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Responses of Eurasian woodcock Scolopax rusticola to simulated
hunting disturbance

Yves Ferrand, Philippe Aubry, Philippe Landry & Pauline Priol

The Eurasian woodcock Scolopax rusticola is a valued game species in southwestern Europe, which is locally under a high
hunting pressure. Disturbance due to hunting can lead to avoidance of wintering areas or have an impact on population
dynamics owing to behavioural changes. We studied the impact of disturbance on 54 radio-tagged woodcocks under an
experimental framework. The birds were allocated to the following three groups: simulated hunting disturbance (con-
trolled disturbance; CD), hunted (H) and control (C). We studied the following four behavioural elements: space use,
activity duration, number of commuting flights and date of spring migration departure. We found no differences in
behavioural responses between the groups except for space use. A majority of CD birds used larger ranges during daytime
than did H and C birds but did not change their nocturnal sites. To a large extent, this nocturnal site fidelity likely
accounted for the weak disturbance effect, in so far as food intake was ensured. Our study underlines the importance of
permanent meadows in the surroundings of forests to help this species to better withstand hunting disturbance.

Key words: behaviour, Eurasian woodcock, experimental design, habitat management, hunting disturbance, Scolopax
rusticola, space use
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Disturbance by recreational activities such as walk-
ing or hunting can lead to habitats being avoided and
is often considered as a major issue in species con-
servation. However, the impact of disturbance can
vary among species or among individuals of the same
species, depending on factors such as food availabil-
ity or the density of competitors (Gill & Sutherland
2000). From a behavioural point of view, disturbance
has been considered similar to a predation risk, as
suggested by Frid & Dill (2002) in their 'risk-
disturbance hypothesis', predicting that high distur-
bance levels may cause population declines. For
game species, this hypothesis seems to be particularly
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relevant as hunting disturbance can sometimes even
be directly related to a high mortality risk.

Many studies on game species have addressed the
effects of human disturbance; some of them directly
related to hunting. For waterfowl, for example,
hunting disturbance can force birds to leave a site
(Madsen 1998a,b) or use unsuitable habitats (Bregn-
balleetal. 2004). The time budget can also be affected
by disturbance with an increase in feeding activities at
the expense of comfort activities (Guillemain et al.
2007). Madsen (1998a) showed that such increases in
feeding time after disturbance could be needed to
compensate for energy loss due to involuntary flights.
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In other cases, the lack of foraging during the day-
time can be compensated for by night-time feeding
(Bélanger & Bédard 1990, Madsen & Fox 1995,
Riddington et al. 1996). At the end of winter, most
migratory bird species hit their lowest weight and
need to store fat before spring migration (Piersma &
Van Brederode 1990). Therefore, disturbance occur-
ring just before migration can also be expected to
impact on the date of departure as has been shown in
the Icelandic black-tailed godwit Limosa limosa
islandica, for which wintering in poor quality habitat
delayed the date of spring migration departure
(Gunnarsson et al. 2006).

Disturbance impact studies have usually been
based on field observations of behavioural responses
in a non-experimental situation. In such studies,
disturbance can be caused, for instance, by pedestri-
ans (e.g. Fernandez-Juricic 2000, Gill et al. 2001,
Lafferty 2001, Guillemain et al. 2007), hunters (e.g.
Madsen 1998a, Paillisson et al. 2002, Béchet et al.
2004) or dogs (e.g. Langston et al. 2007). In some
studies, measures such as the restriction of pedestri-
ans to certain footpaths (Lafferty 2001, Pearce-
Higgins et al. 2007) or the creation of hunting-free
reserves (Madsen 1998b, Evans & Day 2002) have
enabled the comparison of different levels of distur-
bance (e.g. Fox & Madsen 1997, Thomas et al. 2003).
In other studies, modelling has been used to predict
disturbance effects (e.g. Beale & Monaghan 2004,
Klaassen et al. 2006, Liley & Sutherland 2007,
Stillmann et al. 2007). Some of the studies which
have experimentally explored disturbance effects (e.g.
Lord et al. 2001, Bregnballe et al. 2009) compared
different levels of disturbance (e.g. Baines &
Richardson 2007) as recommended by Hill et al.
(1997). The majority of studies have been carried out
in open areas (mainly wetlands) and rarely in
woodlands (e.g. Fernandez-Juricic et al. 2004).
Finally, most studies have concerned the breeding
period (Hill et al. 1997), although in some taxa,
disturbance is considered critical in winter, when
scarce food and harsh weather conditions may cause
high energy requirements (Madsen 1995, Stillmann &
Goss-Custard 2002). The Eurasian woodcock Sco-
lopax rusticola (hereafter woodcock) is an interesting
biological model to explore disturbance effects in so
faras 1)itisa forest and game species, 2) densities are
locally high in winter and 3) it is a solitary species
which allows a study of disturbance effects at the
individual level.

In Europe, woodcocks winter mainly in the
southwestern part, in the Channel, in the Atlantic
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and Mediterranean regions (Cramp & Simmons
1983). In France, a large proportion of woodcocks
winter in Brittany (Ferrand & Gossmann 2000). In
winter, the woodcock uses woodlands or hedges
during the day and conduct 'commuting flights'
(Duriez et al. 2005¢) to open areas, mostly mead-
ows, at night to feed mainly on earthworms,
principally Lumbricus rubellus, L. terrestris, L. cen-
tralis and Aporrectodea caliginosa (Granval 1987,
Hoodless 2002, Duriez et al. 2005¢), depending on
foraging success during the day (Duriez et al.
2005b).

In spite of an increasing interest in woodcock
hunting in the southwestern part of its wintering
range, studies on hunting disturbance effects are
lacking. In our study, we used an experimental
approach to explore effects of repeated disturbance
events on woodcock wintering behaviour to provide
management recommendations and to ensure sus-
tainable use of the species. We divided radio-
equipped woodcocks into undisturbed and disturbed
groups. We hypothesised that compared to undis-
turbed control birds, disturbed birds 1) enlarge their
space use, 2) commute to open areas at night more
often to increase feeding activities, 3) are active for
longer diurnal and/or nocturnal periods to compen-
sate for energy loss, and 4) delay their spring
migration departure because of a longer period
required to deposit fat.

Material and methods

Study area

The study area (ca 2,000 ha) is located in Brittany
(western France) and encompassed the Pont-Calleck
State Forest (47°57'27''N, 3°21'42"'W), adjacent
woodlands and surrounding thickets and fields. All
make up suitable habitats for the woodcock. The
State Forest was composed of 80% deciduous (40-
120 years old, including mainly oaks such as Quercus
robur and Quercus rubra and beech Fagus sylvatica),
and 20% of coniferous stands (15-40 years old,
including mainly douglas-fir Pseudotsuga menziesii,
sitka spruce Picea sitchensis and Scots pine Pinus
sylvestris). The shrub stratum contained holly Ilex
aquifolium and chestnut Castanea sativa. Adjacent
woodlands were similar in composition and included
various successional stages. Surrounding open areas
were constituted of maize and cereal stubbles, winter
wheat, ryegrass and permanent meadows (20%),
oilseed rape and mustard fields. The Pont-Calleck
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State Forest was a woodcock hunting-free reserve
whereas adjacent woodlands were woodcock hunt-
ing areas. Hereafter, the forest will be called the
'reserve’ and the adjacent woodlands the 'hunting
area'. In France, woodcock is mainly hunted using
one or two pointing dogs by a solitary hunter. The
frequency of hunting trips is highly variable, but
usually comprised 1-2 days/week/hunter.

Data collection

Our study was carried out during three consecutive
winters (2003/04, 2004/05 and 2005/06). Since wood-
cock is a solitary, elusive and cryptic species which
lives in woodlands, we used radio-telemetry in our
study. From the beginning of December to the
beginning of January, we captured 54 woodcocks (18
in 2003/04, 16 in 2004/05 and 20 in 2005/06) on
feeding sites around the reserve in the first part of the
night using a spotlight and a landing net (Gossmann
et al. 1988). We chose this timing to ensure that the
post-nuptial migration had ceased and that birds
remained in the study area (Ferrand & Gossmann
2001). In November, woodcocks are abundant in
Brittany; however, it is not possible to distinguish
between migrating and wintering birds.

We aged each bird (1st year vs adult) according to
wing feather details and moult status (Ferrand &
Gossmann 2009a), and we sexed each bird by DNA
analysis following the Sambrook et al. (1989) proto-
col. Wefitted each bird with a VHF radio-transmitter
(Biotrack® TW3; 12 g) with an activity tiltswitch. We
glued the transmitter on the back of the bird using
hypoallergenic livestock glue and maintained with a
single-loop harness (Mac Auley et al. 1993).

Welocated each bird using a hand-held antenna by
day (approached by circling to 10 m) and by night
(approached by circling to 50 m), 5-6 times/week. We
plotted the locations on a 1:2,000 map (source:
Institut Géographique National) using a GIS pack-
age (ArcView® 3.3, ESRI, Redlands, USA). We
calculated movement distances between locations
using the Animal Movement extension (Hooge et al.
1999) in ArcView.

We recorded activity data for 24-hour periods.
Recording started around 12:00 hours to get the
activity rate during an afternoon, a full night and a
morning. We used an automatic data logger (RX-
900; Televilt Positioning AB, Lindesberg, Sweden)
connected to a 4-element directional Yagi antenna,
or a car omni-directional whip antenna located
< 200 m from the bird. Depending on marked
individuals’ survival, we carried out 1-4 recordings/
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bird. We processed activity files using a program
specially developed under the Visual Basic program-
ming interface of Sigma Plot 2001 V.7.1 (SPSS Inc.,
Chicago, USA). We defined the beginning and the
end of the night as the evening and morning civil
twilights, which roughly correspond to the time when
the commuting flight occurs. In our analyses, we
considered the daylight/night activity rates separate-
ly. We estimated the activity duration per day (or
night) by multiplying the activity rate (%) and the
duration of the day (or night) at this date (see Duriez
et al. 2005b for more details).

When nocturnal locations differed from diurnal
locations (i.e. open areas vs forest, at a distance of
> 50 m from the forest edge), the occurrence of a
commuting flight was registered. We defined a
commuting flight index as the proportion of nights
on which birds left the woodland.

We defined disturbance as flushing a bird from its
diurnal site. We allocated the radio-tagged wood-
cocks to three groups: controlled disturbance (CD;
N=16), hunted (H; N=15) and control (C; N=23).
In the daytime, the radio-equipped woodcocks
spread over the reserve and the hunting area, and
maintained their daytime ranges throughout the
study. We randomly allocated each radio-tagged
woodcock staying in the reserve into CD and C birds.
We classified all other birds staying in the hunting
areainthe daytime as H. The H birds were exposed to
variable disturbance depending on hunters’ activity,
with no possibility of precisely registering the number
of hunters, dogs, hunting hours and days. This
explains the necessity of a CD group to ensure a
homogeneous disturbance level. The CD birds were
flushed once/day and 5 days/week (maximum num-
ber of hunting days allowed in the study area, and
more generally in France, according to regional
administrative decisions). Disturbance started be-
tween the 10th and 15th of January, when post-
nuptial migration ceased (Ferrand & Gossmann
2001). Every winter, disturbance concluded at the
end of February (closing period for woodcock
hunting in France). We flushed the birds between
09:00 and 17:00 hours, as this period corresponds to
the usual hunting hours. In most cases, we saw the
bird in flight. In other cases, we considered distur-
bance as effective when the radio signal rapidly
diminished.

We restricted the analysis to the period between
the beginning of disturbance (mid-January) and the
end of February for all behavioural responses, except
the date of spring migration departure, which we
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analysed for woodcocks for which we knew this date.
For all woodcocks, at least 30 diurnal locations were
available. For the time-budget analysis, we took into
account only individual activity recordings for which
at least 50% of the time (in the daytime or at night)
was actually monitored. We used only data collected
at least six days after radio-transmitter fitting to
avoid a behavioural impact due only to tagging
(Kenward 2001). Disturbance started six days after
tagging to allow enough time for observing a real
disturbance impact.

Data analysis

For all the statistical tests performed for our
study, we did not rely on an arbitrary o-level of
statistical significance and strictly interpreted the
P-value as the strength of the evidence against the
null hypothesis Hy, conditionally to the data at
hand (a P-value is defined as the probability,
calculated under H,, of obtaining a test value as
extreme as that observed in the sample; see
Gibbons 2006). Whatever the magnitude of the
P-value, we gave a measure of the effect size, since
one always needs to carefully consider the biolog-
ical significance of a result, not just the sta-
tistical significance (Yoccoz 1991).

Space use

To summarise the statistical distribution of the daily
distances woodcocks travelled, we used the median
as a position measurement and the interquartile
range to represent dispersion, because the distances
were not symmetrically distributed. Using the medi-
an as abscissa and the interquartile range as ordinate
allows one to represent the birds as points in a
scatterplot. For studying space use during the day
and at night, we employed a Multiple Response
Permutation Procedure (MRPP; Zimmerman et al.
1985, McCune & Grace 2002:188-197, Mielke &
Berry 2007) to test the null hypothesis Hy of no
difference between the three groups CD, H and C.
The MRPP test was based on the Euclidean distances
defined in the scatterplot, with natural weighting of
the groups (McCune & Grace 2002:189, Mielke &
Berry 2007:20). Hence, the MRPP statistic § was the
overall weighted mean of within-group means of the
pairwise Euclidean distances. No distributional
assumptions are required for MRPP testing purpos-
es. We evaluated the P-value by using a random-
isation procedure (see Edgington 1995, Manly 1997,
Edgington 2006). To obtain an accurate P-value, we
used 10° random permutations as in Mielke & Berry
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(2007:33-35), and the minimum attainable P-value
was thus P = 0.000001. We provided an effect size
measure using the 'chance corrected within-group
agreement' (McCune & Grace 2002:190, Mielke &
Berry 2007:31):

with d.ps being the observed value of the statistic &
measuring the within-group homogeneity (see
Zimmerman et al. 1985, McCune & Grace
2002:189, Mielke & Berry 2007:14) and p the
expectation of the statistic 6 under Hy. The statistic
A is a chance-corrected measure of effect size, i.e. A
reflects the within-group homogeneity compared to
what would be expected by chance. A reaches its
maximum value of 1 when the within-group
homogeneity is perfect. A = 0 when the within-
group homogeneity is equal to what is expected by
chance. Like all chance-corrected measures, A
could occasionally be slightly negative, i.e. when
the within-group homogeneity is smaller than what
is expected by chance. In ecology, values for A are
commonly below 0.1 even when the ., differs
significantly from the expectation under H,, and
A > 0.3 is fairly high (McCune & Grace 2002:191).
Furthermore, we used MRPP for testing the null
hypothesis of no difference between males and fe-
males, and between yearlings and adults.

Time budgets

We recorded time budgets repeatedly for each bird
(up to four times for a bird during the winter). The
response variable was the duration expressed in
minutes. We tested the null hypothesis of no differ-
ence between the three groups CD, H and C by using
a mixed-model two-way nested ANOVA with the
group as first (fixed) factor, and the bird as second
(random) factor (Sokal & Rohlf 1995, Quinn &
Keough 2002). We transformed the response vari-
able using the Box-Cox transformation (Sokal &
Rohlf 1995, Quinn & Keough 2002) to improve both
normality and homoscedasticity. Because the design
was unbalanced (the number of birds within each
group was different and the number of measurements
for each bird was also different), we used the sum of
squares of type III (Searle 1987:459, 463) according
to the recommendation of Shaw & Mitchell-Olds
(1993). We provided the effect size using the partial
Eta square ng (e.g. Tabachnick & Fidell 2007:55,
equation 3.26).
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Occurrences of commuting flights

We coded commuting flights as | in a binary
presence/absence table for the dates (q=20 columns)
for which data were available for all the birds (N=49
rows). We used MRPP to test the null hypothesis of
no difference in the pattern of occurrences of
commuting flights between the three groups CD, H
and C. We used the simple matching dissimilarity
(Legendre & Legendre 1998:255) calculated between
the birds, on the basis of the presence/absence of
commuting flights for the 20 dates.

Dates of spring migration departure

We tested the effects of the disturbance group (CD,
C, H) on the date of spring migration departure using
one-way ANOVA (Sokal & Rohlf 1995, Quinn &
Keough 2002). No transformation was necessary to
improve normality and homoscedasticity. In case of
a small effect of the group on the activity duration or
the date of spring migration departure, we pooled the
data and tested the effect of sex or age in the same
way. We provided the effect size using the correlation
ratio squared, i.e. the Eta squared m? (e.g. Tabach-
nick & Fidell 2007:54, equation 3.25).

/\ =00 o 500 1000 Meters
/ 5 e
N

Diurnal movements

Results

Space use

For both C (N =22) and H (N = 15) groups, the
median distance between successive diurnal locations
per bird was always < 150 meters (average median=
63.9 and 51.4 m, respectively, SD = 28.7 and 30.5,
respectively, range: 23.1-132.8 and 0-99.7 m, respec-
tively). For these two groups, the maximal distances
between successive diurnal locations for any bird
were 1.1 km and 3.24 km, respectively. For the CD
group (N = 15), the distances between successive
locations were in most cases very large and irregular
(average median =241.3 m, SD =174.8, range: 48.9-
731.6 m; Fig. 1). For 10 CD birds, the median was
> 150 m and the maximal distance between succes-
sive diurnallocations was 4.03 km. For five CD birds,
the median was < 150 m. One CD bird left the study
area after 13 days of disturbance (last distance be-
tween two locations = 5,510 m). The representation
of birds on a scatterplot according to their median
and interquartile range of distances led us to separate
CD from the C and H groups (MRPP test: P =
0.000002, A =0.225; Fig. 2). The dispersion of birds

/\ 500 0 500 1000 Meters
/ 5 ————— s
/

Figure 1. Details of diurnal movements and nocturnal locations for a controlled disturbance group woodcock (CD). No change is observed
in the use of nocturnal sites in spite of the diurnal movements. (Pont-Calleck State Forest, France; winter of 2003/04).
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Figure 2. Median and interquartile range of distances between
successive diurnal locations of control group woodcocks (C),
controlled disturbance group woodcocks (CD) and hunted group
woodcocks (H). (Pont-Calleck State Forest, France; winters of
2003/04, 2004/05 and 2005/06).

on the scatterplot appeared to be not mainly related
to age and sex since the levels of evidence against
Hy and the effect sizes were much lower in
comparison with the disturbance groups (MRPP
test: P=0.056, A =0.025 and P=0.017, A =0.044,
respectively).

At night, space use appeared to be very similar
among groups (MRPP test: P=0.51, A=-0.004). In
spite of the impact of disturbance on diurnal space
use, CD birds did not change their nocturnal sites (see
Fig. 1). The representation of birds according to their
median and interquartile range of distances did not
lead us to separate any group (Fig. 3). The maximal
distance between successive nocturnal locations was
3.33 km.

Time budgets

The mean of diurnal activity duration was 49.0
minutes (range: 2.0-231.0) for the CD group (13
birds, 24 measures), 65.9 minutes (range: 2.7-192.9)
for H group (15 birds, 26 measures) and 78.4 minutes
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Figure 3. Median and interquartile range of distances between
successive nocturnal locations of control group woodcocks (C),
controlled disturbance group woodcocks (CD) and hunted group
woodcocks (H). (Pont-Calleck State Forest, France; winters of
2003/04, 2004/05 and 2005/06).

(range: 2.3-266.8) for C group (20 birds, 32 mea-
sures). We found no evidence of a difference between
disturbance groups (P=0.47; F=0.76; ng =6.23%).
We found weak evidence that diurnal activity durd-
tion differed according to age (P=0. 16 F=2097, n
10.80%) or sex (P=0.091, F=2.07; n =8.13%). The
occurrence of a commuting ﬂlght can have an
impact on the time budget in so far as birds shared
their activity between day and night. However,
even weaker effects were obtained for a subset of
the data taking into account only diurnal data
including a commuting flight, between disturbance
groups (P=0. 55 F=0.61, n =5.77%), age (P =
0.49, F =047, n =2.34%) and sex (P=0.30, F =
1.09, np =4. 95%)

The mean of nocturnal activity duration was 127.4
minutes (range: 4.8-297.8) for CD group (12 birds, 22
measures), 94.75 minutes (range: 5.0-224.8) for H
group (12 birds, 25 measures) and 142.8 minutes
(range: 3.3-302.9) for C group (21 birds, 31
measures).We found weak evidence that nocturnal
activity durations signiﬁcantly differed between
groups (P =0.14, F =2.07, n =12.75%), and no
evidence with respect to age (P=0. 45 F=0.57, n
2.03%) or sex (P=0.60; F =0.28; 2 =1.04%). We
obtained similar results for birds that commuted
from forest to fields at night for the disturbance
groups (P=0.11; F=2.29; n =16.65%), age (P =
0.80; F=0.07, n =0.31%) and sex (P=0.96, F =
0.00, np 0. 01%)

Occurrences of commuting flights
We did not find sufficient evidence that the pattern of
occurrences of commuting flights differed between C
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(N=21),CD (N=14)and H (N=14) groups (MRPP
test: P=0.43, A=0.0007) or according to the sex (P=
0.14, A =0.008) or age (P=10.08, A=0.011). This
allowed us to pool the data and the mean commuting
flight index (proportion of nights on which birds left
the woodland) was 0.88.

Dates of spring migration departure

The spring migration departure date ranged from 7
March to 6 April with an average date of 21 March
(N =406; Fig. 4A). The ANOVA revealed only weak
evidence of an effect of the groups C (N=20), CD (N
=13) and H (N=13) on the dates of spring migration
departure (P = 0.085; F = 2.62; n? = 10.85%), the
order of the average dates being CD < H < C. By
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Figure 4. Distribution of dates of spring migration departure
between control group woodcocks (C), controlled disturbance
group woodcocks (CD) and hunted group woodcocks (H; A),
between sex (B) and age classes (C). (Pont-Calleck State Forest,
France; winters of 2003/04, 2004/05 and 2005/06).
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contrast, there was more evidence that 1) males (N=
23) departed before females (N =23) (mean dates:18
March and 24 March, respectively; Fig. 4B; P =
0.003; F =9.58; n? = 17.87%), 2) adults (N = 13)
departed before 1st year birds (N =33) (mean dates:
16 March and 23 March, respectively; Fig. 4C; P =
0.001; F=11.96; n>=21.37%).

Discussion

Disturbance effects

From our experimental study, the impact of simu-
lated hunting disturbance on woodcock wintering
behaviour seemed to be relatively weak. As expected,
disturbance increased the space use. However, we
found no impact on diurnal and/or nocturnal activity
durations, occurrences of commuting flights, and
only a weak effect on spring migration departure.

The main impact was a larger space use during the
daytime for the CD woodcocks, one of which left the
study area. Such large movements were not observed
at night. By contrast, whatever the location of the
diurnal site, the CD woodcocks kept a previous
nocturnal site where most of their feeding occurred
(Duriez et al. 2005b). This site fidelity was surprising
considering the large distance sometimes separating
diurnal and nocturnal sites (> 1.5 km), although
closer nocturnal sites were available. Like many
other bird species, wintering woodcocks face a trade-
off between starvation and predation risk (Duriez et
al. 2005b), and previous experience of suitable
nocturnal sites with high food resources could en-
courage birds to continue using these sites. Exploring
new nocturnal sites could also increase energy
expenditures, which could be detrimental to the
birds in the winter period. The nocturnal site fidelity
probably explained, to a large extent, the weakness of
the disturbance effect in so far as food intake was
ensured. Of the woodcocks, four always remained in
their diurnal sites in spite of a high level of distur-
bance. This indicated that the responses to distur-
bance can vary greatly among individuals, probably
in relation to the quality of the occupied site and/or
information acquired by the individuals at their sites
(Gill et al. 2001).

We found no difference in the occurrence of
commuting flights between disturbed and undis-
turbed birds. Since the main purpose of these flights is
feeding in meadows, this shows that disturbance did
not force woodcocks to reach nocturnal feeding sites
more frequently. Nevertheless, extra diurnal flights
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of disturbed birds over large distances could imply a
higher energy expenditure (as shown for the brent
goose Branta bernicla bernicla; Riddington et al.
1996), a decrease in time available for foraging in less
suitable sites (as reviewed by Frid & Dill 2002), and
we could expect a higher nocturnal activity rate to
compensate for this, as has been found for the
sanderling Calidris alba (Burger & Gochfeld 1991)
and the snow goose Chen caerulescens atlantica
(Bélanger & Bédard 1990).We did not observe this in
our study, likely because the high available earth-
worm biomass in meadows (about 1 ton/ha; Granval
& Bouché 1993) does not constrain the instantaneous
intake rate and easily allows woodcocks to compen-
sate for a loss of diurnal foraging.

We found only a weak difference between distur-
bance groups; however, the order of spring migration
departure seemed to be related to the disturbance
level, i.e. the higher the disturbance level, the earlier
the average date of departure. This suggests that even
a high disturbance level does not impair preparation
for migration, which is in contrast to the negative
effect observed by Madsen (1995) for the pink-footed
goose Anser brachyrhynchus. This could be related to
the low energetic requirements of woodcock (Duriez
et al. 2004) and/or a capacity to quickly increase
energetic reserves as suspected by Duriez (2003). As
an example, the whimbrel Numenius phaeopus, a
similar-sized wader to the woodcock, is known to
increase its daily food intake to 1.5 times the winter
level a few weeks before spring migration departure
(Zwarts 1990). As suggested by Klaassen (2002),
another hypothesis could be to consider woodcock as
an income breeder owing to its small size and
relatively short flight range (< 3,000 km for the
majority of woodcocks; Ferrand & Gossmann
2009b). In this case, energetic requirements before
migration are rather low and only assigned to flight
cost.

Simulation of hunting disturbance

In our study, the disturbance aimed to simulate
hunting (without shooting). To apply a standardised
protocol, we did not use hunting dogs to flush the
birds. This seemed to be appropriate in so far as birds
could be tracked using radio-telemetry and pursued
till they flushed, i.e. as a hunting dog could have done
it. Moreover, owing to radio-telemetry, the approach
to the bird is usually direct, which is the most
disturbing approach (Frid & Dill 2002). For stan-
dardisation, the birds were flushed once/day. This
situation could be considered artificial compared
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with a hunting situation. During hunting, some birds
may be flushed several times while others are never
flushed. We considered that the regularity (5 days/
week) and the duration of the experiment (1.5 month)
were sufficient to generate disturbance at a level at
least as high as hunting. We showed that H birds
staying in the hunting area did not seem to change
their behaviour as compared to undisturbed C
woodcocks. Since we showed that CD birds increased
their space use, this suggests that the controlled
disturbance level used in our study was likely higher
than the level of disturbance caused by hunting.
However, our study period did not correspond
entirely to the woodcock hunting period which really
starts at the beginning of November in Brittany.
During the two first hunting months, the hunting
pressure (number of hunters/day) is higher than in
January-February, i.e. our study period (Ferrand &
Gossmann 2000). In November-December, both
migrating and wintering woodcocks are hunted.
Migratory birds stay in the forest during a short
period and should not be concerned by disturbance.
In contrast, woodcocks that have already reached
their wintering sites could be more sensitive. Nothing
allows us to assume that the behaviour of wintering
woodcocks facing disturbance differs in January-
February compared with November-December.

Wintering woodcock behaviour

Our results suggest that the behaviour of the studied
population was consistent with wintering woodcock
populations in Brittany as described in Duriez et al.
(2005c). Space use (for C birds), occurrences of
commuting flight, date of spring departure (23
February - 10 April for O. Duriez, unpubl. data)
were not different from expectations. The only
exception was the time budget with about 200
minutes of activity in our study as compared to 300
minutes reported by Duriez et al. (2005c). This
might have resulted from higher availability of food
resources in our study area. Weather conditions
may have increased the availability of earthworms
and/or decreased energy expenditures (Wiersma &
Piersma 1994, Duriez et al. 2004) and, therefore,
may have reduced the daily period required to feed.
During the three winters of our study, no excep-
tional weather conditions were registered (see http://
www.cdc.noaa.gov - Air temperature/Composite
anomalies).

Management implications
In terms of woodcock habitat management, we
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emphasise the role of nocturnal feeding habitats.
Indeed, as shown by Goss-Custard et al. (2006) for
the oystercatcher Haematopus ostralegus, the impact
of disturbance appears much lower with good
feeding conditions. Consequently, we recommend
that a special effort be made to maintain grazed
meadows in the surroundings of forests in wood-
cock wintering areas because the earthworm bio-
mass in meadows is five times higher than in
cultivated fields (Duriez et al. 2005a). Maintenance
of permanent meadows may help woodcock to
better withstand disturbance.

Our study addressed disturbance effects on a local
scale, for one habitat type and in rather mild
weather conditions. This could be different in other
wintering conditions, especially with regard to
habitat. In Mediterranean regions, for example,
woodcock food resources are scarcer than in Brit-
tany and the behavioural responses to disturbance
could be different. Additional experiments in differ-
ent habitats and food resource levels seem to be
necessary to estimate the impact of disturbance at a
population level, as recommended by Sutherland
(2007) and Gill (2007).
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