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SUMMARY

Kim, Y., Priddel, D., Carlile, N., Merrick, J.R. & Harcourt, R. 2014. Do tracking tags impede breeding performance in the threatened Gould’s

Petrel Pterodroma leucoptera? Marine Ornithology 42: 63-68.

Effects of tracking device deployment have been studied in large seabirds but less in small seabirds. Given the widespread use of tracking
for distribution and foraging research, understanding whether attachment of such devices impedes breeding performance is critical. We
examined the effects of both short- and long-term deployment of geolocators on Gould’s Petrel Pterodroma leucoptera at Cabbage Tree
Island, Australia, during the 2010/11 breeding season. We monitored breeding adults and their chicks over the 3 month period they carried
geolocators. No significant effect on hatching success, fledging success or chick fledging mass was found. Body mass of adults carrying
geolocators declined during the breeding season, but this was similar to birds without geolocators. No detectable negative impact was
found for long-term (8-9 month) deployment during the non-breeding season on body mass or subsequent breeding performance. These
findings suggest the use of small (1.5-2.0 g) geolocators does not inhibit foraging success and chick provisioning in Gould’s Petrel. Similar
verification in other small migratory seabirds fitted with geolocators is recommended.
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INTRODUCTION

Over the last three decades, our understanding of the movements of
wide-ranging marine predators has been revolutionized as a result
of the development of tracking technologies (Croxall er al. 2005,
Egevang et al. 2010). Progressive miniaturization of devices has made
it feasible to extend investigations from a few large species to many
smaller ones. Yet most platform terminal transmitters (PTT) and global
positioning systems (GPS) are expensive and may require additional
data fees. As well, until recently, packages were relatively heavy
for small birds (PTT >9 g and GPS >20 g; Burger & Shafter 2008).
Compared with PTT or GPS tracking devices, geolocators, also known
as loggers, can be comparatively small and lightweight (~2 g). They
function by recording ambient light levels which, when integrated with
an accurate clock, can be used to estimate longitude based on deriving
local noon and comparing to GMT, and latitude based on determining
day-length (Hill 1994, Afanasyev 2004). However, unlike PTT or
GPS, geolocators yield only one or two locations per day and so have
usually been used for long-term deployment only (Burger & Shaffer
2008). Moreover, the accuracy of geolocators (ca. 200 km; Phillips et
al. 2004, Shaffer et al. 2005) precludes their application for studies
involving species that travel over relatively short ranges.

Geolocators that log data must be retrieved to download the data, so
they are ideal for use with philopatric species in which there is a high
degree of certainty of recapturing the study animals (Fiedler 2009).
Attaching devices of any kind to flying birds is likely to affect their
aerodynamics, and repeated capture to download data may induce
capture and handling stress. These impositions may interfere with the
animal’s normal behaviour, leading to the collection of biased data
(Carey 2009). A device mass of >3% of bird body mass is generally

accepted as a critical point above which normal behaviour is
impaired (Phillips et al. 2003). However, some studies (e.g. Wanless
et al. 1988, Paredes et al. 2005, Ackerman et al. 2009, Adams et al.
2009) have found that even lighter devices (0.7-3.0% of body mass)
have caused reduction in adult body mass, offspring attendance,
provisioning rates and/or frequency of foraging trips. All of these
studies were undertaken on relatively large birds, whereas few have
investigated the effects of geolocators on small seabirds (Rayner
2007, Quillfeldt et al. 2012, Rayner et al. 2012). In addition, none of
the aforementioned studies clearly demonstrated whether the adverse
effects resulted from capture and handling, or whether the device
reduced foraging efficiency (Carey 2009).

Within the Pterodroma leucoptera species complex, P. I. leucoptera
is the smaller of two subspecies (~205 g), breeding principally
on Cabbage Tree Island (32°41'20"S, 152°13'29"E), 1.4 km off
Port Stephens, New South Wales, Australia. This subspecies is
currently listed as Endangered under the Australian Government’s
Environment Protection and Biodiversity Conservation Act 1999.
Although conservation issues for this subspecies at the nesting
sites are well studied, little is known about its at-sea movements
or foraging ranges (DEC 2006). Knowledge of movement patterns
at sea is critical for developing management and conservation
strategies (Priddel & Carlile 2009). The opportunity to obtain such
information is now feasible because of the recent availability of
small, lightweight geolocators. However, because of the uncertainty
and limitations previously explained, there is a need to identify any
risks of attaching such devices.

Although previous research had found that handling adult Gould’s
Petrel over a 7-10 day period during the incubation stage did not
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affect chick growth rates or survival (O’Dwyer et al. 2006), there
are four possible areas where negative effects might be important.
First, long-term deployment of geolocators during the non-breeding
season might have negative consequences on the birds’ breeding
success in the following year by influencing body condition before
breeding. Second, the impost of carrying a geolocator may affect
foraging performance, resulting in less frequent or smaller meals fed
to chicks, thereby leading to a reduction in fledging success. Third,
the additional stress from recapture and handling during and after
the hatching period might also have adverse impacts on breeding
performance. Finally, tag deployments could affect the rate of adults
return to the colony, as a result of either tag-induced mortality or
birds returning to a different location. Therefore, this study aimed to
investigate potential impacts of attaching a geolocator, with multiple
capturing and handling, on the foraging behaviour of breeding adult
Gould’s Petrel. We measured breeding parameters, as foraging
performance is directly related to breeding performance (Rayner
et al. 2008). We investigated whether changes in behaviour could
be detected by comparing adult body mass and hatching success
between adults with and without geolocators. We also compared the
fledging body mass and fledging success of their chicks.

Fig. 1. A typical artificial nest box (left) used to trap adult birds at
night. The gate on the entrance tunnel (top right and bottom) opens
inward but not outward. Displacement of the stick (shown in the
tunnel, top right) indicated the presence of an adult bird in the nest box.

METHODS

The study was carried out on Cabbage Tree Island, New South
Wales, Australia, between March 2010 and April 2011. The
principal breeding habitat of Gould’s Petrel is concentrated within
two steep gullies on the western side of the island (Priddel et
al. 2006). Since 1989, natural nests (marked by numbered tags)
and artificial nest boxes have been surveyed annually to estimate
population size, breeding success and reproductive output (Priddel
& Carlile 2009). A nest box and entrance tunnel is illustrated in
Figure 1; detailed description of the artificial nest boxes can be
found in Priddel and Carlile (1995).

Gould’s Petrels are sexually monomorphic (O’Dwyer et al. 2006)
and nocturnal on land, arriving after sunset and leaving before
sunrise. Adults first return to Cabbage Tree Island to breed from
mid- to late September (DEC 2006). Egg laying commences in
early November and, on average, 49 days are needed for incubation.
As with all Procellariiformes, a single egg is laid; if lost, the egg
is not replaced in the same season (Warham 1990). Following
hatching, a parent broods the chick for 2-3 days; thereafter, it is
fed infrequently by the parents until it fledges in April or early May
(Priddel & Carlile 1995).

The study was carried out in a sub-colony estimated to number
approximately 1000 breeding pairs (Priddel er al. 2006). Many
of the adult birds are identifiable by a metal band inscribed with a
unique number, and chicks are banded in March each year (Priddel
et al. 20006).

Deployment during the non-breeding season

During 22-25 March 2010, 42 geolocators were fitted to Gould’s
Petrel adults taken from 35 nests (7 pairs, 28 single birds). Adults
were captured while returning to the nest to feed their chick.
Twenty MK14 (British Antarctic Survey; 1.5 g) and 22 LAT2900
(Lotek; 1.9 g) geolocators were attached to the legs of adult birds
using Darvic bands (Figure 2). Each MK14 (20 x 9 x 5.5 mm)
was attached using a single cable tie and fast-drying cyanoacrylate
adhesive (Supa glue; Figure 2a). Each LAT2900 (20 x 8 x 6.7 mm)
was attached using two cable ties as well as the adhesive (Figure 2b).
The resulting packages weighed 2.0 g (MK14) and 2.5 g (LAT2900),

Fig. 2. Attachment of two types of geolocators: (a) MK 14 with a Darvic ring and single cable tie; (b) LAT2900 with a Darvic ring and two cable ties.
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equivalent to 1.0%—1.3% of average body mass. Logger attachment
was completed within 15 min of capture.

Geolocators were retrieved in the following breeding season,
between 23 November and 27 December 2010, and the mass of
birds recorded to the nearest gram with a 300 g Pesola spring
balance. This sample group is hereafter referred to as NBLOGGER.
Twenty additional nests were selected randomly and the adult
occupants (hereafter referred to as NBCONTROL) were weighed
at the same time as NBLOGGER to test for differences in mass as a
means of assessing the impact of geolocators deployed throughout
the non-breeding season.

The nests of both instrumented and non-instrumented birds
(NBLOGGER and NBCONTROL, respectively) were inspected
during 23-25 November and 13-15 December 2010 to determine
whether laying had occurred and during 7-10 March 2011 to
assess chick survival. Very few chicks die late in the nestling period
(Priddel & Carlile 1997), so advanced chicks present in March were
assumed to fledge successfully.

Deployment during the breeding season

In late December 2010, we inspected all artificial nest boxes, except
those housing birds used in the non-breeding study (NBLOGGER and
NBCONTROL), to locate nests containing incubating adults. We then
candled the eggs to assess whether they were viable. Twenty birds
incubating viable eggs were selected for attachment of geolocators.
If a selected bird changed incubation duties with its partner during
the week-long sampling period, the second bird was also fitted with
a geolocator. This sample group is hereafter referred to as LOGGER.
Failed breeders leave the nesting grounds, so selecting viable eggs
maximized the likelihood of the instrumented birds returning and
thus increased the chance of retrieving the geolocators to download
data. Another 20 pairs from artificial nests boxes with viable eggs
were captured and weighed in the same manner as LOGGER,
but were not fitted with geolocators; these are hereafter referred
to as NOLOGGER. A third group of 20 adult pairs, from natural
nests containing viable eggs, were neither fitted with geolocators
nor captured; these are hereafter referred to as CONTROL. The
purpose of the CONTROL was to provide a measure of incubation
success, fledging success, fledging mass and approximate meal size
against which to compare LOGGER and NOLOGGER. Adults in
CONTROL nests were not handled, but the chicks were.

Trapping adults as they returned to the nest to feed their chick
was only practicable for birds that nested in boxes. So LOGGER
and NOLOGGER nests were selected from among occupied nest
boxes. A shortage of additional occupied nest boxes meant that the
CONTROL sample had to be selected from natural nests.

During 2-10 January, 815 February, 5-9 March and 10-22 April
2011, two people continuously monitored all LOGGER and
NOLOGGER nests between 20h00 and 03h00. Whenever an adult
was intercepted, it was weighed, and birds with geolocators had
data downloaded. All chicks from all three groups were weighed
at approximately 12h00 and 18h00 daily, and approximate meal
size was determined from overnight weight increases. As we were
interested in relative differences between groups rather than actual
meal size, we ignored the possibility of underestimating meal sizes
due to metabolic processes and defecation. Decreases in overnight
masses were ignored, even if we knew the nest had been visited by a

parent, as occasionally parents will visit the nest without delivering
food to the chick (Hamer ez al. 1999, Phillips & Hamer 2000).

LOGGER and NOLOGGER nest boxes were fitted with a removable
one-way gate in the entrance tunnel, which could flip inwards from
outside, but could not open outwards in response to pressure from
inside. The gates were fixed in place at 18h00 each day. A small
stick was placed across the tunnel entrance, displacement of which
indicated that a bird had entered the nest. From 20h00 nests were
monitored and the visits of individual parents logged. When the
stick had been dislodged, we opened the lid of the nest box and
checked the contents. If an adult was present, the time was noted
and approximately 30 min allowed for the adult to feed the chick.
Adult birds were then captured and weighed, and data downloaded
from those carrying geolocators. Adults were then returned to the
nest box and the gate removed so they could leave. Monitoring
ceased at 03h00, when all remaining gates were removed. Adults
arriving after the gates were removed, either after one parent had
been captured or after 03h00, were not detected.

Data analyses

We conducted statistical analyses using IBM SPSS statistic 21. All tests
were two-tailed and considered significant at P < 0.05. Comparison
of adult body mass between NBLOGGER and NBCONTROL
was tested using an independent #-test. The Mann-Whitney U test
was used for comparisons of adult body mass among LOGGER,
NOLGGER and CONTROL because the assumption of normality
was violated and the data could not be transformed successfully. We
compared hatching success, fledging success and breeding success
between instrumented and non-instrumented birds using the chi-
square test for goodness of fit. Kruskal-Wallis one-way analysis of
variance by ranks was employed to compare fledging mass (due to
small sample sizes) and mean meal size (due to non-normality).

RESULTS
Effects of deployment during the non-breeding season

Forty of the 42 geolocators deployed during the non-breeding
season were retrieved; 33 tagged birds were weighed, 7 intercepted
by associates were not. At the beginning of the 2010/11 breeding
season, the body mass of adults that had carried geolocators
throughout the non-breeding season did not differ from that of non-
instrumented birds (Table 1). Fourteen percent of birds that carried
geolocators failed to lay eggs, whereas 5% of non-instrumented
birds failed to lay, a difference that was not significant (Table 1).
Hatch rates were 60% for instrumented birds and 42% for non-
instrumented birds, and again not significant (Table 1). All chicks
that hatched (n = 26, Table 1) fledged successfully.

Effects of deployment during the breeding season

No incubating adult fitted with a geolocator abandoned its egg. Of
the 60 eggs in study nests, 47 hatched (Table 2), and there was no
difference in hatch rates among groups (LOGGER, NOLOGGER
and CONTROL).

Fledging success was consistently high across all groups (Table 2).
Of 15 chicks from the LOGGER group, one was found dead in the
nest; all others fledged successfully. The nest containing the dead
chick continued to be monitored to retrieve the geolocators from the
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parents. We found that the nest was attended by at least three adults,
and disputes over nest ownership are likely to have contributed
to the death of the chick. Similarly, in the CONTROL group all
chicks except one fledged. The failed chick disappeared from the
nest without a trace six days after hatching, presumably due to
predation. All 16 chicks from the NOLOGGER group fledged.

Breeding success (the proportion of eggs that produced fledglings)
was 70%—-80% and was similar in all groups (Table 2). Fledging
mass could be measured for only 11 chicks from LOGGER, seven
from NOLOGGER and 10 from CONTROL, because fledging
commenced before the final sampling period. Fledgling mass was
similar across all groups (Table 2).

The overnight increase in body mass was regarded as approximating
meal size. Meal sizes were highly variable (range 1-88 g) and not
significantly different between groups (Table 2).

Instrumented birds (LOGGER) lost mass between attachment
(December 2010 to January 2011) and when next intercepted
(Feburary to April 2011) (Table 3; Kruskal-Wallis = 8.658, df = 3,
P =0.034, n = 68). However, body mass during February to April
was no less for tagged birds than for non-tagged birds (Table 3).

DISCUSSION AND CONCLUSIONS

Conservation programs for many petrels, including those in
Australia, have focused on breeding success at nesting sites, but it

is now recognized that data on movements at sea are also critical
for elucidating habitat use, migratory corridors and time-activity
patterns (Baker et al. 2002, Shaffer er al. 2006, Gonzalez-Solis et
al. 2007, Priddel & Carlile 2009, Croxall et al. 2012, Madeiros et
al. 2012). This recognition, together with the development of small
economical geolocators, has facilitated research into the movements
and migration patterns of many species. However, it is essential to
verify that deployment of geolocators does not adversely impact
the birds targeted, either by changing behaviour or by reducing
breeding productivity. Such impacts could affect the quality
of the data collected and therefore mislead broader ecological
interpretations that may have proven effective in improving the
conservation status of seabird populations.

In the present study, we did not detect any significant effect of
geolocator deployment on the breeding performance of Gould’s
Petrels. While our findings were reassuring, sample sizes for some
parameters (e.g. fledging success) were small, and significant
effects may be discernible with larger samples. Additionally, this
study was carried out at a site where artificial nest boxes have
been used for many years, which might provide more benign
habitat and positively affect breeding success (Madeiros et al.
2012). All birds were released back into the tunnel of the nest
box and immediately settled back onto the egg, and no nest was
abandoned after geolocator deployment. However, the possibility
of nest desertions in natural nests following the deployment of
tracking devices has been suggested by other researchers (e.g.
Phillips et al. 2003).

TABLE 1
Effect of deployment of geolocators during the non-breeding season

Outcome NBLOGGER NBCONTROL Test result df P
Adult body mass at the beginning of 209.2 +20.4 2132+ 17.2 t=74 51 0.46
the breeding season, mean + SD, g (n=33) (n=20)
Egg-laying success, % (no./n) 86 (30/35) 95 (19/20) x> =113 1 0.29
Hatching success, % (no./n) 60 (18/30) 42 (8/19) x> =1.50 1 0.22
Fledging success, % (no./n) 100 (18/18) 100 (8/8)

TABLE 2

Effect of deployment of geolocators during the breeding season

QOutcome LOGGER NOLOGGER CONTROL Test result df P
Hatching success, % (no./n) 75 (15/20) 80 (16/20) 80 (16/20) x*>=1.96 2 0.91
Fledging success, % (no./n) 93 (14/15) 100 (16/16) 94 (15/16) x*=1.081 2 0.58
Breeding success, % (no./n) 70 (14/20) 80 (16/20) 75 (15/20) x*>=0.53 2 0.77
Fledging mass, mean + SD, g (n) 177.5 £ 16.0 (11) 1753 £ 15.4 (7) 181.8 £ 15.9 (10) x*=1.00 2 0.61
Meal size, mean + SD, g (n) 20.4 +14.9 (72) 21.1 £ 14.1 (97) 16.9 £ 9.9 (108) x> =43 2 0.12

TABLE 3

Adult body mass change during the breeding season 2010/11
Date of record Group, mean = SD, g (n) Test result Standard p
LOGGER NOLOGGER (Mann-Whitney U) error

Dec-Jan attachment 198.9 £ 23.5 (15) Not weighed
Feb 179.2 £ 11.9 (28) 173.0 £ 13.1 (17) 163.5 42.6 0.08
Mar 182.3 + 17.1 (19) 180.7 £ 22.2 (16) 134.5 30.1 0.57
April 176.2 £ 24.3 (6) 150.5 £3.5(2) 0 3 0.71
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All deployments on Gould’s Petrels during the breeding season
involved birds that were nesting in boxes. Due to a shortage of
occupied nest boxes in the study area, data from these birds were
compared with those from birds nesting in natural nest sites.
No differences were detected, and there is no evidence that this
confounding factor affected the outcome of this study.

Although we found no significant impacts of geolocator attachment
on breeding performance, a comparative trip duration analysis may be
a more sensitive indicator of the costs of carrying devices. Typically,
foraging trips are prolonged following PTT attachments (~67%
of studies reviewed in Phillips et al. 2003). For example, tagged
Common Murres Uria aalge made fewer but longer trips away from
the nest and provisioned their chicks significantly less frequently
than their non-tagged partner (Hamel et al. 2004). Although we
determined that there were no differences in approximate meal size
and that nearly all chicks developed well enough to fledge, it is
plausible that their parents expended more energy to perform similar
provisioning effort compared with other non-tagged or non-handled
birds. Comparatively, Carey (2011) questioned whether tagged adults
could provision themselves, as well as their offspring, adequately.

Despite widespread acceptance of the “3% rule” suggested by
Phillips et al. (2003), Barron et al. (2010) found little evidence
that negative effects increased as devices became proportionally
heavier. Rather, the method of device attachment was deemed
to be more important. Harnesses and collars had more negative
effects than the leg-band attachment used here. However, we
found using glue can cause skin abrasion if not carefully applied
(Figure 3). Excess adhesive can stick the Darvic ring to the bird’s
leg, causing superficial damage, so care must be taken when using
this method. The time for glue to dry also varies with temperature,
and this can affect handling time (Adams et al. 2009). We altered
our attachment protocol and ceased using glue in subsequent
deployments, replacing the Darvic band with Velcro and Tesa tape.
However, this modification increased the mass of the attachment,
causing abrasions at the base of the leg near the joint on long-term
deployments (longer than 4 months). To avoid or minimize such
negative impacts during long-term logger deployments, the mass
of the equipment, frequency of handling and length of deployment
should all be minimized, with the geolocators removed from the
birds at the earliest possible time.

FJ#__J . y

Fig. 3. Abrasion caused by accidental leakage of glue onto the leg
resulting in the Darvic band adhering to the leg.

Data collected using new technologies are invaluable for understanding
where seabirds forage and which parts of the ocean form critical
habitat in their life cycle. However, to optimize the insights from
such research, it is essential that we do so in a manner that does
not interfere with breeding success or foraging habits of the study
animals. We strongly recommend conducting similar experimental
studies of logger impacts on any other species proposed for large-
scale deployments. Relatively smaller procellariiform seabirds, such
as Fork-tailed Storm-petrels Oceanodroma furcata (Boersma et al.
1980), Tristram’s Storm-petrels O. tristrami (Marks & Leasure 1992)
and Leach’s Storm-petrel O. leuchorhoa (Blackmer et al. 2004),
show negative impacts from short-term handling. Therefore, when
tracking devices are small enough to be deployed on these species,
it is recommended that researchers investigate possible attachment
and handling effects before large-scale movement studies to ensure
minimal detrimental impacts. The documentation of any disturbance
effects caused by scientific research may be crucial for designing
future research or conservation programs (Carey 2009).
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