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the thin-billed prion Pachyptila belcheri

Petra Quillfeldt - Rona A. R. McGill -
Robert W. Furness * Erich Mostl -
Katrin Ludynia * Juan F. Masello

Received: 19 March 2012/ Accepted: 21 May 2012/ Published online: 6 June 2012

© Springer-Verlag 2012

Abstract Effects of deployment of miniaturised trans-
mitters and loggers have been studied mainly in diving
seabirds such as penguins, and less so in flying seabirds.
However, some studies of albatrosses and petrels recorded
extended trip durations and elevated rates of nest desertion
following device attachment, especially if transmitter loads
exceeded 3 % of adult mass. Studies have usually com-
pared performance parameters such as trip duration, meal
mass, breeding success or rate of return in the next sea-
son between birds with devices and controls. We here
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examined the effects of geolocator loggers (Global Loca-
tion Sensing, (GLS)) on thin-billed prions Pachyptila
belcheri (130 g), by comparing performance parameters
and additionally eco-physiological parameters. GLS
weighed ca. 1 % of the body mass, and were fixed on leg
rings, which may influence the flight efficiency by creating
an asymmetric load. We found no differences in the per-
formance parameters, either in the season of attachment or
the season following recovery. Similar stable isotope ratios
in adult blood and feather samples further indicated that the
foraging ecology was not influenced. However, after 1 year
of logger deployment, adults differed in their hormonal
response to stress: while baseline corticosterone levels
were not influenced, corticosterone levels in response to
handling were elevated. Moreover, increased heterophil/
lymphocyte ratios and a decreased tail growth in winter
suggest that carrying the GLS was energetically costly, and
adults adapted physiologically to the higher work load,
while keeping up a normal breeding performance.

Introduction

The development of miniature data loggers has opened a
way to study the foraging ecology and movements of
animals, which formerly were impossible to follow, such as
medium to small pelagic seabirds during the winter
migration period. However, the additional weight and
volume of external devices may increase the cost of flight,
thereby reducing foraging efficiency, especially for such
small species. Thus, we need to test for potential changes in
behaviour resulting from carrying external devices (Barron
et al. 2010; Vandenabeele et al. 2011, 2012).

Because most petrel species regularly perform long-
distance trips lasting several days or even weeks and often
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covering thousands of kilometres, these birds are particu-
larly prone to the effects of reduced flight efficiency. In
fact, researchers studying parent—offspring conflict in pet-
rels have often aimed at changing the parental behaviour by
experimentally adding weight or reducing the wing area of
adults. For example, Leach’s storm petrel Oceanodroma
leucorhoa delivered less food to their offspring in response
to an increased cost of flight by reducing wing span
(Mauck and Grubb 1995). No difference was found in
nutritional condition between treatment and control parents
(Mauck and Grubb 1995), which is in line with life-history
theory predicting that parents in long-lived species should
prioritise their own survival (i.e. future reproduction) over
that of the chick (i.e. current reproduction) if resources are
limited. Similarly, Antarctic Prions Pachyptila desolata
that had cost of foraging increased experimentally (by
adding mass to adults) kept their body mass stable, while
increasing the duration of long foraging trips during chick
feeding (Weimerskirch et al. 1999). Likewise, Cory’s
shearwaters Calonectris diomedea carrying experimental
loads increased foraging trip lengths during incubation
(Navarro et al. 2008), and thin-billed prions Pachyptila
belcheri increased the frequency of short trips during chick
provisioning in response to removal of some flight feathers
(Weimerskirch et al. 1995). However, the experimental
reduction of foraging efficiency in these studies was rela-
tively large. The 45-g loads added in Cory’s shearwaters
are equivalent to 6 % increase in body mass and hence,
wing loading (Navarro et al. 2008), and 10 g added in
Antarctic Prions are equivalent to 7 % increase in body
mass. With logging devices, the common rule is to stay
below 3 % of body mass (Phillips et al. 2003), and thus,
minimise the impact. However, some studies have found
effects even with lighter logging devices (e.g. Adams et al.
2009).

While researchers have traditionally measured changes
in body mass and trip duration (e.g. references above),
physiological responses have received less attention (e.g.
Navarro et al. 2008). However, changes in the physiology
underlie the observed behavioural responses and are a key
to their understanding. For example, increased effort can
lead to an increase in the levels of corticosterone in
plasma (Silverin 1982; Kitaysky et al. 1999), a hormone
that is directly involved in the regulation of foraging
behaviour (e.g. Kitaysky et al. 2001a; Angelier et al.
2007). Furthermore, the allocation of resources to other
body functions might be influenced during increased
effort.

In the present study, we therefore measured not only
performance parameters of birds carrying geolocator log-
gers (Global Location Sensing, GLS) and control birds, but
added the following measures designed to indicate more
subtle changes in physiology and behaviour:
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(1) Stable isotope signatures of C and N in blood and
feathers. Changes in these isotopes are expected if the
birds changed their foraging ecology in the weeks
prior to sampling (blood) or in the winter (feathers).

(2) Levels of corticosterone in plasma. Changes in this
hormone indicate energetically stressful phases.

(3) Leucocyte profiles. Lymphocytes and heterophils
belong to different components of the immune
system, and relative percentages of these cells are
often changed during chronically stressful or ener-
getically demanding phases.

(4) Feather growth measures of chicks and adults, in
particular tail feather growth. Reduced feather growth
can indicate a reduced availability of resources, due
to lower delivery in chicks or due to reduced foraging
efficiency in adults.

Materials and methods
Study site and study species

The study was carried out at New Island, Falkland/Malv-
inas Islands (51°43’S, 61°18’W), in December 2009 and
February 2010 (deployment of geolocators), and between
December 2010 and March 2011 (deployment of geolo-
cators and measurement of effects).

Thin-billed prions are small (130 g) seabirds breeding on
sub-Antarctic islands, chiefly in the Falkland and Kerguelen
archipelagos. Thin-billed prions show the typical procellar-
iiform pattern of a single-egg clutch and slow chick devel-
opment, with an average fledging period of 50 days (Strange
1980). Under good conditions, the chicks accumulate large
lipid reserves, attaining peak masses of up to 190 % of adult
mass. At the end of nestling development, chicks lose mass
and fledge close to adult mass. Variation in water tempera-
tures and upwelling coupled with larger-scale processes (e.g.
El Nifio/La Nifa) may affect the availability of prey, and an
analysis of provisioning in relation to ocean climate and prey
availability (Quillfeldt et al. 2007) suggested that periods of
elevated sea surface temperatures were associated with
periods of low food availability for thin-billed prions.

Thin-billed prions are burrow nesters, and we reached
chicks and adults in their nest chambers via short access
tunnels in the roof of each burrow, capped with removable
stone lids. This system facilitated rapid access to chicks,
reducing overall disturbance.

Egg and chick measurements

Nests were followed in detail throughout the breeding
season 2010-2011. In December 2010, marked nests of
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Table 1 Comparison of parameters relating to parental performance of thin-billed prions and chick growth (mean £ SE) during the breeding
season 2010-11. Control nests were compared with nests from birds equipped with GLS in December 2010 (hence, the breeding season 2010-11

is the season of deployment for these nests)

Parameter Control Season of deployment Season of recovery Test
Laying success 31/38 (81 %) NA 11/12 (92 %)* Fisher exact test, P = 0.669
Egg size 28.8 + 0.5 cm® 29.3 £+ 0.5 cm® 28.8 &+ 0.7 cm® ANOVA, F, s; =03, P = 0.747

Hatching date 4 Jan (£1 day)
17/31 (55 %)

8/15 (53 %)°

1 Jan (£1 day)
14/17 (82 %)
7/11 (64 %)°

Hatching success

Fledging success

Chick body condition 1109 £ 54 109.3 £ 4.6
Peak mass (g) 223.6 + 8.9 233.9 £ 10.0
Wing growth (mm/day) 49 + 0.1 5.0+ 0.1
Tail growth (mm/day) 24 +03 33+£02

3 Jan (%2 days)
6/11 (55 %)
6/6 (100 %)

ANOVA, F, 3, =19, P =0.169
¥ =39, P=0139
=08, P =0.665

1122 + 6.1 ANOVA, F, 15 = 0.1, P = 0.936
2163 £ 9.5 ANOVA, F, 15 = 0.8, P = 0.464
50+ 0.1 ANOVA, F, 15 = 0.4, P = 0.660
29402 ANOVA, F, 15 = 2.7, P = 0.094

Furthermore, nests from birds equipped with GLS in the breeding season 2009—10 were compared (termed “season of recovery”). ” tests of raw
data were used to test for differences between proportions (breeding success data), while ANOVA was used to compare laying dates and chick
growth parameters. NA = not applicable (only nests with eggs were included in this group)

* If two nests occupied by different adults were included as “failed,” the laying success would be 11/14 (79 %)

® Some chicks were removed from the analysis: 2 chicks in control and two chicks in recently deployed nests disappeared into inaccessible nest
chambers, and one chick from a recently deployed nest was found predated, probably by a black rat Rattus rattus

GLS and control birds were checked for eggs to determine
laying success (Table 1). We followed 31 control nests, 17
nests where adults were equipped with GLS in December
2010 (called “season of deployment”) and 14 nests where
adults had been equipped with GLS in the breeding season
2009-2010 (called “season of recovery”). Egg sizes were
measured and nests were monitored for hatching chicks.
After the guard stage, chicks were weighed daily, using a
digital 200-g balance to the nearest 0.1 g, until fledging in
late February 2011. Daily measurements enable correct
peak mass detection (e.g. Quillfeldt et al. 2007), while
regularly handled chicks do not suffer any detectable
influence on growth or corticosterone levels (Quillfeldt
et al. 2009). Every 3 days, wing and tail lengths were
measured with a wing and feather ruler, respectively. Wing
and tail growth rates were calculated during the phase of
approximately linear growth (20—40 days of age for wings,
30-50 days for tails) in mm per day. As measures of
breeding success, we registered laying success (the per-
centage of known nests containing an egg), hatching suc-
cess (the percentage of eggs hatching) and fledging success
(the percentage of hatched chicks surviving to fledging).
We calculated a body condition index using the observed
body mass (m), relative to a multi-year mean mass for
chicks of each age (Myea,), using the formula: BC
index = m/mpe.,* 100 (e.g. Quillfeldt et al. 2009).

Geolocator deployment and retrieval, sampling
of adults

Deployment of loggers (MK10, weighing 1.1 g, developed
by British Antarctic Survey, Cambridge, UK, and mounted

on Darvic rings fitted to the leg) was carried out in
December 2009 (incubation, N = 20), February 2010
(chick feeding, N = 5) and December 2010 (incubation,
N = 25). In the breeding season 2009-2010, the 25 adults
corresponded to 15 nests (i.e. two adults were equipped in
10 nests, and a single bird in the remaining 5 nests). In
December 2010, the 25 adults corresponded to 17 nests (i.e.
two adults were equipped in 8 nests, and a single bird in the
remaining 9 nests). Of the 25 loggers deployed on the first
breeding season, 20 were recovered in December 2010.
Five adults with devices were not recaptured. In the case of
three adults from two different nests, the nest had been
occupied by a different pair. One nest had become too deep
and could not be reached, and in one nest, the female was
recaptured, but found with a different male. These nests
were therefore excluded from the analyses of breeding
success.

In December 2010, adults were captured in the nest
during daytime while incubating. Adults that had been
carrying a GLS over the winter 2010 (N = 20) were
compared to adults without GLS in that period (“controls,”
N = 23). They were weighed with a digital 200-g balance
to the nearest 0.1 g, and measured using callipers (tarsus,
bill), wing ruler (wing length) and feather ruler (tail length,
as the protruding length of the central tail feathers). To
calculate adult body condition, we corrected body mass for
a measure of body size derived from a principal component
analysis (PCA) with varimax rotation of measures of
structural size (wing length, tarsus length, bill length, bill
width and bill height). This procedure was justified as
indicated by the Kaiser-Meyer—Olkin measure of sampling
adequacy of 0.6 and Bartlett’s test of sphericity revealing
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Table 2 Comparison of
parameters relating to parental
condition and foraging ecology
of adult thin-billed prions

Parameter

Control adults

GLS adults
after 1 year
of deployment

t test or Mann—Whitney U test

(mean + SE), sampled in

Breeding season condition
December 2010

Body condition 101.2 £ 1.5 98.6 + 2.2 t=10,df41, P = 0.313

Haematocrit % 48.0 + 0.7 49.1 £ 0.8 t = —1.0, df 35, P = 0.302

CORT (3 min) ng/ml 59 £ 1.1 39+ 0.8 Uy s = 163, Z = —1.16, P = 0.248

CORT (25 min) ng/ml 975 £ 11.1 1474 + 22.7 t =-—2.1,df 38, P = 0.039

H/L ratio 0.97 + 0.12 171 £ 032 Uy = 141, Z = —2.17, P = 0.030

Heterophils % 424 + 2.2 527 £ 4.1 t=-23,df 41, P = 0.028

Lymphocytes % 495 +£23 419 £3.7 t=18,df41, P = 0.078

Eosinophils % 0.43 £ 0.12 005+ 005 Uz = 151, Z = —2.62, P = 0.009

Monocytes % 7.7+£08 55+08 t =2.1,df 41, P = 0.044

Total leucocytes 558 £3.9 57.7 £ 6.0 t = —0.3, df 39, P = 0.780

(per 10,000 erythrocytes)

Breeding season foraging ecology

4"3C in blood —18.6 £ 0.2 —18.7+£ 0.3 t=03,df38, P=0.776

8"N in blood 129+ 04 123+ 04 t=12,df38, P=0.242

Winter condition

Tail length (mm) 88.78 + 0.70 86.95 + 0.68 t=19,df41, P = 0.069

Tail length (mm)” 89.95 £+ 0.65 86.95 £+ 0.68 t = 4.6,df 19, P < 0.001

Winter foraging ecology

5"3C in P1 —243 +04 —244 4+ 0.5 U0 =182, Z = —0.96, P = 0.339
Significant differences are 6N in P1 8.7+03 82+03 t = 1.0, df 40, P = 0.311
marked bold 81C in P6 248 +04  —249405 Unao = 186, Z = —0.86, P = 0.392
* Pairwise samples of GLS- 8N in P6 84 +03 8.1 + 0.4 Uppo = 143, Z = —1.94, P = 0.052
carrying birds, compared to §'3C in UTC —238 £ 06 —24.0 £ 0.7 Uss a0 = 188, Z = —0.81, P = 0.420
mean tail measurements in 8N in UTC 9.6 + 0.6 9.1 407 Usno = 155, Z = —1.64, P = 0.102

previous years

significance (XZ =21, df =10, P =0.019). The PCA
extracted one factor: PC1 explained 38 % of the total
variation and was positively correlated to all five measures
of body size.

Blood samples were collected within 2 min after capture
of the adult by hand, by puncture from the brachial vein in
heparinised capillaries. All samples were taken during
daytime (0800 to 1800 h local time). Blood smears were
made directly in the field, and whole blood samples (max.
0.5 ml) were kept on ice. Blood cells were separated from
plasma by centrifugation within 1 h. Blood cells were oven
dried at 37 °C for stable isotope analyses, while plasma was
frozen at —20 °C. One capillary of blood (0.06 ml) was
used to determine haematocrit values, using a haematocrit
centrifuge. Although more adults were captured and mea-
sured, only 23 control adults with blood samples were
included into the statistical analyses, to achieve a balanced
data set. Some adults had insufficient blood volumes for
haematocrit and corticosterone analyses, and only 22 con-
trol adults were included into the stable isotope analyses;
therefore, the sample sizes are lower in these analyses
(18-23 per group, Table 2). For stable isotope analyses, we
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also sampled a small section from the inner vane of primary
feathers P1 and P6, as well as undertail coverts (UTC).

Stable isotope analyses

Carbon and nitrogen isotope analyses were carried out at
Scottish Universities Environmental Research Centre as
described previously (e.g. Quillfeldt et al. 2008) on 0.65- to
0.7-mg aliquots, weighed into tin cups, using dried red
blood cells and small fragments of feathers. Carbon and
nitrogen isotope ratios were measured simultaneously by
continuous-flow isotope ratio mass spectrometry (CF-
IRMS) using a Costech Elemental Analyser (EA) linked to
a Thermo Finnigan Delta Plus XP Mass Spectrometer. Two
laboratory standards were analysed for every 10 unknown
samples, allowing any instrument drift over a typical 14-h
run to be corrected. Stable isotope ratios were expressed in
0 notation as parts per thousand (%o) deviation from the
international standards V-Pee Dee Belemnite (carbon) and
AIR (nitrogen). Based on internal standards (tryptophan),
the analytical precision (=1 SD) was estimated as £0.18
and +0.17 %o for 6'°N and 6'°C, respectively.
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Hormone measurements

Hormone analyses were carried out at the Veterinary
University of Vienna. Plasma was extracted using diethyl
ether. After extraction, the vials were kept overnight at
—20 °C, and on the next day, the organic phase was dec-
anted into a new vial and evaporated in a stream of nitro-
gen. The extract was re-dissolved in assay buffer and the
concentration of corticosterone was measured using
enzyme immunoassay (Palme and Mdostl 1997).

Differential leucocyte counts

In the laboratory, blood smears were fixed with methanol for
1 min and stained using the Giemsa technique. The differ-
ential count included relative percentages of lymphocytes
(L), heterophils (H), monocytes, basophils and eosinophils,
which were identified according to the criteria of Hawkey
and Dennett (1989). A total of 100 leucocytes were counted
per slide. Using the percentages of heterophils and lym-
phocytes, the H/L ratio was determined for each sample.
The number of fields until reaching the target of 100 leu-
cocytes was registered, and the number of erythrocytes was
counted in three representative fields, and used to calculate
the total leucocyte number per 10,000 erythrocytes.

Data analysis

Statistical tests were performed with SPSS 11.0.0. Kol-
mogorov—Smirnov tests were used to test for normality
(P > 0.2). Homogeneity of error variances was checked by
plotting residuals against predicted values. The requirements
for parametric tests were met for all chick parameters. Sev-
eral adult parameters (CORT (3 min) ng/ml, H/L ratio,
eosinophils %, 613C in all feathers (P1, P6, UTC) and 615 N
in P6 and UTC feathers) were not normally distributed and
hence we applied non-parametric tests for these parameters.

Results
Performance parameters

We found no influence of either short-term (same breeding
season, i.e. up to 3 months) or long-term (breeding season
following 1 year of deployment) deployment on breeding
performance (Table 1). The breeding success was not
influenced, and chicks were fed equally well as in control
nests, as shown by their growth rates. Although the mor-
tality of very young chicks was relatively high, the sur-
viving chicks in the year 2010-2011 achieved high peak
body masses, indicating good food availability during the
chick-rearing period.

Foraging ecology

According to stable isotope ratios of nitrogen (representing
trophic level) and carbon (representing foraging location),
no statistically significant differences between control
adults and adults carrying GLS were found, either in the
breeding season (blood samples) or during moult (feath-
ers). However, 6'°N values were slightly lower in GLS
birds in all four measurements (blood and four feathers
grown at different times), suggesting there might be a small
decrease in trophic level in birds carrying GLS although
this is not detected by the statistical tests (P = 0.052 for
P6, Table 2).

Condition and stress parameters

Adults had similar body condition, haematocrit values and
baseline corticosterone values (Table 2). However, corti-
costerone values in response to handling were elevated in
adults carrying GLS, compared to control adults (Table 2).
Adults with GLS also showed elevated H/L ratios
(Table 2). This was mainly caused by an increase by 10 %
in the relative number of heterophil leucocytes, while
numbers of lymphocytes and monocytes decreased and
numbers of eosinophil leucocytes were strongly depleted
(Table 2). Tail feathers of birds carrying GLS were 3 mm
shorter than in previous seasons by the same individuals
(Table 2).

Discussion

Data from GLS loggers have the potential to revolutionise
our knowledge on the distribution of pelagic seabirds
during periods of absence from the colony (e.g. Shaffer
et al. 2006) and are valuable in a conservation context (e.g.
Guildford et al. 2012). However, impacts of logger
attachment on the birds and the quality of the data need to
be considered (e.g. Igual et al. 2005).

In the present study, we found only mild influences of
GLS weighing ca. 1 % of the body mass on thin-billed
prions. We found no differences in any performance
parameters, either in the season of attachment or the season
following recovery (Table 1). Although some parameters
like fledging success have previously been shown to have a
limited response to provisioning by adult thin-billed prions,
other parameters like peak mass and tail growth rate were
sensitive to changes in feeding rates (Quillfeldt et al. 2007).
Therefore, our data suggest that adults maintained a normal
provisioning rate, both while they were carrying the GLS
and in the breeding season after recovery.

Stable isotope ratios in adult blood and feather samples
did not differ between control adults and adults that had
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been carrying a GLS for 1 year at the time of sampling. A
previous study (Quillfeldt et al. 2008) had found changes
among years: during years of low food availability, more
depleted isotope values suggested more southerly foraging
(based on carbon isotope ratios) and a lower trophic level
diet (based on nitrogen isotope values). The similar values
of control and GLS birds in the present study, in contrast,
indicate that the foraging behaviour may not have changed
substantially either in the winter (feather samples) or dur-
ing incubation (blood samples).

However, ecophysiological measures suggested that
carrying the GLS was energetically costly, and adults
adapted physiologically to the higher workload, while
maintaining a normal breeding performance.

Stress physiology

After 1 year of logger deployment, adults differed in their
hormonal response to a stressor, as they had elevated cor-
ticosterone levels in response to handling. The acute stress
response is thought to be adaptive, especially through
facilitation of escape behaviour in response to attacks by
predators or inclement weather (e.g. Wingfield et al. 1998).
Therefore, researchers generally believe that the preferred
state of the stress response should contain a combination of
low baseline, fast increase and rapid induction of negative
feedback (e.g. Breuner et al. 2008). In contrast to this
belief, however, the only two studies that have so far
examined the relationship between the stress response and
survival in wild vertebrates directly (reviewed in Breuner
et al. 2008) found the opposite: populations of Galapagos
marine iguanas with greater corticosterone reactivity had
lower chances of survival (Romero and Wikelski 2001) and
the magnitude of the stress response at the chick age was
negatively related to survival and recruitment in white
stork chicks (Blas et al. 2007). Further studies also suggest
that increased stress responsiveness is usually associated
with poorer condition. For example, increased adrenocor-
tical responses to acute stress have been found in chicks fed
a reduced diet (Kitaysky et al. 2001b), and in adult birds in
poorer condition (Hood et al. 1998; Breuner and Hahn
2003; Pereyra and Wingfield 2003). In these adults, self-
maintenance behaviours will be activated more quickly
when energetic reserves are low. In consequence, the adults
carrying geolocators in our study were probably more
likely to abandon breeding in adverse conditions such as
low food availability.

In addition to the hormonal response to stress, chronic
stress may also elicit responses of the immune system (e.g.
Ruiz et al. 2002), in particular by a higher proportion of
circulating heterophils (H) and low proportion of circulat-
ing lymphocytes (L), leading to elevated H/L ratios. In the
present study, adults carrying GLS for 1 year showed
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increased H/L ratios. The lower number of monocytes, the
decrease in eosinophils and the similar total leucocyte
numbers of adults carrying GLS all indicate that this ele-
vation was due to energetic demands, and not to infection
(Davis et al. 2008).

Leucocyte profiles (relative numbers of white blood cell
types) have been used by a number of ecological studies to
assess immune function and stress in wild birds (e.g. Fig-
uerola et al. 1999; Ruiz et al. 2002; Davis et al. 2004;
Gladbach et al. 2010; Dehnhard et al. 2011). Because
immune function competes for the resources that can be
allocated to other activities, there is a trade-off between the
immune system and general condition in free-living birds
(e.g. Mgller and Petrie 2002). Leucocytes comprise the
main element of the immune system, both in the innate and
the acquired arm of the immune system. Innate immunity
works predominantly by means of phagocytosis. Mono-
cytes and three different types of granulocytes (heterophils,
eosinophils and basophils) form the first line of cellular
defence against invading microbial pathogens. Heterophils
are the most frequent type of granulocyte. Acquired
immunity is more pathogen specific and works by means of
cell-mediated and humoral responses by the lymphocytes.

Elevated H/L ratios have been found to be related to a
range of stressors and energetically demanding phases,
such as long-distance migration (Owen and Moore 2006),
injuries (Vleck et al. 2000), parasitic infection (Lobato
et al. 2005), in chicks during times of low food availability
(Hoi-Leitner et al. 2001; Lobato et al. 2005; Hylton et al.
2006), in birds attending experimentally increased broods
(Illmonen et al. 2003; Suorsa et al. 2004) and adverse
environmental conditions (Plischke et al. 2010). The con-
sequences of increased H/L ratios, however, are not well
known. The reduced number of lymphocytes is often
interpreted as a sign of immunosuppression, because only
the lymphocytes possess the attributes of diversity, speci-
ficity, memory and self versus non-self recognition, while
all other cells play accessory roles in adaptive immunity,
serving to activate lymphocytes, increasing the effective-
ness of antigen clearance by phagocytosis or secreting
immune effector molecules. However, it has also been
pointed out (e.g. Davis et al. 2008 and references therein)
that a reduced number of circulating lymphocytes does not
result from large-scale destruction of these usually long-
lived cells, but rather from changes in the distribution of
lymphocytes. In response to glucocorticoids, lymphocytes
migrate from the blood into other tissues such as lymph
nodes, spleen, bone marrow and skin, where they might be
needed during the stress response. As leucocyte profiles do
not indicate the number of heterophils or lymphocytes that
are stored in other body compartments, H/L ratios provide
no direct information regarding immunocompetence, to our
knowledge. Nevertheless, H/L ratios have been shown to
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have predictive power, for example, for winter survival in
breeding birds (Kilgas et al. 2006), recruitment into the
adult population (Lobato et al. 2005) and susceptibility to
infection (Al-Murrani et al. 2002).

Feather growth

During the moult in winter, the tail feathers of birds car-
rying GLS were regrown 3 mm shorter than in previous
seasons by the same individuals. Environmental conditions
and, in particular, food availability have been shown to
influence the length, mass and symmetry of feathers
(Murphy et al. 1988; Grubb 1989; Swaddle and Witter
1994; Stratford and Stouffer 2001). In adult birds, moulting
requires a large amount of energy and nutrients. For
example, feathers produced in a complete moult account
for over 20 % of the total lean dry body mass of passerines
(Lindstrom et al. 1993; Jenni and Winkler 1994). The
shorter tails in the birds carrying GLS suggest that these
birds were handicapped by the weight or asymmetry of the
loads, and could invest less into feather regrowth during
moult. However, the fact that tail length was only mar-
ginally shorter in comparison with control birds suggests
that this effect was not detrimental.

Conclusions

Previous studies of the impact of loggers on albatrosses and
petrels have indicated that the mass of the device as a
proportion of adult body weight should be below 3 % to
avoid adverse effects (Phillips et al. 2003; see also Van-
denabeele et al. 2012 for differences among bird species).
The present study suggests that thin-billed prions were able
to care for their offspring, survive the winter and return for
breeding despite the handicap of the geolocator, which was
well below the critical point at ~1 % of body mass.
Nevertheless, the increased workload was reflected in
ecophysiological measurements, although these changes
did not result in decreased performance. However, it has to
be kept in mind that the environmental conditions were
favourable during the period of study and that under poorer
conditions the response of the birds might be different. The
elevated stress response, in particular, suggests an
increased readiness to abandon breeding.
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