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ILKA S. SOHLE*
email: sohil735@student.otago.ac.nz

HENRIK MOLLER
Department of Zoology
University of Otago
P.O. Box 56, Dunedin

DAVID FLETCHER
Department of Mathematics and Statistics
University of Otago
P.O. Box 56, Dunedin

CHRISTOPHER J. R. ROBERTSON
P.O. Box 12397
Wellington, New Zealand

Abstract Twenty four imitation satellite transmit-
ters (ISTs) were attached to breeding sooty
shearwater (Puffinus griseus) adults late in the 1998/
99 breeding season at Taiaroa Head, Otago Penin-
sula, New Zealand. There was no evidence of any
difference in mean weight, change in weight or
measurements of adults, nor breeding success of
birds carrying ISTs compared with non-treatment
birds. However the probability of attending the
colony on a given night was reduced to 26% of its
initial value from early March to mid April in IST-
carrying birds, but not at all amongst non-treatment
birds. No difference in ensuing weight, size and
emergence date of chicks was detected between
treatment and control groups. The maximum re-
corded attachment duration for an 1ST using glue
was 21 days. Harnesses may be needed for longer
studies of foraging behaviour late in the breeding
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season. Satellite-tracking studies will over-estimate
normal foraging trip lengths and possibly under-es-
timate the amount of food usually provided to chicks
if the reduced colony attendance detected in this
study is a widespread problem.
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INTRODUCTION

Over the past 100 years, the movements of birds have
been investigated primarily by recoveries of banded
individuals. The development of radio-telemetry
using hand-held receivers first provided an
opportunity to track individual birds with relatively
small territories or feeding ranges in order to provide
more detailed information on movements and
behaviour. Monitoring of larger scale movements
has recently been made possible by the development
of transmitter packages small enough to be carried
by the larger species and tracked by satellites. It is
now possible to track the movements of large
seabirds (e.g., Jouventin & Weimerskirch 1990;
Prince et al. 1992). Satellite telemetry can provide
valuable information on migration routes, stopover
sites, foraging sites and at-sea behaviour. Possible
interactions with man-made hazards such as longline
and krill fishery operations can also be identified
(Jouventin & Weimerskirch 1990; Robertson 1996).

The Kia Mau Te TitlMo Ake Tonu Atu research
project is a long-term study of the sooty shearwater
(Puffinus griseus), a medium-sized burrowing pet-
rel (Procellariiformes; Richdale 1963). It plans to use
satellite telemetry to study where shearwaters feed
and rest, which ocean currents may provide impor-
tant food sources, and which fisheries pose a poten-
tial threat from bycatch (Moller et al. 1999; Uhlmann
& Moller in press). The El Nino-Southern Oscilla-
tion (ENSO) climate fluctuation is linked to a decline
in some populations of sooty shearwaters. This is
probably due to reduced adult survival in the period
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just prior to the ENSO event (Lyver et al. 1999). The
location and timing of the formation of an ENSO
weather fluctuation is poorly understood but of in-
terest to climatologists, biologists, fishers and agri-
culturists trying to understand global climate
fluctuations. There is intense international interest
in developing early warning predictions of incipient
ENSO events, and it may be that fluctuations in sooty
shearwater numbers can provide a useful bio-indi-
cator of upcoming events. Detailed information on
where sooty shearwaters feed and migrate will help
answer the question of whether and how sooty
shearwaters are linked to ENSO events, and to un-
derstand where and when ENSO weather patterns
appear. Before embarking on such a full-scale study
using satellite-monitored transmitters we considered
it important to investigate possible effects of the
transmitters on the sooty shearwaters' behaviour and
condition.

Seabirds are homoeothermic and expend
considerable energy in flight and diving under water
for food (Bryant & Furness 1995). Sooty shearwaters
dive up to 67 m (Weimerskirch & Sagar 1996), so
the attachment of a PTT (Platform Transmitting
Terminal) package could potentially increase their
energy expenditure by adding weight and increasing
air and water resistance. Effects on body weight,
condition, survival and foraging distance, trip length
and frequency are all potentially observable penalties
of carrying a transmitter. These may, in turn, affect
survival and/or the fledging weight of chicks reared
by transmittered birds.

Most studies use too few transmitters to assess the
effect of carrying them. Previous studies have
usually not measured the potential effect of carrying
a transmitter, so their reported results may not be
representative of the actual behaviour, survival or
reproductive output.

Various attachment techniques for radio
transmitters have been used for birds in the past.
These range from tape (Wilson & Wilson 1989) or
harness (Berthold et al. 1992) to different types of
glue (Nicholls et al. 1998) and implantation (Meyers
et al. 1998). Satellite-monitored transmitters are
expensive (NZ$6000 each) and are difficult to attach
securely, so it is very important to design the best
attachment that will improve the chances of
recovering equipment.

The aim of this study was to examine the effects
of carrying an imitation satellite-monitored trans-
mitter (1ST) on the weight change and colony
attendance of breeding sooty shearwaters and on the
growth of their chicks. We compared these

parameters between birds with and without ISTs. We
assessed the effectiveness of attaching by glue and
tape in order to measure the risk of losing real
transmitters.

METHODS

Study location
This study was conducted on a sooty shearwater
colony at Taiaroa Head, an exposed coastal headland
of steep slopes and terraces of sandstone and basalt
on the tip of Otago Peninsula (Fig. 1). The loose,
poorly consolidated sandy soils of the Peninsula al-
low for easy burrowing, and thick grass provides
considerable cover over burrow entrances. Burrows
were often dug within grass hummocks where sur-
face roots act to bind the sand and prevent burrow
collapse. The colony was chosen for this study be-
cause it is comparatively large amongst mainland
colonies (Hamilton et al. 1997). It contains approxi-
mately 620 active burrows, well above the Minimum
Viable Population size (Hamilton & Moller 1995),
so any effects of the study will have had minimal
conservation risk.

Experimental design
To determine burrow occupancy and colony attend-
ance of sooty shearwaters, toothpicks were placed
vertically in a line across each burrow entrance (fol-
lowing Hamilton 1998). Colony attendance was
measured from the number of these 'barricades'
knocked down at least once per night by birds en-
tering or leaving the burrow.

Occupied sooty shearwater burrows in the south-
eastern part of the colony at Taiaroa Head were ran-
domly allocated to one of three treatments. Adults
in the first group were banded, weighed and meas-
ured and an 1ST was attached to their back; adults
in the second group were banded, weighed and meas-
ured but had no transmitters attached (hereafter re-
ferred to as non-IST birds). To account for the
possible effects of capture and handling on the be-
haviour of these two groups, a third, 'non handled'
group of breeding burrows were monitored by bar-
ricade knockdown but without catching the adults
visiting these burrows.

Once one adult captured from a burrow was
allocated to a treatment group, any additional adult
captured from that burrow was given the same
treatment (we assumed these birds were paired). The
locations of burrows in the study site were mapped,
and each occupied burrow marked with a numbered


