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Abstract The night-time activity of grey-faced petrels (Pterodroma macroptera gouldi) was measured at a colony on 
Tiritiri Matangi Island between 27 April and 10 December 1998. Considerable seasonal variation was observed (0 to 
>I20 birds/night). A decline in numbers of birds at the colony in early June was likely resulted from the departure of 
both breeding (pre-laying stage) and non-breeding birds. Another decline at the end of September was most likely a 
consequence of the departure of non-breeding birds only. In general, as the season progressed there were fewer petrels 
per night, and they arrived later. The number of birds returning to the colony increased with increasing wind speeds 
and birds arrived earlier when winds were stronger. High wind speeds facilitate movement between breeding and 
foraging grounds for this pelagic species. A sampling period of 1 h from the arrival of the 1st bird provides sufficient 
information to discern definite patterns in numbers throughout the year. 
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INTRODUCTION 
The temporal use of terrestrial habitat by pelagic 
seabirds is a largely unstudied aspect of their ecol- 
ogy. Understanding the patterns of colony attend- 
ance and the environmental factors that influence 
activity at a colony is necessary both for conserva- 
tion and in the design of population estimate stud- 
ies. Information about seasonal abundance patterns 
in conjunction with known temporal patterns of 
breeding activities may help efficacy of pest con- 
trol programmes and enable potential impacts of 
ecotourism to be minimised. This is particularly 
important for pelagic species that can be difficult 
to observe because of their nocturnal habits and use 
of underground burrows for breeding. 

Seasonal patterns of colony use are likely to be 
determined primarily by the timing of breeding 
activities. However, previous studies examining 
colony attendance have concentrated on diurnal 
species because of the difficulty of making obser- 
vations at night. For example, colony attendance 
patterns and behaviour at the colony have been 
well documented for northern fulmar (Fulmarus 
glacialis) (Coulson & Horobin 1972; Dott 1975; 
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Macdonald 1980) and the cape pigeon (Dapfion 
capense) (Weidinger 1996a, 1996b). Both of these 
species nest on ledges or beneath overhangs 
(Serventy ef al. 1971; Cramp et al. 1977) and obser- 
vations on abundance were readily made from 
cliffs adjacent to the breeding colonies. Most stud- 
ies of nocturnal burrowing petrels only record ini- 
tial return to the colony at the beginning of the 
breeding season and the departure of the non- 
breeders, breeders and fledglings. Richdale (1942) 
documented colony attendance by a nocturnal 
species, the sooty shearwater (Puffinus griseus) on 
34 consecutive nights and observed considerable 
variation between nights but did not relate this to 
environmental conditions. 

Pelagic seabirds must regularly (2-7+ days) fly 
long distances (up to thousands of kilometres) be- 
tween breeding and foraging grounds (Haney 
1987). Selecting the most suitable environmental 
conditions for these flights may minimise the ener- 
getic costs of these journeys (Spear & Ainley 1997a, 
199%). Studies of northern fulmars (Coulson & 
Horobin 1972; Macdonald 1980,) and cape petrels 
(Weidinger 1996a) found that wind speed was nega- 
tively correlated with abundance at the colony. 
When wind speed was greater than Beaufort Force 
5, no  fulmars were observed in  the colony 
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(Macdonald 1980). Weidinger (1996a) also found 
that numbers of cape petrels at the colony varied 
with wind direction. Wind speed and direction can 
have an effect on the flight behaviour of petrels and 
other seabirds (Blomqvist & Peterz 1984; Haney 
1987; Spear & Ainley 1997a, 199%). Spear & Ainley 
(199%) found that gliders were present in areas at 
significantly greater wind speeds than species with 
other flight styles. The abundance of black-capped 
petrel (Pterodroma hasitata) in the pelagic environ- 
ment increased with wind speed, with a peak at 
Beaufort Force 5 (Haney 1987). 

The grey-faced petrel (Pterodroma macroptera 
gouldi) is a pelagic, nocturnally-active seabird, 
which breeds in New Zealand. Previous studies of 
this species have focussed on foraging and breed- 
ing behaviour (Imber 1973,1976; Johnstone & Davis 
1990). In our study we examine environmental cor- 
relates of activity at a small grey-faced petrel colony 
at the northern end of Hobbs Beach on Tiritiri 
Matangi Island, Hauraki Gulf, New Zealand (36.. 
45' S, 174- 50' E). We profile the change in adult 
abundance throughout a season and test whether 
wind force, wind direction, and time of year influ- 
enced the nocturnal activity and arrival times of 
grey-faced petrels. 

METHODS 

Night counts and arrival times 
This study was conducted from September 1997 
until January 1999. Night counts of incoming grey- 
faced petrels were made every 3-4 days from 27 
April to 10 December 1998 at the northern end of 
Hobbs Beach, Tiritiri Matangi Island. The colony 
was observed from a fixed point above and on the 
edge of the colony. The observer was at the colony 
at least 30 min before sunset and remained there 
until about midnight. Counts were begun after the 
arrival of the 1st bird and continued for 1 h. Clearly 
sampling error and repeat landings are likely to 
increase with increasing activity at the colony. 
Therefore the number of petrels seen or heard 
landing in the colony from the time of arrival of 
the first bird was measured using the following 
index: 0 (O), 1 (1-5), 2 (6-15), 3 (16-30), 4 (31-60), 5 
(61-120), 6 (>120). These estimates gave us a rela- 
tive measure of activity within the colony rather 
than an absolute count, based on the assumption 
that the number of repeat landings was constant. 
First arrival time (relative to sunset) was recorded 
and an abundance index was estimated for every 
bird landing at the colony during the following 
hour. Arrival times were standardised as the de- 
viation in minutes after sunset. No bird was ob- 
served to arrive before sunset. To reduce observer 
bias, the same observer conducted all counts. On 
the nights when no petrels were seen or heard the 

observer remained at the colony for a minimum 
of 3 h after sunset. Sampling was not attempted in 
either extremely high winds (>45 knots) or rain, 
as petrel landings could not be seen or heard. On 
all other sampling occasions petrels could be seen 
silhouetted against the sky, heard on the ground, 
or observed during intermittent checks using a low 
intensity red light. 

Determining sampling duration - - - 
Because of the difficulty of measuring nocturnal 
activity of petrels we used the number of landings 
during a 1-h period as an index of petrel activity at 
the colony. A subsample of the dataset was used to 
check the suitability of the 1-h sampling period. 
Activity and arrivals at the colony were observed 
for up to 3 h on 5 different nights during the peak 
of activity at the colony in May 1998. Results 
showed that activitv at the colonv was at a maxi- , , 
mum during the 1st hour after the arrival of the 1st 
bird for all 5 nights. Therefore a sampling period of 
1 h after the arrival of the 1st bird was used for all 
nightly counts. 

Wind and sunset data 
A meteorological station on Tiritiri Matangi Island 
recorded wind speed (Beaufort scale) and direction 
at 0900 h daily. Despite the chance of weather con- 
ditions changing quite rapidly we assumed that 
there was a strong correlation between the 0900 h 
records and wind speed and direction during the 
sampling period. Measurements of wind force and 
wind direction were collected on 46 days from 27 
April to 29 September 1998. Wind direction was 
recorded as a category (e.g., north, north-east) and 
later transformed into an angle for the linear circu- 
lar regression analysis (Ross 1999). The time of sun- 
set was determined using a proprietary computer 
package (Ligon 1994). 

Statistical analyses 
We used generalised linear models (Proc GLM: SAS 
Institute Inc. 1996) to determine the effects of wind 
force and direction, and time of year on arrival 
times. Activity estimates were measured on a cat- 
egorical scale and the effects of wind force and di- 
rection, and time of year were analysed using a 
maximum-likelihood categorical data analysis (Proc 
CATMOD: SAS Institute Inc. 1996). A linear-circu- 
lar regression was performed on the wind direc- 
tion variable (Fisher 1993). Spearman's rank corre- 
lations were used to determine the relationship be- 
tween wind speed and arrival times and the petrel 
abundance index. For all parametric statistical tests 
the residuals were examined for normality and data 
were transformed if necessary. A significance level 
of a = 0.05 was used for all tests. 
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RESULTS 
Variation in arrival time 
As the breeding season progressed the birds gradu- 
ally arrived later and the variation in arrival times 
increased (Fig. la), Both wind force and time of year 
significantly affected arrival time (ANOVA, F  = 5.85, 
P < 0.0001; F =  7.13, P < 0.001, respectively) and that 
there was no interaction effect (F = 2.11, P = 0.25). 
Arrival times were earlier with increasing wind 
force (rs = -0.84, P <0.001). Arrival times became 
steadily later during the year and peaked during 
October (Fig. la). Wind direction did not have a sig- 
nificant effect on arrival time (linear-circular regres- 
sion: RZ = 0.14, ns, Fig. 2a), although the variation 
between different directions was considerable. 

Variation in petrel activity at the colony 
Adult grey-faced petrels began arriving at the 
Hobbs Beach colony on 31 March in 1998. Sam- 
pling was conducted on 63 nights between 27 April 
and 10 December 1998. The activity of grey-faced 
petrels at the colony during the 1st hour at the 
breeding colony showed considerable variation 
between sampling nights (range from 0 to >120, 
Fig. lb). Two periods of decreasing numbers were 
observed, the 1st in early June, the 2nd in mid- 
September. Very few petrels were observed after 4 

October 1998 and the variation between nights was 
extremely low. 

The results from the categorical analysis showed 
that both time of year (month) and wind force sig- 
nificantly affected activity (x2 = 83.88, P < 0.0001; x2 
= 19.52, P < 0.001, respectively) and that there was 
no interaction effect (F = 1.06, P = 0.31). In general, 
landings increased significantly with increasing 
wind force (rs = 0.67, P <0.001) but declined as the 
year progressed (Fig. lb). Wind direction did not 
significantly affect activity (linear-circular regres- 
sion: R2 = 0.13, ns, Fig.2b). However, variation in 
petrel landings was substantial. 

DISCUSSION 
During our study, petrels returned to the Hobbs 
Beach colony on 31 March (8. Walters pers. comm.), 
which is 1 month later than dates given in Marchant 
& Higgins (1990) for other colonies of grey-faced 
petrels in New Zealand. Petrels arriving at the colony 
at this time probably included both breeding and 
non-breeding birds. We found that the time the 1st 
bird arrived after sunset and the nightly activity of 
grey-faced petrels at the breeding colony both var- 
ied considerably. In general, as the season progressed 
fewer petrels arrived, and they arrived later in the 
day. The observed drop in petrel numbers in June 
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corresponds to the pre-laying exodus (Imber 1976). 
As counts did not recover after this period, it is likely 
that some non-breeding birds left the colony at this 
time. A 2nd decrease in numbers was observed in 
September, corresponding to the last of the non- 
breeders leaving the colony (Ross 1999). This period 
is about the end of chick hatching (Imber 1976; 
Johnstone & Davis 1990). Although by the end of 
September petrels returned more directly to their 
burrows (less circling the colony before landing) they 
still made considerable noise and we do not feel that 
the birds were less easy to detect. 

Astronomical twilight was shortest in winter as 
the sun sets further north. Hence the length of twi- 
light between 27 April to 22 June is comparable to 
that between 22 June and 20 August, while twilight 
steadily lengthens after 20 August. This increasing 
length of twilight may account for some variation 
in the timing of petrels' arrival after sunset, par- 
ticularly the variability in arrival times, which was 
much greater from September onwards. 

Wind speed was the only environmental vari- 
able to be significantly related to the arrival times 
and activity of grey-faced petrels at the colony. Pet- 
rels arrived at the colony earlier in higher winds 
(regardless of time of year) and as wind speed in- 
creased so did the number of petrel landings. In 
contrast, fulmar numbers were iowest whenkind 
speed was greater than Beaufort Force 5, presum- 
ably as these are good conditions for foraging 
(Macdonald 1980). Gliding birds rely on higher 
wind speeds for flight and foraging (Haney 1987). 
Foraging efficiency increases with wind speed up 
to a point after which increased wind may be detri- 
mental to the birds (Dunn 1973). Fulmars and cape 
petrels leave the colony in higher winds (coulsbn 
& Horobin 1972; Macdonald 1980; Weidinger 
1996a). In contrast, grey-faced petrels arrived at the 
Hobbs Beach colony in larger numbers in higher 
wind speeds. 

Breeding in winter coincides with low food avail- 
ability (Ashrnole 1971), so why do grey-faced pet- 
rels return to the breeding colony when the foraging 

conditions seem optimal? The large distance between 
the foraging areas and the colony (Imber 1973) 
could mean that, in addition to optimising forag- 
ing efficiency, they are utilising high wind condi- 
tions for movement between the areas. Because 
grey-faced petrels are nocturnal foragers, this could 
result in high abundances 1 day after high wind 
conditions, but this was not observed. Another ex- 
planation could be that they do not remain at the 
colony the entire night and hence are still able to 
take advantage of good flying conditions. No pet- 
rels were observed leaving the colony during the 
sampling periods but they probably leave later in 
the night. One of the limitations of our study is that 
wind speed and direction were measured 8-12 h 
before sunset and weather conditions in New Zea- 
land can change rapidly. It is likely that we have 
underestimated the strength of these relationships. 
Additionally, we were not able to measure arrival 
times or activity in extremely high wind speeds. 

Management implications 
An understanding of the temporal pattern of 
colony use is necessary when developing meth- 
ods for estimating population size. Fluctuations 
in abundance suggest that the proportion of breed- 
ers and non-breeders using the colony changes 
over the breeding season. Most population esti- 
mation methods involve measuring density of 
burrows within quadrats, then extrapolating to the 
known area of burrows, or suitable habitat 
(Warham & Wilson 1982; West & Nilsson 1994; 
Gaston & Scofield 1995). Often only occupied bur- 
rows are included (Warham & Wilson 1982; Gaston 
& Scofield 1995). Therefore, the burrow occupancy 
method will provide different estimates of the 
population size, and sample from different classes 
of the population, depending on the time of year. 
Sampling could be timed to estimate the breeding 
population, or the maximum number of birds vis- 
iting the colony. Knowledge of how the popula- 
tion changes will provide a better understanding 
of the population being estimated. 
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The  methods  developed i n  this s t u d y  for meas- 
u r i n g  a b u n d a n c e  a r e  o n l y  feas ib le  fo r  s m a l l  
populations (<200 birds) a n d  although this method 
potentially h a s  s o m e  observer bias it is  still useful 
in quant ifying relative changes th roughout  the  
year. We used  a sampling period of 1 h after the 
arrival of the 1st  bird a n d  a n  index of petrel activ- 
ity a t  the colony. This sampling period should pro- 
vide sufficient information to see definite changes 
i n  numbers  throughout the season. Future research 
should include a comparison of dayt ime bur row 
occupancy with nocturnal activity to determine the 
degree of correlation. Standardis ing populat ion 
est imating methodologies  w o u l d  enable useful  
comparisons between different populations. 
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