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Abstract El Nino and La Nina climate pertur-
bations alter sea currents and food availability for
seabirds in many areas of the world. This changes
their breeding success and mortality. Blue penguin
(Eudyptula minor) breeding success is dependent
upon whether one or two clutches per season are laid,
and the hatching and fledging success of these
clutches. This study uses six years of data from five
blue penguin breeding colonies, three from Taiaroa
Head, Otago Peninsula and two from Oamaru, to
examine whether annual variation in breeding suc-
cess correlates with El Nino/La Nina perturbations.
When La Nina conditions prevailed, penguins started
breeding later, and there was a lower proportion of
double breeders than in El Nino and normal years.
The probability of a newly hatched chick surviving
to fledging was also dependent on whether large-
scale climatic conditions prevailed, whereas hatch-
ing success and overall breeding success (number of
fledged chicks per breeding pair) showed no corre-
lation with climate perturbations.
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INTRODUCTION

It is a well-established fact that large-scale climatic
perturbations like El Nino and La Nina affect the
abundance and distribution of fish off the South
American coast and in the equatorial Pacific. During
El Nino conditions, sea temperatures off the coast
of South America and along the Pacific equator
increase, whereas the reverse sea temperature pattern
is true for La Nina. When South America
experiences an El Nino event, then sea temperatures
around the South Island, New Zealand, are lower
than average, while during a La Nina event, sea
temperatures are higher (Allan et al. 1996; Basher
1998). El Nino and La Nina climate perturbations
have been shown to affect breeding and mortality of
several seabird species (Schreiber & Schreiber 1984;
Valle & Coulter 1987; Wilson 1991), and Galapagos
and Humboldt penguins (Boersma 1978,1998; Hays
1986), through their influence on food availability.
Climatic perturbations may therefore explain part of
the variation in onset of breeding, number of clutches
and fledging success in blue penguins (Renner
1998).

Blue penguin (Eudyptula minor) is the smallest
penguin and the only one that can successfully rear
two clutches in one year, potentially four fledglings
per season (Williams 1995). To be able to lay two
clutches, blue penguins must initiate the first clutch
early in the breeding season. Therefore, if sea
temperatures affect food availability, climatic
perturbations should be correlated with the late onset
of breeding. Studies on blue penguins from Philip
Island, Australia, show that onset of breeding is
dependent on general food availability (Michelson
et al. 1992). No such relationship is known for New
Zealand blue penguins, though.

Blue penguins are inshore feeders, with a diet that
varies both by year, season and location (Cullen et
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al. 1992; Gales & Pemberton 1990; van Heezik
1990; Montague & Cullen 1988). The bulk of their
food is small, pelagic, schooling fish together with
juvenile pelagic squid and crustaceans. At Oamaru
their diet consists of more than 50% slender sprat
(Fraser 1999, based on one year of data). The slender
sprat thrives in cool water and should be abundant
in cool El Nino conditions and scarce in warm La
Nina conditions (C. Lalas pers.comm.). Cool water
might also be associated with the upwelling of
nutrients, which has been shown to increase body
weight and breeding performance of blue penguins
in Tasmania (Michelson et al. 1992). We hypothesise
that cool water conditions associated with El Nino
should have a positive effect on breeding of blue
penguins, and warm La Nina conditions should have
the opposite effect. However, since the exact
relationship between El Nino and abundance offish
in New Zealand (Basher 1998) is not well known,
we will not speculate over the details of climate-
mediated changes in food availability. Our aim is to
explore whether there is any relationship between
large-scale climatic perturbations and blue penguin
breeding success.

The difference in atmospheric pressure between
Tahiti and Darwin, known as the Southern
Oscillation Index (SOI), is a good descriptor of El
Nino and La Nina events, and SOI can therefore be
used in correlative studies as a descriptor of large-
scale climatic perturbations (Allan et al. 1996). We
will therefore explore the effects of such
perturbations on blue penguin breeding success,
using data from five colonies at the Otago coast
monitored from 1993 to 1998.

STUDY AREA AND METHODS

Study areas and monitoring scheme
In the description of the sampling design, results and
discussion, we have chosen to denote the breeding
season by the year that eggs were laid and breeding
initiated.

Taiaroa Head

The Otago Peninsula (45°50'S, 170°40'E) is situated
on the Southeast coast of the South Island of New
Zealand. Most blue penguin breeding sites on the
Otago Peninsula are found in bays and on sandy
beaches along its eastern coastline. Three breeding
colonies were observed at Taiaroa Head, at the
seaward end of the peninsula.

Colony A A 0.2 ha, narrow, flat area that is
protected by steep cliffs and the Otago Harbour. Blue
penguins breed in artificial nest boxes or burrows in
soil. All nest boxes and burrows with recent evidence
of use by blue penguins were monitored every
second week from the beginning of May until the
appearance of the first egg, from 1993 to 1998. After
the first egg was laid, monitoring was increased to a
weekly census. In the 1996 season a number of eggs
disappeared from nests or were found broken nearby.
It was thought that Norway rats (Rattus norvegius)
might have been responsible for the egg loss. Rat
traps baited with peanut butter were set throughout
the colony during the first 10 days of December
1996. A total of six rats were caught in the traps
(Perriman 1997).

Colony C A 0.3 ha colony on a steep slope exposed
to the Pacific Ocean. Nests were confined to burrows
in grass-covered slopes or under rocks on the
beachfront, where some may be flooded by sea
swells during storms. Monitoring was done at
fortnightly intervals throughout the 1995-97
breeding seasons. No attempts were made to obtain
egg-laying dates, and the data from this colony were
used only for estimating hatching and fledging
success in the 1995, 1996, and 1997 seasons.

Colony F A 0.2 ha colony situated west of the
northern tip of the headland. It is backed by steep
cliffs and bounded by the Otago Harbour. Blue
penguin nests are located in rock crevices and under
driftwood, as sites for burrows in soil are limited.
The colony was monitored weekly during the
breeding season in 1995. As for colony C, no
attempts were made to record the egg-laying date,
and the data from this colony were used only for
estimating hatching and fledging success in the 1995
season.

Oamaru

The second study area (45°07'S, 170°58'E) is
situated about 80 km north of the Otago peninsula.
Two breeding colonies were observed at Oamaru.
Quarry The colony is situated in a former quarry
on the edge of the Oamaru harbour, and is the site
of the ecotourism operation "The Oamaru Blue
Penguin Colony". Mounds of soil and artificial nest
boxes have been placed on the quarry floor to
provide penguin breeding habitat, and native shrubs
and grasses planted on the mounds to provide shade
and nesting material. To facilitate the viewing of
penguins as they come ashore in the evenings,
viewing stands were constructed approximately


