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Abstract Although there is a general understanding of
Montagu’s harriers migration routes and wintering areas,
detailed information on the species’ migration is still
lacking. However, improvements in satellite tracking
technology in recent years, have enabled the study of
medium-sized species by means of satellite telemetry. In
2006, ten adult Montagu’s harriers were fitted with satellite
transmitters in northeastern Spain and tracked during their
autumn migration to their wintering grounds in sub-Saha-
ran Africa. The migration took between 10 and 30 days,
and the end point was determined using breakpoint
regressions. Whereas some birds had stopovers of more
than a week, others stayed at the same site for only 1 or 2
days at the most. The tagged birds ultimately established at
wintering grounds located along the border of Mauritania
with Mali and Senegal, a distance of nearly 3000 km from
the breeding sites. These sites are situated within a small
range of latitudes (14° and 17°N), although distributed over
a wider range of longitudes (-15°E and —4°E), with some
birds occupying sites more than 1000 km apart. The dis-
tance covered in 1 day during the migration ranged be-
tween 93 and 219 km, with peaks of traveling speed of up
to 65 km/h. Harriers were recorded traveling only during
daytime, covering the longest distances in the late after-
noon, suggesting that they are daytime migrants. Most of
the distance was covered between 1500 and 2000 hours,
and no traveling was recorded between 2000 and 0500
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hours. During migration, harriers flew close to the ground
(40-100 m on average). Improved knowledge of the har-
riers’ exact wintering sites may provide insights on the
problems Montagu’s harriers face during the winter,
highlighting the need to take into account what happens in
both the breeding and wintering grounds to implement
successful conservation measures.
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Introduction

The Montagu’s harrier (Circus pygargus) is a long-distance
migrant which breeds over large areas within Europe and
western Asia and spends the winter in sub-Saharan Africa
(Cramp and Simmons 1980; Clarke 1996). Females typi-
cally first reproduce during their second year and males
during their third year, with young birds staying in the
wintering grounds before traveling to breed (Cramp and
Simmons 1980; Clarke 1996). It is generally assumed that
populations breeding in Western Europe overwinter in
Western Africa, those breeding in Eastern Europe spend
the winter in East Africa, and those breeding in Asia pre-
sumably travel to Sri Lanka and the Indian subcontinent
during the winter (Clarke 1996). Nonetheless, data on the
exact winter distribution of European Montagu’s harriers in
Africa are scarce.

A partially circular migration route has been proposed
for Montagu’s harriers breeding in Europe (Agostini and
Logozzo 1997; Garcia and Arroyo 1998), with most of the
birds crossing the Gibraltar Strait during their autumn
migration to Africa and traveling through the central region
of the Mediterranean during their return migration to
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European breeding areas. However, to date, most of the
results reported on the migratory movements of Montagu’s
harriers are based on observational data at bottleneck
points (Bernis 1980; Finlayson 1992; Shirihai and Christie
1992; Corso 2001; Panuccio et al. 2005; Panuccio and
Agostini 2006) or on data recovered from ringing studies
(see Garcia and Arroyo 1998 for a review), and detailed
knowledge of the migration routes of this species as well as
individual differences is still lacking.

During the last decade, satellite telemetry has enabled
detailed tracking of bird movements (Kenward 2001;
McGrady et al. 2003; Cadahia et al. 2005; Soutullo et al.
2006a, b, c), particularly migration (Berthold et al. 1995;
Fuller et al. 1995; Meyburg et al. 1995, 1998; Hake et al.
2001, 2003; Kjellén et al. 2001; Ganusevich et al. 2004;
Judas et al. 2006), resulting in the identification of win-
tering grounds and the mapping of migration routes (see
Guan and Higuchi 2000 for a review). Although satellite
telemetry has been mostly used in large bird species to
date, the development of smaller transmitters now allows
the use of this technology with lighter species (Soutullo
et al. 2007).

We report here an account of the movement of Mont-
agu’s harriers during the autumn migration. Birds were
tracked from their breeding grounds in the Iberian Penin-
sula to their wintering grounds in West Africa using sa-
tellite telemetry. Data on migration routes and timing are
provided. We also have developed a new method to esti-
mate the end of the migration based on satellite telemetry
data. As birds tracked by satellite telemetry are not fol-
lowed in the field, key moments during their yearly cycle
must be inferred from an analysis of the spatial pattern of
locations, with location accuracy being far from perfect.
The use of standardized procedures to estimate the dates at
which key events take place is thus of utmost importance,
and we expect that the method we present here will also be
useful for the study of other species.

Methods

The Montagu’s harriers (Circus pygargus) tracked in this
study were captured in the province of Castellon, north-
eastern Spain. In this area, birds breed in a typical sclero-
phyllous Mediterranean shrubland (Limifiana et al. 2006a,
b). The population has been monitored since it first
established there in the early 1980s and shows some of the
highest productivity values recorded for the species (see
Limifiana et al. 2006a, b; Soutullo et al. 2006d).

Ten adult Montagu’s harriers (six males and four fe-
males) were captured between May and June 2006 using
dho-gaza nets (Bub 1991) and a stuffed Eagle Owl (Bubo
bubo) as a decoy. Captured birds were sexed (based on the
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pattern of colors of the plumage), weighed, and ringed, and
a Microwave Telemetry’s 9.5 g solar-powered PTT-100
platform transmitter terminal (PTT) was affixed to their
backs using a Teflon harness (see Kenward 2001; Cadahia
et al. 2005; Soutullo et al. 2006b). The birds were released
within 30 min of capture. For the first 3 months of opera-
tion, the PTTs were programmed on a 6 h on/16 h off duty
cycle; for the subsequent months, the duty cycle consisted
of 10 h on/56 h off. Locations were collected using the
Argos system, and in this study we analyze data collected
up to 17 October 2006, at which time the birds were al-
ready at their wintering grounds and movements were re-
stricted to short-distance local flights. All data were
retrieved and managed using STAT, the Satellite tracking
and analysis tool (Coyne and Godley 2005).

Argos assigns a measure of reliability (LC) to each
position estimate. Only locations assigned to LCs 3, 2, 1,
and 0 were used for the analyses, as these are the most
reliable ones (see Soutullo et al. 2007 and references
therein). Also, to avoid biases associated to the non-inde-
pendence of the data, positions obtained less than 1 h after
the previous one were excluded from the analyses. Due to
the small sample size no between-sexes comparisons were
undertaken.

The onset of the migration was determined on the basis
of an abrupt change in the pattern of movements under-
taken by harriers after the pre-migration phase (Limifiana
et al., in preparation). To estimate the date of the end of the
migration, we conducted breakpoint (piecewise) regres-
sions (Neter et al. 1985) using all the data collected from
the date of the onset of the migration onwards. In order to
ensure enough data points were available for the analysis,
for bird 39706, the last one to depart from the breeding
grounds, we used data for the whole month of October to
calculate the regression (as we did for all of the other birds,
for the rest of the analyses we only used data collected up
to the end date of 17 October). Regressions were conducted
using the non-linear estimation module of the package
StaTisTicA (Statsoft, Tulsa, Okla). One breakpoint was
calculated using the following regression:

Date = Constant + Slopel x Distance + Slope2
x (Distance — Breakpoint) x (Distance > Breakpoint)

with Date indicating the day of the year the location was
obtained, Distance indicating the distance from the corre-
sponding location to the site where the harrier was marked.
Distance > Breakpoint assumed a value of 1 or 0 depend-
ing on whether the inequality was true or false, respec-
tively.

The constant and slopes were estimated using the Quasi-
Newton method (which uses the second-order derivatives
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of the loss function to guide the search for the best
parameter estimates), with an improvement in the loss
function <0.0001 as the convergence criterion, and (ob-
served — predicted)” as the loss function. Initial values for
Constant and Breakpoint were the date of the onset of the
migration and 2500, respectively. For the breakpoint, this
value roughly corresponds to the distance from the breed-
ing site to the southern limit of the Sahara desert. The date
of the end of the migration was considered to be the first
date the bird was located beyond the breakpoint.

Using these data we calculated the duration of the
migration, the distance covered during the migration, and
the average and maximum (distance between locations
obtained in consecutive days with approx. 24 h of differ-
ence) distance covered in a day, distance covered in 1 h
(considering only locations obtained with less than 4 h of
difference), and above-ground altitude at which birds were
located. The latter parameter was calculated by subtracting
the height of the terrain from the altitude calculated by
Argos for the PTTs. We obtained the height of the terrain at
each location from Google Earth (http://www.earth.go-
ogle.com). To explore differences in the “speed” (distance/
h) at which the birds flew at different times of the day, we
conducted linear and quadratic regressions of “speed”
against time. All statistical analyses were conducted in
SPSS (SPSS, Chicago, IlL.).

Results

At least six of the ten birds fitted with a PTT completed
their migration from the breeding grounds in northeastern
Spain to West Africa: three males and three females. No
data were obtained for one of these six birds during the
migration (we only have locations in the breeding and
wintering grounds). Four birds either died or the transmitter
failed, two before starting the migration and two during it.
Hence, only five individuals were tracked throughout the
whole migration. However, even with the tracking tech-
nology used, given the low frequency of locations, it is
uncertain whether all five birds crossed to Africa from
southern Spain over the Gibraltar Strait (Fig. 1). The birds
followed different migration routes, and while some had
stopovers of more than 1 week, others stayed at the same
site for only 1 or 2 days at the most (Fig. 2). Most
movements were recorded in the afternoon, with a peak
between 1500 and 2000 hours in terms of distances flown
in 1 h (Fig. 3).

Table 1 shows the results of the breakpoint analysis. The
harriers started the migration in late July—August, and
covered the approximately 2500 km of the migration in
10-30 days, with distances covered in any 1 day oscillating
around 100-200 km (Table 2). In general, the birds flew
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Fig. 1 Migration routes of eight adult Montagu’s harriers tracked
with satellite telemetry. Dashed lines indicate birds for which scarce
satellite data were received during the migration

near the ground (0-210 m, with only one record above this,
of 608 m, shortly after having passed over the Atlas
Mountains). Harriers descended to sea level while crossing
the Mediterranean Sea (around 35°N), and ascended to
approximately 2000 m while crossing the Atlas Mountains
(Morocco, 32-30°N).

Discussion

This study provides an account of the autumn migration of
Montagu’s harriers from their breeding grounds in Western
Europe to their wintering grounds in West Africa. This
study was only possible because of recent improvements in
satellite telemetry technology and the release at the end of
2005 of lightweight PTTs of less than 10 g (Soutullo et al.
2007).

Montagu’s harriers migrating from northeastern Spain
showed a great variation in the timing of the migration and
the routes they followed. While the first bird started the
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migration on 25 July, the last one left on 3 September. The
duration of the complete migration traject varied between 10
and 30 days, resulting in large differences in the date of
arrival at the wintering grounds (7 August—2 October). Al-
though some of this variation may be due to between-sex
differences in behavior (see Table 2), the small sample size
precludes further analyses. Overall, the whole distance
covered during the migration ranged between 2200 and
3000 km. After migration, all harriers settled in areas located
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within a small range of latitudes (14° and 17°N). However,
these sites are distributed over a wider range of longitudes
(-15° and —4°E), with some birds occupying places more
than 1000 km apart. This distribution may partially reflect
the distribution of locusts during the winter, the main prey of
Montagu’s harriers in Africa (Cormier and Baillon 1991;
Arroyo et al. 1995), as while wintering, Montagu’s harriers
are apparently less generalists than during the breeding
season (e.g., Underhill-Day 1993; Arroyo 1997).
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Fig. 3 Linear (distance/h = -7.31 + 1.92 X time, F; 46 = 18.41;
p < 0.0001; R? = 0.286) and quadratic (distance/h = -23.74 +
5.27 x time — 0.14 x time?, F,4s = 9.88; p < 0.0001; R* = 0.305)
relationships between traveling speed (km/h) and time of the day in
five migrating Montagu’s harriers

Table 1 Coefficients of the breakpoint regressions conducted to
determine the end of the migration period of five Montagu’s harriers

PTT-ID Constant Slope 1 Breakpoint Slope2 n R?
34474 221.736  0.007 2,910.036  0.560 82 0.79
39706 247583  0.012 2,893.235  0.063 48 09
39707 240.192  0.005 2,668.937  0.140 43 0.56
39710 230.038  0.005 2,747.818  0.178 68 0.58
39715 203.803  0.005 2,783.806  0.230 75 043

Although all marked harriers reached Africa through
southern Spain, it is uncertain whether all individuals
crossed over the Gibraltar Strait. Interestingly, the tracked
harriers in our study were recorded traveling only during
the daytime, covering the longest distances in the late
afternoon, suggesting that they are mainly daytime mi-
grants. In contrast, Spaar and Bruderer (1997) recorded
Montagu’s harriers starting their sea crossing just before
sunrise and after sunset, suggesting that they also fly during
the night (see also Meyer et al. 2003). Shortly after
crossing the Mediterranean Sea, harriers need to gain
altitude to cross the Atlas Mountains and probably take
advantage of the height gained during the ascent to advance
a long distance during the first stage of the desert crossing
(records of more than 450 km in a day). Their daily speed
seems to drop after that, as it may take up to 2 weeks to
cover the remaining 1000-1500 km to the wintering
grounds, with average distances covered in 1 day ranging
between 93 and 219 km. Thus, in contrast with other
species that perform long and high-altitude journeys during
night time without stopping, our Montagu’s harriers tended

to remain close to the ground, flew during the daytime and
extended the migration for up to 1 month. The flight close
to the ground seems to confirm that the species feeds along
the migratory route as well as mostly uses flapping flight
during migration over land (Spaar and Bruderer 1997).

The method we present here provides a mathematically
explicit approach for estimating the date of the end of the
migration. As estimates are obtained applying a standard-
ized method, they can be readily compared with those
obtained in other studies or with other species using the
same technique. One of the main limitations when ana-
lyzing satellite telemetry data is that as animals are not
observed in the field, key stages in their life cycle must be
inferred from the spatial pattern of the locations collected
(e.g., Soutullo et al. 2006c). Piecewise regressions are a
standard technique used in time-series analysis to detect
patterns in temporal data (e.g., Chatfield 2004). Their
application to the study of migration using satellite
telemetry (which basically consists in the analysis of
temporal series of locations) is hence straightforward. One
advantage of using piecewise regressions is that the models
used to describe the movements may be tailored to account
for different movement patterns, including non-linear
relationships between date and distance and more than one
breakpoint. For example, the movements of species that
make long stopovers might be better described using more
than one breakpoint. The main limitation to accurately
estimate the unknown parameters is probably the number
of available locations before and after the breakpoints. This
is probably more relevant when the relationship between
date and distance is not smooth, and explains why we had
to extend for 2 weeks the time-period analyzed to estimate
the regression parameters of the last individual to depart
from the breeding grounds (see Fig. 2. individual 39706).
The question remains as to how this method would fare for
species showing different movement patterns. We therefore
invite researchers using satellite telemetry data to apply
this or other mathematically explicit methods when deter-
mining the timing of key stages in the life cycle of the
animals under study instead of using more subjective ap-
proaches that preclude rigorous comparisons.

Zusammenfassung

Satelliten-Telemetrie von Wiesenweihen
(Circus pygargus) auf dem Herbstzug

Wenngleich die Zugrouten und Uberwinterungsgebiete der
Wiesenweihe generell bekannt sind, fehlen immer noch
detaillierte Kenntnisse zum Zugverhalten dieser Art. Seit
wenigen Jahren ermoglichen Verbesserungen in der
Technik der Satelliten-Telemetrie ihre Verwendung auf
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altitude during
migration (m)

Distance/h during migration (km/ Above-ground

h) (maximum in parenthesis)

Distance/day during
migration (km/day)

Migration
from marking site (km) distance (km)

Maximum distance

Migration Migration
end
(day of year)

duration
(days)

onset (day

Migration
of year)

Sex Weight
(g

Table 2 Migration timing and distances covered during the autumn migration by eight satellite-tracked Montagu’s harriers

PTT-ID

@ Springer

1,660
2,969

244
223

320

F

34466
34474
39706
39707
39710
39711

54.56 + 47.49
61.26 + 35.24
79.88 £ 47.92

11.56 + 17.13 (61.08)
12.01 = 13.68 (40.85)
15.52 £ 15.22 (39.05)
31.53 £ 25.77 (64.73)

117.11

2,927.82

248

25

M 240

93.34
204.54

2,846.88

2,968

29.5 275

245.5

360
310
250
345
250
260

F
F

2,147.72
2,301.86

2,833

255

10.5

1

244.5

97.18 £ 173.41

219.22

2,924
2,866
1,029
2,924

245

234.5 0.5

M

F

238.5
206

M
M

39714
39715

43.46 = 28.64

25.19 = 21.47 (57.53)

182.09

2,518.28 + 3474 163.26 +55.2

2,367.12

219

13

248.4 = 20.2

233.7 £ 145 17.7 £ 89

Mean + SD

For birds 34466 and 39714 signal reception ceased before they finished the migration. For bird 39711, very few locations were obtained during the migration

Values are the mean + standard deviation

mittelgroBen Vogelarten. Im Jahr 2006 haben wir 10 ad-
ulte Wiesenweihen in Nordost-Spanien mit Satelliten-
sendern ausgeriistet und sie auf ihrem Herbstzug nach
Afrika siidlich der Sahara verfolgt, der zwischen 10 und 30
Tage dauerte. Das Ende des Zuges wurde mit Hilfe einer
Breakpoint-Regression bestimmt. Wihrend einige Vogel
Zwischenstopps von iiber einer Woche einlegten, blieben
andere kaum lidnger als ein oder zwei Tage am selben Ort.
Nach Beendigung des Zugs hielten sich die telemetrierten
Vogel im Grenzgebiet von Mauretanien mit Mali und
Senegal auf, ungefdhr 3000 km von ihren Brutplitzen
entfernt. Die Winterquartiere liegen in einem schmalen
Giirtel zwischen 14° und 17° nordlicher Breite, jedoch
breit gestreut im Bereich zwischen —15° und —4° stlicher
Linge, wobei einige Vogel mehr als 1000 km weit ent-
fernt iiberwinterten. Die pro Tag zuriickgelegte Strecke
betrug zwischen 93 und 219 km, mit Reise-Spit-
zengeschwindigkeiten von bis zu 65 km/h. Zugbewegung
lieB sich bei den Weihen nur am Tag feststellen, und die
lingsten Strecken legten die Vogel am spidten Nachmittag
zuriick, was den Schluss zulésst, das sie reine Tagzieher
sind. Die meisten Ortsverdnderungen traten zwischen
15:00 und 20:00 Uhr auf, und zwischen 20:00 und
5:00 Uhr wurde keinerlei Bewegung festgestellt. Auf dem
Zug flogen die Weihen bodennah (im Durchschnitt 40—100
Meter hoch). Die genaue Kenntnis der
Uberwinterungsgebiete gibt woméglich Einblicke in die
Probleme, mit denen die Wiesenweihen im Winter kon-
frontiert sind. Hervorgehoben werden soll damit, wie no-
twendig es ist, die Geschehnisse in den Brut- und
Uberwinterungsgebieten gleichermaBen zu betrachten, um
erfolgreiche Schutzmafnahmen durchfiihren zu konnen.
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