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Influence of season, habitat, temperature, and invertebrate
availability on nocturnal activity of the New Zealand long-tailed bat
{Chalinolobus tuberculatus)
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Abstract Nocturnal patterns of activity by the New
Zealand long-tailed bat (Chalinolobus tuberculatus)
varied significantly in relation to habitat, season,
time of night, temperature, and invertebrate activity.
Automatic bat detection units recorded 12072 bat
passes containing 593 feeding buzzes during 580
nights of sampling. Overall, 46.3% of passes were
along roads within forest, 42.7% along forest edges,
8.1% in open grassland and 2.9% within forest. Pass
rates averaged 30.8/night (95% confidence interval
(CI) = 23.3-38.4) during spring, 31.7 (CI = 21.3-
42.1) during summer, 6.7 (CI = 4.4-9.0) during au-
tumn and 1.6 (CI = 0.2-3.0) during winter. Bats were
active throughout the night in all habitats, but the
patterns of their activity were different in each. Dur-
ing spring and summer a significantly higher propor-
tion of bat passes in edge and open habitats were
recorded in the first 2 h after sunset, and activity then
declined steadily towards dawn. In road habitats
activity peaked in the second hour but was more
consistent during the remaining hours of the night.
Activity in forest did not vary through the night.
Patterns were similar, though less pronounced, in
autumn but in winter there was little activity during
the first three hours after sunset or in the 5 h before
dawn. Analysis of deviance models indicated that
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habitat, season, minimum overnight temperature,
and invertebrate activity contributed to explaining
the activities of bats. Overnight temperature was
more important than invertebrate activity in explain-
ing total bat activity in a night. Invertebrate activity
was more significant than minimum temperature in
the model explaining the amount of foraging activ-
ity per night, inferring that minimum temperature
determines whether bats fly at night, while inverte-
brate activity determines how long bats feed. Tech-
niques for indexing bat activity that are designed to
survey distribution or monitor population trends
should control for temporal variation and tempera-
ture to enable valid comparisons between counts.
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INTRODUCTION

Flexible and opportunistic foraging behaviour has
been recorded in many insectivorous bat species, and
numerous factors can influence habitat use and pat-
terns of activity (e.g., Fenton & Bell 1979; Barclay
1985; O'Neill & Taylor 1989; Brigham 1991;
Brigham et al. 1992; Grindal et al. 1992; Fenton et
al. 1993). Ecomorphology and echolocation call
structure influence speed and manoeuvrability of
bats, and hence where they can forage effectively
(Aldridge & Rautenbach 1987; Norberg & Rayner
1987; Crome & Richards 1988). Weather conditions
(wind, rainfall, humidity, moonlight), time of year,
metabolic demands, predation pressure, and
interspecific competition influence the times that
bats emerge from their roosts at night, and duration
and patterns of their activity (see reviews in Ekert
1982; Rydell et al. 1996; Hayes 1997; Vaughan et
al. 1997). Factors that are correlated with activity
level differ among studies and may be specific to
area and species (Hayes 1997). However, ambient
temperature and food availability consistently have
profound effects on patterns of activity (e.g.,
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Anthony et al. 1981; Avery 1985; Swift et al. 1985;
Barclay 1991; Rydell 1993; Hayes 1997; Vaughan
et al. 1997).

The New Zealand long-tailed bat {Chalinolobus
tuberculatus Forster, 1844, Vespertilionidae) is a
small (8-11 g) insectivorous bat. It is largely forest
dwelling and has relatively long wings and a large
uropatagium. Wing morphology (Norberg & Rayner
1987; Daniel 1990; O'Donnell 1999) and echoloca-
tion call structure (Parsons 1997; Parsons et al. 1997)
suggest that C. tuberculatus is a moderately fast fly-
ing bat that would prefer to forage along habitat
edges and gaps. In the Eglinton Valley, Fiordland,
C. tuberculatus concentrated its activity along the
edge of forest and in open spaces within the forest
created by roads (O'Donnell & Sedgeley 1994;
O'Donnell 1999). However, little is known about
patterns of activity through the night or factors that
influence them (Dwyer 1962; Daniel 1990).

The range, and presumably the abundance, of
New Zealand bats has been reduced significantly
since the arrival of humans in New Zealand (e.g.,
Buller 1892; Cheeseman 1893; Bathgate 1922;
Stead 1936; Dwyer 1962; Daniel & Williams 1984)
and C. tuberculatus is currently classed as threat-
ened (Bell 1986; Molloy 1995). Developing tech-
niques for surveying for and monitoring numbers of
C. tuberculatus is essential for identifying popula-
tion trends, especially for locating areas of dimin-
ishing densities, and for evaluating the results of
conservation management initiatives. Methods are
being explored for indexing bat populations on their
foraging grounds using bat detectors, both overseas
(e.g., Helmer et al. 1987; Walsh et al. 1993;
Boonman 1996; Walsh & Harris 1996), and in New
Zealand (O'Donnell 1994; O'Donnell & Sedgeley
1994). Understanding the factors that influence vari-
ability in activity levels of bats is important for de-
signing survey and monitoring techniques.
Development of rigorous monitoring methods that
control for variability in activity will be neces-
sary if future population changes are to be moni-
tored.

O'Donnell (1999) investigated overall habitat use
patterns by C. tuberculatus in relation to
ecomorphology. The aim of this study was to quan-
tify temporal variation in nocturnal patterns of ac-
tivity by C. tuberculatus in relation to season,
habitat, temperature, and invertebrate activity, and
to discuss the implications for our understanding of
the bats' habitat use and for the design of monitor-
ing techniques.

STUDY AREA

The study was conducted in the Eglinton Valley,
Fiordland, South Island, New Zealand (44°58'S,
168°01'E) (Fig. 1). The valley is of glacial origin
with steep sides and a flat floor, 0.5-1.5 km wide,
at c. 250-550 m above sea level. Partly modified
Festuca rubra and Anthoxanthum odoratum tussock
grassland dominate much of the valley floor.
Temperate forest, dominated by Nothofagus, covers
the gentle glacial terraces and outwash fans on the
lower hill-slopes, and the valley walls that rise
steeply to the timberline at 1000-1200 m above sea
level. Mean annual rainfall in the mid-valley (Knobs
Flat) is 2300 mm but increases farther into the
headwaters of the valley to >5000 mm.

The forest is dominated by red and silver beech
{Nothofagus fusca and N. menziesii) on the valley
floor (Sedgeley & O'Donnell 1999). Composition of
the forest varies, ranging from pure stands of silver
beech c. 25 m tall along the margin of the forest to
stands of red beech up to c. 60 m tall farther into the
forest. Mountain beech (N. solandri var.
cliffortioides) occasionally contributes to the canopy
at low elevations, and becomes more common with
increasing altitude. Under the canopy, the forest is
generally open with few plants in the understorey
and a ground cover of mosses. The most common
plants in the understorey are mountain toatoa
(Phyllocladus aspleniifolius var. alpinus), broadleaf
(Griselinia littoralis), and small-leaved coprosmas
(Coprosma spp).

METHODS

Detection of bats
A simple automatic system for detecting echoloca-
tion calls of C. tuberculatus was developed
(O'Donnell & Sedgeley 1994). The system moni-
tored bat activity through the night while unattended,
and its low cost allowed a large number of units to
be deployed.

The system comprised a Batbox III bat detector
(Stag Electronics, West Sussex, UK), a small voice-
activated tape recorder (Sony TCM—82V, Japan), a
talking clock (Voicer Talking Key Chain, Japan),
and a long-life gel battery with voltage regulator, all
placed in a waterproof container, with a hole for the
detector's microphone. The detector was set on half
volume to minimise interference from environmental
noise. The units were placed at sampling stations for
10+ h each night. When a bat flew past the detector


