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Understanding how birds use stopover areas is essential for the effective
conservation of migratory bird populations. Here, we evaluate the role of high-
altitude grasslands in the Central-Eastern Pyrenees as autumn stopover habitat
for the Iberian population of the Red-backed Shrike Lanius collurio. Using data
from a standardized mist-netting program (2010-2024), we analysed age-
related patterns in abundance, fuel load, fuel deposition rate and stopover dura-
tion. First-year birds were captured much more often (91.5%) and they did not
have a longer stopover duration than adults. However, both age classes had a
low mean fuel load (0.0338 * 0.0536 SD, i.e. 3.4%) and a minimal fuel deposi-
tion rate, suggesting that the Pyrenees might not serve as a main refuelling site.
Instead, the region may function as a transient area for the shrikes, particularly
for first-year birds at the onset of their first migration. Despite the low fat accu-
mulation, the high number of individuals using this area highlights its potential
el relevance. The mosaic of pastures and open habitats aligns with the shrikes’
foraging preferences and may support a migration strategy based on short-
distance flights with low energy reserves. Given the ongoing population decline
and habitat loss, preserving these herbaceous areas is critical to ensure safe
passage for species like the Red-backed Shrike. Our findings underscore the
need to protect not only key fuelling sites but also early-phase resting habitats
along migratory flyways.
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Most long-distance migratory bird populations rely on
stopover sites, where they reload energy reserves before
resuming their journeys to their destination areas
(Chernetsov 2012, Newton 2023). Fuel load (amount
of energy reserves), fuel deposition rate (rate at which
birds accumulate fuel) and stopover duration (time
spent at given stopover sites) are key factors influ-
encing migration strategies (Alerstam & Lindstrom
1990).

The Red-backed Shrike Lanius collurio (hereafter
‘shrike’) is a long-distance migratory passerine breeding
across much of the Euro-Siberian region that overwin-
ters through eastern and southern Africa (Moreau
1972, Toettrup et al. 2012, Harris & Franklin 2000,

Pedersen et al. 2020, Franks et al. 2022, Bryson &
Paijmans 2023). Its European population is experi-
encing dramatic declines in several regions (BirdLife
International 2021), due to various factors, such as
habitat changes, new models of agricultural manage-
ment and practices and other types of environmental
stressors and climate change (Olsson 1995, Bani et al.
2009, Telleria 2018b, Knozowski et al. 2024). Several
of such threats occur outside the breeding quarters, e.g.
during the migration period (Brochet et al. 2016).
Conservation strategies should prioritize, in part, a
better understanding of the use of potential stopovers
along migratory routes (Fransson et al. 2005, Warnock
2010, Schmaljohann et al. 2022), in order to identify
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key fuelling and/or resting areas, which would deserve
priority habitat preservation and restoration.

Iberian Red-backed Shrikes presumably leave their
breeding quarters from late-July to August (Tettrup et
al. 2017), to pass through the Pyrenees, following a
west-east to southwest-northeast migratory axis, on
their route to the Balkans across southern France and
the northern part of Italy (Pedersen et al. 2020).
Studies based on light-level geo-locators show that all
European shrikes use the same route and share the
same main stopover places, with the main stopover
region in Europe in autumn being the Balkan penin-
sula, where these birds stay an average of 15 days
before crossing the Mediterranean and the Sahara
desert until they reach their next important stopover
area in the sub-Saharan region in East Africa (Tottrup et
al. 2012, Pedersen et al. 2020). These previous studies
considered, however, a limited number of shrikes
marked in Iberia, which means that for this population,
which shows a very long-distance migratory flyway, the
existence of other potential important stopover areas
might simply pass unnoticed due to lack of data.

Shrikes prey upon insects, including beetles, wasps,
bees, ants, crickets, grasshoppers, lizards, rodents and
small passerine birds (Tryjanowski et al. 2003a,b,
Lefranc & Worfolk 2022), that they find in open land-
scapes (Panov 2011), with a preference for pastures
and grasslands with cattle (Brandl etal. 1986,
Lizarraga 2004, Morelli et al. 2012, Molina et al. 2022,
Arizaga et al. 2023). The Pyrenees, therefore, may play
a role as a potential stopover region for the Iberian
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shrike population, as they are an obligate region of
passage but, also, as they offer plenty of opportunities
to refuel due to the extensive availability of presumably
optimal habitat. A previous study on birds marked in
the Ledn province (northwest Spain) did not show a
notable use of the Pyrenees, but this conclusion was
based on six adult birds (Tgttrup et al. 2017). There-
fore, the strategy of first-year birds is still unknown and
it is possible that strategies may differ between age
classes (Tryjanowski & Yosef 2002).

This study is based on data collected over more
than a ten-year period in a standardized mist-netting
monitoring program on migrant bird populations at a
potential stopover area, mostly comprising of pastures
at high altitude in the Eastern part of the Pyrenees. It
aims at quantifying use of this habitat by shrikes as a
stopover during the autumn migration period and
determine the ecological importance of this mountain
chain for the conservation of the south-western
(Iberian) Palaearctic population.

METHODS

Sampling area and data collection

The study was carried out in montane grasslands of the
Pyrenees, where shrikes were captured using mist nets
as part of a long-term standardized (constant effort-
based) ringing program at the MigraVallFosca project
(Josa & Castill6 2020). The monitoring station was
located at Aguird, municipality of Torre de Capdella

Figure 1. Sampling site, province of Lleida (light brown area), Spain, in the Central-Eastern part of the Pyrenees. Photo: typical

habitat, dominated by managed meadows.
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(Lleida, Catalonia, Central-Eastern Pyrenees; Figure 1).
Situated at an altitude of 1470 m, the bird ringing site
features a heterogeneous habitat mosaic, mostly com-
prised of open landscapes of managed alpine meadows,
with some scattered hedgerows (Dog Rose Rosa canina,
Blackthorn Prunus spinosa, Alpine Buckthorn Rhamnus
alpina) and a few tree stands of Wild Cherry Prunus
avium and Ash Fraxinus excelsior. This landscape is
shaped by grazing with traditional extensive livestock,
with no agro-chemical treatments applied to meadows.

Between 2010 and 2012, the number and position
of the mist nets was modified until a final, definitive
setup was achieved which reached an optimal thres-
hold between the number of birds caught and sampling
effort. Due to this lack of standardization in 2010-
2012, the data collected in this period were only used
for the analyses that did not demand sampling unifor-
mity (for details see ‘statistical analysis’). Since 2013,
we used 300 linear meters of mist nets disposed in nine
lines at fixed sites. Nets were open c. 1 h before dawn
till 5 h after dawn during 2010-2022, and 4 h after
dawn in 2023 and 2024, due to the increasing number
of days that were too hot, risking bird safety. In this
period (2013-2024), the station was active from 22
July (mean: 4 August) to 29 September (mean: 18
September), with an annual mean of 33 sampling days
(for details see Table S1).

Captured shrikes were ringed, aged as first-years or
adults (corresponding to the age EURING codes 3 and
4, respectively, based on plumage characters; Jenni &
Winkler 1994). Next, their wing length (+0.5 mm
accuracy), body mass (+1 g, weighed with a digital
balance) and fat scores (Kaiser 1993) were measured.

Statistical analysis

We used all the data for all analyses, except for our
analyses to determine the phenological patterns of the
abundance and to estimate stopover duration. In these
cases, we only used the data collected from 2013
onwards. In all analyses, except of stopover probability,
we evaluated one biologically relevant model. Variable
significance (as presented in Table 1-3) was deter-
mined based on an ANOVA.

Statistical analysis: population structure and
phenology

To test for the existence of variation in the proportion
of age classes between temporal intervals (10-day
periods) throughout the migration season, we used a
x2-test. All recaptures were relative to birds ringed
before at the station and in the same year (Table S1), so
only first captures were considered for the analysis,

given that recaptured shrikes were already present in
the site when they were ringed.

To analyse phenological patterns of abundance
between age classes, we conducted a Generalized
Linear Mixed Model (GLMM) on the number of
captures with 10-day time intervals (as a continuous
variable), age (as a factor) and sampling effort (as a
factor: 2013-2022 vs. 2023-2024) as predictor vari-
ables, and year as a random factor, with a log-linear
link function with negative binomial error distribution.
We included sampling effort as a factor because we
reduced the sampling effort from 5 to 4 h after dawn in
2023-2024, as compared to 2013-2022. The negative
binomial distribution was selected in spite of an alter-
native model approach using the Poisson distribution,
due to overdispersion (%% = 6.72, P < 0.001). We did
not consider a finer phenological scale, e.g. on a daily
basis (Catry et al. 2018, Maggini et al. 2020, Arizaga
et al. 2022), because the data set had many gaps: the
mean percentage of sampling days per year over the
total was 56.6% and only in 2015, 2018, 2023 and
2024 this value reached c. 70%; for details see Table
S1).

Statistical analyses: fuel load and fuel

deposition rate

Fuel in birds is mostly accumulated as subcutaneous fat
(Butler 2016) and, therefore, body mass gain of
migrants that stop over is highly correlated with fuel
loading (Salewski et al. 2002). To determine the influ-
ence of possible environmental and morphological
factors on fuel levels, we conducted a GLMM on body
mass, with the following independent variables: wing
length, date, recapture (first capture event vs. last
recapture for those birds which were recaptured at our
station and in the same year) and age (first-years vs.
adults). Moreover, we included year as a random
factor, given that local or even wide-scale conditions
could vary among years and this may have an impact
on fuelling (Schaub et al. 2008).

Thereafter, we also expressed mean body mass as a
fuel load estimate (f) relative to lean body mass (m,).
Predicted lean body mass can be calculated with a
regression line of body mass (m) on wing length for
those birds for which their fat level has been scored as
zero following the Kaiser classification (Kaiser 1993).
However, we only found four birds with no fat, with
most shrikes exhibiting relatively low fat levels, mostly
scored from 1 to 3 on a 0-8 scaled classification (though
the highest value found in our sample was 6; Figure 2).
Therefore, we conducted an ANOVA on body mass with
wing length and fat, and from here we obtained a
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predicted lean body mass for each bird. From here, fuel
load was calculated as f = (m — my)/my. Negative
predicted f values were assigned a zero (f = 0).

Following the rationale explained for body mass,
we considered mass deposition rate as a proxy for fuel
deposition rate. We calculated mass deposition rate as
the difference of body mass between the last and first
capture event for those birds that were recaptured once
or on more occasions within the season, divided by the
number of days elapsed between the two captures
(observed stopover duration). To determine the influ-
ence of driving factors on mass deposition rate, we
conducted a General Additive Mixed Model (GAMM)
on mass deposition rate, with the following inde-
pendent variables: a linear effect of wing length,
month, initial body mass and age, a random effect of
year, and a non-linear effect of observed stopover dura-
tion, because mass deposition rate could vary with
stopover duration (Arizaga et al. 2010). Apart from
this, we also conducted a GLMM on the observed
stopover duration with age and initial fuel load (fuel
load at first capture event) as predictors and year as a
random factor.

Statistical analyses: stopover probability

Detection probability rarely equals 1, so the real stop-
over duration is likely to be longer than the observed
stopover duration (Schaub et al. 2001). Cormack-Jolly-
Seber (CJS) survival models on captures and recaptures
for open populations have proved to be very adequate
to estimate stopover duration in birds, given that real
survival from one day to the next is close to 1, so
apparent survival in these migratory birds (¢) equates
to their probability of staying one more day in the
stopover site (Schaub et al. 2001). Similar formulas can
be used to estimate the probability of a bird being
present at a site the day before its first capture event
(y), and the combination of both estimates can be used
to estimate stopover duration. Normally, ¢ and y tend
to be symmetric, so estimating o is sufficient to explore
factors shaping stopover duration. In this work, we
only calculated .

We considered the data set for the period 2013-
2024, consisting of 710 rows (individuals) by 61
columns (from 22 July to 20 September). Years were
lumped into a single ‘fictitious’ year, because we had no
sample size to estimate mean ¢ values across all the
study years. As we had a relatively high proportion of
missed sampling days (Table S1), it was not realistic,
due to sampling size constraints, to estimate year- and
time-dependence on ¢, and the effect of potential
factors driving variation on daily rates of ¢ (Bolshakov

et al. 2003, Bulyuk & Tsvey 2006, Andueza et al. 2013).
Therefore, here we aim to just estimate a mean ¢.
Before starting to test the above described CJS
models, we used a goodness-of-fit (GOF) test using U-
CARE (Choquet et al. 2009) to see whether the data
fitted well to CJS assumptions. The global GOF test was
not significant (y? = 107.44, P = 1.000), nor the
specific test to detect transients — birds staying for just
one day — (Z = 1.28, P = 0.202) or trap-dependence
(Z =1.12, P = 0.264). CJS models estimate ¢ and p
(probability of recapturing a bird that is already
present). Apart from a basic starting model with con-
stant @ and p, we also tested for models with an effect
of the age (first-years vs. adults) on ¢, p or ¢ and p.
Moreover, even though the specific test to detect tran-
sients was not significant, we forced alternative models
considering time-dependence on ¢ (with just two age

_ [ captures
[] recaptures

frequency (%)
N w B (4] D
o o o o o
T T T T T

=y
o
T

0

o "1 T 2T 6

=l
3 T 4 T 5 T
fat score (Kaiser scale)
Figure 2. Frequency distribution of the fat deposits (Kaiser
1993) measured on Red-backed Shrikes stopping over in grass-
lands at high altitude in the Pyrenees, during their autumn
migration.
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Figure 3. Percentage of captures in relation to their age class,
segregated by 10-day periods (Jul3 stands for 21-31 July; Augl
for 1-10 August, etc.). Total sample size: 820 individuals.
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cohorts) on either first-years (@py1, Qry>), adults (@ap1,
®ap2) or both age categories (Pradel et al. 1997). From
here, the proportion of transients, T, is calculated as
T =1- (pl/92). From a biological standpoint, tran-
sients would be birds that stop over for just one day, as
compared to birds that stop for longer (Schaub & Jenni
2001). Models were ranked in relation to their small
sample size-corrected Akaike values (AICc), where
models with the lowest values had a better fit to the
data and models differing in less than 2 AICc units were
considered to have similar support (Burnham &
Anderson 1998). We also tested for a possible effect of
initial fuel load on @ by considering a subset of the data
previously used (not all birds had their initial body
mass measured) and comparing a basic model with
constant @ and p (one of the models that best fitted
data; see Results for details) with another one with an
effect of fuel on ¢ with constant p.

All statistics except the CJS models were done using
the software R v. 4.3.1 (R Core Team 2023), with the
packages ‘dplyr’ (Wickham et al. 2023), ‘ImerTest’
(Kuznetsova et al. 2017) and ‘mgev’ (Wood 2017). The
CJS models were conducted in MARK (White &
Burnham 1999).

RESULTS

Population structure and phenology
Overall, first year birds were much more abundant than
adults (91.5%, n = 750 vs. 70 individuals). This pro-
portion was not constant within season (% = 73.95,
P < 0.001), with the presence of adults decreasing
progressively from 28% by the end of July to 0% during
the last two 10-day intervals of September (Figure 3).
Abundance varied between 10-day time intervals,
age classes and depending on the sampling effort, with
an interaction between age and 10-day intervals (Table
1). The mean number of captures per day tended to
decrease across the season, but this decline was steeper
in adults (Figure 4). The amount of variance associated
with the mean was highest in July.

Fuel load and fuel deposition rate
Body mass was not affected by any of the included vari-
ables (Table 2). First captures of shrikes weighed on
average 26.0 = 7.0 g (=SD, n = 820) and they had a
mean fuel load of 0.034 over lean body mass (i.e. 3.4
+ 0.054%).

The mean mass deposition rate tended to increase
linearly with the date and decrease with increasing
body mass in the first capture event (Table 3, Figure 5).
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Figure 4. Predicted number of captures per day (+95% confi-
dence interval) of first-year and adult birds, according to the

model shown in Table 1.

Table 1. Results from a Generalized Linear Mixed Model rela-
ting the number of captures to 10-day time intervals, age and
sampling effort (2013-2022 vs. 2023-2024) as predictor vari-
ables (10-day interval is a continuous variable and the rest are
factors), and year as a random factor (r? conditional = 0.960,
r2 marginal = 0.958), with log-linear link function with nega-
tive binomial errors distribution.

Predictor variables B = SE P

Intercept 1.94 +0.18 <0.001
10-day interval -0.18 = 0.05 <0.001
Age (Adults) 0.08 = 0.40 0.852
Agex10-Day -0.98 = 0.16 <0.001
Effort (Period 2023-2024) -0.49 = 0.17 0.004

Reference values § parameter estimates ( = 0): Age: first-year,
Effort: 2013-2022 period

Table 2. Results from a Linear Mixed Model relating body mass
to wing length, age, date and recapture (Rec: first capture event
vs. last recapture for those birds recaptured within the area and
in the same year) as predictor variables, including year as a
random factor (r? conditional = 0.80, r* marginal <0.01).

Predictor variables B = SE p

Intercept 19.58 + 3.38 <0.001
Wing length 0.02 += 0.01 0.090
Age (Adults) 0.82 + 0.46 0.078
Date 0.02 +0.01 0.140
Rec: last recapture 1.09 + 0.93 0.240

Reference values § parameter estimates (§ = 0): Age: first-year,
Rec: first capture event
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We observed a significant, non-linear positive effect of
the observed stopover duration on mass deposition rate
(F, = 9.54, P < 0.001; Figure 5). The linear relation-
ship of the observed stopover duration on body mass
change was not significant for adults (> = 0.001, P =
0.894), but was significant for first-year birds (r*> =
0.045, P = 0.005; Figure 6).

Stopover probability

The mean (=SD) observed stopover duration for the
shrikes that were recaptured within the same year was
5.4 = 4.6 d for first-year birds and 6.5 = 6.0 d for
adults. This difference between age classes was not
significant (F; = 2.38, P = 0.125). Initial fuel load did
not have any significant effect on observed stopover
duration (F; = 0.028, P = 0.868). The percentage of
birds recaptured was 21.4% for adults and 25.2% for
first-year birds.

0.8

0.6

0.4

0.2

0.0

-0.2

04k

mass deposition rate (g/d)

-0.6

-0.8

| | | |
0 5 10 15 20

observed stopover duration (days)

Figure 5. Predicted mean mass deposition rate (+95% confi-
dence interval) in relation to the number of days passed
between the last and the first captured event (observed stopover
duration). Non-linear line as obtained from a GAMM (Table 3).

Table 3. Results from a General Additive Mixed Model used
to test for a linear effect of wing length, age and body mass at
first capture event and a non-linear effect (smoothed) of date
on mass deposition rate. Year was included as a random factor
(2 conditional = 0.85, r? marginal = 0.05).

Predictor variables p = SE P
Intercept -0.182 + 2.056 0.930
Wing length 0.008 = 0.020 0.688
Age (Adults) 0.200 = 0.178 0.262
Initial body mass -0.115 + 0.023 <0.001
Date 0.010 = 0.004 <0.001

Reference values § parameter estimates (f = 0): Age: first-year,
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Figure 6. Body mass change in relation to the observed stopover
duration between age classes of Red-backed Shrikes stopping
over in the Pyrenees in autumn migration. A linear relationship
is shown for first-year birds (solid line) and adults (dotted line).

CJS models assuming a constant p were higher
ranked than those with an effect of age on p (Table 4)
Therefore, we considered a constant p to test for the
effect on transience and age-dependent transiency on
@. The top-ranking model, which best fitted the data,
considered the presence of transients independently
of age, though the second model, which considered
constant ¢, fitted the data equally well (AAICc > 2;
Table 4). According to the first model the percentage of
transients was 17.4% and the average probability for
the individuals to stop-over for more than one day was
0.82 = 0.012 (=SE), with a mean p of 0.10 = 0.01. In
the second top-ranking model (Table 4), we obtained a
¢ = 0.80 = 0.01, with a mean p of 0.10 = 0.01. An
additional separately analysed model did not reveal a
significant effect of fuel on ¢ (Table 4, Figure 7).

DISCUSSION

This study provides relevant clues into the use of the
Pyrenees as a stopover region for the Iberian popula-
tion of the Red-Backed Shrike during its autumn migra-
tion. Using ringing data collected over more than a
decade, we not only quantified the stopover use of this
mountain area but also assessed its ecological and
conservation significance for the southwestern Palae-
arctic population of shrikes.

We provide evidence that the Pyrenees are used by
the shrikes. Abundance peaked in late July, progres-
sively decreasing up to late September; adults left the
region earlier, with the last birds being captured by
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mid-August, suggesting that they migrate faster and
perhaps earlier within the season compared to first-
years. Given that the sampling period often began at
the end of July (Table S1), we cannot exclude that an
unknown number of adults may have passed over the
area even before, although field-based evidence shows
that in the Atlantic region of Spain many adults still
remain at their breeding sites in late July (JA pers.
obs.). These findings align with existing theories that
post-breeding migration is earlier in adults (Tryjanowski
& Yosef 2002), and with records of the early departure
of adult Red-backed Shrikes all over Europe (Lefranc &
Worfolk 2022). First-year birds remained in the Pyre-
nees longer, supporting the idea of age-dependent stop-
over durations (Tryjanowski & Yosef 2002).

0.90

o

@

(o2}
T

staying probability
o o

> 8

T T

0.741
I I

1 1 1
0.0 0.1 0.2 0.3 0.4
fuel load (over lean mass)

Figure 7. Predicted mean values of ¢ (=SE; probability to stay
in relation to the fuel load of the bird during the initial capture
event, according to the second CJS model (g(fuel), p) shown in
Table 4.
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The relatively low fuel load and the near-zero
observed fuel gain rate indicate that the Pyrenees do not
act as a main refuelling area for the shrikes in autumn.
Overall, it is likely that Iberian shrikes did not use the
Pyrenees as a true staging zone sensu Warnock (2010),
at least in adult birds, but rather as a transit stopover
where they could rest before resuming their journey
(Biackman et al. 2017, Macias-Torres et al. 2022).

Despite the relatively low fuel accumulation ob-
served, the Pyrenees still would play a relevant role in
the migratory strategy of Red-backed Shrikes, albeit in
a different capacity. The Pyrenees, and in particular
their pastures at high altitude, offer an environment
with a rich habitat mosaic of the preferred habitats of
shrikes, such as grasslands and pastures with livestock
(Olsson 1995, Vanhinsbergh & Evans 2002, Lizarraga
2004, Morelli et al. 2012, Telleria 2018a,b). The avail-
ability of such suitable habitats for foraging may be
essential for the migratory strategy of the shrikes in
Europe, apparently based on short flight bouts
(Pedersen et al. 2020) relying on low but constant fuel
loads, which is only possible when food availability is
abundant and predictable along the route (Delingat et
al. 2006, Arizaga et al. 2011), and has the advantage of
avoiding the risk associated with being too heavy
(Kullberg et al. 1996, Lind et al. 1999).

The high number of Red-backed Shrikes observed
within the region, suggests that the Pyrenees are impor-
tant for the passage of Iberian birds. Even though the
area does not seem to be crucial for fuelling, it could
still serve as an important resting area for transient
birds at the beginning of migration. The high numbers

Table 4. Cormack-Jolly-Seber models used to test stopover probability, and its variation in relation to age and the presence of tran-
sients. Abbreviations: ¢: apparent daily survival rate (i.e. the probability to stay), p: probability of recapture, AICc: small sample
sizes-corrected Akaike values, AAICc: AICc difference in relation to the top-ranked model, np: number of parameters, FY: first-year
birds, AD: adults, numbers 1 and 2 are relative to models assuming transients.

Models AlCc AAICc AICc weight np Deviance
@1, P2y P 2360.23 0.00 0.244 3 1120.46
®,p 2361.21 0.97 0.150 2 1123.44
Pry> Pap; P 2362.96 2.73 0.062 3 1123.18
@, Prvs Pab 2363.05 2.81 0.060 3 1123.27
Prv1> Pry2s PAD1, PAD2, P 2363.30 3.06 0.053 5 1119.48
Prvis Pry2s PADs P 2363.40 3.17 0.050 4 1121.61
Prvs PaDD> PAD2, P 2363.49 3.25 0.048 4 1121.69
Prvs PaDs PEvs PAD 2364.33 4.10 0.031 4 1122.54
Data subset to detect an effect of fuel load on ¢
O, p 2203.27 0.00 0.713 2 2199.26
o(fuel), p 2205.09 1.82 0.287 3 2199.07
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found in July may reflect concentrations of dispersing
or local birds before the real start of their migration.
The relatively high proportion of transients, particularly
in adults, suggests that the Pyrenees may be especially
relevant for first-year birds, acting to some extent as an
important pre-migratory area. The high proportion of
first-years can be very well explained simply by the fact
that these first-year birds tend to be more numerous
than adults in autumn migration (Tryjanowski & Yosef
2002).

From a conservation standpoint, our findings indi-
cate that whilst the Pyrenees are probably not used as a
main stopover zone for refuelling, they could still have
a vital function, providing Red-backed Shrikes, particu-
larly first-year birds, with an opportunity to rest and
keep a balanced fuel load in the early phase of their
first migration. All this underscores the importance of
preserving and protecting the Pyrenean alpine grass-
lands. This is particularly relevant given the continued
declines in Red-backed Shrike populations, particularly
across much of Spain (main source population of the
shrikes stopping over in the Pyrenees; Telleria 2018b),
and the progressive loss of such open habitats due to
the development of forest linked with the abandonment
of rural areas (Arizaga et al. 2023). These sites, though
not critical for fuel replenishment, seem to be impor-
tant for the start of their long-distance migration and,
even though not all stopovers are used for refuelling
along the route in the same way, all stopovers fulfil a
vital function. Moreover, many, if not all Spanish shrikes
need to cross the Pyrenees, an area which could form
an ecological barrier, and thus the occurrence of
enough habitat for resting and/or refuelling is vital for
these individuals to cross this barrier successfully.
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SAMENVATTING

Om trekvogels effectief te kunnen beschermen is het belangrijk
te weten op welke wijze de vogels tijdens de trek gebruikmaken
van tussenstops. Wij hebben in 2010-2024 tijdens de najaar-
strek in hooggelegen graslanden van de Centraal-Oostelijke
Pyreneeén de leeftijdssamenstelling, de mate en snelheid van
vetopslag en de verblijfsduur van doortrekkende Grauwe
Klauwieren Lanius collurio van de Iberische populatie onder-
zocht. Eerstejaars klauwieren (91,5% van de gevangen vogels)
verbleven niet langer in de tussenstopgebieden dan volwassen
vogels. Beide leeftijdsgroepen hadden gemiddeld 0,0338
+ 0,0536 (SD) gram reserves opgeslagen (3,4% van het

lichaamsgewicht) en een minimale opvetsnelheid. Dit sugge-
reert dat de Pyreneeén geen belangrijke opvetlocatie voor de
soort zijn. Ze zijn, gezien de grote aantallen die passeren, wel
een belangrijk doortrekgebied, vooral voor eerstejaars vogels
aan het begin van de najaarstrek. Het mozaiek van weilanden
en open habitats weerspiegelt de terreinvoorkeur van de soort
om te foerageren. De resultaten van ons onderzoek kunnen
wijzen op een trekstrategie door de Pyreneeén gebaseerd op
korte afstandsvluchten met kleine energiereserves. Gezien de
aanhoudende populatieafname en het verlies aan habitat, is het
behoud van deze kruidenrijke graslanden cruciaal voor een
veilige doorgang voor soorten als de Grauwe Klauwier. Onze
resultaten onderstrepen de noodzaak om niet alleen belangrijke
opvetlocaties te beschermen, maar ook rusthabitats aan het
begin van trekroutes.
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SUPPLEMENTARY MATERIAL

Table S1. Sampling effort from 2010 to 2024 and number of captures and recaptures obtained in a constant-effort ringing site
located in Aguird. Abbreviations: PSD: potential sampling days, RSD: real sampling days (also expressed as a percentage over PSD),
CAP: captures (number of birds first captured), REC: recaptures (number of within-season recaptures of birds first-captured pre-

viously, TOT: sum of the captures and recaptures.

Year Date from Date to PSD RSD RSD (%) CAP REC TOT
Variable sampling effort, until 5 h after dawn
2010 26/07/2010 29/07/2010 4 4 100 27 0 27
2011 12/08/2011 14/09/2011 34 13 38.2 48 7 55
2012 13/08/2012 29/08/2012 17 7 41.2 11 2 13
Constant sampling effort, until 5 h after dawn
2013 17/08/2013 18/09/2013 33 16 48.5 27 9 36
2015 16/08/2015 11/09/2015 27 19 70.4 36 14 50
2016 03/08/2016 19/09/2016 48 24 50.0 77 41 118
2017 02/08/2017 19/09/2017 49 24 49.0 79 24 103
2018 02/08/2018 29/09/2018 59 35 59.3 135 70 205
2019 05/08/2019 28/09/2019 55 38 69.1 176 81 257
2020 23/07/2020 12/09/2020 52 13 25.0 50 9 59
Constant sampling effort, until 4 h after dawn
2023 13/08/2023 03/09/2023 22 15 68.2 28 4 32
2024 22/07/2024 23/09/2024 64 45 70.3 126 47 173
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