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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
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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

215General discussion



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-

216 Chapter 9

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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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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