (and to a large extent also in
eastern Europe) is a farmland bird. Since the end of the 20th century, Montagu’s
harriers mainly breed in agricultural habitats in western Europe, especially in crop-
lands (e.g. winter wheat, winter barley, lucerne; Arroyo et al. 2004, Trierweiler et al.
2006a). Being a ground-breeder, the harriers are vulnerable by harvesting practices
(Sudfeldt et al. 2008). Intensive nest protection and habitat improvements by agri-
environmental schemes (e. g. fallow field margins) resulted in local increases in
harrier numbers (Millon et al. 2004, Illner 2007, Arisz et al. 2008, chapter 1). 
Long-distance migrant populations presently decline stronger than other bird
species, pointing towards the importance of mortality during migrations and in the
wintering areas (Sanderson et al. 2006, Bairlein et al. 2008, Gordo & Sanz 2008,
Heldbjerg & Fox 2008). In spite of intensive protection in the breeding areas,
Montagu’s harrier breeding populations in West-Europe are still vulnerable.
Montagu’s harriers spend only about four months in the breeding areas. Thus popu-
lation changes may also be influenced by ecological conditions along migration
routes and in the wintering areas. Effective conservation strategies need to include
potential bottlenecks during all seasons of the annual cycle. This means for
Montagu’s harriers that especially problems during the seasons with the highest
mortality, the spring and autumn migrations, should be tackled (box E). In this
context, it is important to investigate how conditions at staging areas along the
migration route and in the winter quarters affect subsequent breeding success.
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Although relevant, knowledge on Montagu’s harrier ecology outside the breeding
season has been fragmentary and speculative (Agostini & Logozzo 1997, García &
Arroyo 1998, Fransson & Petterson 2001, Bønløkke et al. 2006, Limiñana et al. 2007,
Spina & Volponi 2008). Our work with satellite telemetry and in the field during the
non-breeding season has contributed to a more profound understanding of these
phases in Montagu’s harriers’ annual cycle. The main routes and characteristics of
migrations as well as of important wintering areas and characteristics of non-
breeding season ecology have now been identified (chapter 5 – 8). Here, Montagu’s
harrier can also function as a model species for migratory raptors and other migra-
tory birds wintering in the Sudano-Sahelian Zone.

Effects on population change during the breeding season

In chapter 2, we identify voles (in particular the common vole Microtus arvalis) as
the main prey item in NW-European farmland (ca. 60%). Next to these small
mammals, farmland birds, e.g. skylark Alauda arvensis, yellow wagtail Motacilla
flava and meadow pipit Anthus pratensis constitute a significant part of the
harriers’ diet (ca. 20%). Other alternative preys are lagomorphs, eggs and insects.
Montagu’s harriers can be characterised as “opportunistic specialists” concerning
their prey choice, as they often specialise in the most available prey type, be it small
mammals, birds, lagomorphs or insects (Arroyo 1998). This holds not only for the
breeding areas, but also for the wintering areas, where harriers have been shown to
specialise in insect or small mammal prey (see below, chapter 7, 8). In the wintering
areas, it shows most clearly that the harriers’ diet can be very diverse, probably
when no particular prey type is super-abundant (chapter 8). The high flexibility in
prey choice may be adaptive in situations of shortage of specific prey types. On the
other hand, not all prey types are equally profitable for the harriers. Similar to other
farmland Montagu’s harrier populations, small mammal abundance in the Nether-
lands positively influences population growth and breeding parameters such as lay
date and clutch size (chapter 2). Alternative prey items appear thus to be less benefi-
cial for Montagu’s harrier’s reproduction. A possible explanation is that the relation-
ship between time and energy invested during the hunt versus the biomass and
nutrient yield of the prey for the nestlings and parents is less favourable than for
small mammal prey. We found no direct influence of small mammal abundance on
fledging success; the relationship of hunting yield and fledging success (chapter 3),
however, suggests the existance of such an influence. Fledging success may further-
more be influenced by for instance individual quality of the parents, weather condi-
tions during the early nestling phase and predation. Small mammal abundance does
not only affect population growth via reproduction, but may also cause breeders to
immigrate into or emigrate from a population (chapter 1, Arroyo et al. 2007). This
relationship has not yet been tested for other prey types.

Small mammal and farmland bird abundance is higher in fallow habitats than in
intensively farmed land (Koks & Van Scharenburg 1997, Arisz et al. 2008, Van ‘t Hoff
& Koks 2008, chapter 2). The consequently positive influence of large-scale set-aside
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on Montagu’s harrier population growth has been shown in the 1990s, when
unprecedented numbers of harriers settled in East-Groningen, the Netherlands,
where ca. 20% of farmland was temporarily set-aside (chapter 1). Based on this posi-
tive effect, extensification of farmland has been used as conservation strategy. To
test the relationship of Montagu’s harriers’ with different habitat types in more
detail, we used radio telemetry. Habitat preferences and the relationship of the pres-
ence of preferred habitat types with reproductive success were investigated.
Lucerne, fallow habitats and cereals were identified as most preferred habitats in
general within the home range at different home range scale levels (50%, 90%, 100%
kernel home range) in two Dutch farmland areas, although seen in absolute
numbers, harriers catch the major part of the prey during the breeding season on
often widely available intensive grasslands (chapter 3, 4). For hunting flights, high
habitat diversity in general and in particular intensive grasslands, lucerne, natural
grasslands and fallow habitat types were most preferred, while other habitat types
(e.g. potatoes, beetroots, onions, woods) were least preferred. An explanation for the
use of a range of different habitat types may be that they host a range of different
prey types. Although Montagu’s harriers often specialise in one prey type, they still
need alternative prey to a significant extent. Whereas in our study, the presence of
intensive grasslands (most preferred hunting habitat) did not affect home range size,
a high proportion of lucerne and fallow habitat types in a ca. 8 km2 area (1.6 km
radius) around nests tended to result in relatively small core home range sizes. Small
home range size in turn related to high reproductive success. Based on our findings,
we recommend to offer higher proportions of the favoured habitat types, especially
lucerne and fallow habitats, and conserve habitat diversity in West-European inten-
sively farmed landscapes. Optimising the management of natural and extensive
grasslands for biodiversity may also benefit Montagu’s harrier populations. We have
shown that Montagu’s harrier home ranges in Dutch farmland were much larger
than in other farmland areas in Germany and France. The differences may be, at
least partly, due to different methodologies used. The consistently larger home range
size in Dutch farmland compared to all other available studies may, however, also be
a real difference, reflecting low food availability in our intensively farmed study
areas.

Our conservation recommendations are especially relevant in the light of recent
changes of current and future agricultural land use changes: the Common Agricul-
tural Policy of the European Union requests 0% set-aside from 2008 onwards,
resulting in smaller proportions of fallow habitats in European farmland than in
previous decades, potentially lowering biodiversity (Stoate et al. 2009). Additionally,
the recent increase in growing of energy crops as well as agriculture led by solely
commercial interests may result in further intensification and decrease of diversity
in European farmland (Henle et al. 2008, Boatman et al. 2010). Farmland extensifi-
cation does not only function as sole species conservation measure, but has positive
effects on many farmland bird species and on farmland biodiversity in general (Van
Buskirk & Willi 2004, Arisz et al. 2008). Montagu’s harrier, being a top-predator, can
consequently function as a key species for the small mammal, farmland bird and
even insect communities of the underlying food web. 

206 Chapter 9



Vole abundance is higher in dense and high vegetation, where small mammals
are not easily accessible to raptors (Bechard 1982, Simmons 2000, Vulink 2001,
chapter 2). In intensive grasslands, it is shown that harriers profit from a two - to
threefold increase in hunting yield (preying mostly on voles) during two days after a
mowing event, that reduces the cover for vole prey (chapter 4). Mowing may be a
crucial tool to improve accessibility of food for Montagu’s harriers and other raptors
and scavengers on the short term, not only in regular farmland, but also in agri-
environmental schemes, e.g. fallow field margins, as long as it does not interfere
with other biodiversity conservation goals (chapter 4). Phased and partial mowing
regimes could be spread throughout Montagu’s harriers breeding season to create a
reliable and predictable food supply; or efforts could be concentrated in the nestling
phase, when no particular habitat type in the agricultural landscape seems to be
especially profitable for the harriers (chapter 3). Withdrawals of mowing for other
bird species can be avoided by taking nesting periods of ground-breeders into
account or by mowing high enough above the ground to spare birds’ nests or young.
Diverse mowing regimes create small-scale heterogeneity that may benefit farmland
animals in general, especially bird species, by creating a combination of (low vegeta-
tion) foraging habitats and (high vegetation) cover for e.g. skylark Alauda arvensis,
lapwing Vanellus vanellus and grey partridge Perdix perdix. Agri-environmental
schemes created for skylarks in NW-Groningen (The Netherlands), for instance,
include phased and partial mowing of fallow field margins (the so-called “duo-
randen”). The density of skylarks in margin plots was significantly higher than in
control plots (Van ‘t Hoff & Koks 2008), coinciding with the number of Montagu’s
harrier breeding pairs increasing from zero (2005) to 15 (2009) after introduction of
these schemes (chapter 1).

Effects on population change during migrations

We show that the major part of NW-European Montagu’s harriers migrates between
their breeding grounds and their wintering grounds in Senegal, Mauretania and Mali
on a western route via Iberia during both migration seasons (chapter 5, 6). About
one quarter of NW-European harriers migrates on a more central route via Italy into
Niger and Nigeria. Contrary to earlier suggestions (Agostini & Logozzo 1997, García
& Arroyo 1998), no indications for loop migrations in these populations were found.
Similar routes were used by the same birds during autumn and spring migrations. In
NE-European populations, however, loop migrations via Greece into Africa (Chad,
Cameroon, Niger and Nigeria) and back via Italy were documented (chapter 6). On a
global scale, satellite telemetry and migration counts indicate the existence of at
least four autumn migration pathways used by large numbers of Montagu’s harriers
in the W-Palearctic: via Iberia, via the Central Mediterranean, via the Aegean and
via the corridor between the Black and Caspian Sea (Middle East, box C). Migration
counts indicate that the pathway via Italy is not as important during autumn migra-
tion, but more so in spring (box C). No major Montagu’s harrier concentrations were
documented at the Bosphorus, maybe because harriers pass through the region in a
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wider front. The location and importance of more eastern pathways and the relative
importance of Africa and India as wintering areas remain as yet unknown.

Our satellite telemetry studies made it possible for the first time to track indi-
vidual Montagu’s harriers during several years. We have analysed now up to three
spring tracks and up to four autumn tracks of several individuals. These data point
towards high fidelity to migratory routes (chapter 6). The locations of wintering
areas mirror to a significant extent the locations of breeding areas, which indicates –
together with high route and site fidelity – a high migratory connectivity between
breeding and wintering populations (chapter 6). The potentially profound conse-
quences of this connectivity on fitness components and in a conservation context
remain as yet unknown.

On the Iberian migration route, which is of major importance for NW-European
Montagu’s harriers (used by ca. three quarters of NW-European satellite-tagged
harriers), satellite tracks show a high degree of concentration during spring and
autumn migration in eastern Morocco and western Algeria, between the High Atlas
and Sahara Atlas mountain ranges. This observation indicates the location of an
important stopover area during both migration seasons, which has been previously
unknown (Thévenot et al. 2003, chapter 6). Analyses of daily migration distances
show that this stopover area, located before (autumn) respectively after (spring) the
energy-demanding crossing of the Sahara desert, is potentially even more important
during spring than during autumn migration (chapter 6).

Based on satellite telemetry, mortality is estimated to be higher during migration
than during the wintering season, and higher during spring than during autumn
(Trierweiler & Exo 2009, box E; see also Strandberg et al. 2009a). Besides already
having to cover long distances over sea or desert, which both provide hardly any
food and few or no possibilities to rest, mortality can additionally increase when
strong headwinds and dust storms occur. Good ecological conditions in the
wintering areas may improve spring migration success as migrants start the desert
crossing in a better body condition (Zwarts et al. 2009). These effects may carry over
to the breeding season. Other potential factors influencing migration season
mortality (in stopover areas) are habitat destruction and pesticide use against large
insects (resulting in poisoned food sources), as well as illegal shooting at migration
bottlenecks (own observation, Strandberg et al. 2009a).

Effects on population change in the wintering areas

Satellite tracking revealed the location of important wintering areas of northern
European Montagu’s harriers (Trierweiler & Exo 2009, chapter 6, 7). The popula-
tion-specific wintering areas are mainly located between 10°N and 17°N. Wintering
areas of migrants via Iberia were located more to the West (Senegal, Mauretania and
Mali) than of migrants via Italy and Greece (Niger, Nigeria, Cameroon and Chad;
chapter 6). 

In the wintering areas, Montagu’s harriers live in open savanna and farmland
habitats of the Sudano-Sahelian zone (chapter 7, 8). Their main prey species in

208 Chapter 9



average years (without prey animal outbreaks) are resident grasshopper species, e.g.
Ornithacris cavroisi and Acorypha clara. Whereas these large insects make up 60–
90% of the harriers’ diet, alternative prey species may, like in the breeding areas,
make up a significant part of the diet. Up to 40% of the diet was found to consist of
other large insects (mantids, beetles) as well as birds and small mammals. Montagu’s
harriers may concentrate in areas with grasshopper or small mammal outbreaks
(Baillon & Cormier 1993, chapter 8). In average years, however, harriers seem to
track optimal grasshopper availability, which is presumably linked to a certain
range of vegetation greenness (the “green belt”). The “green belt” is retreating south-
wards during the Sahelian dry season. The shift of the “green belt” is correlating
with a >500 km movement of the harriers in SSW direction and between on average
four distinct home ranges, which are of comparable size as breeding home ranges
(chapter 7). It is not known what the advantages of familiarity with these relatively
small areas precisely are. Although most harriers make wintering season movements
during the Sahelian dry season, some stay in just one home range, indicating the
existence of mixed wintering strategies. The latter may be possible due to the poten-
tially diverse prey choice of the harriers, enabling them to prey on differentially
available prey types in the course of the dry season.

Hazards in the wintering grounds are cultivation of natural savannas, cutting of
live wood as fuel wood and shortening of fallow vs. cultivation cycles in farmland
habitats (Thiollay 2006a, Wilson & Cresswell 2006, Trierweiler & Koks 2009, chapter
8). Montagu’s harriers may profit from the first succession stages during new culti-
vation of former savannas, but when soils will be overexploited on a large scale,
food availability will probably drop to critical levels (Trierweiler & Koks 2009,
chapter 8). In addition, the use of harmful chemical pesticides against plague
grasshoppers (migratory as well as non-migratory species) may confront Montagu’s
harriers with poisoned food sources (Cormier & Baillon 1991, Mullié 2009b). Here,
the use of biological pesticides based on fungi that are not harmful to grasshopper-
consuming birds may open new perspectives for bird conservation in the future
(Mullié 2009b). Another hazard in the wintering areas is direct human persecution
(Thiollay 2006a, chapter 5). Furthermore, climate change and subsequent environ-
mental changes may contribute to deteriorating environmental conditions on the
wintering grounds (Grande et al. 2009). On the other hand, when droughts and
woodcutting occur and the vegetation is becoming sparser at more southern lati-
tudes, which are currently outside the usual wintering range, these areas area might
become suitable harrier habitats in the future. Montagu’s harriers may track
optimal habitats to a certain extent due to their relatively high behavioural flexi-
bility, but a consequently longer desert crossing could increase mortality (chapter 7).

Ecological conditions in the wintering areas have been shown to influence spring
migration phenology, survival rates and population changes in several migratory
bird species (Bairlein & Henneberg 2000, Schaub et al. 2005, Grande et al. 2009,
Peach et al. 1990, Szép 1995, Moeller 1989, Saether et al. 2006, Eraud 2009, Norris et
al. 2004, 2007). Possible explanations for this are that higher primary productivity in
the wintering grounds and consequently higher food availability enhances the
migrants’ body condition, increases survival or improves moult (Gordo & Sanz 2008).
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In Montagu’s harriers, the high degree of migratory connectivity (chapter 6) may
cause that environmental changes in the wintering areas lead to mismatches of
migration phenology and environmental conditions in the breeding grounds (Visser
& Both 2005). On the other hand, Montagu’s harriers show behavioural flexibility
during wintering, potentially enabling them to cope with environmental changes:
different individuals can adopt a regional movement or site tenant strategy, an indi-
vidual may explore new home ranges or use different subsets of known home ranges
every year (chapter 6), and the harriers are capable of tracking outbreaks of abun-
dant alternative prey animals (chapter 8). It remains to be investigated whether
ecological conditions in the wintering areas as well as different wintering strategies
also have fitness consequences in Montagu’s harriers.

Population limitation in Montagu’s harriers

Detecting bottlenecks in the annual cycle that influence population growth rates is
important in population biology, and especially challenging in studies on migrants
(Newton 2006). Detecting bottlenecks is also important in a conservation context.
Montagu’s harrier population change has been explained by effects of rainfall in the
Sahelian wintering areas (Clarke 2002), although correlations could not be repro-
duced on the long term (Trierweiler & Koks 2009, chapter 8). Breeding season
effects, especially agricultural nest losses, are consequently likely to override non-
breeding season effects under current conditions in West-Europe and the Sahel
(Trierweiler & Koks 2009, chapter 8).

To test this hypothesis, we modelled population change, taking influences of
different seasons on survival and reproductive success into account (box E). Protec-
tion of nests against agricultural practices and possible subsequent predation appears
to have the most important effect on deterministic population change. Without nest
protection in agricultural habitat, no positive population change could be achieved.
Only hypothetical populations that were almost completely located in “safe” breeding
habitats (e.g. late harvested winter wheat or natural habitats) achieved a positive
population growth without nest protection, given that adult survival was high.
Consequently, with the exception of the rare situation that populations are located
almost entirely in “safe” vegetation, we suggest that currently, nest protection in the
European farmland breeding populations should be the conservation action of
highest priority. Nest protection represents, however, not a long-term strategy.

Given that nests in agricultural habitat are in “safe” nesting vegetation or
protected, adult winter mortality and food abundance in the breeding areas were
important for population change (box E). To achieve a positive population change,
adult winter survival of Montagu’s harriers should be stabilised or improved by
prioritizing winter food availability, i.e. conserving African non-breeding season
habitats. Prevention of grasshopper treatment with harmful chemicals (i.e. promo-
tion of bio-pesticides) and prevention of illegal persecution of harriers in the
wintering areas and during migration should be additional conservation goals. The
few data available at the moment show no indications of a recently reduced adult
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survival in Montagu’s harriers (which should, however, be monitored by creating
longer time series of data). The situation in Montagu’s harriers may be comparable
to what has been shown for black-tailed godwits Limosa l. limosa, where reduced
reproduction due to agricultural losses is more likely to be the underlying cause of
current population declines than reduced adult survival (Roodbergen et al. 2008). In
the future, however, reduced adult survival may play an increasing role in
Montagu’s harrier population changes, as the harriers’ wintering habitats have been
changing and are threatened by intensifying human utilisation (Thiollay 2006a,
Zwarts et al. 2009).

Given that nests are “safe” or protected in agricultural breeding habitats, positive
population growth could be promoted by increasing food abundance in the inten-
sively farmed breeding areas by agri-environmental schemes, e.g. fallow field
margins. Our population model indicated that only a small proportion of the farm-
land breeding areas would be needed to be turned into agri-environmental schemes
to warrant a positive population growth and consequently low extinction risk for
the following decades, in the current NW-European/W-African situation (box E). It is
not desirable that nest protection should be envisioned as a conservation strategy
prevailing on the long term and on large scales, as the necessary resources and
manpower make this an unrealistic scenario. Habitat management in the form of
agri-environmental schemes, however, may compensate agricultural nest losses to a
certain extent. Future perspectives are thereby created for a reduction in the time-
and resource consuming intensive nest protection. On the long term, strategies have
to be investigated to create enough safe and attractive breeding habitats in
Montagu’s harriers’ breeding areas to counter the high proportion of nest losses. A
low proportion of nest losses could be compensated by improvement of food abun-
dance (agri-environmental schemes) and higher adult survival (stable and on
average favourable conditions during the non-breeding season). Remaining natural
breeding habitats should be conserved because reproductive output may be higher
than in agricultural areas (Limiñana et al. 2006). Furthermore, the management of
nature reserves that formerly functioned as breeding habitat and are now devoid of
harriers should be reconsidered (e.g. Lauwersmeer reserve, The Netherlands). The
attraction of ground predators from the surroundings to prey-rich reserve environ-
ments could, however, counteract the benefits of natural breeding habitats in an
otherwise sterile modern farmed landscape. A general extensification of intensive
agricultural landscapes is therefore the more promising strategy, and it can be
applied on a much larger scale than the creation of reserves.

Estimates of population sizes and trends of population change

To design efficient conservation strategies, more reliable and detailed knowledge on
Montagu’s harrier population sizes is needed. The BirdLife International (2009)
species factsheet states an estimated global population size of 100,000 breeding
pairs, more than half of which located in Europe (ca. 65,000 breeding pairs). The
species is categorised as of least conservation concern, because of its large range, the
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large population size and the uncertain but probably slow global population
decrease. The question is how reliable the estimates of population sizes and the
global trend are. BirdLife International 2004 states that the European breeding
population is relatively small but increased strongly between 1970 and 1990. This
trend continued between 1990 and 2000, with declines in a small number of coun-
tries, but also increases in many countries. The mentioned increase, however, must
be seen against the background of major raptor population declines in the decades
before, caused by habitat loss, persecution and the use of organo-chlorine pesticides
(Zwarts et al. 2009, chapter 8). An increase may thus represent just an incomplete
recovery from huge losses, as is for instance the case in the Dutch population: From
an estimated 500 – 1000 breeding pairs in the beginning of the 20th century, just 3
remained in the late 1980s (Zijlstra 1992). A strong increase with annual population
growth rates of up to 4 in the 1990s (from 3 to 13 breeding pairs in East-Groningen
within one year) should not distract our attention from the fact that the current
Dutch population is at least a factor 10 smaller than it was 100 years ago. Further-
more, increases in well-studied populations may be misleading as such increases are
often based on intensively protected populations, which represent only a proportion
of the total population. Seen the strong negative effect of agricultural nest losses on
population change and the large proportion of Montagu’s harriers nowadays
breeding in farmland, a generally positive trend seems hardly possible (chapter 1, 2,
Box E).

Estimates of population sizes and trends in European Russia are not very well
quantified but largely influence the positive picture of the global Montagu’s harrier
population (BirdLife International 2004). In the West-European core populations in
France and Iberia, Montagu’s harriers depend largely on conservation; the species is
red-listed in Spain, as in many other West-European countries. Information on Asian
population size and trend is practically absent (B.E. Arroyo pers. comm.). There is an
urgent need for more reliable estimates of population sizes and trends based on
standardized methods. This holds especially for the eastern breeding range, but even
for a country like Germany with several well-studied populations, the country-wide
population estimate has considerable uncertainty to it because of large areas that
are not sufficiently monitored (Mebs & Schmidt 2006). In France, for instance, a
larger monitoring effort resulted in a larger population estimate, which should,
however, not distract the attention from the conservation issues of those popula-
tions (Millon et al. 2004).

Additionally to fieldwork in the breeding areas, fieldwork in the wintering areas
may contribute to improved estimates of global population size, trends and annual
reproduction. In practice, long-term large-scale standardised yearly transect counts
as well as monitoring of fixed research areas, investigating changes in harrier
density and in the proportion of juvenile and immature birds, may deliver such addi-
tional information. Transect counts in the 1960–70s and in the present century have
shown a dramatic 60–70% decrease of Montagu’s harriers in West-Africa (Thiollay
2006a). Due to the lack of large scale standardised population estimates, the global
trend in the breeding areas during this period has not been documented in detail.
The wintering area data may be less biased than the aforementioned global popula-
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tion estimates and trends, as standardised methods were used. The measured
decrease could, however, be an artefact of harriers shifting their wintering grounds.
As this is not very likely, the dramatic decrease measured by Thiollay (2006) may be
closer to reality than the apparently increasing population trend between 1970 and
2000 stated by BirdLife (2009). Collecting reliable data on population sizes and
trends needs to be given a higher priority in the future, so to clarify global popula-
tion trends and conservation goals.

Recommendations for future research

Juvenile survival, dispersal  and first settlement decisions
Information on behaviour and ecology of juvenile and immature Montagu’s harriers
is needed to get a more complete picture of the annual cycle. Such information may
point towards yet unknown hazards or bottlenecks. Using satellite telemetry, it is
possible to investigate whether pre-migratory movements of first year birds relate
to later chosen breeding areas, and whether breeding areas visited by second year
non-breeders are prospective future breeding sites. It is already known that a large
proportion of juvenile Montagu’s harriers disperse from their natal areas (Millon &
Bretagnolle 2008). Still, for second year birds that spend the summer in sub-Saharan
Africa, movement patterns and food sources need to be documented by telemetry.
The high mortality of juveniles (ca. 70%, Millon & Bretagnolle 2008) makes it diffi-
cult to acquire a sufficient sample size of satellite tracks to investigate the behaviour
of juvenile and immature Montagu’s harriers. The small sample of our data that is
available at this time indicates that juveniles complete their first autumn migrations
independently of their parents (the breeding pair splits up directly after the breeding
season), choosing potentially very different routes from father or mother and are
thus supposedly based on an inherited migration programme (Trierweiler & Exo
2009). To investigate juvenile dispersal and first settlement decisions as well as juve-
nile survival, an international wing-tagging programme of unprecedented extent has
been initiated and carried out in France (www.busards.com). This is a necessary
addition to the results of our satellite telemetry. Readings and recoveries of the more
than 5000 colour-marks applied mainly in France, but also in the Netherlands,
Denmark and Germany, will furthermore clarify proportions and directions of juve-
nile dispersal, what proportion of second year birds returns to the breeding areas in
general, what proportion of these breeds in their second year, first settlement deci-
sions as well as the underlying causes and consequences, also in a conservation
context (www.busards.com). 

Novel tracking techniques
In this thesis, movement behaviours of Montagu’s harriers on different scale levels
have been investigated within the breeding season, during migrations and in the
African wintering quarters. Using radio telemetry, small scale habitat use in the
breeding areas has been documented (chapter 3, 4). Although direct behavioural
observations of radio-tagged birds give a more accurate picture of hunting behav-
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iour than any other currently available method, home range size is prone to under-
estimation: detectability of the tagged bird is smaller near the outer home range
contours than in the centre. Satellite telemetry indicates that breeding home ranges
may be much larger than previously thought (box D), but no safe conclusions can be
drawn as satellite telemetry fixes are prone to comparatively large errors and home
range size may be overestimated. Satellite telemetry is a more suitable tool to
describe movement patterns on a large scale, such as migration behaviours over
thousands of kilometres and winter movements over hundreds of kilometres
(chapter 5 – 7). Therefore, in future research, GPS techniques (loggers or transmit-
ters) will be used to accurately document home range sizes as well as movement
behaviours and time budgets year-round (see Klaassen et al. 2008b for results using
a GPS technique on ospreys Pandion haliaetus). Whereas the use of GPS-transmit-
ters on Montagu’s harriers is as yet impossible due to the high weight of the trans-
mitters, the use of GPS-loggers is currently being tested and has already proven
successful in the breeding areas (fig. 9.1). This GPS technique, involving loggers that
can for short time periods be programmed (from several km distance) on extremely
short time intervals between consecutive GPS fixes (e.g. 3 s), can be used to under-
stand searching behaviours of a hunting bird on a scale of tens of meters in the
breeding areas. When the interval is set to longer intervals, movement behaviours in
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Figure 9.1 Example of hunting excursions of an adult Montagu’s harrier male in the breeding
areas in Groningen, The Netherlands, on 21 August 2009, documented by a GPS logger. The picture
shows the track in Google Earth, indicating GPS fixes as red dots, the track between subsequent
fixes in orange and bird height by white lines. During this pilot study, movement behaviours
during hunting flights on the scale of tens of meters have been documented by taking GPS fixes
every 3 s; longer excursions than known up to now (more than 20 km from the nest) and flight
heights of more than 700 m have been documented. (From: Dutch Montagu’s Harrier Foundation
and W. Bouten, University of Amsterdam, unpublished)



stopover and wintering areas can be documented on a finer scale than was possible
up to now. These techniques cannot yet replace direct observations of hunting
success, but can shed light upon the detailed structure of winter home ranges and
answer questions such as whether these home ranges are centred on one or more
night roosts, which times of day are prime foraging times, and whether individuals
roosting together follow each other to locate favourable hunting habitats (use of
public information, Valone & Templeton 2002). Also, flight behaviours during migra-
tion can be investigated in detail (e.g. instantaneous speed, flight height, exact
migration route).

The missing link – stopover ecology
The seasons in the annual cycle with the highest adult mortality – spring and
autumn migration – deserve attention. These seasons, however, are the least well
known in Montagu’s harriers. Satellite telemetry revealed migration routes and
dynamics (chapter 5, 6) and we have gained a better picture of Montagu’s harriers’
global migratory system (box C), but information on stopover ecology and factors
influencing migration success en route is still scarce. Montagu’s harriers’ strategies
of acquiring and replenishing body reserves before and during migration remain as
well unknown. We have shown that Montagu’s harriers stop over several times
during their migrations and we have identified a potentially important stopover site
in East-Morocco and West-Algeria (chapter 6). We can as yet only speculate about the
function of the stopovers and the importance of this stopover site for migration
success. The stopover site in East-Morocco may be used to prepare for the energy-
demanding Sahara-crossing in autumn by accumulating body reserves. This has been
shown for several other bird species (e.g. Bairlein 1991), but information on energy
acquisition for and during migrations in raptors is currently very limited (but see e.g.
Gorney & Yom-Tov 1993, DeLong & Hoffman 2004). Harriers may also use stopover
sites to wait for favourable weather conditions for the trans-Sahara migration.
During autumn migration, we have observed several cases of reversed migration of
tagged harriers. They interrupted their Sahara-crossing, presumably due to adverse
weather conditions, and returned to the stopover site to start another attempt
several days later (see also Deutschlander & Muheim 2009, Strandberg et al. 2009a).

During spring migration, we assume that harriers recover from the energy-
demanding desert crossing to prepare for the continuation of migration to the
breeding areas. Ecological conditions in the stopover area may therefore be crucial
for subsequent breeding success (Bauchinger et al. 2009, fig 9.2). Such carry-over
effects have not been shown for stopover sites of trans-Sahara migrants yet, but are
likely, taking similar effects of conditions in the wintering areas into account (e.g.
Bairlein & Henneberg 2000).

Therefore the next important step will be to investigate stopover ecology, the
function of specific stopover sites and possible carry-over effects between seasons.
In this context, it is interesting to investigate the relationship of long-term climatic
changes (resulting in changing ecological conditions) in North-Africa with long-
distant migrants’ population changes (Drent 2006, Møller et al. 2008). For barn swal-
lows Hirundo rustica, it has been shown that arrival in the Danish breeding areas is
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earlier, i.e. stopover duration in North-Africa is shorter, when vegetation greenness
(Normalized Difference Vegetation Index, NDVI) in North-Africa is low, indicating
unfavourable stopover conditions (Szép & Møller 2005). In Morocco, the growing
human population pressure and concurrent processes such as wood cutting and
overgrazing have been identified as main threats to biodiversity (The National Envi-
ronment Observatory of Morocco 2001). NDVI data of the last decades (http://edcintl.
cr.usgs.gov/adds/adds.html) show furthermore massive ecological changes due to
few or lacking winter rains. Knowledge of these processes and their consequences
for long-distance migrants’ population changes is crucial for the development of
effective year-round conservation strategies.

Follow-up research plan
In this thesis, two key factors in the annual cycle of Montagu’s harrier have been
identified that are still poorly understood but may have consequences on harrier
populations via direct and carry-over effects: both the effect of ecological conditions
in North-African stopover areas and in sub-Saharan wintering areas on fitness
components and population change. These are especially relevant in the light of
current human- and climate induced changes (Zwarts et al. 2009). To gain a better
understanding of these processes in relation to Montagu’s harriers’ migration strate-
gies, we plan to investigate carry-over effects of conditions during stopovers in
N-Africa and during wintering in W-Africa (Marra et al. 1998, Bairlein & Henneberg
2000, Inger et al. 2008; fig. 9.3). 

Stopover ecology has yet rarely been subject of detailed studies in raptors.
Montagu’s harrier may function as a model species for diurnal trans-Sahara migra-
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weather conditions predation/parasitism

successful bird: unsuccessful bird:

migrate early migrate late

rapid fattening, short stay at stopovers slow fattening, long stay at stopovers
good survival prospects poor survival prospects

early arrival, surplus reserves late arrival, no surplus reserves

good habitat/territory poor habitat/territory
early breeding, good success late breeding, poor success

food supplies

Figure 9.2 Processes and their carry-over effects during spring stopovers of migratory birds. The
left and right columns indicate extremes with a gradient lying in between. After Newton (2008).



tory raptors: Satellite telemetry shows that migration characteristics of Montagu’s
and the closely related marsh harrier Circus aeruginosus are similar, and even
osprey Pandion haliaetus, a species with a very different ecology, shows similarities
in migration characteristics.

Up to now, no stopover areas of migratory raptors with a similar importance as
the area in East-Morocco have been identified. This stopover area is especially inter-
esting as it plays a potentially important role not only during autumn but also
during spring migration. In future research, the following questions should be
answered (fig. 9.3, question numbers correspond to figure):

1) Stopover ecology
a. What is the effect of ecological conditions in North-African stopover areas on

autumn migration survival?
b. What is the effect of ecological conditions in North-African stopover areas on

spring migration survival?
c. What is the carry-effect of ecological conditions in North-African stopover areas

on subsequent reproductive success?

2) Winter ecology
a. What is the effect of ecological conditions in the wintering areas on winter

survival?
b. What is the carry-over effect of ecological conditions in the wintering areas on

subsequent migration as well as on subsequent breeding success?
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body condition breeding season

survival

body condition overwinter stay

body condition spring migration

stopover north-Africa

migration dynamics spring

body condition autumn migration

stopover north-Africa

migration dynamics autumn

1b 1a

2a

reproductive
success

1c

2b

Figure 9.3 Potential carry-over effects (grey arrows) and direct influences (black arrows) on
fitness components reproductive success and survival in Montagu’s harriers. Numbers correspond
to text. 1a) Effect of stopover ecology on autumn migration survival; 1b) effect of stopover ecology
on spring migration survival; 1c) direct (timing) and indirect (via body condition) effects of
stopover ecology on reproductive success (carry-over effects); 2a) effect of winter ecology on
winter survival; 2b) effect of winter ecology on reproductive success (carry-over effect).



Montagu’s harrier is a suitable study species to investigate carry-over effects of
conditions on stopover and wintering grounds as detailed knowledge on breeding
ecology, timing and routes of migration as well as wintering locations have already
been collected. Intensive programs studying breeding biology, and practising moni-
toring and conservation, are already carried out in Europe. Furthermore, prior expe-
rience shows that this species is relatively robust regarding research and
conservation methods like catching, ringing and deployment of transmitters as well
as nest protection: none of these activities lead to nest desertion or other visible
abnormal behaviours (chapter 2 – 6). In addition, the species is relatively site faith-
ful, in breeding as well as wintering and stopover areas, making it especially suit-
able for the study of carry-over effects (chapter 6). Another relevant criterion is that
satellite telemetry has shown a high spatial connectivity between population-
specific breeding-, stopover- and wintering areas, being a prerequisite for studies of
carry-over effects (chapter 6).

Therefore, parallel to field studies in the breeding and wintering areas, additional
field studies in the N-African stopover area are planned. Distribution, habitat selec-
tion and diet of Montagu’s harriers as well as prey abundance in different habitat
types will be investigated. Measuring body condition (body mass corrected for struc-
tural size) of staging harriers should lead to insights concerning their strategies of
energy acquisition during migration. Furthermore, we have shown in chapter 7 that
NDVI data are a useful proxy for environmental conditions and food availability in
Montagu’s harriers. We plan to link satellite telemetry data with remote sensing
data (digital maps of NDVI, land cover) and field data of the N-African stopover area,
to gain a better understanding of the relationship of Montagu’s harrier behaviours
with the environmental conditions during stopovers. Relationships between envi-
ronmental conditions undergone by satellite-tracked individuals (represented by
NDVI) and for instance their autumn and spring migration success, spring arrival
date in the breeding grounds or subsequent reproductive success will be investi-
gated. The combination of telemetry, remote sensing and field data to understand
Montagu’s harrier’s annual cycle represents an effective, integrative approach
investigating year-round migratory bird ecology.
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Summary
Samenvatting
Zusammenfassung



In migrants, the annual cycle consists of four different seasons, notably breeding,
autumn migration, wintering and spring migration. During different seasons,
survival and reproduction of individuals are influenced, which is potentially
reflected in population trends. Understanding the population trends of migratory
animal species represents a challenge, because effects operate at widely separated
places. Studying the annual cycle of long-distance migratory bird species is espe-
cially difficult since breeding and wintering areas can be located on different conti-
nents and autumn and spring migrations occur over thousands of kilometres. For a
basic understanding of population dynamics and the development of effective
conservation strategies, however, studies of the whole annual cycle are crucial:
long-distance migratory bird species generally declined steeper in numbers during
the last decades than short-distance and non-migratory bird species. Likely causes
for the declines are consequently not only to be found in the breeding areas, but also
along migration routes and on the wintering grounds.

The combination of sophisticated technology and traditional fieldwork enables
biologists nowadays to study the whole annual cycle of long-distance migrants. This
thesis is a study on the annual cycle of Montagu’s harrier Circus pygargus, a
medium-sized, slender-winged raptor that was originally a steppe bird. Montagu’s
harriers migrate annually between European breeding and African wintering areas
south of the Sahara. It can therefore be used as model species for long-distance
migratory raptors. Most of the natural breeding habitats in Europe are now culti-
vated or highly degraded, and harrier populations are since the last century most
often breeding in farmland habitats. Because Montagu’s harriers build their nests on
the ground, breeding in farmland is hazardous. During the harvest, nests are often
destroyed and even incubating females may be killed. In addition, intensification of
agriculture leads to decreasing food availability. Although Montagu’s harrier is not
categorised as globally threatened, the species is included in several European
national “Red Lists”, being in need of special conservation actions.

This thesis comprises parts on (1) processes during the breeding season, (2)
processes during migrations and (3) processes during the wintering season. In the
last part (4), a complete picture of the annual cycle of Montagu’s harriers is created. 

In part 1, it is shown that NW-European farmland is attractive to Montagu’s
harriers when high numbers of small mammal prey, mostly voles, are available. Vole
abundance positively influenced population growth rate and clutch size. High vole
abundance alone, however, does not warrant nestling survival, which is also
depending on nest protection from agricultural practices and forthcoming predation,
and may depend on the abundance of alternative prey such as farmland birds, and
weather conditions during the early nestling phase. To reveal how the harriers use
the modern farmed landscape, we deployed miniature radio transmitters on birds in
two Dutch farmland areas and tracked them by car using hand-held antennas.
Results from these telemetry data showed that high habitat diversity was generally
favoured within the home ranges, with lucerne, fallow habitats and cereals being
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most preferred habitats within the home ranges. For hunting, specifically intensive
grasslands and natural grasslands were preferred. Birds with a high proportion of
lucerne and fallow habitat types in a 1.6 km radius around their nest site had rela-
tively small home ranges and a relatively high breeding success, possibly because of
energy and time savings of shorter hunting trips. Strategies to conserve breeding
populations in intensive farmland should aim at offering more of these habitat
types. Offering profitable hunting habitats can be realised by agri-environmental
schemes (e.g. fallow field margins), being favourable hunting habitats themselves
and potentially functioning as a year-round source habitat for potential prey animals
colonising the surrounding landscape. Not only vegetation type but also vegetation
management determines Montagu’s harriers’ hunting success. Mowing of grassy
vegetation reduces cover for prey animals and makes them more readily available
during several days. Phased and partial mowing, e.g. in the context of agri-environ-
mental schemes, can thus be regarded as a tool to increase food availability for
harriers during the breeding season each time on the short term. Besides, mowing
can create heterogeneous habitats (foraging habitats and cover) for other farmland
birds. Montagu’s harrier, being on top of the food web, can function as a flagship
and indicator species for the conservation of the underlying farmland small
mammal and bird communities. 

In part 2, the life of Montagu’s harriers during autumn- and spring migrations is
investigated. Satellite transmitters were deployed on the birds as a backpack.
Signals sent by these transmitters are received by satellites; localisations of the birds
are sent to the researchers via the internet. These telemetry data show that north-
west and northeast European Montagu’s harriers used three important migratory
pathways to their West-African wintering areas: either via Spain, Italy or Greece.
Whereas migrants via Spain and Italy returned via similar routes to the breeding
areas, migrants via Greece mostly returned in a loop via Italy. Combining insights
from satellite tracking and recent migration counts, it is suggested that another
important pathway must be located between the Caspian and Black Sea via Israel
into West- or East-African wintering areas. Migratory connectivity between
breeding and wintering populations is signficant: the geographical locations of the
different breeding areas are a mirror image of the locations of different wintering
areas, and most individuals stick in subsequent years to certain migration routes,
wintering- and breeding areas. 

In part 3, we use satellite telemetry to provide insights into processes in West-
African wintering areas. It was previously thought that Montagu’s harriers were
nomadic during the winter, following outbursts of high food abundance such as
migratory locust swarms. During this study, they were bound to a small number of
winter home ranges that they visited in subsequent years. Fieldwork revealed that
during the study period - years without migratory locust plagues -, Montagu’s
harriers needed to rely on non-migratory grasshoppers and alternative prey such as
birds, small mammals and reptiles. Movements between the harriers’ home ranges
were correlated with a southward shift in vegetation greenness during the wintering
(the Sahelian dry) season. The harriers followed a “green belt” of optimal vegetation
greenness, which is apparently linked to grasshopper food availability. The use of
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chemical insecticides against crop-damaging grasshoppers may confront Montagu’s
harriers and other grasshopper-consumers in West-Africa with poisoned food
sources. The increasingly widespread use of biological insecticides that are not
harmful to birds opens potential future perspectives for the conservation of
grasshopper-consuming (migratory) birds.

In part 4, we conclude from the presented data that the two most important
components in Montagu’s harriers’ annual cycle can be summarised as “travels to
feed” and “food to breed”. Annual routines are characterised by movements on
different scale levels (“travels to feed”): from small scale hunting trips (breeding
areas) over medium scale movements between winter home ranges to large scale
intercontinental during autumn and spring migrations. All movements are between
areas abounding with different types of prey at different times of the year. Most
important preys (“food to breed”) are small mammals in the European farmland
breeding habitats, directly influencing reproduction and population change. In the
West-African natural and farmland wintering habitats, large insects play an impor-
tant role, possibly influencing survival and reproductive success via effects on adult
body condition and migration phenology, carrying over to the breeding season. In
both breeding and wintering areas, modern landscapes are dominated by human
influences. Agricultural intensification results in decreased food availability both in
summer and winter as well as in nest destruction during the breeding season, the
latter currently having the largest negative effect on population change within the
annual cycle. Agricultural intensification can consequently be seen as the main
threat to Montagu’s harriers at this time. Effective conservation actions targeting
this problem in the European breeding areas are nest protection and improvement of
food availability by farmland extensification (e.g. agri-environmental schemes).
Problems in the wintering areas are more difficult to tackle. Intensification of agri-
culture in West-Africa is a result of the growing human population. Montagu’s
harrier conservation strategies can make use of the fact that harriers often concen-
trate in small areas and are site-faithful. Effective conservation actions may thus be
targeted at these areas. In general, a motivation to strive for sustainable use of Sahe-
lian farmland ecosystems is not only the benefit for biodiversity but also for human
food security.

The aspect in the annual cycle of Montagu’s harrier that is still least well under-
stood are the processes during migration itself. Annual mortality is highest during
migrations. Possible reasons are energetic bottlenecks during the crossings of
barriers, e.g. the desert or the sea, but also illegal hunting. Suitability of stopover
sites may be a prerequisite for successful migration. In future research, the relation-
ship of ecological conditions during stopover and wintering with Montagu’s
harriers’ fitness components will be investigated. The focus will be especially on a
stopover site in eastern Morocco that was identified by satellite telemetry, being
used in autumn and spring before respectively after the crossing of the Sahara
desert.
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Reizen om te foerageren en voedsel om te broeden
- De jaarcyclus van een trekkende roofvogel, de Grauwe kiekendief, in een
moderne wereld
Bij trekvogels bestaat de jaarcyclus uit drie seizoenen: broed-, migratie- en overwin-
terings- seizoen. Tijdens de verschillende seizoenen worden overleving en repro-
ductie van een individu beinvloed, hetgeen weerspiegeld wordt in populatietrends.
Het begrijpen van populatietrends van trekkende dieren is een noodzaak voor soort-
bescherming maar ook een uitdaging. In tegenstelling tot niet-trekkende dieren
spelen de effecten op overleving en reproductie een rol in in ver van elkaar verwij-
derde geografische gebieden. Het bestuderen van de jaarcyclus van lange afstands-
trekkende vogels is moeilijk realiseerbaar omdat broed- en wintergebieden vaak op
verschillende continenten liggen en migraties over duizenden kilometers kunnen
plaatsvinden. Het begrijpen van de processen die zich afspelen gedurende de gehele
jaarcyclus is van groot belang voor een betere soortbescherming van trekvogels:
populaties van lange-afstands-trekvogels liepen de afgelopen tientallen jaren sneller
terug dan die van andere vogelsoorten. Dit maakt het aannemelijk dat redenen voor
de achteruitgang niet alleen in de broedgebieden maar ook daarbuiten  te vinden zijn.

Een combinatie  van veldwerk met moderne telemetrietechnologie om indivi-
duen tijdens en buiten het broedgebied te volgen stelt ons nu in staat om de gehele
jaarcyclus van lange-afstands-trekvogels te bestuderen. Dit proefschrift bestudeert
de jaarcyclus van de Grauwe kiekendief Circus pygargus, waarin inzichten naar
voren komen die ook voor andere lange-afstands-trekkende roofvogels kunnen
gelden. De Grauwe kiekendief migreert tussen zijn Europese broedgebieden en zijn
Afrikaanse overwinteringsgebieden ten zuiden van de Sahara. De huidige leefge-
bieden in Europa zijn vaak gecultiveerd of gedegradeerd, en de kiekendief broedt
sinds de tweede helft van de twintigste eeuw veelal in akkerland. Omdat kieken-
dieven op de grond nestelen is broeden in akkerland gevaarlijk, door vernieling van
nesten en doden van broedende vrouwtjes door machines tijdens de oogst. Boven-
dien neemt door de intensivering van de landbouw het voedselaanbod in West-
Europa af. De Grauwe-kiekendiefpopulaties staan in veel Europese landen op de
Rode Lijst en behoeven daar speciale beschermingsmaatregelen.

Dit boek omvat vier delen. In deel 1 laten we zien dat Noordwest-Europees
akkerland bijzonder aantrekkelijk is voor Grauwe kiekendieven wanneer de beschik-
baarheid van kleine zoogdieren, voornamelijk woelmuizen, als prooi groot is. Een
grote beschikbaarheid van woelmuizen heeft een positieve invloed op legselgrootte
en populatiegroei. Echter, woelmuizen alleen zijn niet voldoende om een goede over-
leving van jonge kiekendieven te garanderen: Nestbescherming tegen landbouw-
praktijken en predatie, beschikbaarheid van alternatieve prooien zoals akkervogels,
en weersomstandigheden in de kleine-jongen-fase zijn ook belangrijk. Om te ont-
rafelen hoe Grauwe kiekendieven het cultuurlandschap gebruiken hebben we vogels
in akkerbouwgebieden in de provincies Groningen en Flevoland uitgerust met
miniatuur radiozenders. Vanuit de auto werden de kiekendieven met hand-antennes
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gevolgd. Uit deze telemetriegegevens blijkt dat een hoge diversiteit van leefgebieden
de voorkeur had bij de kiekendieven. Luzerne-, braak- en graanculturen waren favo-
riete habitats binnen de actieradius van de vogels. Voor de jacht werden specifiek
intensieve en extensieve graslanden opgezocht. Een hoog aandeel luzerne en braak-
land in een 1.6 km straal rondom het nest was gerelateerd aan een relatief kleine
actieradius van de vogel, wat de vogel energie en tijd kan besparen tijdens zijn jacht-
vluchten en daarmee kan leiden tot hoger voortplantingssucces. Het verdient
daarom aanbeveling om meer van deze habitats aan te bieden in het agrarisch land-
schap, bijvoorbeeld door agrarisch natuurbeheer in de vorm van  braakgelegde
akkerranden. Deze akkerranden vormen niet alleen een rendabel jachthabitat, maar
ook een jaarrond habitat voor prooidieren, die vanuit de akkerrand het omringende
akkerland opnieuw kunnen bevolken. Naast het type gewas draagt ook de vegetatie-
hoogte bij aan hoe profijtelijk een bepaald gewas is voor jagende kiekendieven:
Maaien van gras bijvoorbeeld vermindert de dekking voor prooidieren en maakt ze
daarmee voor enkele dagen makkelijker beschikbaar voor kiekendieven. Gefaseerd
en gedeeltelijk maaien van grasachtige vegetatie kan de prooibeschikbaarheid voor
de Grauwe kiekendief tijdens het broedseizoen op  korte termijn te verhogen.
Maaien kan bovendien leiden tot heterogene leefgebieden (foerageergebieden en
dekking) voor andere akkervogels. De predator Grauwe kiekendief staat aan de top
van de voedselpiramide en kan daarmee als vlaggenschip fungeren voor de bescher-
ming van de eronder liggende gemeenschappen van akkervogels en kleine zoog-
dieren.

In deel 2 wordt het leven van de Grauwe kiekendief tijdens de trek opgehelderd
door middel van satellietzenders bevestigd op de rug van de vogels. Signalen van
deze zenders worden opgevangen door satellieten en peilingen van de vogels worden
via internet aan de onderzoekers doorgegeven. Deze telemetriedata laten zien dat
Noordwest-Europese Grauwe kiekendieven gebruik maken van drie belangrijke
trekroutes naar de West-Afrikaanse wintergebieden: via Spanje, Italië of Grieken-
land. Trekvogels die via Spanje en Italië vlogen, keerden via min of meer dezelfde
route terug in het broedgebied, terwijl vogels die via Griekenland vlogen in een lus
over Italië terug keerden. De combinatie van inzichten uit satelliettelemetrie en
trektellingen leidt tot de conclusie dat een andere belangrijke trekroute tussen de
Kaspische en Zwarte Zee via Israel naar West- of Oost-Afrikaanse wintergebieden
moet verlopen. De connectiviteit tussen broed- en winterpopulaties is significant: de
geografische positie van de verschillende broedgebieden is een spiegelbeeld van de
verschillende wintergebieden, en de meeste individuen gebruiken in opeenvolgende
jaren dezelfde trekroutes, winter- en broedgebieden.

In deel 3 gebruiken we satelliettelemetrie om inzichten te verkrijgen in processen
in de West-Afrikaanse wintergebieden. Grauwe kiekendieven zouden in de winter
nomadisch zijn en goed voedselaanbod volgen, zoals zwermen van treksprinkhanen.
Tijdens onze studie waren de kiekendieven in de winter gebonden aan een klein
aantal wintergebieden dat ze elk jaar opzochten. Veldwerk liet zien dat kiekendieven
in de jaren waarin geen treksprinkhaanzwermen van betekenis aanwezig waren,
voornamelijk van plaatsgebonden sprinkhanen leefden en van alternatieve prooien
zoals vogels, kleine zoogdieren en reptielen. Bewegingen tussen de verschillende
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wintergebieden van een individu reflecteerden de zuidelijke verschuiving van voed-
selbeschikbaarheid door de winter (het droge seizoen in de Sahel) heen. De Grauwe
kiekendieven volgden een “groene gordel” van optimale groenheid van vegetatie, die
gerelateerd lijkt te zijn aan optimale beschikbaarheid van plaatsgebonden sprin-
khanen. Het gebruik van chemische insecticides tegen de sprinkhanen die het gewas
beschadigen kan de kiekendieven in West-Afrika met vergiftigd voedsel confron-
teren. Biologische insecticides die tegenwoordig in opkomst zijn berokkenen vogels
geen schade en openen daarmee toekomstige perspectieven voor sprinkhaan-etende
(trek)vogels.

In deel 4 concluderen we dat de twee meest belangrijke componenten in de jaar-
cyclus van de Grauwe kiekendief samengevat kunnen worden als “reizen om te
foerageren” en “voedsel om te broeden”. Jaarlijkse routines worden gekarakteriseerd
door bewegingen op verschillende schalen (“reizen om te foerageren”): van foerageer-
vluchten op kleine schaal in broedgebieden en bewegingen tussen wintergebieden,
tot migraties op grote schaal (voorjaars- en najaars-trek). Alle bewegingen vinden
plaats tussen gebieden die tijdens verschillende momenten van het jaar verschil-
lende typen prooien te bieden hebben. De meest belangrijke prooien (“voedsel om te
broeden”) zijn kleine zoogdieren in het Europees broedgebied in het akkerland (deze
hebben directe invloed op reproductie en populatie verandering). In het West-Afri-
kaans overwinteringsgebied spelen grote insecten in natuurlijke en akkerland-
schappen een grote rol (met mogelijke invloeden op overleving en voort-
plantingssucces via effecten op lichaamsconditie van vogels en migratie-timing, die
doorwerken tijdens het broedseizoen). In zowel het broed- als het overwinteringsge-
bied wordt het landschap gedomineerd door menselijke invloeden. Intensivering van
de landbouw leidt tot teruglopend voedselaanbod in zomer en winter en vernieling
van nesten tijdens het broedseizoen. Het verlies van nesten door de landbouw heeft
tegenwoordig het grootste negatief effect op de populatieverandering door de gehele
jaarcyclus heen. Intensivering van de landbouw is daarmee op dit moment de
grootste bedreiging voor de Grauwe kiekendief. Tot de beschermingsmaatregelen die
op dit moment in het broedgebied het meest noodzakelijk zijn kunnen we daarom
nestbescherming en verbetering van voedselaanbod door agrarisch natuurbeheer
rekenen. Problemen in de wintergebieden zijn nog lastiger aan te pakken. Intensive-
ring van de landbouw in West-Afrika is een resultaat van de groeiende menselijke
bevolking aldaar, die nauw samenhangt met armoede. Beschermingsmaatregelen
voor Grauwe kiekendieven kunnen gebruik maken van het feit dat de vogels vaak in
relatief kleine gebieden geconcentreerd zijn en jaarlijks in deze gebieden terug keren.
Effectieve bescherming kan dus aangrijpen op deze gebieden. In het algemeen is een
motivatie om de akker-ecosystemen in de Sahel in stand te houden niet alleen het in
stand houden van de biodiversiteit maar ook de menselijke voedselveiligheid.

Het aspect van de jaarcyclus van de Grauwe kiekendief dat nog het minst goed
begrepen wordt is de processen tijdens de migraties zelf. De jaarlijkse sterfte is het
hoogst tijdens de trek, mogelijk vanwege energetische knelpunten tijdens de over-
steken van de zee of de woestijn (waar weinig of geen voedsel beschikbaar is en
ongunstige weersomstandigheden kunnen heersen), en illegale afschot. Geschiktheid
van stop-over-gebieden zou een eerste vereiste van een succesvolle migratie kunnen
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zijn. In toekomstig onderzoek wordt daarom gekeken naar de relatie tussen omstan-
digheden in de stop-over- en wintergebieden van Grauwe kiekendieven met fitness-
componenten. De nadruk van dit onderzoek ligt bij het nieuw ontdekte
stopover-gebied in oostelijk Marokko dat in het voorjaar nà en in het najaar vóór de
oversteek van de Sahara bezocht wordt.
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Wandern zur Nahrungssuche und Nahrung für die Brut
- Der Jahreszyklus eines ziehenden Greifvogels, der Wiesenweihe, in einer
modernen Welt
Der Jahreszyklus eines Zugvogels kann in vier Abschnitte eingeteilt werden: Früh-
jahrszug, Brutzeit, Herbstzug und Überwinterung. Während verschiedener Jahres-
zeiten beeinflussen unterschiedlichste Faktoren Überleben und Fortpflanzung eines
Individuums und können folglich auch Auswirkungen auf die Populationsentwik-
klung haben. Das grundlegende Verständnis der Populationsentwicklung wandern-
der Tierarten ist eine Herausforderung, da Effekte wirken, die in getrennten
geographischen Gebieten verursacht werden. Die Erforschung des Jahreszyklus von
Langstreckenziehern ist besonders schwierig, da Brut- und Überwinterungsgebiete
auf verschiedenen Kontinenten liegen können und die Vögel im Frühjahr und Herbst
über Tausende von Kilometern ziehen. Zum Verständnis der Populationsdynamik,
wie auch für die Entwicklung effektiver Schutzmaßnahmen, ist es jedoch not-
wendig, den gesamten Jahreszyklus zu berücksichtigen: Die Populationen vieler
Langstreckenzieher nehmen in den letzten Jahrzehnten stärker ab als die von Kurz-
streckenziehern und Standvögeln. Gründe für die Abnahmen sind demnach wohl
nicht nur in den Brutgebieten, sondern auch entlang der Zugwege und in den
Winterquartieren zu suchen.

Die Kombination von moderner Technologie und traditioneller Freilandarbeit
ermöglicht es Biologen erst seit jüngster Zeit, den gesamten Jahreszyklus von Lang-
streckenziehern zu untersuchen. In der vorliegenden Arbeit wird der Jahreszyklus
der Wiesenweihe Circus pygargus, eines mittelgroßen Greifvogels mit schlanken
Flügeln, der ursprünglich Steppenlandschaften bewohnte, untersucht. Wiesen-
weihen ziehen jährlich zwischen den europäischen Brutgebieten und afrikanischen
Winterquartieren südlich der Sahara. Die Wiesenweihe dient somit auch als Modell
für andere Langstreckenzieher. In Europa werden die meisten natürlichen Habitate
der Wiesenweihe heutzutage bewirtschaftet oder sind bereits stark degradiert, so
dass seit der zweiten Hälfte des 20. Jahrhunderts Wiesenweihen zum Großteil auf
Ackerland brüten. Da die Weihen Bodenbrüter sind, laufen Bruten im Ackerland
Gefahr, während der Erntearbeiten zerstört  zu werden; es können gar brütende
Weibchen zu Tode kommen. Zusätzlich nimmt durch die Intensivierung der Land-
wirtschaft das Nahrungsangebot in Westeuropa ab. Obwohl die Wiesenweihe als Art
global nicht bedroht erscheint, steht sie in vielen europäischen Ländern auf „Roten
Listen“ und ist auf spezielle Schutzmaßnahmen angewiesen.

Die vorliegende Arbeit besteht aus den folgenden Teilen: (1) Prozesse während
der Brutsaison, (2) Prozesse während des Zuges und (3) Prozesse während der Über-
winterung. Im letzten Teil (4) wird ein Gesamtbild des Jahreszyklus der Wiesen-
weihe präsentiert. 

In Teil 1 wird aufgezeigt, dass die nordwesteuropäische Agrarlandschaft für
Wiesenweihen besonders attraktiv ist, wenn große Anzahlen von Kleinsäugern, vor
allem Wühlmäusen, als Beute zur Verfügung stehen. Die Verfügbarkeit von Wühl-
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mäusen hat einen positiven Einfluss auf das Populationswachstum und die Gelege-
größe. Hohe Verfügbarkeit von Wühlmäusen allein reicht jedoch nicht aus, um das
Überleben der Jungvögel zu garantieren. Die Nester müssen zusätzlich vor Zerstö-
rungen durch landwirtschaftliche Bearbeitung und daraus bedingte Prädation
geschützt werden. Weiterhin benötigen Wiesenweihen alternative Beutetiere wie
Vögel und günstige Witterungsbedigungen, vor allem wenn die Jungvögel noch klein
sind. Um aufzuzeigen, wie Wiesenweihen die heutige Kulturlandschaft nutzen,
haben wir Individuen in zwei verschiedenen niederländischen Gebieten mit Radio-
sendern markiert. Die Ergebnisse dieser telemetrischen Studien zeigen, dass
Wiesenweihen Gebiete bevorzugen, die eine relativ große Vielfalt verschiedener
Lebensräume aufweisen. Luzerne, Ackerbrachen und Getreidekulturen waren inner-
halb der gesamten Reviere stark vertreten. Während der Jagdflüge wurde vor allem
intensiv sowie extensiv bewirtschaftetes Grünland aufgesucht. Vögel, um deren
Neststandort in einem Radius von ca. 1,6 km hohe Anteile Luzerne und Ackerbra-
chen lagen, hatten relativ kleine Reviere und einen relativ hohen Fortpflanzungser-
folg, möglicherweise durch Energie- und Zeitersparnis kürzerer Jagdflüge.
Strategien zum Erhalt von Brutpopulationen sollten daher darauf abzielen, einen
größeren Anteil dieser Habitattypen in der Agrarlandschaft anzubieten. Ergiebige
Jagdhabitate für Wiesenweihen können z. B. durch brachliegende Ackerrandstreifen
realisiert werden, welche als ergiebiges Jagdhabitat fungieren. Daneben dienen sie
als ganzjähriges Habitat für Beutetiere, die von dort aus das umliegende Ackerland
nach landwirtschaftlich bedingten Eingriffen wieder neu besiedeln können. Nicht
nur der Habitattyp, sondern auch die Vegetationshöhe bestimmt, wie ergiebig eine
bestimmte Vegetation für jagende Wiesenweihen ist. So verringert Mähen von Grün-
land die Deckung von Beutetieren, wodurch diese für Prädatoren während einiger
Tage sehr leicht erreichbar sind. Mehrmaliges teilweises Mähen kann demnach eine
Maßnahme sein, um die Erreichbarkeit von Beute für Wiesenweihen während der
Brutsaison jeweils kurzfristig zu erhöhen. Mähen kann auch heterogene Habitate
(für Nahrungssuche und Deckung) für andere Vögel der Agrarlandschaft schaffen. Da
die Wiesenweihe als Prädator an der Spitze der Nahrungspyramide steht, kann sie
als Indikatorart  für den Zustand der Agrarlandschaft genutzt werden.

In Teil 2 wird das Leben der Wiesenweihe während des Frühjahrs- und Herbst-
zuges  beleuchtet. Dies wurde  mittels kleiner Satellitensender, die auf den Rücken
der Vögel gebunden wurden, untersucht. Signale dieser Sender werden von Satel-
liten empfangen und die Peilungen stehen über das Internet zur Verfügung. Diese
Daten zeigen, dass nordwest- und nordosteuropäische Wiesenweihen im Herbst
hauptsächlich auf drei Zugwegen in westafrikanische Winterquartiere ziehen: über
Spanien, Italien oder Griechenland. Vögel, die über Spanien oder Italien zogen,
kehrten im Frühjahr auf ähnlichem Wege in die Brutgebiete zurück, während Vögel,
die über Griechenland zogen, über Italien zurückkehrten, also einen Schleifenzug
machten. Die durch Satellitentelemetrie gewonnenen Kenntnisse in Verbindung mit
Ergebnissen von Zugzählungen lassen vermuten, dass es noch eine weitere Zugroute
zwischen dem Kaspischen und dem Schwarzen Meer über Israel ins östliche oder
westliche Afrika geben muss. Eine signifikante Konnektivität zwischen Brut- und
Winterpopulationen ist gegeben: die geographische Lage der verschiedenen Brutge-
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biete ist ein Spiegelbild der Lage der Winterquartiere, und viele Individuen halten in
aufeinanderfolgenden Jahren an bestimmten Zugrouten, Winterquartieren und
Brutgebieten fest.

In Teil 3 werden die satellitentelemetrischen Daten benutzt, um Prozesse im
westafrikanischen Winterquartier zu untersuchen. Es wurde bisher angenommen,
dass Wiesenweihen im Winter nomadisch sind und hohem Nahrungsangebot (z.B.
Schwärmen von Wanderheuschrecken) folgen. Während dieser Studie waren die
Wiesenweihen im Winter jedoch an wenige Winterquartiere gebunden, die sie in
aufeinanderfolgenden Jahren wiederholt besuchten. Die Freilandarbeit zeigte, dass
die Weihen in diesen Jahren - in denen keine nennenswerten Schwärme von Wan-
derheuschrecken auftraten - sich hauptsächlich von ortsgebundenen Heuschrecken
sowie von alternativen Beutetieren (Vögeln, Kleinsäugern und Reptilien) ernährten.
Bewegungen zwischen den verschiedenen Winterquartieren eines Individuums spie-
geln die Verschiebung grüner Vegetation in südliche Richtung während des Winters
(der Trockenzeit in der Sahelzone) wieder. Die Wiesenweihen folgten einem “grünen
Vegetationsgürtel”, der offensichtlich in Beziehung zur Verfügbarkeit nicht-
wandernder Heuschrecken steht. Der Einsatz chemischer Insektizide gegen kultur-
schädigende Heuschrecken kann Wiesenweihen in Westafrika mit vergifteten
Nahrungsquellen konfrontieren. Hier eröffnet der zunehmende Einsatz biologischer
Pestizide, die unschädlich für Vögel sind, neue Zukunftsperspektiven für den Schutz
heuschreckenkonsumierende (Zug-)Vögel.

Aus den vorgelegten Daten wird in Teil 4 gefolgert, dass die zwei wichtigsten
Komponenten im Jahreszyklus der Wiesenweihe zusammengefasst werden können
als “Wandern zur Nahrungssuche” und “Nahrung für die Brut”. Die jährliche wieder-
kehrende Routine der Wiesenweihen setzt sich aus Bewegungsmustern auf unter-
schiedlichen Maßstabsebenen zusammen: von kleinräumigen Jagdflügen in den
Brutgebieten über Bewegungen zwischen verschiedenen Nahrungsgebieten in
Winterquartieren bis hin zu interkontinentalen Zugbewegungen während des
Herbst- und Frühjahrszuges. Alle Bewegungen sind darauf ausgerichtet, während
verschiedener Zeitpunkte im Jahreszyklus möglichst ertragreiche Nahrungsgebiete
aufzusuchen. Die wichtigste Nahrung im europäischen Brutgebiet sind Kleinsäuger,
ihre Verfügbarkeit in der Agrarlandschaft übt direkten Einfluss auf die Fortpflan-
zung und das Populationswachstum aus. Im westafrikanischen Winterquartier
spielen Großinsekten in natürlichen und ackerbaulichen Habitaten eine große Rolle.
Ihre Verfügbarkeit wirkt sich möglicherweise nicht nur auf das Überleben, sondern
über die Körperkondition auch auf Zugphänologie und Fortpflanzung aus. Im Brut-
gebiet wie im Winterquartier prägen menschliche Einflüsse die Landschaft maßgeb-
lich. Die Intensivierung der Landwirtschaft bedingt im Sommer- wie im Winter-
quartier einen Rückgang des Nahrungsangebots und führt im Brutgebiet zur Zerstö-
rung von Nestern. Letzteres hat heutzutage den größten negativen Effekt auf die
Populationen der Wiesenweihe in den Ackerbaugebieten Westeuropas. Die Intensi-
vierung der Landwirtschaft kann damit zurzeit als Hauptbedrohung für die Wiesen-
weihe angesehen werden. Im Brutgebiet sollten deshalb als Schutzmaßnahmen der
Nestschutz sowie die Verbesserung des Nahrungsangebots höchste Priorität
erhalten. Bedrohungen im Winterquartier ist derzeit schwieriger entgegen zu
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wirken. Die Intensivierung der Landwirtschaft in Westafrika ist ein Ergebnis der
wachsenden menschlichen Bevölkerung. Schutzmaßnahmen für Wiesenweihen
könnten davon profitieren, dass sich die Vögel in relativ begrenzten Gebieten
konzentrieren und alljährlich dorthin zurückkehren. Effektive Schutzmaßnahmen
könnten in diesen begrenzten Gebieten greifen. Die Instandhaltung von Ökosy-
stemen in Ackerlandschaften der Sahelzone dient dabei nicht nur dem Erhalt der
Biodiversität, sondern kommt auch der menschlichen Nahrungssicherheit zu Gute.

Der im Jahreszyklus der Wiesenweihe bisher noch am wenigsten verstandene
Aspekt sind Prozesse während des Zuges selbst. Die jährliche Mortalität ist während
des Zuges am höchsten. Mögliche Gründe sind energetische Engpässe während der
Überquerungen von Barrieren wie dem Meer und der Wüste, aber auch illegale
Jagd. Geeignete Rastgebiete sind vermutlich eine Grundvoraussetzung für einen
erfolgreichen Zug. In künftiger Forschung soll deshalb die Beziehung zwischen
ökologischen Gegebenheiten in Rastgebieten und Winterquartieren der Wiesenweihe
einerseits und Fitnesskomponenten andererseits untersucht werden. Hierbei soll der
Schwerpunkt auf einem durch die Satellitentelemetrie neu entdeckten Rastgebiet im
östlichen Marokko liegen, welches sowohl im Frühjahr als auch im Herbst nach bzw.
vor der Wüstenüberquerung angeflogen wird.
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