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Abstract Sooty shearwater chicks (Puffinus
griseus) harvested by Rakiura Maori on Putauhinu
Island in the 1997-1999 muttonbirding seasons were
larger and more developed than randomly available
chicks. Early in the season, when muttonbirders ex-
tracted chicks from burrows during the day, this dif-
ference may have resulted directly from harvesters
selecting areas with higher quality chicks, or indi-
rectly from their selecting higher occupancy or more
accessible areas. Later in the season, chicks were
harvested after they emerged from burrows at night.
Initially, relatively few, light chicks with more de-
veloped feathers emerged, and selection between
them was relatively weak. As chicks became more
abundant, muttonbirders selected heavier, less
downy chicks with longer wings. Muttonbirders of-
ten rejected small chicks, but there was evidence for
selection of larger, more developed chicks even
above the estimated reject weight. When undis-
turbed, higher quality chicks would probably have
higher survival and probability of recruitment. Har-
vesting larger chicks will therefore have a greater
impact on the population than randomly harvesting
chicks. Models investigating harvest impacts should
incorporate chick quality to avoid under-estimating
harvest when assessing the long-term sustainability
of a culturally important traditional harvest for
Rakiura Maori.
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INTRODUCTION

Wildlife populations can be harvested sustainably if
the harvesting, and other sources of mortality, do not
exceed the population replacement rate (Caughley
& Sinclair 1994; Choquenot 1996). The response of
a population to harvesting will depend on the nature,
timing, intensity and duration of the exploitation, as
well as the natural characteristics of that population,
such as birth rates, death rates and age at maturity.
These factors in combination determine the extent
to which harvest may be compensatory or additive
(Caughley 1977). Restricting harvest to immature
animals concentrates the impact of harvesting on
recruitment to the breeding population. However,
many other possibilities still remain in the degree to
which harvest is additive or compensatory (Caughley
1977), depending on the number and relative quality
of the individuals taken.

The concentration of many breeding seabirds in
large, dense colonies offers the opportunity for large-
scale harvesting by humans. Colonies of seabirds
have been harvested for generations in many parts
of the world, including Australasia, the South
Pacific, Greenland, Iceland, the Aleutian islands and
Japan (Cott 1953, 1954; Skira & Wapstra 1980;
Chapman 1985; Jones 1985; Diamond 1987; Beattie
1994, Anderson 1996, 1997; Tasmanian Parks &
Wildlife Service 1997). However, few studies have
investigated the effects of harvesting on seabird
populations (Feare 1984). Increasing pressure on
seabird populations from expanding human
populations, introduced predators, fisheries by-catch
and loss of habitat all combine to increase the need
to ensure sustainable management of seabirds.

The sooty shearwater (Puffinus griseus), also
known as tit!, is a migratory seabird that breeds on
the coastal islands and shorelines of New Zealand
between September and May each year (Marchant
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& Higgins 1990). These birds nest in burrows, and
lay only one egg each breeding season. Tltl are
among the most abundant seabirds in New Zealand,
numbering in the millions, and have been harvested
annually for generations. Muttonbirding is a general
term used to refer to a variety of techniques by which
the chicks and fledglings of several Procellariiforme
species like fit'i are caught, processed and preserved
for food (Anderson 1996). Tltl are the main bird
species taken for food by Maori in New Zealand, and
the harvest is a vital, culturally defining traditional
activity of Rakiura Maori (Wilson 1979; Waitangi
Tribunal 1991; Evison 1993; Dacker 1994). This is
one of the few remaining large-scale seabird harvests
in the world.

Hereditary rights allow Rakiura Maori to annually
harvest tltl chicks on 36 islands adjacent to Stewart
Island (Rakiura) in April and May each year
(Department of Lands & Survey 1978; Wilson 1979;
Robertson & Bell 1984). The harvest is divided into
two periods based on the methods used to collect tltl.
During the first period, known as the 'nanao', chicks
are still in the nest and must be extracted from their
burrows. This period extends from 1 April to about
20 April, before chicks begin to emerge from their
burrows at night in preparation for fledging. During
the second period, termed the 'rama', emerged
chicks are picked up off the surface of the ground at
night. The date of the start of the rama depends on
the onset of emergence of the chicks. The ease with
which chicks can be procured, the time required to
collect chicks, and the possibility for selecting
between chicks of varying sizes is very different
between these two periods.

Muttonbirders may target larger and/or fatter
chicks, and a significant part of the muttonbirders
'Traditional Environmental Knowledge' (a cumula-
tive and adaptive understanding of the environment
which has been passed down through generations by
cultural transmission; Lyver 2000b) concerns when
and where to obtain the biggest chicks (Ashwell
1999; Lyver 1999; Lyver & Moller 1999). Lyver
(2000a) found that chicks harvested on Poutama Is-
land by one muttonbirder during the rama were sig-
nificantly heavier, and had less down, than randomly
encountered chicks that had emerged from burrows
at night. No chicks less than 750 grams were kept
by that muttonbirder during the nanao (Lyver 1999,
2000a). Most muttonbirders reject small or thin
('kiaka'; Ashwell 1999) chicks, either by not taking
them, by returning them to their burrow, or by kill-
ing and discarding them. This suggests two possi-
ble mechanisms for selectivity of chicks by

muttonbirders; i) they may take only the largest
chicks of those available or ii) they may simply re-
ject chicks below a certain size while harvesting ran-
domly from those available above that reject size.

Survival of chicks is likely to be related to
condition and weight at fledging. Sooty shearwater
chicks that are heavier at fledging have a higher
probability of returning to the colony (indicating a
higher survival) than chicks that are lighter at
fledging (Sagar & Horning 1998). The harvest may
have a greater additive effect on the population if
larger and/or heavier chicks are taken preferentially
by muttonbirders.

The objectives of this study were to determine
whether chicks harvested during the nanao or rama
differed in size or development from available
chicks. We also sought to estimate the reject weight
or size below which muttonbirders did not take
chicks, and to determine whether this rejection
accounts for differences observed between harvested
and available chicks. This information will enable
us to determine whether a population model can
assume that harvest of chicks is random, or whether
a measure of chick quality needs to be incorporated.
This is the first step of a long term study to determine
whether the traditional harvest of titi is sustainable
or not (Moller 1996; Taiepa et al. 1997; Moller et
al. 1999,2000).

METHODS

Study Location
This study was conducted on Putauhinu (47°13'S,
167°23'W) an island in the south-western Rakiura
Tltl Island group. The island operates under a 'closed
manu' system, where each of the five muttonbirding
whanau (family groups) work on a separate 'manu'
(birding ground). The island measures approxi-
mately 140 ha.

Sampling of harvested chicks
Harvested chicks were measured on three or four of
the five manu during the nanao and rama in 1997,
1998 and 1999 (Table 1). One manu was not
harvested and was therefore not sampled at any time
during these three years. Chicks harvested during the
nanao were measured in the field as they were
collected by the muttonbirders. On average, 29
chicks were measured per day (range 10-79) over
the three years. Chicks harvested during the rama
were measured after the muttonbirders had returned
with the chicks to the workhouse where chicks were


