Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



USE OF KINLEITH FOREST BY NATIVE NEW ZEALAND
BATS AND EFFECTS OF FORESTRY

A thesis presented in partial fulfilment of the requirements for the degree of Master

of Science in Ecology at Massey University, Palmerston North, New Zealand.

GERALDINE ELAINE MOORE
2001



Copyright © 2001 Geraldine Elaine Moore



Frontispiece The Redwood Reserve, Galaxy Rd, is frequented by
long-tailed bats. Planted in 1927, the redwoods are among the oldest
trees in the forest.



ABSTRACT

New Zealand’s vulnerable microbats, the long-tailed bat (Chalinolobus tuberculatus,
Vespertilionidae) and short-tailed bat (Mystacina tuberculata, Mystacinidae), are typically tree-
roosting and generally associated with indigenous forest. However, bats have been seen at the
edge of Carter Holt Harvey Forests’ central North Island Kinleith Forest, a 131,000 ha exotic
forest predominantly in Pinus radiata. Requested by Carter Holt Harvey Forests, this study
investigates bat presence and distribution in Kinleith Forest, forest use by long-tailed bats, and
the effects of forestry practices on bats, with focus on tree felling operations. It is the first

comprehensive study of native bats’ use of exotic plantation forest in New Zealand.

A broad-scale bat detector-based survey of 32 disparate sites, and comprising 720.5 km of
driving transects over three routes, found long-tailed bats to be widespread in Kinleith Forest. In
places activity was high, on some nights exceeding 60 bat passes/hour, or 100 passes/night,
and at one site, averaging 46.0 passes/night (n = 189 bat detector-nights from throughout the
year). Given the decline in this species elsewhere, it is significant that long-tailed bats are
present in some areas from which they were known historically. Mapping of bat sites in relation
to forest type indicates long-tailed bats may have a fairly continuous distribution in the central
North Island. Results suggest that instead of approaching unsurveyed plantation forests with
the expectation that long-tailed bats are absent, they should be assumed present until proven
otherwise. Anecdotal evidence of short-tailed bats, and of Dactylanthus taylorii — a rare plant

they naturally pollinate, indicates short-tailed bats could potentially be present in Kinleith Forest.

Bat activity monitoring in adjacent forest interior and road habitats showed long-tailed bats
commonly used roads in young (without canopy closure) and mature P. radiata forest, and
podocarp broadleaf forest. Bats probably favoured roads for reasons of habitat structure,

though roads may also play a role in navigation. This behaviour can be used to advantage

when surveying for long-tailed bats in plantation forest.

Survey work identified long-tailed bats to be present in all topographies and a range of habitats
including harvested/unstocked land, young P. radiata forest, and mature (= 17 years) P. radiata,
Eucalyptus spp., Pseudotsuga menziesii and Sequoia sempervirens forest, wetlands, and native
forest remnants. Comparison of 46 “bat habitats” with habitat availability along 194 km of
transects revealed long-tailed bats to select older pine forest and generally avoid unstocked
land or younger forest. This pattern is supported by findings from monitoring work in young and
mature pine forest. Older pine forest retains more heat, has a different understorey, and may
offer more shelter than younger forest, potentially influencing insect prey abundance and bat
activity. Bats’ differential use of habitat may partially explain the lower number of bat
encounters in the Wainui area than the Galaxy area. Six sites, including a wetland, older pine

forest, and areas in or adjacent to native forest, had high bat activity.



The relative importance of exotic plantation forest and native podocarp broadieaf forest reserve
land to foraging fong-tailed bats was investigated in a replicated bat detector-based study.
Insect abundance and ambient temperature were also monitored. Bat activity and foraging
activity were much greater in the plantation forest than the native forest, possibly because of the
greater abundance of moths — important prey. Forest type was the best predictor of bat

activity.

Anecdotal accounts indicated several bat roosts to be in production trees (P. radiata), including
old crop trees. One record was of a roost in a barely noticeabie crevice in a 30-year-old pine,
others were from areas of native forest, rocky crevices and a cave. Four accounts were of
communal roosts. There is evidence that maternity roosts may occur in production forest. Most
observations were made during the process of habitat modification and so roosts no longer
exist. Atleast one possible communal roost was identified from bat activity data. A review of
roosting ecology suggests that while highly mobile, long-tailed bats use many roosts in a small
area, often roost near forest edges. are highly selective of roosts, and may face inter- and intra-

specific competition for roosts.

Long-tailed bats may be very sensitive to roost site disturbance and habitat fragmentation. Tree
felling, an important part of forestry, could threaten long-tailed bats at an individual and a
population level by causing injury or death, reducing available habitat, and isclating bat groups.
However, tree felling could create foraging (e.q. edge) habitat and facilitate access for bats.
Overall, effects are likely to depend on the scale of operations. Cther forestry operations which
could negatively affect long-tailed bats include site preparation, pesticide use, infrastructure
works, transperiation and quarrying. Pest mammal control operations and the conservation of
cave, wetland and reserve areas potentially benefit iong-tailed bats in Kinleith Forest. The
complex habitat mosaic may be favourable to long-tailed bats. However, there are many
questions yet to be answered. Sensitive management may be needed to ensure bat survival in

Kinteith Forest.

Long-tailed bats probably prey on a number of forestry pests including Helicoverpa armigera
and may be an effective biocontrol agent. Artificial roost boxes could be used to encourage

bats in this rote and reduce the number of bats potentially harmed in tree felling operations.
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AUTHOR’S NOTE

In the interests of clarity and ease of reading, the following chapters are structured as eight
interrelated but standalone papers. While this leads to some repetition of material, it is thought
that the benefits of this format far outweigh its limitations. Style decisions have been guided by
the recommendations of the Council of Biological Editors. Supplementary information, including

statistical analyses, is included in appendices at the back of this volume.
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Chapter 1 General Introduction

"During the last millenium human activity has resulted in grasslands and shrublands
replacing forest over much of New Zealand. Against this trend of deforestation, 5% (1.3million ha)
of New Zealand's land surface has been planted in exotic conifers for timber production over the
last century. These plantations add a comparatively new, and rapidly expanding, component to the
landscape, and can provide a forest environment in areas with little such habitat. . . .
The role of land management in the maintenance of biodiversity is a major issue."”
— Allen and others 1995, p 301, 302

GENERAL INTRODUCTION

ABSTRACT

Bats (Chiroptera) are among the most successful, most threatened, and most misunderstood
mammals on Earth. They play important ecosystem roles. The long-tailed bat (Chalinolobus
tuberculatus, Vespertilionidae) and short-tailed bat (Mystacina tuberculata, Mystacinidae), are
New Zealand’s only native terrestrial mammals. Long-tailed bats are aerial insectivores, and
considered “edge” bats. They forage along forest margins. They roost in crevices commonly in
trees including exotic species, but also in rocky outcrops or caves. Short-tailed bats, “deep
forest” bats, are omnivorous, often hunting in the leaf litter of the forest floor. They generally
roost in hollow indigenous trees. Both species have large home ranges. Both have declined in
distribution and are considered vulnerable. Threats include habitat loss. Plantation forestry,
predominantly based on exotic Pinus radiata, is an important industry in New Zealand. Bats
have been seen in central North Island plantation forests, including Cater Holt Harvey Forests’
Kinleith Forest. This study, requested by Carter Holt Harvey Forests, investigates bat presence
and distribution in Kinleith Forest, examines bats’ use of the forest, and considers the effects of
forestry practices on bats, especially tree felling operations. It is the first comprehensive study
of native bats in exotic plantation forest in New Zealand.

1. INTRODUCTION

The purposes of this chapter are 1) to introduce bats in general and New Zealand's two species,
2) to briefly detail the importance of exotic forestry in New Zealand and the place of Kinleith
Forest, and 3) to outline the problem this research seeks to address. A synopsis of the
following chapters is also given.
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2. BATS

Why are bats special?

Bats are among the most successful mammals. In species richness, bats are only exceeded by
the rodents, but bats are prabably more abundant overall {(Kunz 1982). Nearly one quarter of all
mammal species are bats (Tuttle 1992). Most numerous in the tropics (Yalden and Maorris
1975), bats are found right across the glabe, colonising almost every region except Antarctica
(Kunz 1982) from forests to deserts to grasslands, from coastal to montane ecosystems (Hill
and Smith 1984). Bats are the only mammals capable of sustained flight (Daniel 1980) and
their diverse diet is unparalleled in other extant mammals (Kunz 1982). Bats are superbiy
adapted to their nocturnal lifestyle, and the challenges of energy balance, given their fast
metabolic rate, use of flight, and generally large surface area to volume ratio. However, for al

this, bats are perhaps the most misunderstood animals on earth (Fenton 1992).

Ecological roles and importance of bats

British batis effectively prevent the fatal blood loss due to mosquito bites of 710,000 people per
year (Webb 1996). While perhaps tongue in cheek, this calculation serves to illustrate just one
of the important ecological roles of bats — they are the principal predators of vast numbers of
night-flying insects {Tuttle 1992} including forestry and agricultural pests (Pierson 1998). Bats
also play key roles in pollination and seed dispersal (Wilson 1987), and nutrient cycling {(Marcot
1996). They have the ability to influence the population levels of other animals, and some
support their own specialised ecto-parasitic fauna (Marcot 19586). The influence of bats may be
wide, affecting the ecological processes, productivity and diversity of the ecosystems they
inhahit, and reaching into the sails, forest canopies, caves, wetlands and riparian areas (Marcat
1996).

Further information about the origins of bats, the mega- and micro-bats, and other features
characteristics is provided in Appendix 1.5.

3. NEW ZEALAND BATS

New Zealand has its origins in Gondwanaland. Breaking away from the remaining Australia—
Antarctica landmass around 80 million years ago, late Cretaceous (Vickers-Rich and Hewitt
Rich 1983), the flora and fauna have largely evolved in isolation. New Zealand's separation,
before the widespread diversification of mammals (Vickers-Rich and Hewitt Rich 1993), means
bats (pekapeka) are New Zealand’s only native terrestrial mammais. Despite this, they are not

widely known and knowledge of their ecology is limited.
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New Zealand has two species of microbats, the long-tailed bat Chalinolobus tuberculatus
(Forster 1844"), and the lesser short-tailed bat Mystacina tuberculata (Gray 1843) (hereafter
referred to as the "short-tailed bat"). One further species (but see Higham 1992; O'Donnell
1993, 1994), the greater short-tailed bat, Mystacina robusta (Dwyer 1962) is now considered
extinct (Daniel and Williams 1984; O'Donnell 1999a).

Origins
Long-tailed bats belong to the Vespertilionidae, the "evening bats”, the most widespread of bat
families (Daniel and Williams 1984) and among the most widely dispersed mammals (Daniel
1990). The genus Chalinolobus includes five other species in Australia, Papua New Guinea,
New Caledonia and Norfolk Island (Daniel 1990). Ancestors of long-tailed bats probably arrived

one million years ago, being blown across the Tasman Sea (O'Donnell 1994).

The origin of Mystacina (Mystacinidae) has been widely debated (e.g. Pierson and others 1986;
Hand and others 1999; Lloyd 2001). However, there is growing evidence of their association
with the South American superfamily Noctilionoidea (Phyllostomoidea) (e.g. Pierson and others
1986; Kirsch and Lloyd 1999; Lloyd 2001). It is probable that ancestral Mystacinidae were
widespread in Gondwanaland after New Zealand's separation, and subsequently arrived in New
Zealand from Australia (Kirsch and Lloyd 1999; Lloyd 2001).

Description

Long-tailed bats

Long-tailed bats are the smaller of our two species. They weigh between eightand 11 g
(O'Donnell 1999a), the same amount as a 20c piece, though pregnant females may reach 14—
16 gz. They are chocolate brown, juveniles are slightly darker than adults®. Long-tailed bats
have small rounded ears and their tails are fully enclosed in the uropatagium. Aerial
insectivores (Daniel 1990; Higham 1992), long-tailed bats are regarded as “edge” bats (Daniel
and Williams 1984), foraging along forest margins, over farmland and wetlands (Daniel 1990).
Their diet includes flies, moths and beetles (Gillingham 1996).

Long-tailed bats roost in hollows or crevices, most commonly in trees or under bark, but also in
caves, rock crevices and sometimes buildings or bridges (Daniel and Williams 1984). Tree
roosts are not limited to indigenous species, roosts have also been found in e.g. Eucalyptus sp.,
Acacia sp, and Populus sp., as well as Pinus radiata (Daniel 1981; Daniel and Williams 1984).

Bats may roost alone, or in groups of generally fewer than 70 individuals (Sedgeley and

' O'Donnell 2001

? Personal field observation, assistant in Landcare Research project, Ball's Clearing, Puketitiri, Hawkes Bay, 1995.
* Personal field observation, assistant in Department of Conservation project, Grand Canyon Cave, Piopio, King
Country, 2000.
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O'Donnell 1697). Bats move frequently between Iree roosits — average summer occupancy is
1.6 days (Sedgeley and O'Donnell 1996). Hibernation occurs during the late auiumn and winter
in colder parts of New Zealand (Daniel 1990) although long-tailed bais may forage on milder
nights {Daniel and Williams 1984). As in other temperate vespertilionids, long-tailed bats give
birth in iate spring (MacKenzie 1985; Gillingham 1988). Mating probably occurs in the autumn
(Danie! 1990; O'Donnell 2G01).

Amongst microbats, long-taited bats have comparatively targe home ranges (O'Donnelt 1989a).
Fifty bats from three roosting groups in the Eglinton Valley, Fiordland, were found to coliectively
range over 11,700 ha, though this may be an underestimate of their actual requirements
(O'Donnell 1998a). Median individual ranges varied between 1,589 ha (aduit males), and 237
ha {newly volant juveniles). The median range of post-laciating females was 1,361 ha
{O'Donnelt 1999a). Long-tailed bats frequently fly more than 16 km to feeding grounds and
perhaps travel some 3040 km in a night (O'Donnell 1894}

Short-tafied bats

Short-tailed bats are larger than long-tailed bats, weighing 10-19.7 g (Lloyd 2001} bui up to 22
g in Fiordland {O'Donnell and others 1997). They have short grey thick frosted velvet-texiured
fur, a free tail and long ears. There are three recognised subspecies, Mysfacina fuberculata
aupcurica — the Kauri forest short-tailed bat, M. ¢ rhyacobia — the Volcanic Plateau short-
taited bhat, and M. {. tuberculata — the Southern short-tailed bat (Molloy 1995).

The short-tailed bats, having evolved in isolation for so long, possess some unusual characters
{Daniei 18990). They are the most terrestrial of all bats (Daniel 1980) and are very agile. Able to
fold up their wings into pouches {Dwyer 18962}, and with robust hind limbs and feet (Daniel
1979}, they hunt through the leaf litter of the forest floor for arthropods (Daniel 1880). They are
also foliage and tree trunk gleaners (Dantel 1979), take flying arthropods (Arkins 1998), and
unusually among microbats, feed on plant malerial — fruil, nectar and pollen {Daniel 1990).
Shori-tailed bats seem o have the broadest diet of any bats (Fenton 1992). Additionally rare
among bats, short-tailed bats have a lek mating system (Higham 1992). Parturition oceurs in
summer in Northland (Daniel 1980) and the centrai North Island (Lloyd and McQueen 1997) but
may differ for other populations (Danie! 1980).

Uniike iong-tailed bats, shori-taited bats are deep forest bats (Daniei and Williams 1984). They
roost and feed within indigenous forest (Daniel and Williams 1984), though low numbers have
been recorded in a variety of habitats, including pine plantations, close to areas of undamaged
old growih forest (Lloyd 2001). Roosts are generally in hollow trees e.g. kauri, beech or
podocarp species (Daniel and Williams 1984, Daniel 1990). However, sometimes tomos and
caves, and occasionally buildings close to large tracis of forest are used (Daniel and Wililams

1984). Shori-tatled bats are the only bats known fo actively enlarge roost cavities {Daniel 1879;
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Fenton 1992). They may roost alone or in small groups (< 200) during their winter hibernation,
but throughout the rest of the year roosts may contain between 1,400 and 4,500 individuals
(Lloyd and McQueen 1996). Like long-tailed bats, short-tailed bats switch roosts frequently
(Lloyd and McQueen 1996).

Short-tailed bats have large home ranges. In Fiordland, four bats ranged over an area of
130,000 ha with individual ranges varying from 3,150 to 69,332 ha (though there was
insufficient data to fully reveal home ranges) (O'Donnell and others 1999). Foraging was
observed over a 35 km stretch of the Eglinton Valley, with bats often ranging 15-17 km from
their roosting area (O’'Donnell and others 1997). Some movements were recorded at around 60

km/h and bats also flew over 1-2km tracts of open grassland (O'Donnell and others 1997).

Conservation status, national distribution, and threats
While long-tailed bats have been previously regarded as the more common of the two bats (e.qg.
Daniel and Williams 1984), both species are now classed as vulnerable i.e. “facing a high risk of
extinction in the wild in the medium-term” (IUCN 2000a) by the IUCN based upon evidence of
population decline (IUCN 2000b, 2000c; long-tailed bats: Dwyer 1960a, 1960b, 1962; Daniel
1990; O'Donnell 1997, 2000; short-tailed bats: Dwyer 1960a, 1960b, 1962; Daniel and Williams
1984 Daniel 1990; O'Donnell 1997). The New Zealand Department of Conservation classifies
short-tailed bats as “Category A" (Molloy 1995), threatened species of highest conservation
priority (Molloy and Davis 1994) and long-tailed bats as “Category B" (Molloy 1995), second
priority species (Molloy and Davis 1994).

Long-tailed bats appear less numerous in some regions than previously thought, being very rare
or now even absent from areas where they were present 20-30 years ago (O'Donnell 1997).
Populations may still be declining (O'Donnell 1997). Comparatively few large roosts have been
observed in the last 30 years (Daniel 1990). However, long-tailed bats are widely distributed in
New Zealand (Daniel and Williams 1984; Daniel 1990; O'Donnell 1994). MacKenzie (1995),
Molloy (1995), and O'Donnell (2000) indicate occurrence throughout much of the North Island,
particularly north of the Manawatu Gorge. In the South Island, long-tailed bats are mainly
present on the western side of the alps, in the east they are only found in south Canterbury and
Southland (Griffiths 1996). Populations also exist on Kapiti Island, Little and Great Barrier
Islands, and Stewart Island (MacKenzie 1995; Molloy 1995).

Short-tailed bats, which presumably once occurred throughout mainland New Zealand, have
disappeared from large areas (Daniel 1990). Their range is far more restricted than that of long-
tailed bats (O’'Donnell 1994), and more fragmented. Short-tailed bats are known from only two
locations in the South Island (Lyall 2000): northwest Nelson (Lyall 1996), and the Eglinton
Valley — Fiordland (Christie 1997; O'Donnell and others 1999), though they may be present in
Punakaiki (Lyall 1998, 2000). They also occur on Codfish Island (e.g. Molloy 1995; Sedgeley
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1987). In the North Island, short-tailed bais are found in Northland, central areas from north-
east Taranaki through to the East Coast, and the Tararuas {Molioy 1935, O'Donnefi 1995b,
1996; McQueen 1986, Garrick 1997; Heaphy 1987; Smuts-Kennedy 1887, Biick 1998; Lloyd
and Whiteford 1998; McManus 1998, 1998; Speedy 1898; Trafford 1998; Williams 1998, 1089,
2000; Foster 1999; Quirk 1999; Speed 1989; Arkins 2000; Gasson 2000; Lloyd and McQueen
2000; M Lewis unreferenced personal communication 2001; C Speedy unreferenced personal
communication 2001}, Sizable central North Island populations occur at Waitaanga, Waitotara,
Purecra, Whirinaki, Waikareiti Conservation Area, Kaimanawa Forest Park, and Rangataua
{O'Donnell 1988b). Short-tailed bats also exist on Little Barrier Island (Molloy 1995; Arkins
1996). Some of these populations have only been discovered in the last five years. Further

unknown populations could yet be discovered.

Bats as a group are vuinerabie to extinction. O'Donnell {1989¢, p 27} succinclly summarises:
“Many characteristics of bats make them unigue among animals and cause
them io have specific conservation problems. Bats are particulariy vulnerable
to disturbance and environmental change because they are very slow breeders,
have large home range requiremenis, specialised roosting site requirements,
complex social structures, and limited flexibllity because of specific energy and
feeding requirements. Complex life styles can be disrupted very easily”.
In fact, of 957 known bat species {Neuweiler 2000), 448 {some 47%) are listed as threatened,
conservation dependent or near threatened, a further 12 are already extinct, while for another

60 there is insufficient data to make an assessment {{UCN 2000d).

Threats to New Zealand’s bafs potentially include predation {e.g. by rats, mustelids, possibly
possums, feral cais, and moreporks), habitat loss and disturbance, toxins such as those used in
possum and rodent control, and competition {Daniel and Williams 1994, Molloy 1995).
However, the significance of these is largely unquantified (O'Donnelt 1993, 1984, 2000; Moloy
1995, but see Daniel and Williams 1984, Daniel 1990; Lioyd and McQueen 2000; and Sedgeley
and Anderson 2000%. While New Zealand has made extensive use of predator-free offshore
islands in the conservation of indigenous wildlife which has for the most part evolved in the
absence of terrestrial predators, Volcanic Plateau shori-tailed bats, unlike the northern and

southemn sub-species, do not occur on any predator-free offshore isiands {Gaze 1998).

The effects of logging on bats is of particular concern. The decline in range of both species,
particularly since the arrival of Europeans {Griffiths 1896; O'Donnell 1987), is correlated with
patierns of native forest clearance (Dwyer 1860a, 1960b, 1862). Of 36 long-tailed bat
specimens, at least 13% had been killed when roost trees were felled (Daniel and Williams
1884}, (However, this proportion may be artificially high compared with other causes of death
due fo greater chances of observation.} Short-tailed bats also died when a roost tree was

toppled during a storm {Daniel and Willlams 1884). Further studies investigating roosting
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requirements have highlighted the vulnerability of both bat species to logging of indigenous
forests (O’Donnell 1999b; O’Donnell and others 1999; O’'Donnell and Sedgeley 1999; Sedgeley
and O’Donnell 1999a, 1999b).

4. PLANTATION FORESTRY IN NEW ZEALAND

The main sources for the following summary are New Zealand Forestry (2000) and New
Zealand Forest Owners Association (2000a).

Plantation forestry in New Zealand is an important industry accounting for 4% of gross domestic
product (GDP) and NZ$2.75b in annual export earnings, making it New Zealand's third largest
export earner. The 1.7 million ha of plantation forest comprises 6% of the country’s total land
area (in comparison with 24% naturally occurring forest, and 51% pasture and arable land).
One third of the national plantation forest estate is located in the central North Island (Figure 1).

{Heatares - round Npures)

Hortnland 199,000
Aucxland 53,000 {
Ceniral North Island 569,000 V\
] e
Coss' 144,000 A
Ha vke's Bay 121 000 k "F -
Southern North Isiand 147,000 'f \
Nelson/Maribzrougn 172,000
\Wesi Ceast 33,000

Canterbury 112,000

_ Otagu/Suuthiand 179,000

Total 1.7 million hectares
- Source: NEFD 1599

Figure 1 Location and extent of plantation forests in New Zealand.
Reproduced from New Zealand Forest Owners Association (2000b)
with permission.

Forest owners are mainly registered public (47%) and private companies (44%). Carter Holt
Harvey Forests, a public company, is the second largest company in New Zealand and the
largest forest owner with approximately 332,000 ha (CHH 2000). Some 40% of this area is



Chapter 1 General Introduction

made up of Carier Holt Harvey Forest's central North Island Kinleith Forest, the focus of the

present study.

Pinus radiata is the dominant species of New Zealand’s plantation forestry industry (90.3% of
total). Although a native of California, it grows extremely well in New Zealand's temperate
climate. Trees reach maturity in 25 to 28 years. Management regimes vary, however, of the

national estate in 1999, most trees had been pruned without production thinning.

Radiata pine is extremely versatile. Products inciude logs, poles, wood chips, sawn timber,
chemicals, newsorint, paper, paperhoard, fibreboard, plywocd, veneer, and particleboard.

Several different grade iogs may come from a single tree.

5. OCCURRENCE OF BATS IN PLANTATION FOREST AND WITHIN THE

KINLEITH FOREST AREA

Long-tailed bats sometimes roost in exotic trees. The first record from a plantation pine forest
was in 1876, when part of New Zealand Forest Products' Waikato Block of Pinus radiata [now a
part of the Kinleith Forest (R Black unreferenced personal communication 1949)], near Lake
Arapuni, was ciearfelled (Daniel 1981}, About 15 bats were observed flying around a felled
dead pine. A further five bats were found alive inside a small cavity in the 300 mm free trunk,
Daniel (1981) suggests the typical forest management regime of harvesting trees at a
comparatively young age, and thinning out the undesirable malformed and decaying trees
before the final crop, means suitable bat roosts are likely to be scarce in plantation pine forests,
He hypothesises that the bats probably came from an area of native forest about 3 km across
Lake Arapuni o the west, and used the iake and pine forest for foraging. Daniel (1981)
concludes "[blats may be more common in exctic forests than was previously thought” (p 110},
a sentiment later echoed by Garrick (1997). The fiexibility of long-tailed bats regarding foraging
areas, and their adaptability to foraging in new habitats such as willow copses, is emphasised
by Griffiths (1996}. Research in the New Forest area in England found “more [baf] activity in the

coniferous plantations than in the overgrazed ancient woodlands” {Fawcett 1997, p 4).

Three additional records of bats roosting in plantation pines exist from the ¢entrat North Island
Taupo Volcanic Zone. Two bats were found when a large pine was felled in Tauhara Forest
east of Taupo in 1978 {Daniet 1981). These were prehably long-tailed bats as this species was
known frem a nearby reserve (Daniet 1981}, More recently, in September 1996, 50-100 long-
tailed bais were reported to have emerged from an 86-year-old Pinus strobus tree felled at
Waiotapu (Garrick 1997). Photos and measurements were taken of seven bats, five females
and two maies (Garrick 1996a). Logging was halted and monitoring revealed up to 87 passes
(bat echoiocation calls) per night in the vicinity one week later, and up to 26 passes per night six
weeks later (Garrick 1998b, 1997). Subsequent work found bats still present (Owen 1997). In
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mid December of the same year, 20 long-tailed bats were seen coming out of a felled 30-year-
old Pinus radiata by a logging contractor working near Upper Atiamuri in Kinleith Forest (Wilke
1996a; Garrick 1997). A juvenile and a female were recovered (Garrick 1997).

Bats have also been seen flying in Kinleith Forest in a eucalypt block to the west of Tokoroa (R

Black unreferenced personal communication 1997).

While short-tailed bats are regarded as deep forest bats (Daniel and Williams 1984) and thought
to be largely restricted to indigenous forest (Daniel and Williams 1984; Daniel 1990), it was
suggested by B Lloyd (unreferenced personal communication 1996) that short-tailed bats may
be using the Karioi pine forest as a corridor between the indigenous forest of southern Ruapehu
and the Kaimanawa Ranges. Lloyd (2001) has recorded low numbers of short-tailed bats in a
variety of habitats, including pine plantations, close to areas of undamaged old growth forest.
Short-tailed bats are remarkably elusive — it took just over six years to discover them in the well
researched Eglinton Valley in Fiordland (research described in e.g. O’'Donnell 1993, 1999a;
Christie 1997) and dedicated effort in the Tararuas (e.g. Foster 1999). Hence, while there is

little knowledge of their use of commercial exotic forest, they could well be present!

Long-tailed bats have been reported from the Mokaihaha Ecological Area (Marsh and Blake
1997) and there is a possibility that short-tailed bats are present (Garrick 1997; Griffiths 1999).
This. 2,136 ha (Marsh and Blake 1997) podocarp broadleaf forest, administered by the
Department of Conservation, is located on the Mamaku Plateau to the north-east of Tokoroa
and is largely surrounded by Kinleith Forest. Three bats were seen flying in the south-west
corner of the reserve, at the boundary between the pine forest and unlogged podocarp
broadleaf forest (Marsh and Blake 1997, Wilke 1996b). An initial review of the National Bat
Database* revealed records of bats at Orakei Korako geothermal park (long-tailed bat, 1995)
around 2.3 km from the Kinleith Forest, Mamaku village (short-tailed bat, 1971) about 4.3 km
from the Forest, and at Pureora Conservation Park (both species). “Pureora” is close to the
southern Pouakani and KK blocks of Kinleith Forest.

Dwyer's (1960a, 1960b, 1962) anecdotal bat records are discussed in Chapter 3.

6. INITIATION AND SIGNIFICANCE OF THIS STUDY
Carter Holt Harvey Forests (CHHF) was aware of the bat sightings on the edge of Kinleith

Forest (see Marsh and Blake 1997) and identified a need to find out more about the bats so the
company would be in a position of knowledge when making management decisions (R Black
unreferenced personal communication 1998). They were particularly interested in whether

forestry operations may be affecting bats. Strong support for a study of the Kinleith Forest bat

* Located at: Department of Conservation Head Office, PO Box 10-420, Wellington.
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population also came from a consultative meeting of interested parties including the local
Department of Conservation {September 19397) (R Black unreferenced personal communication
1998). Fieldwork began in early 1998.

Although great strides have been made in New Zealand bat research in the tast 10 years,
facilitated by technological advance e.g. the advent of ultrasonic bat detectors, minute radio-
transmitters, safe bands, portable (harp) traps, and infrared cameras and nightscopes
(Tidemann and Woodside 1978, Fenton 1883, 1892, O'Donnell and Sedgeley 1994, Molloy
19895 Gillingham 1896; O'Donnell 1996, 2001}, at the start of this study, comparatively little was
known about New Zealand bats. Few long-term studies had been completed (Higham 1992}
and very little was known of the status, stability, limiting factors and ecology of either species
(O'Donnell 1894: O'Donnell and Sedgeley 1984; Molloy 1995). While emphasis had previously
been on short-tailed bat research, in 1997 the conservation status of long-tailed bats was
becoming of increasing concern (G'Donnell 1897). Long-tailed bats appeared rare or absent
from areas where they were previously widespread, but little information was avaifable from the
North Istand. Both species have declined in range with forest clearance (Dwyer 1960a, 1960b,
1962) and forest fragmentation, processes which threaten bats worldwide (e.g. Kunz 1882;
Fenton 1983, 1992; O'Donnalt 1995a).

The present study is significant nationally as it is the first comprehensive study of native bats’
use of exotic forest. It will increase knowledge of bat ecology, particularly in madified habitats,
and provide a basis from which forest management decisions can be made, and will help mest
the Department of Conservation's species recovery objectives 1, 2, 4 and 5 (Molloy 1985). 1tis
significant internationally as there is comparatively little Known about forest-dwelling microbats
(O'Donnell 1995a; Brigham and Barclay 1996}, let alone of the impacts of anthropogenic habitat
modification {e.g. Grindal 1996, Hayes and Adam 1996; [Lacki 1996}

7. OBJECTIVES

Objectives were threefold:
1. To determine the presence and distribution of bats in the Kinleith Forest
2. To assess bais’ use of the forest
To investigate bats' use of roads as flyways in different forest types
To ascertain habitat preferences and locate important foraging areas
To determine home range sizes
To locate and describe communal, maternity and sofitary roosts

3. To assess the effects of forestry operations on bats.

10
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8. THESIS STRUCTURE

This chapter sets the scene of the present study. The next chapter describes the study area.
The objectives of this research are then addressed in the following six chapters. Chapter 3
details the presence and distribution of bats in Kinleith Forest and considers the results in terms
of our knowledge of bat distribution in the central North Island. Bats’ use of forest roads is
examined in Chapter 4. Habitat preferences and important foraging areas are considered in
Chapters 5 and 6. Chapter 5 examines broad-scale patterns of habitat use within Kinleith
Forest, and details investigations into range. Chapter 6 focuses on the value of exotic
plantation forest compared to native forest to foraging bats. Roosting ecology is addressed in
Chapter 7. Chapter 8 draws on all the results of this study to discuss the effects of forestry
practices on bats, with special focus on tree felling operations. The role of long-tailed bats in
the forest ecosystem and possible opportunities to maximise the benefits to forestry are also
briefly considered. | close with a summary of the main findings and contributions of this study,

and presentation of the key recommendations and conclusions.
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STUDY AREA

ABSTRACT

Kinleith Forest is located in the South Waikato, central North Island, New Zealand. Landforms
and soils are largely volcanic. The topography varies from flat to steeply dissected hill country.
The climate is cool and humid with 1,731 mm mean annual rainfall. Much of the forest was
planted on fire-induced scrubland. Pinus radiata is the dominant commercial species, followed
by Eucalyptus spp. and Pseudotsuga menziesii (Douglas-fir). At least 10% of the land area is
managed as non-production reserve land. Reserves include gullies of podocarp broadleaf
forest descending from the Mamaku Plateau. There has been a long and complex history of
Maori occupation of the area.

1. INTRODUCTION

This chapter briefly describes the physical setting for the present study.

2. LOCATION

Carter Holt Harvey Forests' Kinleith Forest (centred around 38°17'S 175°53'E) is a commercial
forest of 131,000 ha predominantly in Pinus radiata, in the South Waikato, central North Island,
New Zealand (Figure 1). The main forest area occurs within the triangle formed by the main
urban centres of Taupo, Hamilton and Rotorua. To the north, State Highway 5 on the Mamaku
Plateau delineates the boundary with Kaimai Mamaku Forest Park. Much of Kinleith Forest's
western side is bordered by the Waikato River. The eastern side backs on to native bush and
farmland but lies predominantly to the west of Galaxy and Mamaku South Roads and to the
north-west of State Highway 30, before adjoining Lakes Atiamuri and Ohakuri. The Forest
stretches as far as Poihipi Road in the south, but discontinuous blocks can be found to the
south-west extending down beyond Pureora, and to the west of Lake Taupo.

3. GEOLOGY AND SOILS

The following summary, except where referenced otherwise, is based on Molloy (1988). The
geological history of the Kinleith Forest area and resulting soils have greatly influenced patterns
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of land use, contributing to the establishment of extensive areas of plantation forestry.
Landscape features such as caves and rocky bluffs, influenced by parent material and past
geological events, present potential roost sites for native bats.
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The landforms of the central North Island are generally of volcanic origin, and the land
supporting Kinleith Forest is no exception. Much of the Forest lies in the Taupo Volcanic Zone.
The north-western half of Kinleith Forest perches on vast ignimbrite plateaux formed by eruption
of molten rhyolite 170,000-750,000 years ago, and the whole Forest area has been influenced
by various comparatively recent rhyolitic eruptions of the volcanic centres of Taupo (to the
south) and Okataina (north-east). A large Taupo eruption (estimated at around 130 or 186 A.D.)
devastated an area of around 20,000 km? (Wardle 1991). Nuées ardentes “swept across the
landscape as incandescent mud flows, incinerating the forest and flowing into valleys and

depressions, filling them to a considerable depth with pumice” (Molloy 1988, p 41).

The Whakamaru hills on the northern side of the Waikato River are part of a chain of extinct
volcanoes (Miles 1984). On the southern side, jutting high above the landscape is Pohaturoa —
the remnant plug of an ancient volcano (Miles 1984). Further along the river, is the active
thermal field of Orakei Korako, now largely drowned by the hydroelectric power generation lake
of Ohakuri (Miles 1984). North, adjacent to the Matahana Basin forest blocks, and skirted by
State Highway 30, is the Horohoro rhyolite dome. At a height of 835 m, it is the highest point of
the ignimbrite flows that make up the Mamaku Plateau. Parts of the Mamaku Plateau are
characterised by numerous ignimbrite tors and conical mounds, formed by erosion of the jointed

surface layer overlying a more resistant fused base.

The main soil-forming surface tephras of the Kinleith Forest area today are the Taupo Pumice
(130 or 186 A.D.) and the Kaharoa Ash (deposited 660 years ago). These give rise to weakly
weathered, coarse textured and free draining yellow-brown pumice soils that are generally
deep, and predisposed to erosion because of their low cohesion. The soils from these tephras
are naturally poor in potassium, magnesium, calcium, phosphorus and sulphur, and in some
trace elements including copper, cobalt and selenium, initially making them unsuitable for
pastoral farming. However, they respond well to fertiliser. The highly vesicular nature means
sufficient moisture is available (where soils are deep) to support Pinus radiata and other deep
rooting plants. To the north there is a small but significant area where the volcanic soils are
much older, weathering having produced volcanic yellow-brown (and some red and brown)
loams. These contain a greater clay content than the pumice soils but have lower moisture
retention, there are no significant trace element deficiencies (though cobalt may be marginal)

and populations of soil organisms are high.
The range of specific soils in the Forest area is vast — erosion has redistributed the parent

materials and mixed them with non-volcanic material meaning soils vary with topography.
Climate and biological factors also influence soil type.
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4. TOPOGRAPHY

Kinleith Forest lies between around 100 to 800 m asl ranging from flat land through to steep
hilis, gorges and river terraces. Broadly, the foresf comprises four distinct blocks. The north
and east are domirated by the high Mamaku Plateau. A multitude of rivers originate on the
plateau, descending in steep gorges in a generally easterly or south-easterly direction. Roads
typically follow ridges. The forest at the southern end of the Plateau including the Matahana
Basin, has a more southerly drainage pattern, rivers joining to meet the Waikato River at or near
Lake Atiamuri. To the west, on the other side of Tokoroa, the land is in roliing hills, refiected by
the road polygons which are wider and more rounded. The southern area of forest (mainly
south of the Waikato River) is characterised by steep round hills, reaching up to 822 m asl.
Some roads have a distinctly circular fook in this area. In addition, there are several refatively
fiat areas of forest, mainly located at the forest margins e.g. in a band around Tokerca, and
adjoining the Waikato River. The topography of the area has an important influence on land
use patterns and forestry practices (from establishment to harvesting). All of these are likely {o

influence bat distribution and ecclogy.

5. CLIMATE

The climate is cool and humid (Allen and others 1995; Ogden and cthers 1997) with mean
annual rainfall of 1,731 mm. Rainfall can be very intense at times {Wards 1976} and there is no
pronounced dry period (Allen and others 1995).

The mean annual ternperature for the forest area (at 12 noon) is 15.1°C, with a mean monthly
noon maximum in February of 24.6°C and mean monthly noon minimum in Juty of 6.5°C. The
average minimum temperature of the warmest quarter (Mills and cthers 1996) at ncon is
13.6°C.

The forest experiences catm cenditions {winds under 2 knots') for 36.7% of the year. Prevailing
winds are westerly (>15% of occasicns}, with other notable winds coming from the north, south-
west and scuth-east. Winds generally range in intensity between 6 and 12 knots. Ciear nights

with radiation frosts are common in winter (Qgden and others 1997}

6. HISTORIC VEGETATION

The Taupo eruption eft remnant beech forest on leeward slopes, but incinerated the forest of
exposed areas {Wardle 19%1}. There followed a succession of bracken, Haloragis, grasses,
composites, manuka and Pseudaopanax, which gave way to beg pine, and later Phyllocladus.

Colonisation was probably rapid on the shallow unconsolidated tephra of the slopes, with slower

1 knot = 1.853 km/h.
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invasion of the pumice flats by slow-growing podocarps (Wardle 1991). Podocarps were again
dominant in the area within 450 years (Wardle 1991) long before human settliement (McGlone
1983).

Burning by Polynesians e.g. to encourage bracken and fernland — a source of food, to keep
tracks free for travel, and to keep the land clear around fortifications for defence (McGlone
1983) may have begun within 800 years of the eruption, and by the time of European settlement
had induced heath and tussock grassland over most of the pumice plains and depressions,

scrub in frosty gullies, and bracken fernland over higher and steeper ground (Wardle 1991).

There resulted a mosaic of vegetation types in the Kinleith Forest area, with tall podocarp forest
in the south (e.g. Pouakani, Tauri — south east of Lake Ohakuri, Whakamaru hills), and north to
north-east (e.g. Mokaihaha, Te Whetu, Mamaku), large areas of scrubland, and areas of
wetlands.

7. FOREST ESTABLISHMENT

The first tree planting was undertaken in 1924. Kinleith Forest has grown with further planting
and a series of land acquisitions. The somewhat piecemeal development has given rise to a

forest of varying ages — some areas are in their first rotation (crop), while others, particularly
areas central to the pulp and paper mill, are in their third (B Cuff unreferenced personal

communication 2000).

8. CURRENT VEGETATION

The breakdown of commercial species of Kinleith Forest is shown in Figure 2. The dominant
species is Pinus radiata, followed by eucalypt species and Douglas-fir (Pseudotsuga menziesii).
Extensive areas of a single commercial species occur in places, but in older stands [> 20 years
(Ogden and others 1997)], there is a rich understorey of indigenous species relative to other
New Zealand forest types (Allen and others 1995). Common understorey shrubs are Coprosma
robusta, Pittosporum tenuifolium, Fuchsia excorticata, Aristotelia serrata (Ogden and others
1997). Widely occurring “ground” ferns and fern allies are Dicksonia squarrosa seedlings,
Blechnum ‘capense’, Paesia scaberula, Pteridium esculentum, Asplenium polyodon, Histiopteris
incisa (Ogden and others 1997). Tree ferns are prominent in older stands, reaching densities of
2000-2500 /ha (Ogden and others 1997). Most common is Dicksonia squarrosa, followed by
Dicksonia fibrosa, Cyathea dealbata, Cyathea medullaris, and Cyathea smitthii (Ogden and
others 1997).

At least 10% of the Kinleith Forest is managed as (non-production) reserve land (R Black

unreferenced personal communications 2001), protected voluntarily under the New Zealand

23



Chapter 2 Study Area

Eucalyptus spp.
] Pseudotsuga menziesii

Eucalyptus delegatensis

Unknown species

Eucalyptus spp. Pinus
radiata mix

Sequoia sempervirens
Populus spp.
Others >30ha

Eucalyptus regnans
Pinus radiata L

Figure 2 Commercial species of Kinleith Forest

Forest Accord (1991) and its complementary Principles for Commercial Plantation Forest
Management in New Zealand®. Reserves include gorges of podocarp broadleaf tawa forest
descending from the Mamaku Plateau. The management of the larger forest reserves, which
are generally on Crown Forests land, has recently been transferred to the Department of
Conservation (R Black unreferenced personal communications 2001). Smaller areas of riparian
scrubland, fernland and wetlands are retained within the Carter Holt Harvey freehold (R Black
unreferenced personal communications 2001).

Kinleith Forest is mainly surrounded by pasture, used for dairying (especially in recent years)
and sheep and beef. However, there are also some areas of exotic forest and lowland
podocarp broadleaf forest sometimes with scrub (Newsome 1987). Adjoining the north-eastern
Forest is the 2,136 ha Mokaihaha Ecological Area, a podocarp broadleaf forest with a significant
component of unlogged podocarp tawa kamahi forest (Griffiths 1999).

9. WI

There has been a long and complex history of Maori occupation of the wider Waikato area. Iwi
include the Tainui subtribe Ngati Raukawa, whom displaced the Ngati Kahupungapunga in the
seventeenth century (Grace 1959; Palmer 1964; Miles 1984; Kiwanis Club of Tokoroa Inc in
association with Telecom Directories Ltd 1999; Watkin 2001), Te Arawa and Ngati Tuwharetoa
(Environment Waikato 1999). Many wahi tapu (sites sacred to Maori) exist within the area of
the present Kinleith Forest. Known archaeological sites are protected (CHHF 1997) and were
given due respect during the present study.
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Chapter 3 Bat Presence and Distribution

“The first step may be finding the bats. . . . Often bats are hard to find because they are
relatively small and nocturnal.”
— Fenton 1992, p 21.

BAT PRESENCE AND DISTRIBUTION IN KINLEITH
FOREST, AN EXOTIC PLANTATION FOREST IN THE
CENTRAL NORTH ISLAND, NEW ZEALAND

ABSTRACT

Native bats have been seen in Kinleith Forest, a 131,000 ha predominantly Pinus radiata forest
in the central North Island. This could have significant implications for forest management.
Long-tailed bats, Chalinolobus tuberculatus (Vespertilionidae) were confirmed to be present and
their distribution was surveyed using bat detectors at fixed sites generally spread over a broad
area, and by continuous monitoring for bat calls using driving transects. Sightings were also
collected from the public. Evidence for the presence of the more cryptic short-tailed bats,
Mystacina tuberculata (Mystacinidae) was evaluated from anecdotal accounts of sightings of
the bats themselves, and of Dactylanthus taylorii, a rare plant they naturally pollinate. Results
were considered in light of distribution records reviewed for the central North Island. Long-
tailed bats are widespread in Kinleith Forest. In places activity is high. Given the decline in
this species elsewhere, it is significant that long-tailed bats are present in some areas from
which they were known historically. Long-tailed bats may have a fairly continuous distribution
in the central North Island. Results suggest that instead of approaching unsurveyed plantation
forests with the expectation that long-tailed bats are absent, long-tailed bats should be
assumed present until proven otherwise. The presence of short-tailed bats in Kinleith Forest
cannot be ruled out.

1. INTRODUCTION

New Zealand's two remaining species of native bats, long-tailed bats (Chalinolobus
tuberculatus, Vespertilionidae) and short-tailed bats (Mystacina tuberculata, Mystacinidae), like
one quarter of all known bat species [239 (IUCN 2000a) of 957 (Neuweiler 2000)], are
threatened (Molloy 1995; IUCN 2000b, 2000c). Typically tree roosting (O’Donnell 1994; Molloy
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1995), and generally associated with indigenous forest (Dwyer 1960a, 1960b, 1962, Daniel
1880, Higham 1992, C'Donnell 1994 Molloy 1895), sightings in commercial exotic forest are
surprising (Daniel 1981). However, both Daniel {1981) and Garrick {1997) acknowledge bats

could be more prevalent in exotic forest than previously thought,

Bais are known from the Kinleith Forest area (Marsh and Blake 1897) and have been seen in
the exotic plantation Forest itself (Daniel 1881; Wilke 1996; Garrick 1897 R Black unreferenced
personal communication 19397) (Chapter 1). The present study investigates the distribution and
ecotogy of native bats in Kinleith Forest and the impacts of forestry operations. This research is
significant nationally as it is the first comprehensive study of native bats’ use of exotic forest, bat
distribution has not previously been investigated at this scale within the South Waikato, and
comparatively little bat research has been undertaken in New Zealand in areas cutside of the
estate of the Department of Conservation {BeC). Internationally, there is comparatively little
known about forest-dwelling microbats (O'Donnell 1885; Brigham and Barclay 1896), let alone
of the impacts of anthropogenic habitat modification {e.g. Grindal 1856, Hayes and Adam 18986;
Lacki 1998).

With only a handful of recent sightings of bats in the Kinleith Forest and surrounding area
{Chapter 1), and potential for both species o be present (Chapter 1), the first task was to
identify species presence and distribution within Kinleith Forest. Long-tailed bats formed the
main focus because this species was more likely to occur in exotic forest (e.g. Daniel 1981,
1890; Daniel and Williams 1984), however, the presence of short-tailed bats was also
investigated. The purpose of this chapter is to summarise these investigations and {o place

resulis in the central North Isiand and New Zealand context.

2. STUDY AREA

Carter Holt Harvey Forests' Kinleith Forest {cenired around 38°17'S 175°33'E) is an exotic
plantation forest of 131,000 ha in the South Waikato, ceniral North Island, New Zealand (Figure
1; Chapter 2). Pinus radiata is the dominant commercial species, followed by Eucalyptus spp.
and Douglas-fir (Pseudotsuga menziesii). Areas vary from first io third rotation. Atieast 10% of
Kinleith Forestis managed as (non-production) reserve land (R Black unreferenced personal
communication 2001). Reserves include gorges of podocarp broadleaf tawa forest descending
from the Mamaku Plateau as well as smaller areas of riparian vegetation of scrubland, fernland
and wetlands (R Black unreferenced perscnal communication 2001). Adjoining the north-
eastern Forest is the 2,136 ha Mokaihaha Ecological Area, a podocarp broadleaf forest with a

significant component of unlogged podocarp-tawa-kamahi forest (Griffiths 1999).
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3. METHODS

Figure 1 Location of Kinleith Forest

Fieldwork was undertaken between early 1998 and mid 2000.
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Bat presence and distribution in Kinleith Forest
Collection of anecdotal records

A bat sighting form (Appendix 3.1}, based on those used by DoC but designed for the
commercial forest environment, was distributed to pig hunters in May 1998, and to deer stalkers
and pig hunters with their permits in 1999. Bat sightings were also collected from local people
including forestry workers, hunters, farmers and DoC staff. An e-mail raising the profite of the
bat project and hoping fo solicit sightings was aiso sent out to forestry staff in 1998 (R Black

unreferenced perscnal communication 1898).

Long-tailed bats
Broad-scale ABM survey

Bat detection

A broad-scale survey of the forest was undertaken using automatic bat monitoring units {ABMs)
which record bat echolocation calls. Developed in 1994 (&’Donnell and Sedgeley 1994), these
are now standard equipment in bat monitoring in New Zealand (Lloyd and McQueen 193860
Douglas 1998}, though several designs and models exist. The units used were mainly DoC
Science and Research 22, 22b and 22¢ models each incorporating a Stag Electronics (VWest
Sussex, UK) Batbox Ill bat detector {3 narrow band helerodyne bat detector), voice activated
tape recorder {(Sony TCM-353V, Sanyo TRC 950C or Sanyo TRC 1196 Japan), talking clock
{Voicer Talking Key Chain, Japan), Grasslin timer {Grasslin Conirols Corporation, New Jersey,

USA), and a 12 v sealed gel lead-acid batiery. Some units were also filted with a rain switch.

The hat detector picks up the ulirasonic echolocation calls of nearby bats [see O'Donnell and
Sedgeley (1994) for sensitivity diagramj, translating them into audible sound, this triggers the
voice-activated tape recorder which records the calis. A time check is recorded from the voice
clock every hour from sunset. The timer ensures ABMs furn on just before sunset and off just
after sunrise, while the battery powers the ABM for up {0 five nights at a time. When used, the
rainswitch checks for minute vibrations on the ABM's lid, generaliy indicative of rain. If
detected, the switch turns the ABM off until five minutes after the rain stops {Douglas 1997).

Each period of disablement is signalled at each end by a tone foliowed by the voice time.

Bat detectors were set at 40 kHz for long-tailed bats (Parsons 1997). ABMs were generally
programmed to come on at least half an hour before mean monthly sunset and off half an hour
after mean sunrise, capturing the period of nightly bat activity (G Moore unpublished data) while
economising on battery use. Choice of levels for other ABM setlings was dictated by the need

to optimise ABM performance given each ABM had its own idiosyncrasies. Generally, tape
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recorders were set on a volume of 5-7 (Lloyd and McQueen unpublished'; Douglas 1996), or
low sensitivity (depending upon model), and the volume of bat detectors to medium to low
(Douglas 1996). The calibration of each bat detector was checked by observing whether the
arrow and 20 kHz mark were flush when the frequency dial was turned backwards as far as it
could go (M Douglas unreferenced personal communication 1998) or with a 40 kHz generator

(when available).

Survey method

The survey was undertaken between April 1998 and late January 1999. To achieve broad-
scale forest coverage, | initially aimed to site one ABM on land shown on each of the twenty
1:60,000 forest road atlas pages. However, this proved logistically impossible (many roads
were inaccessible), and so a more haphazard method was adopted. Forest coverage achieved
over the 121,196 ha main area (B Cuff unreferenced personal communication 1999) of Kinleith
Forest is shown in Figure 2.

Survey sites were biased towards those that looked like good bat sites (O’Donnell unpublished
az). All but one were forest edge sites (Daniel and Williams 1984; Molloy 1995) — mainly
roadsides, (O'Donnell unpublished a, 1994, 1997¢; O'Donnell and Sedgeley 1994, Griffiths
1996), and often road junctions for ease of relocation. Seventy two percent of (18) sites were in
pines over 15 years old. Half had a mapped stream or wetland in at least one of the adjoining
blocks, two sites directly faced wetlands. Areas of visible or imminent forestry operations (e.g.
roading, spraying, harvesting) were avoided. Several locations where there was anecdotal
evidence of past bat presence were chosen (e.g. Wiltsdown, Johnstone-Wainui, Star Rd-
Mokaihaha area) as well as some areas of particular interest to CHHF (e.g. the Redwood
Reserve on Galaxy Rd — one of the oldest blocks in the forest).

ABMs were generally positioned facing clearings (such as roads or road junctions) at 1 m above
general ground level (O'Donnell and Sedgeley 1994; Lloyd and McQueen unpublished), e.g. on
banks and angled slightly upwards (Lloyd and McQueen unpublished). They were disguised
with materials to hand and often hidden behind vegetation in an attempt to minimise theft.

ABMs were serviced where possible once every four days and after rain. The noise of rain is
readily detected by bat detectors and may rapidly fill up cassette tapes leaving no room for

collection of more data. Additionally, ABMs are not very waterproof, and their components are

' Lloyd B, McQueen S. Instructions for field use of automatic bat monitors. [Handout at the Second New Zealand Bat
Conference, Ohakune, New Zealand, 28-29 March 1998]. 3 p.

2 O'Donnell C. A Department of Conservation bat record scheme draft proposal. 8 p. Available from: Colin O'Donnell,
Department of Conservation, Private Bag, Christchurch, New Zealand.
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Figure 2 Location of bat survey sites in Kinleith Forest

easily damaged by water. During servicing, cassette tapes were changed or turned over,
batteries replaced, and the inner workings and settings checked.

The amount of time each location was surveyed varied due to a number of factors including
season, weather, ABM reliability, researcher’s skill in setting them up, any delay in analysing
tapes and level of other work commitments. Where bats were detected quickly, ABMs were
moved on to survey new sites. However, two sites (Star Rd and Redwood Reserve) were
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monitored on a long-term basis (at least 19 months) to provide a picture of bat activity
throughout the year.

Data analysis

Tapes were transcribed and the number of bat passes per hour of real time sampled was
tallied, identifying bat presence or absence (during the time monitored), and giving an indication
of the relative level of bat activity. A bat pass is “a set of two or more echolocation calls as a
single bat [flies] past the microphone” (O’Donnell unpublished a, p 5).

Other ABM survey work

Further sites were surveyed to identify areas with potential for trapping bats for radio-telemetry
(Chapter 5, 7) and areas suitable for examining bat behaviour more systematically — e.g.
investigating their use of roads, and use of native versus exotic forest (Chapter 4, 6). An
additional two areas of particular interest to CHHF, J904273 Rd (off Waihou Rd), an area of
natural springs and potential public reserve site, and Pohaturoa, an area significant to local iwi
still in old crop trees (radiata planted 1927) and coming up for harvesting, were also surveyed
for bats. Altogether 12 disparate sites were surveyed (Figure 2). Survey effort varied between
sites as required. For example, in part to counteract the effects of surveying at a less than
optimum time (winter) Pohaturoa was surrounded by four ABMs, whereas only one was used

on Rewarewa Rd (in spring).

Sunset surveys

Two areas (Figure 2) where it was undesirable to survey with ABMs e.g. because of high public
use, or where a quick result was required, were surveyed at sunset for bats. Researchers
watched for bats and listened for them with Batbox |l bat detectors (already described) set on
40 kHz for long-tailed bats (Parsons 1997) from around sunset for at least an hour where bats

were reasonably active, longer if there was little or no activity.

Driving transects

Driving transects were also undertaken to clarify bat distribution in Kinleith Forest. Used in
Australia (e.g. de Oliveira 1998; Conole and Baverstock 1997) and Europe (Ahlén 1980-81;
Haffner and Stutz 1985; Judes 1989; de Jong and Ahlén 1991; Rydell 1992), this method was
practically unknown in New Zealand although a few researchers had tried it (e.g. Griffiths 1996).
Driving transects seemed an ideal rapid-survey method given the large area of forest. The
method was also considered safer than the more widely used and labour intensive walking
transects (O'Donnell 1993, O'Donnell unpublished a; O’'Donnell and Sedgeley 1994, Griffiths
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1996; and currently being developed further by O’Donnell, unpublished ba) in the commercial
forestry environment where logging trucks operate around the clock and there is a significant

level of unauthorised public access.

Equipment set-up

A Bathox Il bat detector was affixed pointing skywards on each wing-mirror of the vehicle just
below the upper lip of the mirror to minimise wind noise, These were set at 40 kHz (Parsons
1897). Used with earphones, or earphone-speakers combination, the output velume was set
high encugh so that a bat pass {simulated by rubbing cne’s fingers together above the sensor)
would be ciearly heard over the vehicle and road noise. A digital thermometer attached to the
outside of the vehicle allowed ambient temperature to be monitored throughout the transect.

The trip meter was zeroed af the start of the transect,

Routes and reconnaissance

Routes (Figure 3) of around 50 km (Judes 1989), and usually loops, were chosen from the
forest road map, and generally driven once during the day to check road condition and note
major landmarks before night-time transects were begun. Further daytime reconnaissance was
carried out to record the distance between road junctions and cther features so that the

researchers couid better pinpoint their location in the dark.

Doing the transect

Driving transects were carried out at 30 km/h where possible. This speed is not too dissimilar to
Jides' (1989} 20-25 km/h and was considered slow enough to detect bats flying perpendicular
to the road -— long-tailed bats have been clocked flying at about 60 km/h (WWF 1997),
Transects were started on average 1 h 8§ min after sunset (range: 44 min before to 2 h 27 min
after) aiming to coincide with peak bat activity (e.g. ©’Donnell and Sedgeley 1994; Griffiths
1996; G Moore unpublished data) and took between 1 h 28 min and 3 h 12 min to complete.
Details of weather and ambient temperature (O'Donnell unpublished a; O'Donnell and Sedgeley
1994), as well as moon presence (Arkins 1998), were recorded at the start of the transect, and
generally every & kim thereafter and if any significant change occurred. Transects were

abandoned if there was persistent rain. An assistant helped to record data and listen for bats.

When a bat pass was heard, a brief stop was made to record the trip meter reading,

temperature, weather conditions, observations of the spot so it could be found again in daylight,

* O'Donnell C. Draft guideiines for surveying lang-tailed bats and monitoring their populations using standardised 1-km
transect counts, 11 p. Avaifable from: C O'Donnell, Science and Research Unit, Department of Canservation, Private
Bag, Christchurch, New Zealand.
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Figure 3 Driving transect routes, Kinleith Forest

and any details of the bat pass(es). Where a bat pass was questionable, a conservative
approach was taken.

Site mapping and description

Bat sites were relocated during the daytime and their location mapped. Habitat features were
also noted. The accuracy with which sites were relocated was estimated to be + 1-100 m.
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Survey effort

While | initially planned to survey in all the 10 major sectors of the main forest area, various
factors meant that only three routes, Galaxy—Mamaku South (“Galaxy”), Tram and Wainui—Jack
Henry (“Wainui”) (Figure 3) were driven. However, the results combined with those of the ABM

survey, provided a good indication of bat distribution.

Survey effort is shown in Table 1. The Galaxy transect received the most effort as | used this
route in the initial evaluation and refinement of the method. The Tram transect was
optimistically undertaken in the middle of winter (when the bats are likely to be in “semi”-
hibernation). This transect was shortened on a couple of occasions as it was too long to
comfortably do after a full day's surveying work, and forestry operations left one road
impassable. The Galaxy route, characterised by large areas of indigenous forest, was later
driven on alternate nights with Wainui, an area with little native forest, in an effort to compare bat

distribution in these contrasting forest areas (Chapter 5).

Table 1 Driving transect survey effort

Date Transect Direction Distance Duration
(km) (h:min)
22/04/1998 Galaxy  Clockwise 54.5 =2:58
23/04/1998 Galaxy  Anticlockwise 54.5 3:12
24/04/1998 Galaxy  Clockwise 54.5 =2:45
04/06/1998 Tram South 40.7 =1:40
05/06/1998 Tram South 69.0 =2:27
06/06/1998 Tram South 66.0 2:30
08/06/1998 Tram South 40.7 1:28
11/02/1999 Wainui Clockwise 442 2:58
12/02/1999 Galaxy  Clockwise 52.4 2:28
18/02/1999 Galaxy  Clockwise 52.4 2:28
19/02/1999 Wainui  Clockwise 442 2:00
12/04/1999 Galaxy  Anticlockwise 49.9 2:19
13/04/1999 Wainui  Anticlockwise 43.0 1:57

Tunnel inspection

In an effort to find bat roosts and/or potential bat trapping areas (Chapter 7), old tram tunnels
were identified from maps and with the help of locals. Two tunnels, the western-most tunnel on
Tunnel Rd, and that between Mackney and Lower Crimp Rds, were located and checked for
signs of bats. A further tunnel was known to be inaccessible by vehicle, and a fourth was given

low priority for searching given the time it would have taken to find in the rough terrain.

Opportunistic survey work

During the course of this study, the opportunity was also taken to listen for long-tailed bats when

primarily engaged in other work. Bat detectors were set at 40 kHz (Parsons 1997).
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Short-tailed bats

Short-tailed bats were less likely to be present in the Kinleith Forest than long-tailed bats (e.g.
Daniel 1981, 1990; Daniel and Williams 1984) and so investigations focussed on identifying and
evaluating evidence for their presence rather than potentially unproductive and time-intensive
field surveys. As mentioned in Chapter 1, short-tailed bats can be remarkably elusive!

Anecdotal bat sightings were collected as detailed earlier, so too were sightings of Dactylanthus
taylorii, a threatened and largely cryptic native parasitic flowering plant, naturally pollinated by
short-tailed bats (e.g. Ecroyd 1993; Holzapfel and others 2000). Monitoring of Dactylanthus
sites has previously revealed new short-tailed bat populations (e.g. Ecroyd 1994).

Some fieldwork with paired ABMs, bat detectors set at 28 kHz for short-tailed bats (Parsons
1997) and 40 kHz for long-tailed bats (Parsons 1997), was undertaken at one site which
overlooked a steep gorge of podocarp broadleaf forest. Additionally, some of the initial driving
transects (described previously) were undertaken with at least one bat detector at 28 kHz (Table
2). However, surveying for short-tailed bats in this manner was discontinued because they are
more commonly associated with the forest interior (Daniel and Williams 1984; O’Donnell and
others 1998) than forest edges, and at 28 kHz, bat detectors pick up a lot of vehicle noise.

Table 2 Driving transect survey effort

Date Transect Direction Distance Duration
(km) (hr:min)
23/04/1998 Galaxy Anticlockwise 54.5 3:12
24/04/1998 Galaxy Clockwise 54.5 2:09
06/06/1998  Tram South 66.0 2:30

As the calls of long- and short-tailed bats overlap in frequency (e.g. Parsons 1995, 1997; Lloyd
and Whiteford 1998; O’'Donnell and others 1998), all recordings made during the present study
were critically analysed for calls other than those of long-tailed bats and expert advice was
sought. Most field research concentrated at edge sites, but several forest interior sites were
surveyed, including three in indigenous podocarp broadleaf forest. No kauri forest and little or
no beech forest (Newsome 1987; R Black unreferenced personal communication 2001), used by
short-tailed bats elsewhere (e.g. Daniel 1979, 1990; Lloyd and McQueen 1995, 1996a, 1998b;
Christie and others 1998; O'Donnell and others 1999), is present within Kinleith Forest.

Reliability checking

For all field methods, the reliability with which bat passes were identified was checked.
Reliability was assessed from a range of recordings by an independent assistant after a period
of training. Tapes encompassing most of the models of ABMs used in combination with various
results e.g. tapes with little bat activity, bat calls interspersed with extraneous environmental
noise and tapes with considerable bat activity. Reliability was calculated focussing on whether
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results e.q. tapes with little bat activity, bat calls interspersed with extraneous environmental

noise and tapes with considerable bat activity. Reliability was calculated focussing on whether
there was agreement in the number of bat passes for each hour sampled by the ABM using the
formula: Reliability = Agreements / (Agreements + Disagreements). Reliability was checked in

the field during driving transects and sunset surveys with the aid of a trained assistant,

Putting the Kinleith results in context

Bat sightings for both species in the central North island were reviewed from published and
unpublished literature inciuding DoC reports, databases (Sites of Special Wildlife Interest’ and
the National Bat Databases) and species files®, and the Bat Recovery Group Meeting Minutes
(1897-2000 inclusive’).

Data analysis

Making a database

A dBASE |V database was made of all mappable bat sites allowing the construction and
mapping of specific queries using ArcView {(version 3.2, Environmental Systems Research
Institute Inc, USA).

Entering the Kinleith data

Anecdotal records where grid references were provided or where pecple pinpointed the location
in their description were included in the database. Generally, there was not enough information
to be able to classify the particuiar bat species seen, and so “species unknown” was coded.
Grid references were obtained for the areas 1 surveyed by using point queries of the forest
geographic infarmation system (GIS) generally at a scale of around 1:10,000, use of a global
positicning system (GPS) in the field, or for a couple of sites, consultation of topographic maps.
Where | had surveyed a site more than once, generally the earliest survey date was recorded

as the bat sighting date. Multipleé records for the same individual site were not entered.

One driving transect record where the bat was detected at 28 kHz was coded as "specias

unknown".

* Located at; Departrnent of Conservation, Head Office, 58 Boulcott §t, Wellington, New Zealand,

¥ Electronic version available from: John Lyall, Department of Conservation, Private Bag 701, Hokitika, New Zealand.

% Located at Bay of Plenty Conservancy, Department of Conservation, 1166 Amohau St, Rotorua, New Zealand.

" Unpublished documents, 1997-1998 available from: Calin O'Donnell, Recovery Group Leader, Science and Research,
Ceparment of Conservation, Private Bag, Christchurch, New Zealand; 2000 available from: John Lyall, Recovery

Gioup Leader, Department of Conservation, Private Bag 701, Hokitika, New Zealand.

37



Chapter 3 Bat Presence and Distribution

Entering data from the literature and threatened species files

For these sources, the independence of sightings at the same location was difficult to judge,
and so where multiple records existed, all were included in the database. When reviewing
records from the Bat Recovery Group Meeting Minutes, some appeared to be duplicated. All
those of the same year, grid reference and general location description were treated as the
same and only entered into my database once. Where different species classifications were
given in record duplicates, a conservative approach was taken i.e. records specifying unknown
species were kept over those stating a specific bat species. It was assumed for all other
records that bat species had been correctly identified. Where two dates were given for a

sighting e.g. ‘97/'98, the earliest date was chosen.

Sightings from the threatened species files were checked against records in the National Bat

Database. Only those that were not represented in the National Bat Database were included.

Eastings and northings were each commonly given in a three figure format. These were
changed to the required seven figure format for mapping by appending the correct two figure
prefix (obtained from the relevant topographical maps), and adding two zeros to the end of each
reference.

Entering data from the National Bat Database

Data from the National Bat Database was also arranged in the database for mapping. Data
from the following Conservancies was included to put the Kinleith bat sightings in context:
Waikato, Bay of Plenty, Tongariro—Taupo, East Coast, Hawke's Bay, Wanganui. Given the
Database is known to contain mistakes (O'Donnell 2000a) it was checked for duplication of
records and questionable species designations. A list of revisions made to the data before
mapping is given in Appendix 3.2. O'Donnell’'s (2000a) amended data set was not available at
the time of analysis, nor were the criteria he used to check entries (C O'Donnell unreferenced

personal communication 2001).

While long-tailed bats typically seem to use edge habitats and fly in the open, fly fairly high,
emerge around dusk, and do not have audible calls, and short-tailed bats hunt in the forest
interior, fly lower, emerge after dark, and have some audible calls, these generalisations were
not regarded as rigorous enough to base judgement of the accuracy of species classifications
from the sighting descriptions in the National Bat Database. For example, one record states
“[flound 200+ bats roosting 50 ft up in a limestone cave. Bats started to squeak and fly around,
resettled” (Card 106413). If using the above generalisations, one might be tempted to call
these bats short-tailed bats. However, the bats were actually observed at Grand Canyon Cave,
a known long-tailed bat “strong-hold” (e.g. O’'Donnell 2001a). Hence, the only alterations made

to species classifications was in the direction of more conservatism — some records (Appendix

38



Chapter 3 Bat Presence and Distribution

3.2) in which bat species was stated were changed to “species unknown”. Most records
however, did not contain enough information for the accuracy of species designation to be
judged and were left unaltered.

Grid references were already in the required seven figure format, but were probably only
accurate to the nearest hundred metres.

Breakdown of source contributions

The selection of data for inclusion into any database is likely to introduce some bias into the
results. To this end, a breakdown of the proportion of bat sites contributed from data sources
other than that of my own is provided in Table 3.

Table 3 The contributions of central North Island bat site data from
the literature, species files and National Bat Database. These gave a
total of 382 sites while the present study contributed 90 sites.

Contribution of
Data source bat sites to total
(472) (n %)

e National Bat Database: Waikato, Bay of Plenty, East Coast,

: : > . 274 58.1%
Wanganui, Tongariro—Taupo and Hawke’s Bay Conservancies
e Selected threatened species files from DoC Bay of Plenty 57 12.1%
e Bat Recovery Group Meeting Minutes 1997-2000 inclusive )
Borkin 1999
Griffiths 1999
Marsh and Blake 1997 51 10.8%

Moorcroft and others 2000a
Moorcroft and others 2000b
Wildland Consultants Ltd 1997

Querying and mapping the data

The database was queried e.g. by bat species, bat sighting date, data source/method used, and
various combinations of these, and results mapped using ArcView (version 3.2, Environmental
Systems Research Institute Inc, USA). Suspicious looking points in an early draft were checked,
and two records deleted from the base data set because the grid references had clearly been
misreported (a Rotoehu Forest site ended up off the coast of Bay of Plenty, and a Pureora
Forest site ended up in Kinleith Forest). Maps of bat distribution were produced using
background data from Terralink (New Zealand).

Evaluation of driving transects

As driving transects are relatively novel in New Zealand, the method’s effectiveness in finding
new bat sites was compared with the more widely used ABM-based survey method using basic
modelling. | listed the key parameters e.g. number of ABMs used simultaneously, length of
driving transect route, and all the steps involved in carrying out each of the two survey methods.
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Values given to the starting parameters were based on actual data, except for average speed of
travel for putting out ABMs which was estimated at 50 km/h (roads ranged from State Highways
to unsealed forestry roads). The number of new bat sites found per transect was calculated as
2.3, the average from 10 transects undertaken in April and February. The number of new bat
sites found using ABMs was calculated at 100% minus the failure rate due to malfunction or
human error (calculated from work described in Chapters 4 and 6), but not the weather.
Although the overall success rate in basic survey work using ABMs was 96% (n = 27 sites),
success early on was lower due to the many technical problems encountered, and so the
calculation used is thought to be fair. The time taken to perform each step was estimated
based on my average experience during the course of the study, though driving transect
durations were averaged to arrive at the figure of 2.5 hours, and tape transcription was

estimated at 45 minutes per tape.

4. RESULTS

Bat presence and distribution in Kinleith Forest

Bat distribution in Kinleith Forest, as identified from fieldwork and through the collection of
anecdotal records, is shown in Figure 4. The presence of long-tailed bats was confirmed
visually (by author and S Pilkington, lecturer, International Pacific College, Palmerston North),
and long-tailed bats were detected at the places shown in red (circles). Of the 15 broad-scale
survey sites successfully surveyed (i.e. either bats were recorded, or at least eight complete
night's data was obtained from ABMs with no known nor suspected problems), there was only
one site where long-tailed bats were not clearly recorded. Other ABM survey work identified
long-tailed bats as being present at a further 12 (of 12) disparate sites. Repeated driving
transects identified 19 bat sites along the Galaxy loop, two on Tram, and four on the Wainui
route. Some bat sites identified with driving transects were right next to those found with ABMs.
Bats were found at two of two locations using sunset surveys, and in four areas from
opportunistically listening for bats. The habitats in which bats were found are discussed in
Chapter 5.

Eleven anecdotal accounts of bats in the Forest area provided sufficient detail for the sites to be
mapped. Records in which a date was given are mainly from the mid 1990s. Largely, the
species seen was unable to be determined (Figure 4: yellow triangles). However, discussion of
the earliest sighting, from east of Maroa around 1968, revealed it was most probably of short-
tailed bats (B Snowsill unreferenced personal communication 2000). Several bats were found
when a native tree was felled. In the late 1960s, the area was in thick native forest which
contained some remarkably large trees (B Snowsill unreferenced personal communication
2000). Bats have also been seen in the forest at Cashmore’s Rd* (about 1997), Deer Rd (about
1987), Glass Rd* (1999), Gorilla Rd*, Jupiter Rd, the old State Highway, Paheke Rd (around

1994), Pouakani South Block (potentially several different records, including one May/June
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Figure 4 Bat sites and sightings in the Kinleith Forest area

1997), Sutcliffe Rd*, Wolf Rd* (around 1994), Mamaku South Rd* (1968—early 1970s, 1984-5),
and Sneddon Block*. (Asterisked sites are close to bat sites identified by fieldwork).

Of the two tunnels inspected, one tunnel was very wet, and flooded at one end, it is not thought
to be used by bats. In the other no bats were seen although bats were active in the area (G
Moore unpublished data), but bat-like droppings were found. However, these may have been
from cave weta (Rhaphidophoridae) (present in the tunnel) or mice (Mus musculus). Regrettably
no droppings were collected for analysis.
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Long-tailed bat activity

Bat activity varied enormously between nights and sites. However, in places activity was high
with =60 passes/hour or =100 passes/night (see also Chapter 5, 7). At Star Rd there was an
average pass rate of 46.0 passes/night (n = 189 ABM-nights — summer: 55, autumn: 35,
winter: 46, spring: 53). Star Rd is located in a narrow tongue of pine forest between the native
forest clad valleys of the Takapuhurihuri and Onukutauira Streams, and runs along part of the
northern border of the Mokaihaha Ecological Area. The ABM was located at the junctions of
Star and Galaxy Rds, opposite the steep valley of the Takapuhurihuri Stream, but surrounded
on other sides by 19 and 21-year-old pine forest.

Presence of short-tailed bats

Short-tailed bat and Dactylanthus sightings in the broader Kinleith Forest area are shown in
Figure 5. Short-tailed bats are present at Pureora Conservation Park to the south-east of
Kinleith Forest (National Bat Database; Higham 1992; Hunt 1992; Ecroyd 1993; Molloy 1995),
and there are two records from the southern Forest area — one from Rautapu Cave at Orakei
Korako in 1991 (Scrimgeour 1991), and one (around 1968) from east of Maroa, now part of
Kinleith Forest (described previously). In the north, a short-tailed bat was found in a house in
Mamaku village in 1971 (National Bat Database; Daniel and Williams 1984). Short-tailed bats
have also been very recently discovered® near Kinleith Forest in Kaimai Mamaku Forest Park
between State Highway 5 (between Rotorua and Tirau, Figure 5) and State Highway 29 to the
north (Figure 1).

Dactylanthus taylorii occurs in Pureora Conservation Park (e.g. Higham 1992; Hunt 1992;
Ecroyd 1993), and has been reported from Kinleith Forest's south-eastern KK Block (B Atkinson
unreferenced personal communication 2000). It has also been seen near Maroa near the
southern part of the forest (B Snowsill unreferenced personal communication 2000), in an area
along the Waikato River (J Dodgson unreferenced personal communication 2001), and in the
Paeroa Range (B Atkinson unreferenced personal communication 2000; J Dodgson
unreferenced personal communication 2001). Itis known from a forestry road in the north-east
of Kinleith Forest (B Middleton unreferenced personal communication 1999; J Dodgson
unreferenced personal communication 2000) and one (J Dodgson unreferenced personal
communication 2000; M Wilke unreferenced personal communication 2000), maybe two (R
Griffiths unreferenced personal communication 2000; M Wilke unreferenced personal
communication 2000) nearby areas. [See also Ecroyd's (1993) distribution map]. However,
various work in the north-east has so far failed to confirm the presence of short-tailed bats
(Ecroyd 1993; Marsh and Blake 1997; Griffiths 1999). [Locations though known, have been

® Subsequent to drafting Figure 5.
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kept deliberately vague because unauthorised collecting threatens this rare and “vulnerable”

plant (e.g. Ecroyd 1993).]

A summary tape of questionable calls and noises recorded during this study at 40 and 28 kHz

was kindly analysed by Brian Lloyd. He reported that it contained nothing that sounded like
short-tailed bats, though he cautions that due to natural variations in pulse intervals and pulse

length it is not always possible to distinguish between the echolocation calls of short and long-

tailed bats at 40 kHz (B Lloyd unreferenced personal communication 2001). No other calls

sounding like short-tailed bats were heard nor recorded.
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Reliability of coding

There was total agreement in coding ABM-nights with no bat activity, and so these were omitted
from subsequent analysis. Coding reliability was hence conservatively calculated to be 85% (n =
213 sampled hours). There was generally a good level of agreement in the field when identifying
bat passes, but if there was any doubt, a conservative approach was taken.
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Figure 6 Bat sightings, central North Island, New Zealand, 1990-
2000 inclusive in relation to vegetation type
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The Kinleith results in the context of the central North Island

The results from this study are iflustrated in relation to bat sightings from the central North
Island in Figure 6. This map shows that bats are widespread in the central North Island, there
are more reparted sightings of long-tailed bats than short-tailed bats, and bat sites are generally
assaciated with medium to large areas of native forest apart from the Kinleith Forest sites.
There are few bat sightings in other areas of commercial exotic forest, and there are no

reported bat sightings from Mt Taranaki in the west, nor from the Ruahine Ranges in the south.

Evaluation of driving transects

Driving transects were found overall to be faster than ABMs at finding new bat sites {Table 4),
not counting the delay between putting cut ABMs and retrieving tapes for transcription. By
eliminating mid-survey servicing of ABMs, efficiencies became fairly equal {(5.00 h for ABMs

compared with 4.99 h for transects).

5. DISCUSSION

Bat distribution in the Kinleith Forest area

Dwyer (1960a, 1960b, 1982) is commonly credited as the first to comprehensively review bat
distribution in New Zealand {Daniel and Williams 1984, O’Daonnell 2000a), though the efforts of
Phillipps (unpublished®), who compiled many sightings, are notable [also supported by Dwyer
(1960a)]. Bat distribution has been reviewed mare recently by Daniel and Williams (1984),
Moiloy (1995) and O'Donnell (1998a, 2000a). The distribution of bats in the Kinleith Forest is
considered in relation to alf of these sources, as well as Daniel (1981). For ease, | have

summarised sightings of bats in the Kinleith Forest area from the literature in Table 5.

Most information in the literature is presented in map form. Generally the maps (Dwyer 1960a,
1960b, 1862; Daniel and Wiliiams 1984, O'Donnell 2000a) are smali and lack major landmarks,
and thase of Dwyer (1960a, 1962) showing river courses seemingly contain some errors, and
so the locations of sightings from these have been estimated. Areas up to 15 km from the
Forest boundary are considered as part of the Kinleith Forest area — this is within the distance
bats can travel during a night (long-tailed bats: O'Donneli 1989a; short-tailed bats: O'Dannell
and others 1997, 1999a).

The sightings summarised in Table 5 are believed to be largely independent. Phillipps’
{unpublished) work is the earliest and stands alone. Dwyer (1980a, 1962) was careful to

acknowledge his sources which include Philiipps. Daniel and Williams (1984) distinguish in

® Transcript available from: C Paulin, Collection Manager (Fishes), Museum of New Zealand Te Papa Tongarewa, F.O.
Box 467, Weliington, New Zealand.
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Table 4 Comparison of efficiency of an ABM-based survey and driving
transects in finding new bat sites in Kinleith Forest

Starting parameters

ABMs
Number ABMs 5
Distance of circuit (km) 127
Average speed (km/h) 50
Season N/A
Transects
Distance of transect (km) 50.4
Average speed (km/h) 20.16
Number new sites found 2.3
Season Not winter
Time taken (h) Activity
ABMs Transects
1 0.5 Work out route (and possible ABM sites)
0 4 Drive it during the day
Same Same Pack car
Same Same Work out sunset times
0.25 0 Make voicer times spreadsheet
1 0.25 Check equipment works
1.5 0 Pre-set-up ABMs
6 2.5 Drive circuit/put out ABMs
1-4 days Next day/later  Waiting time
2.54 25 Drive circuit/route
3.75 1.73 Map and describe sites
2.5 0 Service ABMs
Same Same Break
3.75 0 Transcribe tapes
1-4 days 0 Waiting time
4 0 Bring in ABMs
1 0 Check over settings
3.75 0 Transcribe tapes
31.04 11.48 Total hours
11.05% 0 Equipment failure rate
0 0 Weather failure rate
4.45 2.3 Number new sites found
6.98 4.99 Approx time to find one new bat site (h)

their maps between their more recent sightings and those of Dwyer (1962). O’'Donnell (2000a)
also distinguishes Dwyer’s (1962) sightings. Sightings mapped by Molloy (1995) and O’Donnell
(2000a) were easily recognised as belonging to the same locations. However, there is some
potential for sightings from Daniel and Williams (1984) to be duplicated in Molloy's (1995) work.
Molloy's (1995) “pre 1980” short-tailed bat record from the Mamaku Plateau is thought to be the
same as that shown by Daniel and Williams (1984) so is omitted here. Molloy’s (1995) map of

long-tailed bat distribution though is harder to interpret because it does not distinguish between
sightings prior to 1983 [probably largely attributable to Daniel and Williams’ (1984)] and those
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Table 5 Review of bat sightings in the Kinleith Forest area. U: species unknown, L-t: long-tailed bat (Chalinolobus tuberculatus), S-t:
short-tailed bat (Mystacina tuberculata).

Species Period"” Sighting date(s)"’ Approximate location Source
Southern Kinleith Forest area
U 1980-1995 Kinloch Molloy 1995; O’'Donnell 2000a
U 1961-1983 Aratiatia Daniel and Williams 1984
u 1930-1960 Tahorakuri Dwyer 1960a
u 1980-1995 Tahorakuri/Aratiatia Molloy 1995; O’'Donnell 2000a
U; L-t Pre 1930 U: 1928, 1948;  Orakei Korako Phillipps (unpublished); Dwyer 1960a
L-t: 1950
L-t 1961-1983 Orakei Korako Daniel and Williams 1984
U 1961-1983 Orakei Korako Daniel and Williams 1984
u 1930-1960 1959 Atiamuri Dwyer 1960a
L-t 1961-1983 Atiamuri Daniel and Williams 1984
u 1930-1960 Ongaroto Dwyer 1960a
L-t 1930-1960 Maroanui (between Maroa and Oruanui) Dwyer 1960a
U Pre 1930 1905 Mokai'*/west of Mokai Phillipps (unpublished); Dwyer 1960a
Pureora Conservation Park
U 1930-1960 Before 1959 Rangitoto Range (Pureora Conservation Park — north)/Ngaroma Dwyer 1960a
U 1930-1960 Rangitoto Range (Pureora Conservation Park — north) Dwyer 1960a
U 1961-1983 Pureora Conservation Park ( — south) Daniel and Williams 1984
S-t 1980-1995 Pureora Conservation Park (mention in text, unmapped) Molloy 1995
Western Kinleith Forest area
L-t 1980-1995 Maraetai Molloy 1995; O'Donnell 2000a
L-t 1961-1983 Waipapa Daniel and Williams 1984
L-t 1980-1995 Waipapa/Ngaroma Molloy 1995; O’Donnell 2000a
U 1935-1945 Arohena (mentioned in table, seemingly unmapped) Dwyer 1960a
L-t Pre 1930 1907 Arapuni/Lake Arapuni/Waotu Dwyer 1960a
© As mapped.

" As provided in additional information. For Dwyer (1960a), where records in the appended table of Distribution Records are thought to correspond with the localities mapped, dates from the table

have been reproduced here. For other sources, see individual citations.

12 Misreported by Dwyer (1960a) in table of Distribution Records as “Mokaio”, but clearly the same record as Phillipps’ (unpublished) “Mokai".



Species Period©  Sightingdate(s)’* =~ Approximate locaton ~ Source
L-t 1976 Pinus radiata forest near Lake Arapuni (now Kinleith Forest) Daniel 1981 -
L-t 1961-1983 Arapuni Daniel and Williams 1984
U 1961-1983 Arapuni Daniel and Williams 1984
u 1930-1960 Lichfield/Wiltsdown Dwyer 1960a
U 1961-1983 Lake Karapiro Daniel and Williams 1984
L-t 1980-1995 __Maungatautari township/Puketurva ~_~~~ Molloy 1995 O'Donnell 2000a

Northern and north-eastern Kinleith Forest area

U 1961-1983 North of Ngatira Daniel and Williams 1984
U 1961-1983 Northeast of Tapapa Daniel and Williams 1984
L-t 1980-1995 Edge of Kaimai-Mamaku Forest Park, near Selwyn Molloy 1995; O’'Donnell 2000a
U 1961-1983 Mamaku Plateau north of State Highway 5 Daniel and Williams 1984
L-t 1980-1995 : Mamaku Plateau near Galaxy North Rd and State Highway 5 Molloy 1995; O’'Donnell 2000a
S-t 1961-1983  Possibly 1971'°  Mamaku township Daniel and Williams 1984'®
U 1961-1983 Tarukenga'’ Daniel and Williams 1984
U 1930-1960 = 1920, 1947 Awahou/Oturoa Phillipps (unpublished); Dwyer 1960a
U 1961-1983 Rotorua'® Daniel and Williams 1984

Unclear; 1930-1960 1930 Paradise [Valley Springs] Rotorua Phillipps (unpublished); Dwyer 1960a;

St U Daniel and Williams 1984
U 1961-1983 Paradise Valley Springs'® Daniel and Williams 1984
Pre 1930 East of Mamaku South Rd, northwest of Horohoro Dwyer 1960a

L-t 1961-1983 Mamaku Plateau between Horohoro and Te Whetu Daniel and Williams 1984
U 1961-1983 Te Whetu Daniel and Williams 1984

3 As mapped.

4 As provided in additional information. For Dwyer (1960a), where records in the appended table of Distribution Records are thought to correspond with the localities mapped, dates from the table
have been reproduced here. For other sources, see individual citations.

1% Seemingly near Mamaku, this sighting is possibly the same as that in the National Bat Database detailing the occurrence of a short-tailed bat a house in Mamaku village in 1971.

'® However, this sighting is not reproduced in Daniel's 1990 map (Daniel 1990) of confirmed short-tailed bat sightings since 1961.

7 The exact number of different localities mapped in this small area is somewhat unclear.

'8 The exact number of different localities mapped in this small area is somewhat unclear.

'® The exact number of different localities mapped in this small area is somewhat unclear.
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made after. One of the three sightings in the Maraetai~Ngaroma-Waipapa area (Table 5) could

be a duplicate.

Southern Kinleith Forest area

There is a fong history of bat sightings in the southern Kinleith Forest area {Table 5), with
several from Orakei Korako. Sightings where the species is not known are probably mostly of
long-tailed bats (Daniel and Williams 1384). However, that there are no recent sightings
{Motloy 1985; O'Donnell 2000a) from the Whakamaru-Orakei Korako area is surprising. At
face value, this could be taken to possibly indicate a decline in hats in this area, now comprised
largely by Kinleith Forest. However, my study (1998-2000) identified long-tailed bats as being
present at Pochaturoa, Ngautuku hill {between Atiamuri and upper Atiamuri), and near Lake
Ohakuri. A coleony of long-tailed bats was found in a pine tree felled in Kinleith Forest near
Upper Attamuri in 1896 {(Chapter 1). Further south | recorded long-tailed bats on Poplar Rd off
Tatua Rd. | also received an anecdotal record of an unidentified bat on Oruanui-Forests Rd
aithcugh the date of this sighting is uncertain. There is actually a (January) 1995 record of a
long-tailed bat at Orakei Korake in the National Bat Database [seemingly not represented in the
map of Molloy (1985)] and [ found two further records from 1591 (short-tailed bat) (Scrimgeour
1991) and 1994 (species unknown) (Garrick 1984). While the short-tailed bat sighting was not
confirmed, [although Scrimgeour (1981} suggests that the observer was accustomed to seeing
tong-tailed bats and this bat was within inches of his head ] it is interesting that the locaticn is
not far from the area east of Maroa, where Mr Snowsill (B Snowsill unreferenced personal

communication 2000) reported a short-tailed bat sighting.

The location of bat sightings between 1930 and 1960 reviewed by Dwyer (1960a} is strongly
correlated with the extent of native forest (Dwyer 1960a). Certainly the forest near Ongaroto,
Mokai and Mareanui was admirable at least some time prior to these sightings {e.g. Palmer
1964; Miles 1984; B Snowsill unreferenced personal communication 2000, Putaruru Timber
Museum). Phillipps’ (unpublished) record of bats at Mokai notes that they were seen at dusk,
suggesting that they were probably long-tailed bats {e.g. O'Donnell 2001a compared with Lloyd
2001}, and in large numbers.

Pureora Conservation Park

While | limited my broad-scale survey to the main contiguous area of Kinleith Forest, | have two
anecdotal records from Pureora Conservation Park. There are a wealth of records from the
literature and the Naticna! Bat Database. This would seem to be a bat stronghold (both species
are present), and there could possibly be movement of bats between the park and Kinleith

Forest, aspacially the mare southern blocks.
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Western Kinleith Forest area

As for the southern area, there is a good number of records from the western Kinleith Forest
area. Most are located along the Waikato River, with four from near Arapuni/Lake Arapuni. A
long-tailed bat was seen near Waotu in 1907 (Dwyer 1960a) and long-tailed bats are still
present in the area — | detected one at Barnett's Reserve, a native remnant, in 2000. Long-
tailed bats are also present in Kinleith Forest near to the Lake. A Carter Holt Harvey Forests
staff member recalled the colony of long-tailed bats found in the Waikato Block in 1976 (Daniel
1981) as being from the Commons Rd area (R Black unreferenced personal communication
1999). While an ABM located on this road was stolen before bat presence could be assessed,
a long-tailed bat was heard nearby on Jack Henry Rd. Long-tailed bats were also present in the
Forest in the Waipapa area (Duncan, Cameron and Renahan Rds).

There have been various bat sightings from the Wiltsdown area (Garrick 1992; J Dodgson
unreferenced personal communication 1998; F Rodwell unreferenced personal communication
2000) and long-tailed bats were confirmed to be present at Mercer Rd during the current study.
There are three recent records from the Maungatautari area of bats, two of long-tailed bats

(from 1998) [originally reported by Borkin (1999)], one where the species was unidentified
(1990, National Bat Database).

Northern and north-eastern Kinleith Forest area

The areas of bat sightings from the literature for the north and north-eastern Kinleith Forest area
(Table 5) can further be subdivided into Ngatira—Selwyn-State Highway 5, Mamaku—-Awahou—
Paradise, and Horohoro—Te Whetu. The sightings of the first area are all from after 1960. The
present study found long-tailed bats present in the northern block of Kinleith Forest suggesting
bats are still present near many or all of these sites. Certainly | recorded long-tailed bats at two
sites directly north of Ngatira: Waihou Rd and Tunnel Rd (west), and there was good bat activity
along Capricorn Rd (Chapter 6). A sighting from Whites Rd (B Atkinson unreferenced personal
communication 2000), not too far from Tapapa, dates from about 1985, while one from nearby
Waimakariri Rd (Owen 1992) is from around late 1991 or early 1992. J Heaphy confirms long-
tailed bats to occur throughout the Kaimai Mamaku Forest Park between State Highway 5 and

the more northern State Highway 29 (J Heaphy unreferenced personal communication 2001).

There is a greater range of dates for the sightings in the second group, but Phillipps
(unpublished) and Daniel and Williams (1984) seemingly independently record bats from the
Paradise Valley Springs area. Long-tailed bats were present on Mamaku South Rd, not too far
from here, and they are also known from the Mokaihaha Ecological Area (e.g. Marsh and Blake
1997; Griffiths 1999). The more northern sites (Mamaku, Tarukenga and Awahou) are nearest
to my observations of long-tailed bats on Capricorn Rd, Tunnel Rd (east), and on Galaxy Rd
before its junction with Mamaku South Rd. There are certainly long-tailed bats still present
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within the general area of these sightings, though the presence of short-tailed bats remains
uncertain.

Near Horohoro, long-tailed bats were present in Kinleith Forest at Glass Rd {Matahana Basin)
and along the Mamaku South Rd. There is a vast tract of Kinleith Forest lying between
Horohoro and Te Whetu. Long-iailed bais appeared widespread in this part of forest being
heard along Mamaku South Rd and at numerous sites along the Galaxy Rd between Mossop
Rd and Mamaku South Rd. Near Te Whetu, long-iailed bats were present at both ends of Puriri
Rd, and in the Redwood Reserve.

Around the 1860s, it would seem there were reasonable numbers of bats in the Kinleith Forest
area. Dwyer (1860a) notes that bats were regularly reported from regions including southern
Seouth Auckland and Rotorua~Taupo. The regions with the most sightings of colonies or large
flights afier 1630 were Rotorua—Taupo and Gisborne {six each), and South Auckland (two)
{Dwyer 1860a). That Rotorua—Taupo was a notable bat area is also illustrated in Dwyer's
{1960b) map relating the nature of bat observailions e.g. frequency and number of bats seen.
Dwyer (1960a) reports slightly greater numbers of colonies or large flights {arbitrarily defined as
> 12 animals) of bats of unknown species in South Auckland and Rotorua—Taupo afier 1830
than before 1930. Isolated sightings and sightings of small flights of iong-tailed bats and bats of
unknown species similarly increase with time, although it is uncertain whether these figures

represent actual trends.

Long-tailed bats are “still” present

That there are siill fong-tailed bais present in the Kinleith Forest area, and in the areas of
historical sightings, is perhaps surprising given the general piciure of species decline {e.g.
Dwyer 1960a, 1960b, 1962; Daniet 1930, O'Donnell 1893, 1984, 1837a, 1397b, and recently
investigated in detail by O'Donnell 2000a}. O'Donnell {1887k, p 15) reports that ™. . . large
amounts of survey work in some areas have yielded few or no records at siles where [long-
{alled bais] were present 20-30 years ago™. Molloy's (1995} and O'Donnell’'s (2000a) maps
show an absence of recent long-tailed bat sightings from all but the periphery of Kinleith Forest,
in stark contrast to Dwyer’'s {(1860a, 1960b, 1862} and even Daniel and Williams' {1384) work.
Although such distribution maps have their problems {e.g. Dwyer 1960a, 1962, Daniel and
Williams 1984; Osborne and Tigar 1892; O'Donnell 1893, 1999a, 20004}, this does lead one to
wonder whether long-tailed bats have not reduced further in range in the last couple of
decades. However, long-tailed bats are not only still present in many of the areas of past
sightings — perhaps most notably in the Waotu area, where | confirmed their presence some
83 vears after Dwyer's (1960a) 1907 record, buf activity is high in some locations. {To guard
against misinterpretation here, | am not arguing that long-tailed bats have not declined

drastically in range in New Zealand, nor that they may not have declined in the South Waikato,
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but, that in the Kinleith Forest area, in recent years, they have been largely overlooked! This
example well illustrates the potential pitfalls in interpreting distribution maps.)

Long-tailed bats are present in pine forest

Not only is it perhaps surprising that long-tailed bats are still present in the Kinleith Forest area
and the Forest itself, but that they are present in an area of commercial predominantly P.
radiata forest. Exotic pine forest is considered undesirable by some in New Zealand (Walsh
1995; Maclaren 1996) partly because of its perceived lack of biodiversity, a matter of much
contention (e.g. Rosoman 1994, 1995; Allen and others 1995; O'Loughlin 1995; Spellerberg
and Sawyer 1995; Sutton 1995; Walsh 1995; Spellerberg 1996; Dyck 1997; Ogden 1997).
Commercial forests likely offer fewer roosting opportunities for cavity-reliant organisms (e.g.
Hunter 1990; Newton 1994; Kirkby and others 1998), including long-tailed bats (Daniel 1981;
Sedgeley and O'Donnell 1999a, 1999b), than non-production forests due to short rotation times
and intensive management (Daniel 1981; Hunter 1990; Newton 1994). Additionally, conifers
provide few tree trunk cavities relative to broadleaf trees (Hunter 1990; Gerell and Lundberg
1993; Newton 1994). In the United Kingdom, a national bat survey found that bats selected
semi-natural broadleaf woodland over mixed or coniferous woodland (Racey 1998), though
research at a much smaller scale in the New Forest found greater bat activity in the coniferous

plantations than in the overgrazed ancient woodlands (Fawcett 1997).

Although long-tailed bats are known to use a variety of habitats (Daniel 1981, 1990; Daniel and
Williams 1984; O’'Donnell 2000c), long-tailed bats are most commonly associated with
indigenous forest, whether considering their distribution, roosting ecology, or apparent decline
(Dwyer 1960a, 1960b, 1962; Daniel 1990; O’'Donnell 1999a, 2000a, 2000c, 2001a). There is
comparatively scant acknowledgement of the large-scale afforestation which has occurred, let
alone consideration of the potential value of this to long-tailed bats. Indeed, mine appear the
only large-scale distribution maps to consider bat sightings in relation to vegetation type, as
opposed to solely the extent of indigenous forest. Daniel and Williams (1984) do mention that
exotic, mainly P. radiata forests (and mainly in the central North Island) have matured and more
have been planted between the period of Dwyer's (1960b, 1962) study and their own.

However, this is done in the context of environmental changes thought to be detrimental to bats
although Daniel (1981) had earlier reported the finding of a communal roost in such forest and
stated that “[b]ats may be more common in exotic forests than was previously thought” (p 110),
a sentiment echoed by Garrick (1997). No further consideration of the effects of exotic

afforestation on bats is given.

Long-tailed bat activity

While ultrasonic bat detectors do not permit the number of bats in an area to be directly
quantified they do provide an index of activity (Thomas and La Val 1988; O’'Donnell and
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Sedgeley 1984; Parsons 2001). Although bat activity is hugely variable {this study; O’'Donnell
2000bj, it would seem that the level of long-tailed bat activity cbserved in parts of Kinleith Forest
compares favourably with that observed elsewhere in New Zealand. For example, in Fiordland
National Park, O'Donnell {2000b) observed an average pass rate of 30.8 passes/night during
spring, and 31.7 passes/night during summer. In a road habitat, O'Donnell {2000b) recorded
5583 passes over 145 nights, giving a mean of 38.5 passes/night. Activity at Star Rd, in Kinlsith

Forest, observed over a comparable period, averaged 46.0 passes/night,

Possible explanations

Long-tailed bats are still present in the Kinleith Forest area having declined in distribution and in
number eisewhere in New Zealand {e.g. O'Donnell 2000a). They are present in exotic pine
forest, though they are more usually associated with indigenocus forest (e.g. O'Donnell 2001a).
In places activity is high. A key question is why? To begin to answer this, more information
about how the bats are using the area is needed. Hence, these issues are reconsidered in
Chapter 8.

Short-tailed bats

Short-tailed bats occur at twe locations within 15 km of Kinleith Forest, Pureora Conservation
Park (National Bat Database; Higham 1992; Hunt 1992, Ecroyd 1993; Molloy 1995) and Kaimai
Mamaku Forest Park (J Heaphy unreferenced personal communication 2001). There are
credibie-sounding, if unconfirmed, sightings from Crakei Korako {Scrimgeour 1981), east of
Maroa (B Snowsill unreferenced personal communication 2800} and Mamaku village (National
Bat Database; Daniel and Williams 198420), D. tayforii, naturally pollinated by shori-tailed bais
{e.g. Ecroyd 1993, Hoizapfel and others 2000}, occcurs in several locations in the Kinleith Forest
area. However, no calis resembling short-tailed bats were heard during this study, a couple of
the sightings are pre-1980, and work in the north-easterp forest area has to date failed to
confirm the presence of short-tailed bats (Ecroyd 1993; Marsh and Blake 1997, Griffiths 1899).
Overall, given their cryptic nature {O'Donnell and others 1999; and evidenced from Foster
1598}, their potential use of the landscape at a large scale (e.g. Lloyd and Whiteford 1988,
O'Donnell and others 19949), their occurrence in pine plantations elsewhere {(albeit in low
numbers) {(Lloyd 2001}, and the proximity of short-talled bats fo the Forest, the presence in
Kinleith Forest of short-tailed bats cannot be ruled cut. Griffiths {(1999) similarly suggests that
the presence of shori-failed bats in the adicining Mokaihaha Ecological Area cannot be
discounted.

* This site is not included in Daniel's {1980) map of confirmed short-tailed bat sightings.
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The Kinleith results in the context of the central North Island

Many researchers (Dwyer 1960a, 1960b, 1962; Daniel and Williams 1984; Molloy 1995;
O'Donnell 2000a) have produced distribution maps based largely on sightings. While such
maps have their caveats (e.g. Dwyer 1960a, 1962; Daniel and Williams 1984; Osborne and
Tigar 1992; O'Donnell 1993, 1999a, 2000a), it was felt that there was sufficient meritin
repeating the exercise. My map (Figure 6) differs from those before in that it covers the period
from 1990-2000 (inclusive), shows bat sightings in relation to vegetation type, and focuses on a
smaller area (central North Island) showing more detail (and hopefully being of greater use to
the reader). Blank areas still likely reflect to an extent a lack of survey effort (in some cases
even because bats are known to be present and so there is little point in repeating surveys)
rather than the confirmed absence of bats in those areas. However, that the current study has
found bats to be widespread in an area outside the DoC estate, and in exotic plantation forest,
is significant. Since this map was made, long-tailed bats have also been found in various
blocks of exotic plantation forest in Hawke's Bay (M Hansen unreferenced personal
communication 2001).

Figure 6 highlights the lack of sightings reported from exotic forest (other than Kinleith Forest).
There are sightings from either side of the “Kaingaroa” band of exotic plantation forest
[spanning from east of Lake Taupo to near Putauaki (Mt Edgecumbe)], in the west from Kinleith
Forest, and in the east near the Napier—Taupo Rd, in Whirinaki Forest Park and Urewera
National Park. However, there are comparatively few sightings from the exotic forest itself
[Waiotapu 1996, Broadlands 1996, and Flaxy Lake—-Wheao 1992, though Fletcher Challenge
Forests inform me of some additional sightings (C Tozer unreferenced personal communication
2001)], and this area remains largely unsurveyed (A Garrick; C Tozer unreferenced personal
communication 2000; though see Garrick 1996; Owen 1997). Given my findings, long-tailed
bats are likely to be present in this area, and they may actually have a fairly continuous
distribution in the central North Island.

Dwyer (1960a) notes that bats were regularly reported from southern South Auckland
(approximately Waikato Conservancy), Rotorua—Taupo, Gisborne, northern North Wellington
(approximately Tongariro—Taupo Conservancy) and northern Hawke's Bay. Figure 6 shows bat
sightings in all these areas. Some are seemingly in the same locations or very close to those
from which Dwyer (1960a) reported sightings e.g. Waikaremoana, northern Hawke's Bay,
northern North Wellington. The comparatively low number of sightings (Figure 6) for northern
North Wellington reflects more the short time period illustrated than a paucity of bat records (G
Moore unpublished data) — both long and short-tailed bats are known from this area and
Rangataua Forest has been the site of much research activity (e.g. Lloyd and McQueen 1995,
1996a, 1998a, 1998b, 2000; McQueen and Lloyd 1995; McQueen 1996; Lloyd and Whiteford
1998). There are sightings from Urewera National Park, an area observed by Dwyer (1960a) to
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yield many sightings, but there have also been recent sightings from the north-eastern

Raukumara Range as well as near the Taranaki coast.

Many sightings like Dwyer's (1960a} are from the edge of forest or along rivers — e.g. the
Waimana River where bats are seemingly stili present. Dwyer (1960a) concluded that pre-1830
bat sightings were generally nearer population centres than is now the case. There are very
few recent bat sightings near urban centres, especially major urban centres. However, long-
tailed bats occur remarkably close to Tokoroa and the pulp and paper mill, though the forest is
not far from either.

The main differences between O'Donneil’s (2000a)} and Molloy's (1995} maps and Figure 6,
apart from the records from the Kinleith Forest, is that they span a longer time period and so
display a greater number of sightings. However, they also show more sightings from southern
coastal Hawke's Bay and the Ruahine Ranges and from the Kaweka Ranges (inland Hawke's
Bay). The majority of these sightings appear to be pre-1990 and so were not included in Figure
6. The main areas the current study has located "new” bat sightings are the Waikato (mainty
due to the work of Borkin (1999)], inland Gisborne and the belt of forest spanning Urewera—
Raukumara (largely sightings reported by the East Coast and Hawke’s Bay Conservancies in

the Bat Recovery Group Meeting Minutes),

Volcanic plateau short-tailed bats (Mystacina tubercuiata rhyacobia) are now known from a
wide variety of areas outside of those for which Dwyer (1960a) had sightings e.g.
Waikaremoana-Urewera, Whirinaki, Raukumara Forest Park, north-eastern Taranaki and
Pureora. They aiso occur in the Ohakune area (e.g. Lioyd and McQueen 1985, 1996a, 1998a,
1998b, 2000; McQueen and Lioyd 1995; McQueen 1996, Lloyd and Whiteford 1998) as
illustrated by Malloy {(1995) but not Figure 6 (though there are sightings pre-dating 1990}
Figure 6 shows a larger number of recent short-tailed bat sightings in the eastern belt of native
forest than Mclioy (1995). Two of these resuit from recent survey effort by Wildland
Consultants Ltd (1897}, one from survey work by the Gisborne Area Office of the Department of
Conservation (Harrison 2000), a further sighting was of a dead short-tailed bat found on a track
{(Anonymous 1897). Short-tailed bats have been confirmed in the Raukumara Range (Harrison
20003}, mentioned by Daniel (1980} as a possible short-tailed bat site. It is thought that there
are fewer short-tailed bat sightings than long-tailed bat sightings in part because short-tailed
bats are generally less visible, e.g. they emerge after dark {Daniel 1980; Molloy 1995; Lioyd
2001) and generally forage in the forest interior {(Molloy 1985, O'Donnell and others 1989}

Bats appear generally associated with medium to large areas of cantinuous forest. There are
still many questions to answer about the scale at which both species of bats use the landscape
(e.g. O'Donnell and others 1999; O’Donnell 2001b), the impartance of habitat mosaics
(O’'Donnell 2001b) [for observations in two madified landscapes see O'Donnell (2000¢, 20004,
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2000e)], and the level of gene flow between populations (Lloyd and Whiteford 1998; Lloyd
2001; O’'Donnell 2000f). Hopefully, by furthering our knowledge of bat distribution, this study
can help us as we begin to embark on these.

Scope and limitations
Survey work
Collection of anecdotal records

Bats

As the distribution of bat sighting forms was administered by Forest Information (who co-
ordinated permitting) the total number of bat forms distributed is unknown. However, for various
reasons this was smaller than the total number of permits issued. Eight responses were
received from deer stalkers (who have to make a “return” stating how many deer they take). No
forms were returned by pig hunters. Only one person had seen a bat and was able to provide
helpful information. Another offered useful suggestions on where | should look, and another
was apologetic that he had not seen bats during his 31 years as a forest-user! This method of
survey was unable to be repeated in 2000 as permitting was in the process of being handed
over to an external contractor.

A greater number of sightings was obtained talking with local people and forestry staff during

this study. | obtained nine mappable sightings this way, and Robin Black identified a further
two.

Dactylanthus

The quality of the information gathered about Dactylanthus locations is unknown. However,
many of the people consulted were DoC officers or keen forest-users familiar with the area.
Various sightings were backed up by more than one person. The information obtained is

thought to provide a good starting point given the cryptic nature of the plant and general
elusiveness of short-tailed bats.

Broad-scale survey and other ABM survey work

A number of factors meant it was impractical to survey each site with equal effort. However, the
effects of this appear negligible. Bats were considered present if they were detected within
eight clear nights for which data was obtained. For all the sites with bats, bats were recorded at
69% (of 26) of sites by the end of the first night, at 88% of sites by the end of two nights, and at
100% of sites by the end of five nights, even given that many sites were surveyed between April
and October, a less than ideal time for undertaking bat survey work (e.g. O'Donnell and
Sedgeley 1994; G Moore unpublished data).
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Driving transects

The disiribution of bat sites identified using driving transects seems lo reflect survey effort (see
later}. As well, the probabitity of detecting bats is likely to have varied within each fransect with
time. However, with the large variation in actual start times, and by aliernating the direction
travelled round transect routes, this effect would have been minimised. Indeed, for the Galaxy
transect, over a series of seven transects a fairly even distribution of new bat sites was
obtained.

There was potential for the vehicle to scare bats away, but it is not known whether this
occurred. In ali, 25 new bat sites were found from 10 transects. Transects also turned up bat
sites near where bats were known to occur from the ABM survey. As the aim was solely to find

bats, this poiential problem is not significant.

The effeclive range of each bat detector may have been reduced by attachment to the wing-
mirror of the vehicle. The side of the vehicle woulid affect the signal response of each detector
at different angles, due to reflection and shielding effects (M Douglas unreferenced personal
communication 2000}, However, the wing-mirrors provided a practical point of attachment
because they partially sheliered the deteciors from wind and wet vegetation on the side of the
road, and were in easy reach should the bat deteciors need adjusting. Using two detectors

simuitaneously compensated for any reduced range.

Reliability of coding

The coding of bat passes was fairly accurate, and a conservative approach was taken in the
field. 1t is doubtful that coding inaccuracies influenced the results significantly, especially given
the presence-absence focus of this investigation.

Literature review
Sightings from the literature and threatened species files

The quality of information in the sources reviewed probably varies. Some bat sighting records
weare from members of the public, cthers are locations where bats were found during organised
survey work with bat detectors. Swallows and puriri moths are sometimes mistaken for bats
(Daniel and Willlams 1984), and it can be difficult to tell New Zealand's two bat species apart in
flight (Daniel and Williams 1984}, or from their calls which overlap in frequency (Parsons 1386,
2001; Lloyd and Whiteford 1898; O'Donnell and others 1998, 1898). In addition to the two
sightings deleted in which the grid references were found to be incorrect, there may be other
errors which were not detecied. Some sighting dates were probably estimated rather than
actual. All these inaccuracies probably occur in the results of the present study, but they likely

exist in the work of others as well.
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The National Bat Database

The electronic version of the National Bat Database was compiled from information collected
largely from the public (O'Donnell 2000a), though some bat detector work and observations of
DoC staff are included. Records span from 1890 to 1995. Data were originally entered on field
sheets. As well as potential inaccuracies in the original information reported, further
inaccuracies probably occurred during data entry and in the interpretation and entry of species
designations (three examples were identified, Appendix 3.2). | did not have the benefit of
being able to check the database against the original field sheets and so took a conservative
approach, altering or deleting those records that were clearly questionable but cataloguing
these changes (Appendix 3.2) for the reference of my readers and future researchers, and
leaving the remainder of entries alone. | did produce a map which should have enabled the
“long-tailed bat” sightings to be compared with those O'Donnell (2000a) considered accurate.
However, the large number of points, and the small size and lack of landmarks on O’Donnell’s
(2000a) map, meant this comparison was practically impossible. While not perfect, it is felt that
the value of displaying the data as | have outweighs the negative effects of the uncertainties

and inaccuracies within it.

During my analysis, there was no need to check that data was entered into correct
chronological periods when mapping bat sightings by period, as done by O’Donnell (2000a),
because ArcView grouped them for me using the parameters | set in my query e.g. “Date >
1990”". However, in providing a four figure date field in my database instead of the eight figure

field used in the National Bat Database, | made sure to conscientiously check my data entry.

Data quality overall

While much effort was put into ensuring the accuracy of the data forming the final database, it
is possible that undetected errors remain. There was variation in the precision with which grid
references were reported, but most were given to the nearest hundred metres. The age of the

Terralink data was unavailable, however, at the scale mapped, it seems fairly accurate.

Reflection of survey effort and observer distribution

In Kinleith Forest, bats were found almost everywhere | looked for them. Hence, the resulting
map (Figure 4) most probably reflects survey effort rather than being a true representation of
bat distribution. However, it demonstrates that long-tailed bats are widespread in Kinleith
Forest.

Figures 5 and 6 also likely reflect observer distribution and survey effort. Many researchers,

many of who contributed to or also used some of the data analysed here (e.g. Dwyer 1960a,
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1962; Daniel and Williams 1884; Osbore and Tigar 1892; O'Donnett 1993, 1899a, 2000a)
present eloguent discussions of these issues to which the reader is referred.

Bias is likely to be present in my results due {o the sources of information | included in the
database. A breakdown of retative contributions is given earlier {Table 3}. Other recognised
biases result from a) not including data from the National Bat Database from the Auckland
Conservancy meaning that for a small area in the north-westernmost part of Figure 6 data from
the National Bat Database is not represented; b) reviewing DoC Bay of Plenty's threatened
species files selectively, and focussing on sites thought fo be within the general area of the
Kinleith Forest, files of other nearby Conservancies were not searched [though bat distribution
in the Waikato was investigated by Borkin (1888)]; and c) only East Coast and Hawke's Bay
Conservancies provided specific bat sighting data in the Bat Recovery Group Meeting Minutes
reviewed. The reports consulted detailed the resuits of bat survey work in the following areas:
Waikato Conservancy {Borkin 1993}, Mckathaha Ecological Area {Marsh and Blake 1987;
Griffiths 1999}, Pureora Conservation Park {Moorcroft and others 2000a, 2000b}, and
Pohokura, east of Taupo (Wildland Consultants Ltd 1997).

The relative effect of the variation in effective survey effort between areas in Figures 4, 5 and 6
is not thought to be so significant so as to negate the value of producing these maps. Indeed,
an early map produced of all 472 data points shows fairly even coverage of the central Norih
Island {G Moocre unpublished data). Simply, some caution must be advised in the interpretation
of these resulis. That seemingly little survey effort has gone into some areas is a result in itself,
and one that may need consideration in the recovery of these species.

Habitat use

Patterns of habitat use by long-tailed bats in Kinleith Forest as revealed by this work are
discussed in Chapter 5.

Appraisal of main survey methods

Given the youth of bat research in New Zealand and need for the development of appropriate
survey methods {O'Donnell 1993; unpublished b, 2000b; Molloy 1995), the challenges and
eppertunities the commercial exctic forest environment presents, and the seemingly increasing
interest among forest managers tn bat survey work, a brief appraisal of my main survey

methods is given here,

Collection of anecdotal records

The methods yielded valuable new records, but the guality of information obtained was variable,
and one can expect a low response rate. There are some options for improvement e.g. in prior

publicity and in bat form distribution. This research complemented fieldwork, and anecdotal
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accounts can be used to help focus survey effort, especially where there is a large area to
survey.

ABM survey

The ABM survey was successful in finding bat locations and also provided bat activity data
(useful e.g. for determining the best time for undertaking driving transects). It was relatively
straight forward to carry out, though somewhat reliant on knowledge of the areas of forestry
operations. Problems encountered included the large potential for human error in setting up
ABMs, ABM breakdown or malfunction, spells of bad weather, and theft. However, the
magnitude of some of these lessened with experience. A further problem, although overcome
thanks to the support of various parties, is that ABMs are relatively expensive and it can be
difficult to obtain enough to be able to survey a large area quickly. Despite these potential
setbacks, ABMs offer advantages in surveying locations with comparatively few bats, and
surveying at less than optimal times of year, e.g. when bat activity may be sporadic.

Driving transects

Of all the methods used, driving transects are the most novel in the New Zealand setting, and
so are discussed in a little more detail.

In Kinleith Forest, driving transects were effective in finding new long-tailed bat sites and turned
up some adjacent to sites identified with ABMs suggesting the method is comparatively strong.
Perhaps the largest problem was getting a feel for the vehicle noises versus bat passes coming
across on the bat detectors. However, this was overcome relatively quickly, helped by having
two people listening which provided a system of instantaneous reliability checking. Driving
transects had the benefit that they covered a large area quickly, they were more economic of
equipment (in terms of amount and cost) than ABM survey work, provided instantaneous
results, we were able to diagnose faulty equipment instantly and generally fix it easily, and
transects could be abandoned if the weather turned bad without generating much extra work.

However, an assistant was required for safety and to help record data.

The driving transect method was faster overall in finding new bat sites than the ABM-based
survey (Table 4). Ahlén (1980-81, p 136) also found driving transects to be “highly efficient as
to the large number of bat observations per time unit”. They were also more rewarding because
there were fewer things to go wrong, and results were instantaneous. By eliminating mid-
survey servicing of ABMs, efficiencies became fairly equal. While several quantities in Table 4
were estimated, on the basis of the experience gained in both methods during this study, it is
felt that these approximations were fair. This is not to say that driving transects would be more
efficient in other situations too, nor that the methods used cannot be made more efficient (in fact
there are several savings to be made). However, this calculation does illustrate the potential of
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the driving transect method, compared to a method more commonly used in New Zealand. In
reality, both methods have their advantages and limitations, and to combat these, the use of
hoth is advocated. The methods are also complementary in that ABM survey work can be done

during the day and transect work undertaken at night.

Driving transects appear to be a good rapid-survey method with more widespread applicability
(see also Ahién 1980~-81; JUdes 1989; Chapter 4, 5). Given the current facus on identifying bat
presence in many areas both within the DoC estate and on private land (e.g. Lloyd and
Whiteford 1998; Adams 1989; Anonymous 1989; Griffiths 1899; McKinlay and McQueen 1939;
O'Donnell 1998b; Quirk 1999; Roberts 1989; Lyall 2000; B Gilmore unreferenced personal
communication 2001; and apparent from the 2™ New Zealand Bat Conference, Ohakune, 28—
29 March, 1998} and the shifting emphasis to conservation on private land (DoC and MfE 1998;
MTE 2000}, the development of such methods ¢an onty help. However, there is also a need to
assess the heaith of bat popuiations (O’'Donnell 1983, 2000a, Molloy 1995). Long-tailed bats
appear to have declined significantly {O'Donnell 1993, 1984, unpublished b, 2000a, 2000b}, but
we have little information on whether this state is continuing {(O'Donnell 1883, 1894, 2000a) or
its actual causes {O'Donnell 1993, 1994, 2000a; Molloy 1995). We also seem relatively ill-
equipped to gauge the effect of various management regimes on bat populations [also implied
by &'Donnell (2000b}, though the significant contributions of O’Donneli (2000a, unpublished b)
are recognised]. Standardised methods of monitoring which can be repeated over time are
needed (O’Donnell 1993, unpublished b, 2000a; Molloy 1995) and it is thought that driving
transects (admittedly with some refinement and calibration with known bat populations,) could
help meet this need. Indeed. Ahlén {1980-81) and Judes (1989) suggest that driving transects
may be able to be used toc compare relative abundance in different areas or to measure
population trends. While the New Zealand bat field is small, and it would probably not be
beneficiai overall to have too targe a range of potentialty competing methods hecause the pool
of comparable studies could be limited, driving transects, in certain situations, do have
advantages over DoC’s recently drafted standardised walking transect method (O’Donnell
unpublished b). With calibration against known bat populations, these methods could be
complementary.

Future work

This work raises many further questions especially concerning the possibie presence of shori-
tailed bats in Kinleith Forest, the health of long-tailed bat populations in the Kinleith Forest area,
the level of interaction between different long-tailed bat populations, the significance of exotic
plantation forest to tong-tailed bats, whether long-tailed bats are widespread in exotic plantation

forest in New Zealand, and the implications of this - for both forestry and conservation.
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6. CONCLUSIONS

Long-tailed bats are widespread in Kinleith Forest, and in places activity is high. Given the
other areas from which the species is known, they may have a fairly continuous distribution in
the central North Island. The results of this work, particularly in relation to other survey work
recently undertaken in commercial exotic forest, suggest the need for a paradigm shift: instead
of anticipating long-tailed bats to be absent from unsurveyed exotic plantation forest, they
should be assumed present until proven otherwise.

The presence of short-tailed bats in Kinleith Forest cannot be ruled out.

7. REFERENCES

Adams J. 1999. Napier Area Office. In: O’'Donnell C, editor. Minutes of the 1999 Bat Recovery
Group Meeting: 16—17 September 1999, Wellington. [Unpublished]. Available from:
Colin O'Donnell, Recovery Group Leader, Science and Research Unit, Department of
Conservation, Private Bag, Christchurch, New Zealand.

Ahlén I. 1980-81. Field identification of bats and survey methods based on sounds. Myotis 18—
19:128-36.

Allen R, Platt K, Wiser S. 1995 Feb. Biodiversity in New Zealand plantations. New Zealand
Forestry:26-9.

[Anonymous]. 1997. [Bat] Sighting Record Sheet: Te lkawhenua Field Centre. [Bat sighting
record, date:1/31/97, location: Rogers Hut]. Located at: Bay of Plenty Conservancy,
Department of Conservation, 1166 Amohau St, Rotorua, New Zealand.

[Anonymous]. 1999. East Coast/Hawke's Bay Conservancy bat report: Bat Recovery Group
Meeting — September 1999. In O’'Donnell C, editor. Minutes of the 1999 Bat Recovery
Group Meeting: 16—17 September 1999, Wellington. [Unpublished]. Available from:
Colin O'Donnell, Recovery Group Leader, Science and Research Unit, Department of
Conservation, Private Bag, Christchurch, New Zealand.

Arkins AM. 1996. The diet and activity patterns of short-tailed bats (Mystacina tuberculata
auporica) on Little Barrier Island [MSc thesis]. Auckland: University of Auckland. 93 p.

Available from: Biological Sciences Library, University of Auckland, Private Bag 92019,
Auckland, New Zealand.

Borkin K. 1999. Long-tailed bat distribution in the Waikato Conservancy. [Diploma of Wildlife
Management and in association with Waikato Conservancy of the Department of
Conservation report]. 9 p. Available from: Library, Waikato Conservancy, Department of
Conservation, Private Bag 3072, Hamilton, New Zealand.

62



Chapter 3 Bat Presence and Distribution

Brigham RM, Barciay RMR. 1996. Conference summary: bats and forests. In: Barclay RMR,
Brigham RM, editors. Bats and farests symgaesium; 1895 Oct 19--21; Victoria, British
Columbia, Canada: Res Br B.C. Min For, Victoria, B.C. Work Pap 23/1996. p xi—xiv.

Christie J, O'Donnell CFJ, Sedgeley J, Simpson W. 1898, Preliminary obsarvations of
population size, home range, and habitat use in short-tailed bats (Mystacina sp.) in
Fiordiand, New Zealand. p 18 In: Lioyd B, editor. Proceedings of the Second New
Zealand Bat Conference, Chakune, New Zealand, 28-29 March 1998. Wellington:

Department of Conservation. p 19. [Science and Research internal report nr 162].

Conole L, Baverstock G. 1997 Oct. Evaluating roliing bat-detector transects for surveying
microbats in south-west Victoria (work-in-progress) [abstract]. The Australasian Bat
Society Newsletter 7:65.

Daniel MJ. 1879, The New Zealand short-tailed bat, Mystacina tuberculata; a review of present
knowledge. NZ J Zool 6:357-70.

Daniel MJ. 18981. First record of a colony of long-tailed bats in a Pinus radiata forest, NZ J For
26(1).108-11.

Daniel MJ. 199G. Order Chiroptera. In: King CM, editor. The handbook of New Zealand

mammals. Auckland: Oxford University Press. p 114-37.

Daniel MJ, Wiilliams GR. 1984. A survey of the distribution, seasonal activity and roost sites of
New Zealand bats. NZ J Ecol 7:9-25.

de Jong J, Ahien i. 1991. Factors affecting the distribution of bats in Uppland central Sweden.
Hotarctic Ecol 14:82-6.

de Oliveira MC. 1998. Anabat system practical guide: survey techniques, collection and
characterisation of reference bat echolocation calls, common field problems and
problem solving. Schulz M, Hogan L, Smith GC, contributors. Brisbane: Department of
Natural Resources. 60 p.

[DoC, MfE} Department of Conservation, Ministry for the Environment. 1998, A draft strateqy for

New Zealand's biodiversity. Wellington: Department of Conservation, Ministry for the
Environment. 142 p.

Douglas M. 1996. Instruction sheet far bat monitor system with rain detector, Model S&R-22b.
M. Douglas, Science and Research, June 1996. [Unpublished instruction sheet]. 5 p.
Available from: Department of Conservation Science and Research Unit, PO Box
10420, Wellington, New Zealand.

Douglas M. 1997 Apr. Bat monitoring developments. Peka Peka: The Newsletter for New
Zealand Bat Workers 4:14-5.

Douglas M. 1928, A new aulomated bat detecting and counting system. In: Lioyd B, editor.

Proceedings of the Second New Zealand Bat Conference, Chakune, New Zealand, 28-

63



Chapter 3 Bat Presence and Distribution

29 March 1998. Wellington: Department of Conservation. p 12. [Science and Research
internal report nr 162].

Dwyer PD. 1960a. Studies on New Zealand Chiroptera [MSc thesis]. Wellington: Victoria
University College. 233 p. Available from: The Library, Victoria University of Wellington,
PO Box 3438, Wellington, New Zealand.

Dwyer PD. 1960b. New Zealand bats. Tuatara J Biol Soc Victoria Univ Wellington NZ 8:61-71.

Dwyer PD. 1962. Studies on the two New Zealand bats. Zool Publ Victoria Univ Wellington
28:2-28.

Dyck WJ. 1997 Nov. Biodiversity in New Zealand plantation forestry — an industry perspective.
New Zealand Forestry:6-8.

Ecroyd C. 1993 Feb. In search of the wood rose. Forest and Bird:24-8.

Ecroyd CE. 1994. Location of short-tailed bats using Dactylanthus. Wellington: Department of

Conservation. 6 p. [Conservation Advisory Science Notes nr 98].

Fawcett D. 1997 Apr. UK National bat conference, 1996. Peka Peka: The Newsletter for New
Zealand Batworkers 4:3-4.

Fenton MB. 1992. Bats. New York: Facts on File. 207 p.

Foster G. 1999 Sep. Short-tailed bats found in Tararuas. Peka Peka: The Newsletter for New
Zealand Batworkers 6:19.

Garrick A. 1992. Bat Recording Scheme. [Bat sighting record, date: 1990/91/92, locality:
Pokaiwhenua Stream Wiltsdown Road area]. Located at: Bay of Plenty Conservancy,

Department of Conservation, 1166 Amohau St, Rotorua, New Zealand.

Garrick A. 1997. Bay of Plenty update. In: O'Donnell C, editor. Minutes of the 1997 Bat
Recovery Group Meeting: 10-11 April 1997, Wellington. [Unpublished]. Available from:
Colin O'Donnell, Recovery Group Leader, Science and Research, Department of

Conservation, Private Bag, Christchurch, New Zealand.

Garrick AS. 1994. Bat Recording Scheme. [Bat sighting record, date: 15/9/94, locality: Rautapu
Cave Orakei Korako]. Located at: Bay of Plenty Conservancy, Department of

Conservation, 1166 Amohau St, Rotorua, New Zealand.

Garrick AS. 1996. New Zealand Bat Record Scheme Department of Conservation Automatic
Sampling Record Sheet. [Bat activity data sheet for 30/10/96, location: Waiotapu
School Camp “Saddle”]. Located at: Bay of Plenty Conservancy, Department of
Conservation, 1166 Amohau St, Rotorua, New Zealand.

Gerell R, Lundberg KG. 1993. Decline of a bat Pipistrellus pipistrellus population in an

industrialized area in south Sweden. Biol Conserv 65:153-7.

Griffiths R. 1996. Aspects of the ecology of a long-tailed bat, Chalinolobus tuberculatus (Gray
1843), population in a highly fragmented habitat [MSc thesis]. Lincoln: Lincoln

64



Chapter 3 Bat Presence and Distribution

University. 116 p. Availabie from: Lincoln University Library, PO Box 64, Lincoln
University, Canterbury 8150, New Zealand.

Griffiths R. 1999. Report on the 1999 survey for long-tailed bats and short-tailed bats in the
Mokaihaha Ecaological Area. [Unpublished report]. Available from: Rotorua Lakes Area
Office, Department of Conservation, New Zealand.

Grindal SD. 1996. Habitat use by bats in fragmented forests. In: Barclay RMR, Brigham RM,
editors. Bats and forests symposium; 1995 Qct 19-21; Victoria, British Columbta,
Canada: Res Br B.C. Min Far, Victoria, B.C. Work Pap 23/1996, p 260-72.

Haffner M, Stutz HP. 1985. Abundance of Pipistrellus pipistrellus and Pipistrelius kuhlii foraging
at street-lamps. Myotis 23-24:167-71.

Harrison A. 2000. East Coast Hawke's Bay Conservancy bat report: bat recovery group meeting
— September 2000. In: Lyall J, editor. Minutes of the 2000 Bat Recovery Group
Meeting: 28-29 September, 2000. {Unpublishedl. Available from: John Lyali, Recavery
Group Leader, Department of Conservation, Private Bag 701, Hokitika, New Zealand.

Hayes JP, Adam MD. 1996. The influence of logging riparian areas on habitat utifization by bats
in Western Qregon. In: Barclay RMR, Brigham RM, editors. Bats and forests
symposium; 1995 Oct 19-21; Victoria, British Columbia, Canada: Res Br B.C. Min For,
Victoria, B.C. Work Pap 23/1996. p 228--237,

Holzapfel SA, Silvester W, Ecroyd C, Richardson T, Greuter W. 2000 Feb. Studies on the

biology of Dactyfanthus taylori — a brief summary. ConScience: Conservation Science
Newsletter 36.4—6.

Higham T. 1992 Aug. Pekapeka: New Zealand's secretive bats. Forest and Bird 265: 21-6.
Hunt R, 1992 Sep-Dec. To catch a thief. New Zealand Geographic 16:8, 10.

Hunter ML Jr. 1990. Wildlife, forests and forestry: Principles of managing forests for biological
diversity. Englewood Cliffs: Prentice Hall. 370 p.

IUCN 2000a. The 2000 IUCN red list of threatened species: summary statistics.

<hitp:/fwww.redlist.org/tables/table ta.html>. Accessed 2001 Jan 2,

IUCN 2000b. The 2000 IUCN red list of threatened species: species information, Chalinolobus
fuberculatus. <http://rediist.cymbiont.ca/species.asp?id=4425>. Accessed 2001 Jan 4.

IUCN 2000c. The 2000 JUCN red list of threatened species: species information, Mystacina
tubercufata. <htip://rediist.cymbiont.ca/species.asp?id=14261>. Accessed 2001 Jan 4.

Judes U. 1989, Analysis of the distribution of flying bats along line-transects. In: Hanak V,
Horatek |, Gaisler J, editors. European bat research. Praha: Charles University Press.
p311-8.

65



Chapter 3 Bat Presence and Distribution

Kirkby KJ, Reid CM, Thomas RC, Goldsmith FB. 1998. Preliminary estimates of fallen dead
wood and standing dead trees in managed and unmanaged forests in Britain. J Appl

Ecol 35:148-55.

Lacki MJ. 1996. The role of research in conserving bats in managed forests. In: Barclay RMR,
Brigham RM, editors. Bats and forests symposium; 1995 Oct 19-21; Victoria, British
Columbia, Canada: Res Br B.C. Min For, Victoria, B.C. Work Pap 23/1996. p 39-48.

Lloyd BD. 2001. Advances in New Zealand mammalogy 1990-2000: short-tailed bats. J Royal

Soc New Zeal 31(1):59-81.

Lloyd B, McQueen S. 1995. Progress with research on the biology of short-tailed bats in the
central North Island [abstract]. In: WWF, editor. 1* New Zealand Workshop on Bats;

1995 July 15-16; Wellington. Wellington: WWF. p 24.

Lloyd B, McQueen S. 1996a May. Roosting behaviour of Mystacina tuberculata in central North
Island New Zealand. Peka Peka: The Newsletter for New Zealand Batworkers 3:5.

Lloyd B; McQueen S. 1996b May. What are automated bat detectors good for? Peka Peka: The
Newsletter for New Zealand Batworkers 3:5.

Lloyd B, McQueen S. 1998a. Evaluating the impact of 1080 pest control operations on short-

tailed bats. In: Lloyd B, editor. Proceedings of the Second New Zealand Bat
Conference, Ohakune, New Zealand, 28-29 March 1998. Wellington: Department of

Conservation. p 16. [Science and Research internal report nr 162].

Lloyd B, McQueen S. 1998b. Roosting behaviour of short-tailed bats in Rangataua Forest. In:
Lloyd B, editor. Proceedings of the Second New Zealand Bat Conference, Ohakune,
New Zealand, 28-29 March 1998. Wellington: Department of Conservation. p 19.
[Science and Research internal report nr 162].

Lloyd BD, McQueen SM. 2000. An assessment of the probability of secondary poisoning of
forest insectivores following an aerial 1080 possum control operation. NZ J Ecol

24(1):47-56.

Lloyd B, Whiteford T. 1998. Progress in determining the status and distribution of short-tailed
bats in Central North Island. In: Lloyd B, editor. Proceedings of the Second New
Zealand Bat Conference, Ohakune, New Zealand, 28-29 March 1998. Wellington:

Department of Conservation. p 9-10. [Science and Research internal report nr 162].

Lyall J, editor. 2000. Lyall J, Minutes of the 2000 Bat Recovery Group Meeting: 28-29
September, 2000. [Unpublished]. Available from: John Lyall, Recovery Group Leader,

Department of Conservation, Private Bag 701, Hokitika, New Zealand.

Maclaren JP. 1996. Environmental effects of planted forests in New Zealand: the implications of
continued afforestation of pasture. Rotorua: New Zealand Forest Research Institute.

180 p. [FRI Bulletin nr 198].



Chapter 3 Bat Presence and Disfribution

Marsh 8, Blake M. 1997, A survey for North Island kokako in the Mokaihaha Ecological Area
and part Horohoro Conservation Area, Mamaku Plateau. [Unpublished repori]. 16 p.

Avaiiabie from: Department of Conservation, P.O. Box 1148, Rotorua, New Zealand.

McKintay B, McQueen 8. 1899. Bat Conservation Strategy: Otago Conservancy 1998-2003
linternal correspondence]. in: C'Donneil €, editor. Minutes of the 1998 Bat Recovery
Group Meeting: 16-17 September 1999, Weliington. {Unpublished]. Available from:
Colin O'Donnell, Recovery Group Leader, Science and Research Unit, Department of

Conservation, Private Bag, Christchurch, New Zealand.

McQueen S. 1986 May. Short-tailed bat news: update from Ohakune. Peka Peka: The

Newsletter for New Zealand Baiworkers 3:6-7.

McQueen S, Lloyd B. 1995. Research on using bat detectors to monitor changes in shori-talled
bat numbers [abstract]. In: WWF | editor. 1% New Zealand Workshop on Bats; 1995 July
15-16; Wellingion. Wellington: WWF. p 6.

[MfE] Ministry for the Environment. 2000. Bio—what? Preliminary reports of the Ministerial
Advisery Committee: February 2000, addressing the effects of private land

management on indigenous biodiversity. Wellington: Ministry for the Environment. 85 p.
Miles 5. 1984. The river: the story of the Waikato. Auckland: Heinemann Publishers. 128 p.

Molloy J. 1985. Bat (peka peka) recovery plan (Mystacina, Chalinolobus). Weliington:
Threatened Species Unit Depariment of Conservation. 24 p. {Threatened species

recovery pian series nr 15].

Moorcroft G, Jones HD, Twibeli LR. 2000a. Long-tailed bat (Chalinolobus tuberculatus) survey
in Pureora Conservation Park incorporating part of the Pureora Mountain Ecological
Area. [Unpublished report]. Available from Department of Conservation, Purecra Forest,
R.D. 7, Te Kuiti, New Zealand. 7 p.

Moorcroft G, Jones HD, Twibell LR. 2000b. Long-tailed bat (Chalinolobus fuberculatus) survey
in Pureora Conservation Park incorperating part of the Ratanui Ecological Area.
[Unpublished report]. Available from Department of Conservation, Pureora Forest, R.D.
7, Te Kuiti, New Zealand. 7 p.

Meuweiler G. 2000. The biology of bats. Covey E, transiator. New York: Oxford University
Press. 310 p.

Newsome PFJ. 1887, The vegetative cover of New Zealand. Wellinglon: Water and Soll

Directorate. 153 p. [Water and Soil miscellaneous publication nr 112].

Newton |. 1984. The role of nest sites in limiting the numbers of hole-nesting birds: a review.
Biol Conserv 70:265-76.

O'Donnell C. 1883, The ecology of long-tailed bats: evaluation of factors which have caused the

decline of bats in mainland New Zealand. [Unpublished PhD outline]. Avaiiable from:

&7



Chapter 3 Bat Presence and Distribution

Science and Research Division, Department of Conservation, Private Bag,
Christchurch, New Zealand.

O’Donnell C. 1995 Nov. Report on the 10" International Bat Research Conference held in
conjunction with the 25" North American Symposium on Bat Research, Boston, USA,
August 6-11 1995. Peka Peka: The Newsletter for New Zealand Batworkers 2:6-10.

O’Donnell C, editor. 1997a. Minutes of the 1997 Bat Recovery Group Meeting: 10-11 April
1997, Wellington. [Unpublished]. Available from: Colin O’'Donnell, Recovery Group
Leader, Science and Research, Department of Conservation, Private Bag,
Christchurch, New Zealand.

O’Donnell C. 1997b Dec. Recovery Group news. Peka Peka: The Newsletter for New Zealand
Batworkers 5:14-6.

O’Donnell C, editor. 1999b. Minutes of the 1999 Bat Recovery Group Meeting: 16-17
September 1999, Wellington. [Unpublished]. Available from: Colin O’Donnell, Recovery
Group Leader, Science and Research Unit, Department of Conservation, Private Bag,
Christchurch, New Zealand.

O'Donnell CFJ. 1994 Jun. Going in to bat for bats. NZ Science Monthly:8-10.

O’Donnell CJF. 1997c. Progress report: conservation biology of the long-tailed bat,
Chalinolobus tuberculatus, in Fiordland, New Zealand, March 1997. In: O’'Donnell C,
editor. Minutes of the 1997 Bat Recovery Group Meeting: 10—-11 April 1997, Wellington.
[Unpublished]. Available from: Colin O’Donnell, Recovery Group Leader, Science and
Research, Department of Conservation, Private Bag, Christchurch, New Zealand.

O'Donnell CFJ. 1999a. The ecology, spatial distribution and conservation of long-tailed bats
Chalinolobus tuberculatus [PhD thesis]. Dunedin: University of Otago. 260 p. Available
from: Science Library, University of Otago, PO Box 56, Dunedin, New Zealand.

O'Donnell CFJ. 2000a. Conservation status and causes of decline of the threatened New
Zealand long-tailed bat Chalinolobus tuberculatus (Chiroptera: Vespertilionidae).
Mammal Rev 30(2):89-106.

O’Donnell CFJ. 2000b. Influence of season, habitat, temperature, and invertebrate availability

on nocturnal activity of the New Zealand long-tailed bat (Chalinolobus tuberculatus). NZ
J Zool 27:207-21.

O'Donnell CFJ. 2000c. Distribution, status and conservation of bat communities in Canterbury,
New Zealand. . In: Lyall J, editor. Minutes of the 2000 Bat Recovery Group Meeting:
28-29 September, 2000. [Unpublished]. Available from: John Lyall, Recovery Group
Leader, Department of Conservation, Private Bag 701, Hokitika, New Zealand.

O'Donnell CFJ. 2000d. Project 2504: Development of methods for monitoring the productivity
and survival of long-tailed bat populations. In: Lyall J, editor. Minutes of the 2000 Bat
Recovery Group Meeting: 28—-29 September, 2000. [Unpublished]. Available from: John

68



Chapter 3 Bat Presence and Distribution

Lyall, Recovery Group Leader, Department of Conservation, Private Bag 701, Hokitika,
New Zealand.

Q'Donneli CFJ. 2000e. Distribution, status and conservation of long-tailed bat (Chalinolobus
tuberculatus) communities in Canterbury, New Zealand. Environment Canterbury
unpublished report U00/38. 40 p. Available from. Customer Services, Environment
Canterbury, PO Box 345, Christchurch, New Zealand.

C'Donnell CFJ, 2000f. Cryptic local populations in a temperate rainforest bat Chalinclobus
fuberculatus in New Zealand, Anim Conservy 3:287--97.

G'Donnell CFJ. 2001a. Advances in New Zealand mammalogy 1990-2000: iong-tailed bat. J
Royal Soc New Zeal 31(1):43-57.

O'Donnelt CFJ, 2001b. Home range and use of space by Chalinolobus tuberculatus, a
temperate rainforest bat from New Zealand. J Zool Lond 253:253-64.

O'Donnell CFJ, Christie J, Corben C, Sedgeley JA, Simpson W. 1899, Rediscovery of short-
tailed bats {Mystacina sp.) in Fiordland, New Zealand; preliminary observations of
taxonomy, echolocation calls, populations size, home range, and habifat use. NZ J Ecol
23{1):21-30.

Q'Donnell C. Christie J, Simpson W. 1998, Habitat use and call overlap by bats in the Egtinton
Valley as revealed by automatic bat detector systems. in: Lloyd B, editor. Proceedings
of the Second New Zealand Bat Conference, Ohakune, New Zealand, 28—29 March
1998. Wellington: Department of Conservation. p 8. [Science and Research internal
report nr 162].

O'Donnell C, Sedgeley J. 1994, An automatic monitoring system for recording bat activity.

Wellington: Department of Conservation. 16 p. [Depariment of Conservation Technical

Series nr 5],

O'Connell C, Sedgeley J, Christie J, Simpson W. 1837 Apr. And more from Fiordland. Peka

Peka: The Newsletter for New Zealand Batworkers 4:3.

Ogden J. 1997 Nov. Biogeography and forest biodiversity in New Zealand. New Zeaiand
Forestry:8—14.

C'Loughlin C. 1895 Feb. The sustainability paradox — an examination of The Plantation Effect
— a review of the environmental effects of plantation forestry in New Zealand. New

Zealand Foresiry:3-8.

Osborne PE, Tigar BJ. Interpreting bird atlas data using logistic modeis: an example from
Lesothe, Soutnern Africa. J Appl Ecol 29:55-62.

Owen K. 1892 Bat Recording Scheme. [Baf sighting record, date: iate 1991/early 19927,
locality: Kuhatahi Siream area near Fitzgerald Glade Mamaku Range]. Located al: Bay
of Plenty Conservancy, Department of Conservaticn, 1166 Amohau St, Rotorua, New
Zealand.

69



Chapter 3 Bat Presence and Distribution

Owen K. 1997 Dec. Bay of Plenty. Peka Peka: The Newsletter for New Zealand Batworkers
5:6.

Palmer NA. 1964. The forerunners. In: Drummond A. 1964. Early days in the Waikato: a

centennial volume. [Place unknown]: Paul's Book Arcade. 63 p.

Parsons S. 1995. Can ultrasonic echolcoation calls be used for the acoustic censusing of native
bats [abstract]. In.: WWF, editor. 1% New Zealand Workshop on Bats; 1995 July 15-16;
Wellington. Wellington: WWF. p 15.

Parsons S. 1996. The echolocation calls of New Zealand bats: a quantitative analysis of calls
and their use in species monitoring and identification [PhD thesis]. Dunedin: University
of Otago. 162 p. Available from: Science Library, University of Otago, PO Box 56,
Dunedin, New Zealand.

Parsons S. 1997. Search-phase echolocation calls of the New Zealand lesser short-tailed bat
(Mystacina tuberculata) and long-tailed bat (Chalinolobus tuberculatus). Can J Zool
75(9):1487-94.

Parsons S. 2001. Identification of New Zealand bats (Chalinolobus tuberculatus and Mystacina
tuberculata) in flight from analysis of echolocation calls by artificial neural networks. J
Zool Lond 253:447-56.

Quirk JJ. 1999. Bats in the East Coast [internal correspondence]. In: O'Donnell C, editor.
Minutes of the 1999 Bat Recovery Group Meeting: 16—17 September 1999, Wellington.
[Unpublished]. Available from: Colin O'Donnell, Recovery Group Leader, Science and

Research Unit, Department of Conservation, Private Bag, Christchurch, New Zealand.

Racey PA. 1998. Ecology of European bats in relation to their conservation. In: Kunz TH,

Racey PA, editors. Bat biology and conservation. Washington: Smithsonian Institution
Press. p 249-60.

Roberts A. 1999. Bat work in 1998/99 in Southland [internal correspondence]. In: O’'Donnell C,
editor. Minutes of the 1999 Bat Recovery Group Meeting: 16—17 September 1999,
Wellington. [Unpublished]. Available from: Colin O’'Donnell, Recovery Group Leader,
Science and Research Unit, Department of Conservation, Private Bag, Christchurch,
New Zealand.

Rosoman G. 1994. The plantation effect: an ecoforestry review of the environmental effects of
exotic monoculture tree plantations in Aotearoa/New Zealand. Auckland: Greenpeace
New Zealand. 48 p.

Rosoman G. 1995 Feb. Ecoforestry — towards responsible plantation industry. New Zealand
Forestry:8-12.

Rydell J. 1992. Exploitation of insects around streetlamps by bats in Sweden. Funct Ecol
6:744-50.

70



Chapter 3 Bat Presence and Distribution

Scrimgeour R. 1991. Bat Recording Scheme. [Bat sighting record, dale: 30 December 1991,
locaiity: Rautapu Cave? Orakei Korakol. Located at: Bay of Pienty Conservancy,
Department of Conservation, 1166 Amohau St, Rotorua, New Zealand.

Sedgeley JA, O'Donnell CFJ. 199%a. Roost selection by the long-tailed bat, Chalinolobus
fuberculatus, in temperate New Zealand rainforest and its implications for the

conservation of bats in managed forests. Biot Conserv 88:261-76.

Sedgeley JA, O'Donnell CFJ. 1999b. Factors infiuencing the selection of roost cavities by a
temperate rainforest bat (Vespertilionidae: Chalinolobus tuberculatus) in New Zealand.
J Zoo! Lond 245:437-46.

Spellerberg IF. 1996 Feb. Plantation forests protect our bicdiversity? — Too much of a

generalisation to be true! New Zeatand Forestry:3—4.

Spellerberg IF, Sawyer JWD. 1995 Feb, Multiple-use, biological diversity and standards. New
Zealand Forestry:21-25.

Sutten WRJ. 1995 Nov. Plantation forests protect our biodiversity. New Zealand Forestry:2-5.

Thomas DW, La Val RK. 1988. Survey and census methods. In: Kunz TH, editor. Ecological

and behavioural methods for the study of bats. Washington DC: Smithsonian Institution
Press. p 77—82.

Walsh FJ. 1995, Biodiversity in plantation forests. In: Hammond D, editor. 1995 Forestry
Handbook. Christchurch: New Zealand Institute of Forestry Inc. p 15-8.

Wildtand Consultants Ltd. 19397, A survey for birds and bats in the Pohokura block, upper
Mohaka River. Wildland Consultants Contract Report nr 179. 61 p. Available from:
Wildland Consultants Ltd, PO Box 7137, Te Ngae, Rotorua, New Zealand.

Wilke M. 1996. Bat Recarding Scheme. [Bat sighting record, date: 16 December ‘96, locality:
near Wallace Rd}. Located at: Bay of Plenty Conservancy, Department of Conservation,
1166 Amohau St, Rotorua, New Zealand.

[WWF] World Wide Fund for Nature. 1957 Nov. Going batty. Earthkeeper 1:5.

71



4

THE USE OF ROADS BY LONG-TAILED BATS
(Chalinolobus tuberculatus) IN DIFFERENT FOREST
TYPES, KINLEITH FOREST



Chapter 4 Use of Forest Roads by Long-tailed Bats

THE USE OF ROADS BY LONG-TAILED BATS
(Chalinolobus tuberculatus) IN DIFFERENT FOREST
TYPES, KINLEITH FOREST

ABSTRACT

This research investigates the use of roads by long-tailed bats (Chalinolobus tuberculatus,
Vespertilionidae) in exotic plantation forest to examine the implications for bats of additional
roading, and to evaluate whether survey methods concentrating on road habitats are appropriate
in plantation forest. Bat activity was compared at roadside and forest interior habitats in young
and mature Pinus radiata forest, and in mature P. radiata and indigenous podocarp broadleaf
forest using bat detectors. In all forest types, bat activity was higher at roadsides than in the
forest interior, even where the forest had not yet developed canopy closure. Bats probably
showed a preference for roadsides for reasons of habitat structure, though roads may also play
a role in navigation. Bats’ use of roads can be used to advantage when surveying for them in
plantation forest.

1. INTRODUCTION

New Zealand’s native long-tailed bats (Chalinolobus tuberculatus, Vespertilionidae) are generally
associated with indigenous forest (Dwyer 1960a; Daniel 1990; Higham 1992; O’Donnell 1994;
Molloy 1995). They are insectivorous (Daniel 1990) and considered “edge” bats [Daniel and
Williams (1984), and indicated by Dwyer (1960a), though with caveats], foraging along forest
margins, over farmland and wetlands (Daniel 1990; Molloy 1995). Work concerning wing
morphology (e.g. Daniel 1990), and echolocation call structure (e.g. Parsons 1997; Parsons and
others 1997, Lloyd 1998), and considering the relationship between these and habitat use (e.g.
Neuweiler 1984; Fenton 1990; Altringham 1996; de Oliveira 1998) also supports this view, as do
recent field studies of habitat use (notably O'Donnell and Sedgeley 1994; O’'Donnell 1997; and
later more detailed works 1999, 2000; Griffiths 1995, 1996). Further, O’Donnell and Sedgeley
(1994), and Griffiths (1996), showed that roads — a variety of edge habitat, may be preferentially
exploited by long-tailed bats in indigenous beech (Nothofagus) forest and tussock grassland,
and lowland podocarp broadleaf forest respectively. Krusic and Neefus’ (1996) study, in
hardwood and spruce/fir forest with areas managed for timber production (north-eastern USA),
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also suggests the importance of linear features, such as roads, {o bats. These likely offer
“relatively unciuttered commuting “highways" and foraging areas” {p 196}, and may provide, with
other elements, “the mosaic of habitats that encourage bat use and diversity” {p 196).

Long-tailed bats are widespread in Kinleith Forest (Chapter 3}, 2 131,000 ha exotic plantation
forest in the central North island, New Zeaiand. Roading is an integral part of modern plantation
forest management (Rebinson 1895). Road has dispiaced rail transport in New Zealand's
piantation forests (Allsop 1964} and Kinleith Forest is well roaded in relation o other plantation
forests (R Black unreferenced personal communication 1899). While the road network is
extensive, harvesting operaticns usually require additional roading and road maintenance.
Harvesting operaticns and reading are planned together to ensure sensible design and minimise
overali cost (Rabinson 1985). Reads may be formed some six to 18 months ahead of
harvesting {R Black unreferenced personal communication 1998). Given long-tailed bats’
reported use of edge habitats, and that they do not frave! far into the ferest interior to roost
{Gillingham 1886; Sedgeley and O'Donnell 18938}, perhaps the formation of new roads helps
open up new forest areas to them. Road formation may confer benefits of increased area for
foraging and easy access o suitable roost sites, but these may be compromised by subsequent

forest harvesting.

This investigation is the first in New Zealand to lock at iong-tailed bats' use of roads in plantation
forest. Additional justification for this study comes fram the extensive use of roads made during
the initial investigation of bat distribution {Chapter 3}. While the methods used were intuitively
sensible, scientifically based, provided a starting point and were successful in identifying bat
presence, their usefuiness in exotic plantation forest, especially for providing information about
habitat use and possible preferences, is largely unevaluated. Aims were to compare bat activity
on roads and inside the forest in mature and young forest, to learn more about how bats use the
plantation forest environment, how this compares with their use of roaded native forest, how
roading may affect long-tailed bats, and whether survey and monitoring methods concentrating

on road habitats are appropriate in a commercial exotic forest.

2. STUDY AREA

Carter Hoilt Harvey Forests' Kinleith Forest {centred around 38°17'S 175°53'E) is an exotic
ptantation forest of 131,000 ha in the South Waikato, centrat North Island, New Zealand (Figure
1; Chapter 2}. Pinus radiata is the dominant commercial species, followed by Eucalyptus spp.
and Douglas-fir (Pseudotsuga merniziesiij. Three areas formed the focus for the present study
(Figure 1: topmost inset): Pipeline Rd (380—400 m asl), located south-east of Tokoroa and not
far from the Kinleith Puip and Paper Mili; Kangaroo Rd (400—420 m asl}, which is east of
Tokeroa and adjoins Galaxy Rd; and Capricorn Rd {480-520 m asl} in the north of the forest on
the Mamaku Plateau, between Leslie Rd and State Highway 5 and running paraliel to these.
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Figure 1 Location of Kinleith Forest and of study sites (topmost inset)
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3. METHODS
Comparison of bat activity at road and forest interior habitats in two
contrasting ages of exotic forest

Site selection

Pipeline Rd, an area of 22 and 23-year-cld P. radiata with closed canopy, and Kangaroo Rd,
with five and six year old P. radiata and no canopy closure, were selecied for comparison in this
study. They were considered (respectively) representative of the mature and young pine forest
within Kinleith Forest. Additionally, these sites had fairly homogeneous forest, which was not
due to be harvested for some time; were reiatively flat (meaning topography shouid not bias bat
activity); and had no major streams (aiso a potential influence on bat activity). Both areas were
bisected by roads which appeared fo be used infrequently (reducing the potential of equipment

theft). Bats were found to be present at each location during a pilot study.

Within each area, three paired sampling sites of roadside and forest interior habitats were
chosen. These were located to avoid, where possible, unplanted skid sites {and those with
trees that were clearly much younger than the surrounding forest), other roads within 100 m,
and road junctions, ali of which may bias the bat activity. Wahi tapu, sites of cuitural

significance to local Maori, were also avoided.

Site description

Refer Appendix 4.1 for site details.

Bat detection

Bat calls, indicating bat activity, were detected with automatic bat monitoring units {(ABMs, 22,
22b and 22¢c models Science and Research, Depariment of Conservation) (Chapter 3. The
rainswitch feature of 22b and ¢ models was not used. Bat detectors were set to 40 kHz for
long-tailed bats (Parsons 1887}, and were calibrated with a frequency generator at the start of
the investigation and rechecked as necessary. ABMs turned on at least half an hour before
mean monthly sunset and off half an hour afier mean sunrise, capturing the period of nightly bat
aclivity (G Moore unpublished data). They were serviced daily — the cassetle tape was
changed or turned cver, the battery was assessed and replaced with a fresh one when ever
possible to maximise performance, and the inner workings and other setlings checked.
Previous work indicated that individual ABMs may differ in their sensitivity o bat calls (G Moore

unpublished data). This was addressed by the investigation design adopted.
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Sampling bat activity

Bat activity was sampled between October and November 1999 at Pipeline Rd, and between
November and December 1999 at Kangaroo Rd. The investigation design is shown
schematically in Figure 2. For both locations, bat activity was monitored at two paired sites
along the main road (Pipeline/Kangaroo), and at one on an adjoining stub road. Additional
ABMs were set up at the long-term monitoring sites of Star Rd and Redwoods (Chapter 3) to act
as controls.

Figure 2 Generalised investigation design. ABM: automatic bat
monitoring unit, TL: temperature logger, #: site number.

Six ABMs sampled nightly bat activity as three roadside-forest interior pairs (Figure 2). Pair
members were located opposite one another 100 m apart to ensure independence of sampling
(based on O'Donnell and Sedgeley 1994). The distance between pairs was > 100 m. Forest
interior ABMs faced parallel to the road and all in the same direction [further guaranteeing
independence as ABMs' sideways range is smaller than that directly to the front (O’'Donnell and
Sedgeley 1994)]. Roadside ABMs faced the road.

ABMSs were systematically cycled among the six sites to 1) enable specific site effects to be
separated out from ABM effects, 2) provide enough degrees of freedom to allow any ABM effect
to be identified in the results, and 3) minimise the possible interaction between specific site and
weather effects given that the weather on any two consecutive days is likely to be similar. To
illustrate, ABM “A" started at Site 1 (a roadside site) on Night 1, was moved to Site 2 (the
opposite forest interior site) for Night 2 and so on. On night 7, it started again at Site 1. All odd
numbered sites corresponded to road sites, and even numbered sites to forest interior sites,
except for Sites 5 and 6 which were reversed to maximise the efficiency of ABM cycling. The
investigation was considered complete when 12 nights’ data had been obtained for each
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roadside—forest intericr pair, with each ABM having manitored each habitat twice. For Pipeline

Rd this tock 27 nights to achieve, for Kangarco Rd, 21 nights.

Collecting environmental data

Loggers (SAPAC, SAR Ltd, Kent, UK} recorded the ambient temperature at one roadside and
forest interior site pair every haif hour. Qualitative descriptions of all monitoring sites were
made (summarised in Appendix 4.1). Road width, and the tree frunk to tree trunk distance
across the road, were measured to quantify “openness”. To provide a general measure of
stand stature, three representative tree heights were retrospectively measured with a clinometer
at all but one site which was unable to be relocated given the subsequent establishment of a

traii bike track in the area.

Data analysis

Tapes were transcribed and the number of bat passes per hour of real time sampled was
tallied. A bat passis “a set of two or more echolocation calls as a single bat [fiies] past the

microphone” {O'Donnell unpublished’, p 5).

An independent assistant helped check the reliabitity of coding. This was done from a range of
tapes encompassing most of the models of ABMs used in combination with various results e g.
tapes with little bat activity, bat calls interspersed with extraneous environmental noise and
tapes with considerable bat activity. Reliability focussed on whether there was agreement in
the number of bat passes for each hour sampled by the ABM using the formula: Reliability =

Agreements / (Agreements + Disagreements).

Bat activity in each habitat type

The difference in bat activity per treatment (road or forest interior habitat) was tested for
significance using a general linear model in SAS (version 8.01, SAS Institute Inc, Cary, North
Carolina, USA}. A log transformation was used to improve normality. Factors in the model, in
order of entry, were: date, ABM, treatment, site, and interaction term ABM x treatment. The
mean number of bat passes per site and standard error was calculated for the log transformed
data, then back transformed and graphed, hence, the error bars displayed are not symmetrical

about the mean.

' &'Donnell C. A Departiment of Conservation bat record scheme draft proposal. 8 p. Available from: Colin ©'Donnell,

Department of Conservation, Private Bag, Christchurch, New Zealand.
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Proportionate use of habitat

The proportionate use of each habitat type by bats was compared between Pipeline (mature
forest) and Kangaroo Rd (young forest) areas using a Chi-square test.

Habitat use with time of night

The mean number of passes per hour throughout the night for road and forest interior habitats
was calculated and graphed for both Pipeline and Kangaroo Rds. Means were calculated from

36 observations (12 nights x 3 sites).

Ambient temperature

Temperature data were analysed for the nights from which bat activity data was obtained
(though temperature data was not gathered during the first night at Kangaroo Rd). Night was
defined as the period from sunset to sunrise. Loggers recorded every half hour regardless of
sunset and sunrise times, and so one temperature reading either side of “night” was included in
the analysis.

The two data loggers were found to differ significantly in their readings in a controlled
environment over several days prior to the investigation (Tys3 = 8.03, P = 0.000) (Appendix
4.2), and so the mean difference in temperature was subtracted from the generally higher-
reading logger before further analysis. Overall means were compared between roadside and
forest interior sites using paired t-tests (Minitab version 13.1, Minitab Inc, Pennsylvania, USA)
as were mean nightly minimum temperatures — an important predictor of bat activity (e.g.
O'Donnell 2000). For the latter, though sample size was considerably smaller, differences
followed a normal distribution (Ryan-Joiner test, Pipeline Rd: R = 0.9858, P> 0.1000,
Kangaroo Rd: R = 0.9239, P = 0.0528) (Appendix 4.3).

Proportion of foraging calls

The level of foraging calls or buzzes (Griffin and others 1960) to passes was calculated, and for
Pipeline Rd, the relative levels occurring in road and (mature) forest habitats were compared
using a Chi-square test.

Investigation of bat activity at road and forest interior habitats in
exotic and native forest

A further study was undertaken at Capricorn Rd (Figure 1), to compare bat activity at the road
and inside the forest in native forest and adjacent P. radiata forest. This study aimed to assess
whether bats use roads as corridors in both forest types, or whether they disperse randomly in
native forest. It followed an earlier investigation which compared the level of bat activity and
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foraging activity in the two forest types {Chapter 8}, and was designed to test the underlying

assumptions of this.

Site selection

The siting of the previous study dictated where this work could be done. Capricorn Rd was
originally chosen as it was the only passable road in the main Kinfeith Forest area bisecting a
subsiantial area of both native and mature exotic forest. A pilot study revealed bats to be

present.

Two roadside ABM sites, one in native forest and one in exolic forest were retained from the
previous investigation. Forest interior sampling sites were o be located opposite up to 200 m
into the forest, and so the roadside sites retained were chosen on the basis of the adjacent
terrain. Capricorn Rd is sited on a high ridgeline, and several areas investigated were not wide

enough to allow the positioning of ABMs before dropping steeply away 1o the rivers below.

Site description

Site details are provided in Appendix 4.4.

Bat detection

Bats were detected as described previously. ABMs were set to come on half an hour before
mean monthly sunset and to turn off half an hour after mean sunrise. However, for the twao final

nights of the investigation, units were on only = 12 minutes either side of the hours of darkness.

Sampling bat activity

The method adopted was similar to that of the Pipeline Rd and Kangarco Rd studies. However,
ABMs were set up in a group of three in each of the native and exctic forest blocks {Figure 3).
Cne was |located on the roadside, the others were placed perpendicular to the road, one at 100
m into the forest, the other at 200 m. This spacing was adopied to ensure independence of
sampling (based on O'Donnell and Sedgeley 1984). The roadside ABM faced the road, while
forest ABMs faced parallel o the road.

ABMs were serviced and checked as for Pipeline and Kangaroo Rd studies, and cycled among
sites {numbered as in Figure 3) untll six clear nights’ data had been obtained for ait ABMs
together, with each having sampled each site. This investigation was carried out between April
and May 2000.
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Figure 3 Generalised investigation design. ABM: automatic bat
monitoring unit, #: site number.

Collecting environmental data

Each site was described and had three representative tree heights measured to provide a
general idea of stand stature. At road sites, the tree to tree distance across the road was also
measured to quantify “openness” (Appendix 4.4).

Data analysis
Bat activity in each habitat type

Tapes were transcribed and the results graphed. The small sample size precluded detailed
statistical analysis.

Proportion of foraging calls

The level of buzzes (Griffin and others 1960) to passes was calculated.

4. RESULTS
Comparison of bat activity at road and forest interior habitats in two
contrasting ages of exotic forest

Bat activity in each habitat type

Bat activity was significantly higher at roadsides than in the forest interior in both the mature
pines (Pipeline Rd, F, = 23.96, P < 0.0001) and the young pines (Kangaroo Rd, F, =5.72, P=
0.0220) (Appendix 4.5). Mean nightly bat activity for all sites is shown in Figures 4 and 5. In the
model of bat activity in mature pines, date and ABM used explained a significant proportion of
the variation (Fyg = 7.29, P < 0.0001, and Fs = 4.98, P = 0.0014 respectively). However, even
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Figure 4 Comparison of bat activity at roadside and forest interior
habitats in mature pines, Pipeline Rd, Oct—-Nov 1999. Nightly variation
in bat activity is illustrated by standard error bars.
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Figure 5 Comparison of bat activity at roadside and forest interior
habitats in young pines, Kangaroo Rd, Nov—-Dec 1999. Nightly
variation in bat activity is illustrated by standard error bars.

when these were included in the model, treatment effect (roadside or forest interior) was still
significant. There was no significant interaction between treatment and ABM (Fs = 0.57, P =
0.7221). In the young pines, only treatment was significant in explaining the patterns in bat
activity observed.
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Proportionate use of habitat

In the two ages of forest, there was no significant difference in the proportion of bat activity in
roadside and forest interior habitats (3> 14 =0.087, P=0.768) (Table 1, Appendix 4.6).

Table 1 Bat activity by habitat in each forest type

Roadside Forest interior
% bat passes (n) % bat passes (n)
Mature forest (Pipeline Rd) 75.9% (575) 24.1% (183)
Young forest (Kangaroo Rd) 74.1% (40) 25.9% (14)

Habitat use with time of night

In the mature forest, bat activity occurred throughout the night in the forest interior and at the
road (Figure 6). However, activity was generally greater at the road. In the young pines, activity
appeared slightly higher in the forest than at the road in the first and fourth hours after sunset
(Figure 7). However, there were a couple of hours during the night (the third and ninth) where
there was only activity at the road.
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Figure 6 Nightly activity profile of bats at roadside and forest interior
habitats, mature pines, Pipeline Rd, Oct-Nov 1999. Bars represent
standard error.
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Figure 7 Nightly activity profile of bats at roadside and forest interior
habitats, young pines, Kangaroo Rd, Nov—-Dec 1999. Bars represent
standard error.

Ambient temperature

The forest interior of the mature forest was slightly warmer than the roadside (T =-12.98, P =
0.000), in the young pines the opposite occurred (T = 2.60, P =0.010) (Appendix 4.7). The
same pattern was evident from analysis of the mean nightly minimum temperatures (Pipeline
Rd: T=-3.02, P=0.012; Kangaroo Rd: T=5.78, P = 0.000) (Table 2; Appendix 4.7).

Table 2 Ambient temperature by habitat in each forest type

Overall mean (°C) Mean nightly minimum
temperature (°C)
Road Forest Road Forest
Mature forest (Pipeline Rd) 8.429 8.609 5.93 6.20
Young forest (Kangaroo Rd) 9.684 9.579 6.23 5.53

Investigation of bat activity at road and forest interior habitats in exotic

and native forest

Bat activity was greater at the roadside than in the forest in both exotic and native forest (Figure
8).
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Figure 8 Comparison of bat activity at roadside and forest interior
habitats in exotic and native forest, Capricorn Rd, Apr—May 2000. 0
m: roadside site. Bars illustrate maximum and minimum observations.

Proportion of foraging calls

Rates of foraging calls were comparatively low for all areas (Table 3). There was no significant
difference between rates for the two habitat types for the Pipeline Rd area (1* ;; = 0.093, P =
0.761) (Appendix 4.8) and no difference at Kangaroo Rd.

Table 3 Summary of bat activity and foraging activity by habitat in
each forest type. M: mature, Y: young.

Area Forest Habitat Nights' Sites Total Total % calls
type data pooled bat buzzes with
passes buzzes
Pipeline Rd M Exotic  Roadside 12 3 575 8 1.39%
M Exotic  Forest interior 12 3 183 2 1.09%
Kangaroo Rd Y Exotic  Roadside 12 3 40 0 0%
Y Exotic  Forest interior 12 3 14 0 0%
CapricornRd M Exotic  Roadside 6 1 411 10 2.43%
M Exotic  Forest interior 6 2 0 0 0%
M Native  Roadside 6 1 35 0 0%
M Native  Forest interior 6 2 6 0 0%

Reliability of coding

There was total agreement in coding ABM-nights with no bat activity, and so these were omitted

from subsequent analysis. Coding reliability was hence conservatively calculated to be 85% (n =

213 sample hours).
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5. DISCUSSION

Bat response fo habitat type

Bats appeared toc make greater use of the road than the forest in all forest types, even where
the farest had no canopy closure. These findings are similar to those of O'Donnell (2000) and
Griffiths (1998). O'Donnell (2000) found that of four habitat types — roads, indigenous beech
forest interior and edge, and apen grassland — bat activity was highest on roads. Griffiths
(1996) found significantly higher bat activity in road, pond and native podocarp broadleaf forest
canopy habitats at Peel Forest, than in forest intericr, forest edge, river and grassland habitats,
Greater bat activity at forest edge sites than forest interior sites has also been observed in
North American bats (e.g. Furlonger and others 1987; Clark and others 1993; Crampton and
Barclay 1996; Grindal 1996; Krusic and Neefus 1998; Grindal and Brigham 1998) and
European bats {e.g. Walsh and Mayle 1991; Rachwalid 1992). Other studies stress the
importance of linear landscape elements to bats {e.g. Limpens and others 1989; Limpens and
Kapteyn 1991, Walsh and Harris 1996). While long-tailed bats are potentially flexible in their
foraging strategies (e.g. Griffiths 1996; O'Donneli 1999}, they appear to behave similarly in pine

plantation and native forest.

The proportion of bat activity in forest intericr sites in young and mature pines was remarkabiy
simiar. This suggests long-tailed bats are consistent in their apparent preference far road
habitats.

Possible explanations

Ambient temperature

Although there were differences in the mean temperature, and mean nightly minimum
temperatures, between the forest interior and roadside habitats, these differences were
relatively small, and were not consistent between the different ages of forest. They probably

contribute little in explaining the bat activity observed.

Prey abundance

There was no apparent difference in foraging rate between habitat types in these forest areas’
suggesting no significant difference in prey abundance (as interpreted from Racey and Swift
1985). Though a comparison of insect abundance between habitat types was not carried out,
Grindal (1996), in a comparable study with similar results, found no correlation between bat

activity and insect availability. He suggested that while coniferous forest offered an abundance

: though terminai buzzes are not aiways associated with foraging (Griffin and others 1960) and thus may have been

used differentiy between the habitat types.
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of potential prey, the greater environmental clutter® associated with it prevented bats from using
this resource.

Habitat structure

Adaptations and limitations of long-tailed bats

Discussion of the possible significance of differing habitat structure between road and forest

interior habitats requires an appreciation of long-tailed bats' ecomorphology and echolocation.

Long-tailed bats have moderate wing-loading, aspect ratio, and tip shape index associated with
moderate to fast flight speeds, relatively low energetic costs of flight and limited manoeuvrability
(O'Donnell 1999). Their echolocation calls are generally broad-band frequency modulated (FM)
sweeps with a short, less modulated (quasi-constant frequency, QCF) “tail" (Parsons 1996,
1997, Parsons and others 1997). Search calls, centred around 40 kHz, have a relatively long
pulse (10 ms) (Lloyd 1998). The interpulse length is around 100 ms (Parsons and others 1997;
Lloyd 1998). These calls have an operational range of around 17 m (Lloyd 1998).

Wing morphology and/or echolocation call properties have been related to habitat use in a raft
of studies (notably Neuweiler 1984; Aldridge and Rautenbach 1987; Norberg and Rayner 1987,
Kalko and Schnitzler 1993; Fenton 1990; and recently O'Donnell 1999) although caution is
expressed by Fenton (1986). Such studies indicate that long-tailed bats are probably limited in
their manoeuvrability in dense vegetation (Neuweiler 1984; Aldridge and Rautenbach 1987;
Fenton 1990), restricted in echolocation ability in highly cluttered habitats (Neuweiler 1984;
Aldridge and Rautenbach 1987; Fenton 1990) where short high frequency FM call structures
(Krusic and Neefus 1996) with short interpulse intervals (Fenton 1990) dominate among bats,
and are somewhat inefficient predators in open habitats where flying insects are likely to be
scarce and where long-ranging concentrated (shallow modulated or pure tone) calls (Neuweiler
1984, Aldridge and Rautenbach 1987; Fenton 1990; Krusic and Neefus 1996) with
corresponding long interpulse intervals (Fenton 1990) and high flight speeds (Aldridge and
Rautenbach 1987; Fenton 1990) would be beneficial.

The search call of long-tailed bats, which combines structures associated with both clutter-
adapted and open-foraging bats, seems well suited to distinguishing moving targets from a
stationary background like a forest edge (Parsons and others 1997; also indicated by Aldridge
and Rautenbach 1987). The QCF tail may help maximise the range over which potential
obstacles and prey are detectable (Aldridge and Rautenbach 1987; Kalko and Schnitzler 1993;
Parsons and others 1997). A couple of factors are involved in this. The tail section is

* “Clutter” is “a term from radar theory referring to echoes from other than the target of interest” (Fenton 1990, p 412).
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concentrated in frequency, presumably at a pitch to which the bat's hearing is most sensitive®
(Neuweiler 1984; and implied by Parsons and others 1887). This terminai call frequency for
long-tailed bats is seemingly at the lowest extent of their call range. As lower frequency sound
suffers less attenuation than high frequency sound (Neuweiler 1884), it can be used over a
longer range. Long-tailed bats' call frequency of arcund 40 kHz is intermediate to low on the
¢ait frequency continuum which ranges from low (e.g. 17 kHz), generally associated with open
area foragers, to very high {e.g. over 150 kHz), associated with clutter-adapted foragers
(Neuweiler 1884). Several vesperiilionid bats are intolerant of call-echo overlap (Kalko and
Schnitzler 1993), and the interpulse inferval of long-tailed bats of around 100 ms would provide
a moderate interval {in time and hence space) in which 1o process echoes before emitting the
next call (O’'Donnell 1898; and indicaied by Fenton 1990).

All this evidence suggests that long-tailed bats are adapted for foraging along forest edges,
though they may be somewhat flexible,

Why long-tailed bats may prefer edge habitat

Long-tailed bats seem o be limited in their ability to hunt efficientiy {especially given the high
energetic costs of flight) in cluttered habitats such as the forest interior (O'Donnell 1999). Edge
habitats not only present less clutter, but may present it in an ordered andg predictable way
{Fenton 1990}, allowing bats to deal with it in two dimensions {(Fenton 1990}, One way of
minimising the problem of overap of echoes returning from clutter and those from potential
prey items, is to separate these in space (Kalko and Schnitzler 1983). A bat flying along a
forest road, parallei to the forest edge, would receive clutter echoes from either side and the
ground, but should have no troubie in separating these out from prey echoes from abead
(Kaiko and Schnifzler 19¢3). Indeed, Kalko and Schnitzler (1883) found pipistrelle bats often
searched for prey along vegetation edges and Grindal (1896) observed greater activity at edge

than in clearcut or forest interior habitats.

Attempts to observe bats in the road habitat at Pipeline Rd, were unfortunately unsuccessful. It
was {o0 dark loo see bats with the naked eye, and the fieid of vision of the nightscope was too
restricted. However, elsewhere in New Zealand long-tailed bats forage atong forest edges
{Danief 1990; Molloy 1985, C O'Donnell unreferenced personal communication 2001} There is
also some evidence that in plantation forest iong-tailed bats orientate along roads. For
example, on a driving transect (Chapter 3), a bat was heard for several seconds seemingly
right above the vehicle, had the bat been flying across the road the call would have guickly
faded. Additionally, several bats have been coliecied on the grilles of logging trucks (S Garner

unreferenced personal communication 2001) and bats have been seen in the headlights of

‘ Neuweller (1984, p 449) notes that the frequency “of best hearing . . always coincides with that frequency band of the
emitted echolocation sounds containing the most energy”. For long-tailed bats this is around 37.5 kHz (calculated from
Farsons 18973,
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vehicles (personal observation; G Newton unreferenced personal communication 1999; S
Garner unreferenced personal communication 2001). The chances of these occurring are
greater if bats are flying along the road. Further, while it was desired not to locate monitoring
sites near road junctions, a compromise had to be made for Site 1 of the Pipeline Rd
investigation. This site experienced nearly the same amount of bat activity as the other two
road sites put together. Due to its position (approximated in Figure 2), bats may have travelled
to this site along roads from three directions.

Hence, edge sites, and specifically roads, because of their lower structural complexity than the
interior of the forest, are likely to offer favourable foraging areas (Krusic and Neefus 1996) to
long-tailed bats. Indeed, O'Donnell (1999) suggests that roads provide long-tailed bats with a
structural “corridor” through the forest allowing them to feed on invertebrates that my not be
otherwise available. However, roads may also be beneficial to bats in other ways. They may
facilitate travel (Kalko and Schnitzler 1993; Grindal 1996; Krusic and Neefus 1996; Walsh and
Harris 1996; Grindal and Brigham 1998) between roosting and foraging sites and sites which
fulfil social functions. Fl'ight corridors may have an important role in enhancing the long-term
survival of bat populations in fragmented habitats (indicated by Walsh and Harris 1996). For
example, they may link patches, giving access to additional foraging areas, or “by providing an
additional food supply that enables the bats to travel over a wider area in search of profitable
feeding areas” (Walsh and Harris 1996, p 516).

Navigation and orientation

Roads may be used in navigation and orientation (Limpens and others 1989; Grindal 1996;
Krusic and Neefus 1996; Grindal and Brigham 1998), either directly (bats flying along roads) or
indirectly, e.g. acting as landmarks or “beacons” to overhead bats in an otherwise
homogeneous forest (Grindal and Brigham 1998). It is interesting that bat activity at Kangaroo
Rd was also generally greater at roads than in the forest although the pines were comparatively
short (mean 6.3 m) and there was no canopy closure. Given the low height of this forest, and
potential 50 m horizontal range (O'Donnell and Sedgeley 1994) and 25 m vertical range (C
O’'Donnell unreferenced personal communication 2001) of the Batbox 11l bat detectors, bat
activity was probably sampled above the forest in this area. While Griffiths (1996) found
significant long-tailed bat activity above the forest canopy, the Kangaroo Rd results suggest that
in this area at least, long-tailed bats may have been using the road for navigation. No foraging
calls were recorded. However, at other sites these formed a small proportion of calls recorded,
and at Kangaroo Rd there was comparatively little activity during the time of study.

Predation, competition, roosting opportunities

Foraging outside of the forest itself is probably not a response to predators. Moreporks (Ninox
novaeseelandiae), the only likely natural predator of volant bats (Dwyer 1960a, 1960b, 1962;
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Daniel and Williams 1984), frequently hunt from perches along the forest edge {O'Donnell
1998). Neither does the high level of activity at road habitats seem likely {o be a response to
interspecific competition {O'Donnell 1989}, though short-tailed bats are not evident in Kinleith
Forest (Chapter 3). A further factor that can influence the presence, abundance and activity of
a bat species in an area is proximity 1o roest sites (Krusic and Neefus 1998). 1t is not known
whether bais were roosting near any of the sites monitored during this study. However, by
using muitiple replicates, the chance of a nearby roost site having a significant influence on the
results was diminished. (Se¢ aiso next.)

The relative value of road and forest interior habitats during the night

The nightly activity profile of jong-tailed bats was analysed for forest and road sites {Pipeline
and Kangarco Rd) {o see whether the apparent value of these habitat types to the bats changed
during the night. This analysis also has potential to indicate possible movement of bats from
one habitat to another (e.g. O'Donnell 1899, 2000), and to suggest possible roost emergence
(e.g. Grindal 1988). At Pipeline Rd, activity in the forest paralieled that at the road, but at a
reduced level. There was no indication of bats moving from one habitat to the other, nor of
emergence from any nearby communal roost. The aclivity paiterns af Kangaroo Rd were less
even. However, apari from generally greater activity on the road, no significant patiern is

evident {though this may reflect the small sample size).

The low average numbers of passes per hour for both Pipeline and Kangaroo Rds is strongiy
influenced by the many zero values. Bats were not active at monitoring sites every night, and

there was some variation between nights in the times bats were active.

Proportion of foraging calls

The proportion of foraging calls observed overall was very low compared with Griffiths' (1998)
6.7% and 7.4% and O'Donneli's (2000} 4.9% {(which he indicates is low compared to some
Northern Hemisphere species). There are several possibie explanations inctuding: 1) The bais
observed in the present study were mainly commuting to feeding areas, but foraging a little as
they went (both inside the forest and above the road). 2) Food was limited (as suggested by
O'Donnell 1899). 3) Bats were eating bigger insects and so did not need to hunt as much.
Finally, 4}, our studies may not be comparable. O'Donnell's (2000} and Griffiths’ {1996) studies
took place in mature native forest in the South Istand, using a different model of ABM, and

were of longer duration. These are considered further in Chapter 6.

There is evidence that foraging calls may parallel baf passes, though at reduced levels {as
suggested by the Pipeline Rd data and found by e .g. Furionger and others (1987); Griffiths
{1898); O’'Donnell {2000}]. Sites in the present study where no feeding buzzes were recorded
also had low bat activity, possibly explaining the absence of foraging calis observed.
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Differences in bat activity among replicates

Bats appeared to be more active at some sites at Pipeline and Kangaroo Rd than others. For
instance, Forest Site 5 at Pipeline Rd had the greatest activity of the three forest sites, with 85
passes (n = 12 nights). Perhaps there was more activity at this site than the others because the
forest was more open. A couple of pines at this site had lost their tops, and there was a small
gully adjacent in which no tall trees were growing. Bats may have possibly roosted in the area
too.

At Kangaroo Rd, the level of bat activity was very similar between the paired Road Site 6 (8
passes) and Forest Site 5 (9 passes). Site 5 was actually located part way up a gentle hill.
Bats may have used this habitat differently to the surrounding flatter land. Additionally, while
the ABM was set facing along the hill, it may have effectively had a larger range than that on

the road, or sampled a greater proportion of airspace above the trees.

Scope and limitations

Difference in ABM sensitivity between forest interior and road habitats

It is likely that there was some difference in the sensitivity of ABMs between habitats (Hayes
and Adam 1996; Parsons 1996; O'Donnell 1999). However, this alone does not appear to
account for the large difference in pass rates observed between interior and road sites (Table 1;
Figure 8).

Potential variability in bat calls between forest interior and edge habitats

Possibly variability in bat call structure or intensity between habitat types influenced the results
of the present study. There is evidence that bats (e.g. Griffin and others 1960; Neuweiler 1990;
Kalko and Schnitzler 1993; O'Donnell 1995; Kalko and others 1998; Parsons 1998) including
long-tailed bats (Parsons 1996, Corben 1997; Parsons and others 1997; Lloyd 1998) are
flexible in their call structure, and long-tailed bat calls vary regionally in New Zealand (Parsons
1997). However, very little work appears to have been done looking at the call structures of
long-tailed bats in different habitat types (see Corben 1997 for preliminary observations).

There was no observed difference in calls recorded in the forest interior and at the roadside.

Potential for sampling bat activity above the canopy

Given the forest height at Pipeline Rd, it is unlikely that above-canopy bat activity was
sampled. However, at Capricorn Rd, the forest was generally not as tall, and one of the six
sites was on a ridgeline, and another overlooked a substantial gorge. Activity above the
canopy was probably sampled at most sites. Griffiths (1996) found a significant level of bat

activity above the canopy of podocarp broadleaf forest. The relative effects of above-canopy
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sampling on the resuiis of this study are unknown, however, there were very few bat calls

recorded from forest “interior” sites.

Potential sensitivity differences between individual ABMs

ABMs are somewhat variable in their sensitivity to bat calis. This was countered by calibrating
the bat detectors, and cyceling the ABMs around sampling sites, so bat activity at each site was
sampled twice by each ABM. However, for Pipeline Rd, there was still a significant ABM effect.
It is not clear exactly why this occurred, although three recently purchased tate model 22b
ABMs {iotal 32 ABM-nights} were thought to under-represent bat activity, based on evidence
from a controlled trial of one against a model 22 unit at a site with consistently high bat activity
{G Moore unpublished daia). The newer units were subseguently found by the manufacturer {0
have a problem of non-linearity of the tape recorder. This effectively decreased the sensitivily
of the system to certain types of bat calts {M Douglas unreferenced personal communication
1899, 2001). Unfortunately, 8 solution to this was not available before the start of this study.
Additienally, while all ABMs had been checked prior to the study, the bat sensor of one was
later found to be damaged, likely reducing its sensitivity. Various other technical difficulties
were also encountered, and some deviations from the planned rotation scheme were
unavoidable. Despite an ABM effect, the effect of habitat type (conservatively entered later

into the model} was highly significant.

Qther factors

The spacing of ABMs adopied, though smaller than the 150 m used by Griffiths (1996}, is
thought fo have been appropriatie to avoid recording overlap and o objectively investigate

long-tailed bats' use of road and forest interior habiiats.

Whilte minimal disturbance of forest and road sites was desired, at Pipeline and Capricorn
Roads, narrow fracks were required o access forest interior sites. it is not thought that track
making had any significant effect on the overall habitat structure or complexity at, or
approaching, forest interior sites. Additionally, any effect would have probably been to the

advantage of the long-tailed bats.

The length of time taken to complete the Pipeline Rd investigation and the fact that not all pairs
were monitered simultanecusly, due o e 0. equipment failures and inclement weather, is
though to have contributed to the significant time effect. However, the effect of habitat type on

bat activity was still significant.

It is doubtful that variation in the consistency of coding significantly influenced the results of

this study.
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Ability to compare results between studies

The difference in overall levels of activity at Pipeline and Kangaroo Rds is considered in
Chapter 5.

Development of methods for the study of long-tailed bats in plantation
forests

The results of this study suggest that in Kinleith Forest, the strategies of ABM placement at
roadsides and the use of driving transects to identify bat presence and distribution (Chapter 3)
were good ones. Given the practicality of these methods, they appear widely applicable in
exotic plantation forests and roaded native forest. These methods focussed on habitats bats
were likely to use, and were economic of time because roads offer easy access to monitoring
sites. Given the similarity in bats' proportional use of road in both the young forest at Kangaroo
Rd, and the mature forest at Pipeline Rd, there is also potential to use driving transects in
evaluating the relative importance of different habitat types to bats (Jiides 1989; Chapter 5),

though further investigation is recommended.

The bat field in New Zealand is comparatively young. In many areas focus is on identifying bat
presence or absence (Chapter 3). Forestry companies seem increasingly interested in
surveying their estates for bats, particularly with the opportunity to gain environmental
certification which may provide a competitive advantage in the marketplace. The development
of standardised reliable, rapid-survey methods, like driving transects which required little
equipment and prior training, can only help these efforts. Such methods will also be invaluable
for studying population trends and assessing the effect of management regimes (O'Donnell
2000).

Management implications

In the interests of providing full and balanced discussion, the possible opportunities and threats
that road creation presents to long-tailed bats and other management implications are

considered in Chapter 8.

6. CONCLUSIONS

Long-tailed bats, predicted to be “edge” bats by their wing morphology and echolocation call
structure, and observed using edge and road habitats in areas of native forest, preferentially
used roads over forest interior habitat in Kinleith Forest (an exotic plantation forest), probably
for reasons of habitat structure, though roads may also play a role in navigation. This
behaviour may be used to researchers' advantage in presence-absence and distribution
surveying.
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BROAD-SCALE HABITAT USE BY LONG-TAILED BATS
(Chalinolobus tuberculatus) IN KINLEITH FOREST,
CENTRAL NORTH ISLAND, NEW ZEALAND

ABSTRACT

Patterns of broad-scale habitat use by long-tailed bats (Chalinolobus tuberculatus,
Vespertilionidae) in a large exotic plantation forest were examined by 1) investigating the areas
where bats were found, 2) comparing the rate of "bat encounters” in two contrasting areas of
forest (Galaxy and Wainui) using driving transects, 3) relating habitat use to habitat availability,
4) assessing activity in young and mature pine forest, and 5) identifying areas with high activity.
Long-tailed bats are present in all the main topography types, and use a range of habitats
including harvested/unstocked land; Eucalyptus spp., Pseudotsuga menziesii, Sequoia
sempervirens, young and mature Pinus radiata forest; wetlands; and native forest remnants.
Bats appeared to select older pine forest and generally avoid unstocked land or younger forest,
this was also supported by activity findings. Older pine forest retains more heat, has a different
understorey, and may offer more shelter than younger forest, potentially influencing prey
abundance and bat activity. Bats' differential use of habitat may partially explain the lower
number of bat encounters in the Wainui area than the Galaxy area. Six sites, including a

wetland, older pine forest, and areas in or adjacent to native forest, had high bat activity.

1. INTRODUCTION

New Zealand's native long-tailed bats (Chalinolobus tuberculatus, Vespertilionidae) are
threatened (Molloy 1995; IUCN 2000). Typically tree roosting (O’Donnell 1994; Molloy 1995),
and generally associated with indigenous forest (Dwyer 1960; Daniel 1990; Higham 1992;
O'Donnell 1994; Molloy 1995), sightings in exotic plantation forest are surprising (Daniel 1981).
However, bats are known from the Kinleith Forest area (Marsh and Blake 1997) and have been
seen in the plantation forest itself (Chapter 1). The present study, focussing on the distribution
and ecology of long-tailed bats in Kinleith Forest, is significant nationally as it is the first
comprehensive study of bats’ use of this habitat type. As such, it was initially unclear where to
begin looking for long-tailed bats. This chapter considers the places where bats were detected,

and examines habitat use and selection by long-tailed bats.
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2. STUDY AREA

Carter Holt Harvey Forests' Kinleith Forest (centred around 38°17'S 175°53'E) is an exotic
plantation forest of 131,000 ha in the South Waikato, central North Island, New Zealand (Figure
1, Chapter 2). Pinus radiata is the dominant commercial species, followed by Eucalyptus spp.

b % R v . g2 ML e -
s . O S
¢, [ °- Cambridgs |17

o

Y
.-‘l )
B
o
rs -

Legend

Built up areas Vegetation type Native forest

N Highways Non-forest area

Scattered scrub

Rivers and lakes - Bxotic forest o il

Non-commercial exotic forest

Figure 1 Location of Kinleith Forest
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and Douglas-fir (Pseudotsuga menziesii). Areas vary from first to third rotation. At least 10% of
Kinleith Forest is managed as (non-production) reserve land (R Black unreferenced personal
communication 2001). Reserves include riparian vegetation, scrubland, fernland, wetlands, and
gorges of podocarp broadleaf tawa forest descending from the Mamaku Plateau (R Black
unreferenced personal communication 2001). The north-eastern Forest adjoins the Mokaihaha

Ecological Area, a large area of podocarp broadleaf forest.

3. METHODS

Fieldwork was carried out between early 1998 and mid 2000.

General trends of habitat use

Places where bats were active (bat sites) were identified using selective surveys (monitoring for
bat calls at specific sites) and driving transects (monitoring continuously along a =50 km route)
(Chapter 3). Details of bat sites including adjacent land use and vegetation, and presence of
nearby streams or wetlands were recorded.

Comparison of encounter rate in two contrasting areas of forest

Driving transects, driven on alternate nights, provided a preliminary comparison of the bat
encounter rates in two contrasting areas of Kinleith Forest — Galaxy in the north-east with its
large areas of indigenous forest, and Wainui in the west, an area with little indigenous forest
(Chapter 3). The transects were also compared in terms of the proportional abundance of the
various habitat types (forest species, age, or other land use). Habitat abundance was
calculated from measurements of the road frontage length of each habitat around the route from
forestry maps (see Habitat selection).

Habitat use by individual bats

Radio-telemetry was a preferred method for investigating habitat use and range at a more
specific level (Bradbury and others 1979; Wilkinson and Bradbury 1988). Two Austbat
(Australia) harp traps (3.3 m? and 4.2 m?) (similar to Tidemann and Woodside 1978) and/or one
6 x 2.6 m 1% inch mesh mist-net were used in April 1999 and January and February 2000, at
seven locations in Kinleith Forest over > 29 nights (Chapter 7). Harp traps were free-standing
or suspended from trees, the mist-net was set up on a pulley system anchored on poles or
ropes. Despite these efforts, unfortunately, no bats were caught.

Habitat selection

Driving transects were undertaken as described in Chapter 3. For the Galaxy and Wainui
transects, habitat selection was examined by comparing the habitats in which bats were
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detected with their availability along the transect routes (Jiides 1988). If bats were actively
selecting certain habitats, we would expect bat sites to occur more often in those habitats than
the habitats occurred along the transect. Such reasoning has been widely used by researchers
investigating bat habitat or roost preferences (g.g. Crampton and Barclay 1886, 1998; Walsh
and Harris 1888a; Vonhof 1998; O'Donnell 1989a, 2000b, Sedgeley and G’Donnell 19983,
1999b; Sedgeley 2001). Habitat availability was assessed from forestry maps1 corrected to
QOctober 1988 — the mid point of bat data collection. A measuring wheel (ASI, Swilzerland) was
used to measure the road frontage length of each distinct forestfland use block for both sides of
the road along the transect routes. Measurements were made three times and then averaged
(R Summers; D Williams unreferenced personal communication 2001). bMeans were then
multiplied by the appropriate factor to get the distance represented on the ground. Data was

sorted by habitat type and the total length of the transect in each habitat calculated.

The habitats in which bats were encountered were described in terms of the two adjacent forest

typesfland uses and then grouped as for the habitat availability data.

The data for the two transects was combined and the proportion of bat encounters in each
habitat type calculated. The nuil hypothesis was that bats use Kinfeith Forest randomly, i.e. bat
encounters per habitat would be proportional to the abundance of that habitat. Chi-square tesis
were used to evaluate this for areas of young pine forest {unstocked to 11-year-old trees) and
older pine forest {ages 17-31 years). The expected number of bat encounters per habitat was
calcuiated as the average number of bat encounters per kilometre multiplied by the number of
kitometres occupied by each habitat.

Comparison of bat activity in mature and young pine forest

Research into the use of forest interior and roadside habitats in young and mature pine forest is
described in Chapter 4. Bat activity appears lower overall in the young forest {five and six year
old pines, Kangaroo Rd} than the mature forest {23-year-old pines, Pipeline Rd). Though the
two areas were not monitored simulianeously, two controls — automatic bat monitoring units
{ABMs)} which operated at fixed sites during both studies — aliow an indirect comparison of bat
activity using a Chi-square test. The expected level of bat activity was calculated for the young
forest as the ratic of activity in mature farest to controly at time, multiplied by bat activity at
controly at time; — the period when activity in the young forest was observed. This was
repeated for the second control. Bat activity was represented by the total number of bat passes,
For each of the young and mature forest, this was the summed mean nightly humber of passes
from the three roadside monitoring sites. Data from roadside sites rather than forest interior

sites {or a combination of both} was used because bat activity was generally higher at
roadsides.

" of Kinleith Forest and Fletcher Challenge Forests’ Pt Horohoro Forest, focated slong Mamaku South Rd.
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Specific sites of importance

Sites of high bat activity were identified from 885 ABM-nights’ data (Table 1), and six sunset and
opportunistic surveys, for 24 disparate areas. Field methods are detailed in Chapter 3. High
activity was defined as = 60 bat passes/hour, or 2 100 bat passes/night (incomplete hours of
recording e.g. at the start and end of the night were omitted). A bat pass is “a set of two or
more echolocation calls as a single bat [flies] past the microphone” (O’Donnell unpublishedz, p
5).

Table 1 Number of ABM-nights analysed per site

Area n Area n Area n
Beale 3  Mercer 3 Renahan L3}
Capricorn (several ABMs) 146 Neptune—Tunnel 3  Rewarewa 8
Hoiho—Tram 6  Ohakuri 5  Star 187
Hughes 9  Pipeline (several ABMs) 129 Tikitiki Bridge 2
Jack Henry—Waipa 33 Pohaturoa (4 ABMs) 19  Tunnel Rd west (2 ABMs) 9
Jade—Kowhai 11 Puriri-Te Ranga 4  Waihou 14
Kangaroo (several ABMs) 79 Rawhiti-Sambur 3 Wawa 2
Matahana 9  Redwoods, 15352 188 West Tikitiki Native 8

As bat activity can be affected by nearby active roosts (e.g. Krusic and Neefus 1996), it may be
possible to locate areas containing active roosts by checking activity data (see also Chapter 7).
C O’Donnell (unreferenced personal communication 2001) suggested communal roosts to have
fairly constant activity throughout the night and roost-associated bat calls to be distinctive.
Hence, ABM-nights with high activity but no feeding buzzes (Griffin and others 1960) were
considered to possibly be associated with roost sites, and of these (four), those (two) with multi-
hour activity peaks were scrutinised more closely.

4. RESULTS
General trends of habitat use

Selective surveys

Bats were present at most monitoring sites, and so the following findings largely reflect survey
effort.

Long-tailed bats were mainly detected at roadsides in areas of mature (= 17 years) pine forest.
They were also found in some areas of mixed-age trees (e.g. mature pines adjacent to 2-4-

year-old pines), and areas of mixed species, e.g. = 17-year-old eucalypts with pines (young or

2 O'Donnell C. A Department of Conservation bat record scheme draft proposal. 8 p. Available from: Colin O’'Donnell,
Department of Conservation, Private Bag, Christchurch, New Zealand.
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mature). Bats were present in the 17 ha Redwood Reserve (Frontispiece). Planted in 1927,

this is one of the oldest blocks in the forest.
Bats were detected in four areas of 2—8-year-old pines.

Two wetlands had notable bat activity. Bat activity exceeded 60 passes/hour and 100
passes/night at Hoihe Rd wetland (see Specific sites of importance), and bats were regularly
seen at Tikitiki Reserve lake. Bats were present at another two wetlands. High bat activity was
also observed inside a native remnant. [n ancther area of native forest, bats were detected

infabove the forest interior, but there was much greater activity on the roadside (Chapter &).

Bats werg not detected in an area of 4-8-year-old pines at Fly Rd, in the forest interior of 23-
year-old pines at Capricorn Rd, nor in exposed places around Pohaturoa in winter (though one

call was heard from a roadside area in 21-year-old pines).

Driving transects

Bats were encountered in a range of habitats during driving transects. The majority were in
mature (=17} pines or Douglas-firs. Fewer bat calls were heard in areas of mixed age (mature
and generally =6 years) pine farest, and even fewer again in young { =7-year-old) pine forest.
However, bats were observed at two harvested areas (near Skunk Rd and near Tank Rd}, and

again at one of these areas shortly after pianting.

A couple of calls were heard in reserve areas adjacent to the Mokaihaha Ecological Area. One

of these had low native forest, with emergent spars.

Bats were also detected on Mossop Rd just as we were setling up our equipment to begin a

transect. This area has young pine frees bordered by pasture with a stream running through it.

Overall
Long-tailed bats were present in all the main topography types of Kinleith Forest (Chapter 2),
and were detected to an elevation of around 680 m asl.

Comparison of encounter rate in two contrasting areas of forest

There were proportionately more bat encounters on the Galaxy transect than the Wainui

transect during paired surveys (Table 2).
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Table 2 Bat encounters on paired Galaxy and Wainui transects

Date Transect Bat Bat
encounters encounters/km
11/02/1999 Wainui 4

12/02/1999 Galaxy 1

18/02/1999 Galaxy 3

19/02/1999 Wainui 0

12/04/1999 Galaxy 3

13/04/1999 Wainui 0
Total Galaxy 7 0.13
Total Wainui 4 0.09

A comparison of the habitat distribution of the Galaxy and Wainui transects is shown in Figure 2.
Overall, the Wainui transect had a greater proportion of young (2-11-year-old) trees, while the
Galaxy transect had comparatively more older (17-31-year-old) pines (Table 3) and minor
species. The Galaxy transect had proportionately more reserve land — typically riparian
vegetation, and areas of podocarp broadleaf forest, as well as a greater proportion of non-
production land.
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Figure 2 Comparison of the habitats sampled by the Galaxy and
Wainui transects. P rad: Pinus radiata, non-production land includes
areas not part of Kinleith Forest and “non-forest area” but not
reserves.

Table 3 Comparison of the occurrence of key forest types along the
Galaxy and Wainui transects

Habitat Galaxy  Wainui
% %

Pinus radiata 2—-11 years 31.9 49.2

Pinus radiata 17-31 years 28.1 18.2
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Habitat selection

Overall, bats were encountered in 23 different locations along the Galaxy and Wainui transects.
Habitats used by long-tailed bats is compared with habitat availability in Figure 3. Long- tailed
bats appeared to select areas of older (17-31-year-old) pines (x* 1.1 = 14.30, P < 0.0005) but
avoid areas that were unstocked or in pines up to 11 years old (x2 21=7.33, P<0.05)
(Appendix 5.1). They also seemed to favour areas of minor species (Douglas-firs and
redwoods) and reserve areas.
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Figure 3 Habitat selection by long-tailed bats, Kinleith Forest, 1998—
1999. Bat habitats are compared with their availability for Galaxy and
Wainui transects. P rad: Pinus radiata, non-production land includes
areas not part of Kinleith Forest and “non-forest area” but not
reserves.

Comparison of bat activity in mature and young pine forest

Bat activity was proportionally higher in the 23-year-old pines (Pipeline Rd), than in the five and
six year old pines (Kangaroo Rd) (Table 4). The difference in activity was highly significant
(x%1.1 = 231.64, P < 0.0005) (Appendix 5.2).
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Table 4 Comparison of bat activity in mature pines (Pipeline Rd, Oct-—
Nov 1999), and young pines (Kangaroo Rd, Nov-Dec 1999). Bat
activity at control sites (Redwoods and Star) is used to calculate the
expected level of activity in the young forest, had bats been as active
there as in the mature forest.

Forest Observed Control site Observed Number Expected
area total passes total passes of nights (n) total passes
Pipeline 213 Redwoods 31 13 -
Pipeline 100 Star 208 4 -
Kangaroo 1 Redwoods 20 4 137
Kangaroo 16 Star 305 6 146
Specific sites of importance
Areas with high hourly levels of bat activity (= 60 passes) are shown in Table 5.
Table 5 Areas of Kinleith Forest with high hourly long-tailed bat activity
Area Date Passesin 1h Hour after sunset Total nightly
(= 60) passes
Hoiho 25/08/1998 103, 79 g™ 10" 343
Redwoods 26/04/1999 >63* 2™ Unknown
Star 12/07/1999 62 g 65
Pipeline 20/08/1999 71, 165, 63, 119 3¢ 5" " 7" 510
26/09/1999 90 * 205
09/10/1999 72 7" > 977
West Tikitiki Native  22/01/2000 83 5" > 100"
07/02/2000 137 10" > 206"
Capricorn 12/03/2000 67 o™ 225
21/03/2000 62, 79 g" 9" 195

* 63 passes heard in 44 minutes
during opportunistic bat monitoring
¥ Recording incomplete

The Hoiho site backed on to a block of tall 43-year-old eucalypts and faced part of a substantial
wetland along the Opareiti Stream. There were surrounding blocks of four year old pines, and
an unstocked/just planted area. The Redwood Reserve, comprises 17 ha of tall 72-year-old
trees. High bat activity was observed over a small grassed area directly outside this block and
bordered also by young pine trees. The redwoods are the tallest trees for some distance, the
surrounding area is mainly in young (< 6-year-old) pines. Star Rd is located in a narrow tongue
of pine forest between the native forest clad valleys of the Takapuhurihuri and Onukutauira
Streams, and runs along part of the northern border of the Mokaihaha Ecological Area. The
ABM was located at the junction of Star and Galaxy Rds, opposite the steep valley of the
Takapuhurihuri Stream, but surrounded on other sides by 19 and 21-year-old pine forest.
Pipeline Rd runs through a flat area of predominantly 23-year-old pines (Chapter 4). “West
Tikitiki Native” is an area of riparian podocarp broadleaf forest along the Tikitiki Stream. The
ABM was in forest of mainly low tawa (Beilschmiedia tawa) with Pseudowintera axillaris and
tawari (Ixerba brexioides), and some rimu (Dacrydium cupressinum) including an impressive
emergent tree. The Capricorn Rd sites were roadside sites in 13 and 23-year-old pines
(Chapter 6).
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The same areas, except for Redwoods, also featured as sites with high nightly bat activity. In
all, there were 40 ABM-nights with = 100 passes, some were the same as in Table 5, however

the top 10 are shown in Table 6.

Table 6 Areas of Kinleith Forest with high nightly long-tailed bat activity

Area Date Total nightly passes
Pipeline 20/08/1999 510
Hoiho 25/08/1998 343
Pipeline 08/10/1999 245
Capricorn 12/03/2000 225
West Tikitiki Native 07/02/2000 206
Pipeline 26/09/1999 205
Star 17/09/1999 195
Capricorn , 21/03/2000 195
Capricorn 04/05/2000 192
Capricorn 30/04/2000 178

In order to examine why all these sites may be important to bats, activity profiles for the ABM-
nights of high bat activity (Table 5 and 6) are shown in Figure 4. Feeding buzzes (Griffin and
others 1960), indicating foraging attempts, are evident at most sites. Feeding activity was
relatively high at Hoiho Rd wetland on 25 August, with 6.7% of all calls containing feeding
buzzes, and up to 11.6% of calls in the ninth hour after sunset. At other sites, bat passes
possibly indicate commuting activity. High bat activity, rapid passes and simultaneous calls
from multiple bats observed at Capricorn Rd on 21 March, suggest this site may have been near

an active communal roost (C O’'Donnell unreferenced personal communication 2001).

5. DISCUSSION

General trends of habitat use

Like long-tailed bats elsewhere (e.g. Griffiths 1996; O’Donnell 1999a, 1999b, 2000a, 2000b,
2001), long-tailed bats in Kinleith Forest use a range of habitats. While survey effort mainly
focussed on roadside habitats, bats were found in most of these areas. Indeed, long-tailed bats
preferentially use roads over the forest interior, probably for reasons of habitat structure
although roads may also have a role in navigation and orientation (Chapter 4). Long-tailed bats
make significant use roads elsewhere in New Zealand (e.g. Griffiths 1996; O’'Donnell 1999a). In
Kinleith Forest, long-tailed bats were also detected at forest edges e.g. where mature forest
adjoined young forest. While all such areas also had roads (often one lane and unsealed)
present, long-tailed bats are known to forage along forest edges (e.g. Daniel and Williams 1984;
Daniel 1990; Molloy 1995) and select this type of habitat (O’Donnell 1999a).

Bats were active in many areas of older pines. O’'Donnell (2000a) suggested that roads

overtopped with evergreen trees of 25—40 m held temperatures 1.0 + 0.8°C higher than open

areas possibly providing favourable conditions for invertebrates and bats. | observed similar
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Figure 4 Nightly activity profiles for areas with high bat activity. The
total number of bat passes recorded for each night is shown beneath
each graph, along with the percentage of calls containing feeding
buzzes.

differences in temperature between open areas or areas of young trees and areas of mature
pines in Kinleith Forest (G Moore unpublished data). | also suggest that some of the areas
overtopped with pines offered a greater degree of shelter from the wind than more open areas,
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affecting both invertebrate abundance (Williams 1940; Kunz 1988} and bat activity. Long-tailed
bats elsewhere forage in sheitered clearings on windy nights, both in exotic forest and near
beech forest (M Hansen unreferenced personal communication 2001). Qverseas tog there
seems to be a relationship between degree of shelter, insect abundance and bat activity {Racey
and Swift 1985; Mayle 1990; Limpens and Kapteyn 1991).

Long-tailed bats’ presence at wetlands in Kinleith Forest is not surprising. Insectivorous hats
commeonly foerage in wetland and riparian areas (e.g. Racey and Swift 1885; Thomas 1988;
Mayle 1990; de Jong and Ahién 1891; Walsh and Mayle 1981; Clark and others 1993; Grindal
1996; Haves and Adam 1996; Krusic and Neefus 1996; Lunde and Harestad 1986; Parker and
others 1996, Walsh and Harris 1996a, 1996b; Pierson 1998; Grindal and others 1939; Shiel and
others 1899} and such areas may be very important to them (e.g. de Jong and Ahlén 1931;
Grindal 1996, Parker and others 1896; Walsh and Harris 1996b, Grindal and others 1999},
Long-tailed bats primarily feed over agquatic and riparian habitats in South Canterbury (Griffiths
1996; O'Donnell 2000b}, including over a shallow pond in pasture adjacent to native forest
(Griffiths 1996). Bat sightings are also frequently associated with water (Dwyer 1960, 1962;
Daniel 1980; Chapter 3).

Bats were not detected in pine forest interior sites at Capricern Rd. While they weare detected in
the interior of similar aged forest at Pipeline Rd (over a longer period), their activity was very low
in this habitat. Long-tailed bats may be restricted in their ability 1o use the forest interior
because of limited manoeuvrabiiity and echolocation ability in highly cluttered habitats (Chapter
4). O'Donnell {1999a) found similarly low use of the forest interior by long-tailed bats in

Fiordland beech forest.

Long-tailed bats were active in a couple of harvested areas, though these were near mature
stands, and so could have been perceived as edge habitat by the bats (Grindal and Brigham
1998). While the driving transect method was not very sensitive to detecting feeding buzzes
because each habitat was sampled for such a short period of time, | suggest the bats were
probably foraging in at least one of these areas (around 15 passes were heard in six minutes).
Invertebrate abundance appears to boom after harvesting {personal observations), and the bats
may have been capitalising on this — many insectivorous bats are opportunistic feeders (e.q.
Fenton and Morris 1976, Bell 1980; Vaughan 1980; Altringham 1996, Griffiths 1996, O'Donnell
1999a). Lunde and Harestad (1986) found greater insect abundance in a two year old cutover
area than in coniferous forest or lacustrine habitat. However, Canadian research (Grindal 1996;
Grindal and Brigham 1998) suggests coniferous forest may be an impoertant source of prey and
that prey abundance will be higher at forest edges but lower in the middie of clearcuts. ltis
interasting that there was still bat activity in this area a short time after planting, though it is not
known whether the call heard represented a bat simply passing through or could have been

indicative of more significant activity. Long-tailed bats have been observed in harvested areas

108



Chapter 5 Habitat Use by Long-tailed Bats

in other commercial coniferous forests in New Zealand (Garrick 1996a, 1996b) and have been

recorded foraging in this habitat (M Hansen unreferenced personal communication 2001).

Bats were present in all the main topographies of Kinleith Forest and were detected to an
elevation of around 680 m asl, consistent with other studies (Daniel and William’s 1984; Daniel
1990).

Habitat selection, differences in encounter rate, and differences in
activity in mature and young pine forest

That long-tailed bats appear to select older pine forest and avoid younger pine forest is
interesting. Mature pine forest may be favoured over areas of younger forest because of its
heat retention and shelter-providing properties and associated invertebrate abundance as
discussed earlier. The younger forest was fairly open in structure — canopy closure occurs

around age 9-11 (after one thinning) (Carter Holt Harvey Forests unreferenced personal
communication 2001).

Older forest may also offer more habitat to potential prey species. Sierro (1999) found shrub
layer cover, among other factors, to be significant in explaining habitat selection by barbastelle
bats (Barbastella barbastellus, Vespertilionidae) in a P. sylvestris forest and suggested a
possible link between this and prey diversity. There are certainly significant differences in
understorey composition between young and mature pine forest (personal observations).
Ogden and others (1997) observed adventive shrubs, predominating in stands under 20 years
old in Kinleith Forest to subsequently give way to native species, and that older sites had more

shade-tolerant species. Allen and others (1995) make similar observations.

There could of course also be greater activity at the edge of older forest if it contained active bat
roosts. While managed pines are not likely to provide the same abundance of roosting
opportunities as unmanaged mature native forest (Daniel 1981; Hunter 1990; Gerell and
Lundberg 1993; Newton 1994; Kirkby and others 1998; Sedgeley and O’'Donnell 1999b), older
forest probably offers more roosting opportunities than younger forest (Thomas 1988; Hunter
1990; Benzal 1991; Crampton and Barclay 1996; Erickson and West 1996; Parker and others
1996). Long-tailed bats have been found roosting in areas of older pines in Kinleith Forest and
elsewhere (Chapter 1, 7).

Bats were only encountered in 12-16-year-old pines once, and there was comparatively little of
this habitat type around the routes (around 4.5 km, or 5%). This habitat may have intermediate
properties compared with young and older forest. Perhaps bats treat it neutrally, neither

selecting it or avoiding it. However, further work is needed to investigate this.
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Whilst, overall, long-tailed bats appeared io avaid unstocked areas and areas of young pine
forest {(Figure 3), bats were detected in a couple of harvested/just planted areas, and were
probably foraging in at least one of these. tis unclear how important this habitat type is to long-
tailed bats. Again, more data is needed. Possibly harvested and recentiy planted areas are
only used over a short period when prey abundance is high, and use may be restricted to warm
calm nights. All three encounters were on calm nights, but ambient temperatures varied {(6.6°C,
13.6°C and 16.7°C) and this sample size is smail. Even if this is the case though, such areas
may still be more important to bats than my coarse analysis suggests. Significance may also
change seasonally. Such changes are unlikely to have been detected by this study because of
small sample size. Elsewhere long-tailed bats appear to move from their summer foraging
grounds to feed more intensively over indigencus shrubland in late summer (O'Donnell 19933,
2000b). Possibly bats in Kinleith Forest aiso move seasonally between habitat types. All bat
encounters in harvested to just planted biocks in Kinleith Forest were in April {1998 and 1999),
though this probabfy reflects survey effort. Other records of long-tailed bat activity in harvested
areas are from September to November (Garrick 1986a, 1996h}, and March {included foraging

activity) (M Hansen unreferenced personal communication 2001).

Bats’ apparent avoidance of young pine forest may explain the lower rate of bat encounters on
the Wainui transect compared with the Galaxy transect, though sample size was small. The
Wainui route passed through proportionately more young forest {Figure 2, Table 3}, and there
was a large area of 7—11-year-old trees. However, there were afso other notable differences
between the two areas which could not be controlled for, including rotation, elevation,
topography and hydrology, and presence of native forest {Chapter 3} — a potential roosting
habitat (Chapter 7). Bat presence/activity may be affected by a combination of these factors,
though there may he other equaily important unforeseen influences. | suggest my obsearvation
of greater bat activity in the Galaxy than the Wainui areas be regarded as an untested
hypothesis.

The finding of significantly greater activity at Pipeline Rd in 23-year-old pines than at Kangaroo
Rd in five and six year old pines lends support to the transect result that long-tailed bats tend to
avoid areas of young pines and select areas of older pines. Although this result would be
stronger had the two areas been able to be compared simultaneously, or had there been more
data in common between the study areas and the controls (prevented by equipment
breakdowns), the difference between observed and expected bat activity is of an order of

magnitude in two separate calculations.

It is possible that the trends in habitat selection observed from the driving transect analysis
refiect differential use of roads by long-tailed hats — tall forest may have a “funnelling effect”
(Anhién 1980-81; L Conole and G Baverstock unreferenced personal communication 2000),

concentrating bats along the road and elevating apparent abundance, whereas in more open
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areas bats may have been flying across the landscape, not along roads. However, though
further examination is recommended (Chapter 4), investigations into bats’ use of roads and
forest interior habitats in young pines, mature pines and native forest (Chapter 4) showed bat
activity to be greater along roads regardless of vegetation type. Overseas, bats make frequent
use of linear landscape elements (e.g. Limpens and others 1989; Limpens and Kapteyn 1991;
Krusic and Neefus 1996; Walsh and Harris 1996b) often following the same route to foraging
areas (Limpens and others 1989; Limpens and Kapteyn 1991, Racey 1998). Long-tailed bats
may behave similarly in Kinleith Forest regardless of surrounding vegetation. O'Donnell (1999a)
found greater long-tailed bat activity along forest edges and roads than in grassland, and long-
tailed bats followed similar movement patterns each night (O'Donnell 2000b). Together with the
results from the Pipeline—Kangaroo Rd activity comparison, this suggests that the use of driving
transects to examine habitat selection at a broad-scale was not inappropriate, and that the
results are indeed meaningful. However, | must caution that overall my findings come from a
limited data set. | did not seek to provide a picture of habitat use year round, but to identify
preliminary trends.

Important sites

While there are no hard and fast rules regarding what is high bat activity and what is not, the
thresholds | defined seem appropriate. Grindal (1999) suggests that rates of 19.4 + 11.4 (SE)
passes/hour in Myotis lucifugus and M. septentrionalis are low, and implies that rates of 80.4,
around 60 or around 150 passes/hour are reasonable to high. Though he considers activity in
Myotis bats, both Myotis and long-tailed bats are temperate insectivorous bats of the family
Vespertilionidae. O'Donnell (2000a) reports long-tailed bats in the Eglinton Valley, Fiordland

National Park, to have an average pass rate of 31.7 passes/night during summer.

There are some similarities between sites where high bat activity was observed, though the pool
of sites is small. All those in exotic forest were at least in part surrounded by =19-year-old
forest. Two sites were in or near native forest, three were near streams or wetlands. Four sites

are currently designated reserve areas or are adjacent to reserves.

It is interesting that the same sites with the exception of the Redwoods, were amongst those
with =60 passes an hour and among the top 10 ABM-nights in terms of total bat passes. A high
hourly rate of bat passes is not always associated with a high nightly total, as found for Star
(1999 12 Jul) and Pipeline (1999 9 Oct). That several sites featured on more than one
occasion, and sometimes over a number of different months, suggests that these sites may be
important to bats at more than just one time of year. However, this is not to say that other sites
(surveyed or unsurveyed) are any less important to bats. Sample sizes in many cases were
small (reflecting the presence-absence focus of much of the survey work), different habitats may
be used at different times of year (O'Donnell 1999a, 2000b), and bat activity is highly variable
(G Moore unpublished data; Gillingham 1996; Griffiths 1996; O'Donnell 1999a, 1999¢, 2000b).
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For example, activity from April through to September/Ociober ¢an be intermitient (G Moore
unpublished data), with litile to no activity for several days punciuated by a night of very
intensive activity. Such nights are probably mild nights during which bats choose to come cut
and forage, before re-entering their "semi’-hibernation. Bat activity may peak at higher levels on
these nights than in more favourable seasons (G Moore unpublished data). The graphs of high

activity from Pipeline Rd, represent some of the peaks in such a pattern (G Moore unpublished
data).

in most areas bats appear to have been foraging. The levels of feeding buzzes to passes at
Hoiho are close to or exceed those reporied by Griffiths (1996: 6.7% and 7.4%), and O'Donnell
{199%a: 4.9%), though their rates are reporied as overall rates from larger sample sizes. This is
reassuring, because rates from other areas of the forest (Chapter 4, 6, and as iHlustrated by
several other graphs) appear low and are possibly indicative of iimited prey avaliability
(Chapters 4 and 6). Prey may indeed be limited in those areas, and perhaps overall (though
see discussion in Chapter 6), but is probably abundant in localised patches {e.g. Feniton and
Morris 1976; Bell 1980; Vaughan 1980, Racey and Swift 1885), one hotspot being Holho
wetland. The high bat aclivity outside the Redwood Reserve was probably also foraging
activity. Bats were circling and several feeding buzzes were heard {G Moore unpublished data).

There was very littie aclivity there at the same time the next night.

The distinctive calls heard at Capricorn Site 1 (21 March), suggest the potential presence of a
nearby communal roost (C O'Donneli unreferenced personal communication 2001). Kingfishers
{Halcyon santa vagans) were nesting in & bank near the ABM, and it is possible that bats also
roosted in this bank or in a nearby iree cavity. Cavity-bearing frees or snags (standing dead
trees) were also found at West Tikitiki Native and in the forest adjacent to Pipeline, though it is
uncertain whether bats were roosting in these areas {or indeed in the other areas of high
activity}). Though feeding buzzes were not recorded on some ABM-nights, possibly bats were
hunting, but prey densities were low. Alternatively, bats may have just been passing through or

the sites may have had some social significance.

Scope and limitations

The limitations of the data have largely been discussed in the appropriate sections already, and
the reader is referred to Chapter 3 regarding field methods. However, a further four factors are

considered here.

As described in Chapter 3, bat detectors may have a reduced range when atiached io the wing-
mirrors of a vehicle — as done for driving transects. ltis not clear how this range may vary with
tiny alterations in detector positioning (M Douglas unreferenced personal communication 2000}

e.qg. from night to night. Hence, it is possible that there were differences in the effective range of

the bat deteciors between the two transects compared. However, because the same vehicie
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was used for each, researchers were thought to be fairly consistent in their setting up of bat
detectors, two bat detectors were used on each transect, and both transects were travelled a
number of times, there should not have been a systematic effect.

The analysis of habitat availability is likely to have been influenced by the accuracy achieved
with the measuring wheel. The wheel was generally insensitive to measurements of under
about 5 mm and so small blocks may have been under-represented. However, blocks were
typically larger than this. Also, by measuring each length three times and taking the average,
any measurement variation would have been evened out. For reference, the length of the
Galaxy transect as calculated from the map was 47.5 km, driving round it averaged 53.2 km.
Wainui transect was 40.1 km (map) compared to 43.8 km (ground).

Of course evaluating habitat availability for a given period from a map, especially in such a
dynamic environment, is always going to provide an approximation. However, ground-proofing
indicated that the forestry maps were reasonably accurate, comparatively few areas were noted

to have changed over a period of three years, and the analysis comprised a large number of
blocks and focussed on broad trends.

Ideally, sample sizes would have been larger. However, other research commitments
constrained data collection. By combining the Galaxy and Wainui data sets in the analysis of
habitat selection any problem was reduced — 23 bat encounters gave 46 habitat types for
comparison with habitat availability over a route of effectively 194 km. However, the
comparison of bat encounter rates between contrasting forest areas was limited to three paired
transects. To this end, the observation of greater bat activity in the Galaxy area is presented as
an untested hypothesis. No work of this nature appeared to have been previously undertaken
in New Zealand, and so this section of research was always intended as a preliminary
investigation. That activity analysis revealed a similar pattern of bat habitat use, suggests this
method shows promise, and could be used further.

Management implications

Detailed consideration of the implications for forest management is given in Chapter 8.

Future work

It would be fascinating to follow up this work and to test the hypotheses presented, e.g. to
consider habitat use and selection year round, to find out more about bats’ use of harvested
areas and of 12—16-year-old pines, to see whether there is indeed greater activity and hence
potentially greater bat abundance in the Galaxy area than the Wainui area and examine
contributing factors, and then possibly use these as predictors of bat distribution/abundance in
other areas of Kinleith Forest and beyond.
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6. CONCLUSIONS

Long-tailed bats use a range of habitats in Kinleith Forest, though they were frequently found at
roadsides. Long-failed bats appear to select areas of oider pines and generally avoid areas
which are unstocked or in young pines. This pattern is also supported by activity data. Such a
preference may partially explain the lower rate of bat encounters in the western Wainui area
compared with the north-eastern Galaxy area (though there are other physical differences
between these areas hesides forest composition), Six surveyed sites, including a wetland area,
areas in or adjacent to native forest, and areas of older pine trees, seem important to bats,

though cther areas including unsurveyed areas may be equally important.
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THE USE OF EXOTIC PLANTATION FOREST AND
NATIVE PODOCARP BROADLEAF FOREST BY
FORAGING LONG-TAILED BATS (Chalinolobus
tuberculatus)

ABSTRACT

This study investigates the importance of exotic plantation (Pinus radiata) forest and adjacent
native podocarp broadleaf forest reserve land to foraging long-tailed bats (Chalinolobus
tuberculatus, Vespertilionidae) in Kinleith Forest. Bat activity, insect abundance and ambient
temperature were compared between forest types. Bat activity and foraging activity were far
greater in the plantation forest than the native forest, possibly because of the greater
abundance of moths — important prey. Forest type was the best predictor of bat activity.

1. INTRODUCTION

New Zealand's threatened long-tailed bats (Chalinolobus tuberculatus, Vespertilionidae)
typically roost in trees (O’Donnell 1994; Molloy 1995), and are generally associated with
indigenous forest (Dwyer 1960a; Daniel 1990; Higham 1992; O’Donnell 1994; Molloy 1995).
However, they are widespread in Kinleith Forest (Chapter 3), a 131,000 ha exotic plantation,
predominantly Pinus radiata forest in the central North Island. At least 10% of Kinleith Forest is
managed as (non-production) reserve land (R Black unreferenced personal communication
2001). Reserves include wetlands, riparian vegetation, fernland and areas of native podocarp
broadleaf forest (R Black unreferenced personal communication 2001). High bat activity was
observed in one native forest remnant, possibly indicating the presence of a nearby roost
(Chapter 5, 7) and driving transects revealed seemingly more bat sites in the north-east of the
forest, an area noted for its large areas of indigenous forest, than the west, an area with very
little indigenous forest (Chapter 5).

While coniferous plantation forest is unlikely to provide many roosts for bats (Daniel 1981;

Hunter 1990; Newton 1994; Sedgeley and O’Donnell 1999), bats may be roosting in indigenous

forest and venturing into the exotic forest to forage. This may have important implications for
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forest management and bat conservation. Regarding the suitability of different habitat types to
long-tailed bats, farmiand could be considered at one end of a continuum with virgin indigenous
forest at the other (implied by the results from O'Donnell 1289a). C'Donneil (1999a) repeatedly
stresses the importance of indigenous forest remnants in modified {farmiand) areas to bats for
foraging and roosting. However, the comparative value to bats of exotic plantation forest is
uncertain, and has not been previously investigated in detail in New Zealand. This chapter
examines the use of adjacent areas of “mature” exotic plantation forest and native podocarp

broadleaf forest in Kinleith Forest by foraging long-tailed bats.

2. STUDY AREA

Carter Holt Harvey Forests' Kinleith Forest (centred around 38°17'S 175°53'E) is an exotic
plantation forest of 131,000 ha in the South Waikato, central North Island, New Zealand (Figure
1; Chapter 2). Pinus radiata is the dominant commercial species, followed by Fucalyptus spp.
and Douglas-fir {Pseudotsuga menziesif). At least 10% of Kinleith Forest is managed as (non-
production) reserve land (R Black unreferenced personal communication 2001). Reserves
include areas of podocarp broadleaf tawa forest, particularly along rivers. The area of focus
was Capricorn Rd {480-520 m as!), situated in the north of the forest on the Mamaku Plateay,

between Leslie Rd and State Highway & and running parallel to these {Figure 1: top right inset).

3. METHODS
Comparison of bat activity in exotic and native forest
Site selection

Capricorn Rd was chosen because it was the only passable road in the forest travelling through
sizeable areas of both "mature” pines {aged 23 and 13 years) and native forest. Bats were
known from the area from anecdotal records {Chapter 3), and a pilet study confirmed there to be

reasonable bat activity.

Site description

Much of Capricorn Rd runs along a high ridgeline between the Kuhatahi and Waipare Streams.
The eastern end has been planted in £. radiata farest, and this extends some way along the
ridge, while the river valleys below are in mature native podocarp broadleaf forest. The middle
section of the road too is in native forest. The land is somewhat hilly. The road itself is one lane
wide, unsealed, and rough in places. Bat activity monitoring sites are described in Appendix

6.1. Insects were sampied at sites between these in similar forest.
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Figure 1 Location of Kinleith Forest and of study site (top right inset)

Bat detection

Bat calls were detected with automatic bat monitoring units (ABMs, 22, and 22b models Science
and Research, Department of Conservation) (Chapter 3). The rainswitch feature of 22b models
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was not used. Bat detectors were set to 40 kHz (Parsons 1997), and were calibrated with a
frequency generator at the start of the study and rechecked as necessary. ABMs generally
turned on half an hour before mean monthly sunset and off half an hour after mean sunrise,
capturing the period of nightly bat activity (G Moore unpublished data). They were serviced
daily — the cassette tape was changed or turned over, the battery was assessed and generally
replaced with a fresh one to maximise performance, and the inner workings and other settings
checked. Previous work indicated that individual ABMs may differ in their sensitivity to bat calls
(G Moore unpublished data). This was addressed by the investigation design adopted.

Sampling bat activity

Bat activity was monitored between March and May 2000 (most data coming from March) using
six ABMs at roadside sites along Capricorn Rd — three in the exotic plantation forest, and three
in the native forest (Figure 2). Monitoring sites were chosen to avoid features that may bias bat
activity such as road junctions and vegetation boundaries. The two central monitoring sites
were located outside a 200 m buffer zone on either side of the native-exotic forest boundary.
ABMs were at least 200 m (mean 750 m) apart to ensure independence of sampling (based on
O’Donnell and Sedgeley 1994) and were positioned to face the road.

‘‘‘‘

i S Y
BRI E! Exotic Forest Ml

L

i S e

. Native Forest .

Figure 2 Generalised investigation design. ABM: automatic bat
monitoring unit, LT: light-trap, TL: temperature logger, #: site number.

ABMs were cycled among the six sites to 1) enable specific site effects to be separated out from
ABM effects, 2) provide enough degrees of freedom to allow any ABM effect to be identified in
the results, and 3) minimise the possible interaction between specific site and weather effects
given that the weather on any two consecutive days is likely to be similar. ABM “A” started at
Site 1 (the first exotic forest site) on Night 1 and was moved to Site 2 (the second exotic forest
site) for Night 2 and so on. Night 6 saw it monitoring bat activity at the last native forest site,
and for Night 7 it was moved back to Site 1 to repeat the cycle. The study was considered
complete when good quality (no incomplete nights, and no ABM malfunctions) data, for all sites
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simultaneously, had been obtained for each ABM in each site twice. This took 25 nights'’

monitoring to achieve.

Collecting environmental data

Ambient temperature

Ambient temperature was recorded every half hour at ABM Sites 2 and 5, with SAPAC (SAR
Ltd, Kent, UK) temperature loggers.

Insect abundance

Long-tailed bats are aerial insectivores (Daniel 1990; Higham 1992). Light-trapping was carried
out on six nights (between March and April) at four locations (Figure 2) to assess potential prey
availability in each forest type. Light-traps were located between bat activity monitoring sites to
reduce the chance of recording artificially high bat activity should bats hunt the insects attracted
to the lights (e.g. Fenton and Morris 1976; Bell 1980).- Distances between bat monitoring and
light-trapping sites ranged from 620 m (due to the desirability of putting the trap behind a
security gate), to 50 m.

Each light-trap comprised a 17 L pale yellow plastic bucket, containing approximately 1.5 L of
water with a little dishwashing detergent to reduce surface tension, and an ultraviolet (UV)
fluorescent light (12 v, 8 W, Dick Smith Electronics, New Zealand) secured vertically to a depth
of 10 cm (15 cm — when buckets had been fitted with light-holding brackets) inside the bucket.
One tube of each light was run from approximately sunset, from a sealed gel lead-acid battery.
- Trapped insects were collected each afternoon before light-traps were reset. Insects were

preserved in 70% ethanol.

ABM and light-trapping sites were described in terms of topography, flora, tree heights
(measured with a clinometer), and general characteristics. The tree trunk to tree trunk distance
across the road was measured at each site to quantify “openness”.
Investigation of bat activity at road and forest interior habitats in exotic
and native forest
A further study (described also in Chapter 4) was undertaken to test the underlying assumption
of the previous investigation — that bats used roads in both forest types equally.
Site selection

Two roadside ABM sites, one in native forest and one in exotic forest were retained from the

previous study (Sites 3 and 5). Forest interior sampling sites were to be located opposite up to
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200 m into the forest, and so the roadside sites retained were chosen on the basis of the
adjacent terrain. Several areas investigated were not wide enough to allow the positioning of
ABMs before dropping steeply away to the rivers below.

Site description

Site descriptions are provided in Appendix 6.1 and 6.2.

Bat detection

Bats were detected as described previously using the same ABMs. ABMs were set to come on
half an hour before mean monthly sunset and to turn off half an hour after mean sunrise.
However, for the two final nights of the investigation, units were on only > 12 minutes either side
of the hours of darkness.

Sampling bat activity

The method adopted was similar to that of the previous study. However, ABMs were setup in a
group of three in each of the native and exotic forest blocks (Figure 3). One was located on the
roadside, the others were placed perpendicular to the road, one at 100 m into the forest, the
other at 200 m into the forest. This spacing was adopted to ensure independence of sampling
(based on O’Donnell and Sedgeley 1994). The roadside ABM faced the road, while forest
ABMs faced parallel to the road.

ABMs were serviced and checked as before, and cycled among sites (numbered as in Figure 3)
until six clear nights’ data had been obtained for all ABMs together, with each having sampled
each site. This investigation was carried out between 13 April and 3 May 2000.
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Figure 3 Generalised investigation design. ABM: automatic bat
monitoring unit, #: site number.
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Collecting environmental data

Each site was described and had three representative tree heights measured to provide a
general idea of stand stature.

Reliability checking

For both investigations, after a period of training, an independent assistant helped check the
reliability of coding of bat passes from the tapes (see next). This was done from a range of
tapes encompassing most of the models of ABMs used in combination with various results e.g.
tapes with little bat activity, bat calls interspersed with extraneous environmental noise and
tapes with considerable bat activity. Reliability was calculated focussing on whether there was
agreement in the number of bat passes for each hour sampled by the ABM using the formula:

Reliability = Agreements / (Agreements + Disagreements).

Data analysis

Comparison of bat activity in exotic and native forest

Bat activity

Tapes were transcribed and bat passes totalled per ABM-night. Data from the 12 clear nights
were considered for analysis. A log transformation was used to improve normality. Bat activity
per treatment (exotic or native forest) was analysed in SAS (version 8.01, SAS Institute Inc,
Cary, North Carolina, USA) using a general linear model. Factors in the model, in order of
entry, were: date, ABM, treatment, site, and interaction term ABM x treatment. The mean
number of bat passes per site and standard error was calculated for the log transformed data,
then back transformed and graphed, hence, the error bars displayed are not symmetrical about

the mean.
Foraging activity
The rate of feeding buzzes (Griffin and others 1960) to passes was calculated, and compared

for exotic and native forest sites using a Chi-square test.

Possible influences

Ambient temperature

Temperature data were analysed for the 12 clear nights of bat activity data. Night was defined
as the period from sunset to sunrise. Loggers recorded every half hour regardless of sunset
and sunrise times, and so one temperature reading either side of “night” was included in the
analysis, but readings for the intervening “day” were omitted. As there was a three minute

difference between the times at which the loggers recorded ambient temperature, in one
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instance two temperature readings before sunset were included for one logger, compared to
one for the other — the data sets needed to be balanced for further analysis.

Overall means were compared between exotic and native forest sites using paired i-tests
{Minitab version 13.1, Minitab Inc, Pennsylvania, USA) as were mean nightly minimum
termperatures — an important predicter of hat activity {e.g. O'Donnell 2000a). For the latter,
though sample size was considerably smalier, differences followed a normal distribution (Ryan-
Joiner test, R = 0.9469, P> 0.1000) {Appendix 6.3).

insect abundance

Insects were identified to order, and counted. The buik were Diptera (flies) and Lepidoptera
{moths), key components of the diet of long-tailed bats (Gilingham 19986), and so analysis
focussed on these. Comparatively little is known about the size range of insects taken by long-
tailed bats, so the only omission from the data set was a large hepialid moth. Gillingham (1996)
found nc evidence that long-tailed bats eat insects this big, and the moth was bigger than the
size range taken suggesied by O'Donnell (2001}, The variation in fly and moth numbers
between replicate traps for each forest type was evaluated before means for each forest type

were compared using paired t-tests (Minitab version 13.1, Minitab Inc, Pennsylvania, USA).

Modelling bat activity

Analysis of correlations and modelling was used to find the main determinants of bat activity and
see how these related to forest type. Ambient temperature (mean, maximum and minimumj,
moon phase and paotential visibility (number of quarters of the night for which the moon was
potentially visible), and bat activity data were examined along with insect abundance for those
nights during which insects were sampled. Several reasons meant that two of these nights
were not encompassed by the 12 nights’ bat data used in the previcus analyses. The variation
in bat activity between replicates was considered before means were calculated. The
relationship between environmental variables and mean bat activity was investigated using a
Pearsan correlation matrix, matrix plot, and stepwise (forward and backward, and forward)
regression using Minitab {version 13.1, Minitab inc, Pennsylvania, USA). As regression
analysis is particularly sensitive to influential points, such paints were subsequently removed,
and the regression repeated. Bat activity data were analysed to make sure that ABM effect was
not significant by calculating the median number of bat passes for the whole data set, then
comparing the medians for each ABM to this using a Wilcoxon signed rank test (Minitab version
13.1, Minitab Inc, Pennsylvania, USA).
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Investigation of bat activity at road and forest interior habitats in exotic and
native forest

Results from tape transcripts were graphed. The small sample size precluded detailed
statistical analysis.

4. RESULTS
Comparison of bat activity in exotic and native forest
Bat activity

Long-tailed bat activity was significantly greater in the exotic plantation forest than in the
adjacent podocarp broadleaf forest (Fy = 96.13, P < 0.0001) (Figure 4), though there were also
significant ABM (Fs = 2.70, P = 0.0322) and site effects (F4 = 2.61, P=0.0477) (Appendix 6.4).
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Figure 4 Comparison of bat activity in exotic and native forest,
Capricorn Rd, Mar—May 2000. Bars represent standard error.

Foraging activity

Foraging activity too was greater in the exotic forest than the native forest (Figure 5). In all, 31
feeding buzzes were recorded in the exotic forest compared with one in the native forest.
However, there was no significant difference in the percentage of passes containing feeding
buzzes in the exotic forest (1.74%) compared with the native forest (0.35%) (x° 11 = 3.022, P =
0.082) (Appendix 6.5) so pass data were used in further analysis.
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Figure 5 Foraging activity of long-tailed bats in exotic and native
forest, Capricorn Rd, Mar—May 2000. The bars illustrate the
maximum and minimum values.

Possible influences
Ambient temperature

Overall, the native forest appeared significantly warmer than the exotic forest (f;eo = —=5.93, P=
0.000), and the mean nightly minimum temperature was also higher (f;; = -3.95, P = 0.002)
(Table 1, Appendix 6.6).

Table 1 Comparison of ambient temperature in exotic and native forest

Exotic forest  Native forest
Mean nightly temperature (°C) 10.480 10.925
Mean nightly minimum temperature (°C) 8.232 9.495

Insect abundance

In total, 4,124 moths and 2,366 flies were caught. There was no significant difference in insect
abundance between replicates (Figure 6) and so replicates were pooled.
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Figure 6 Comparison of moth and fly abundance from replicate light-
traps in exotic and native forest, Capricorn Rd, Mar—Apr 2000.

Graphs show range, interquartile range, median — represented by the
central horizontal line, and mean — represented by the solid circle.

There were over twice as many moths in samples from the exotic forest than from the native

forest, however fly numbers were not significantly different in the two forest types (Table 2).

Table 2 Comparison of invertebrate abundance in exotic and native forest

Exotic forest

Native forest  Significance (f, P)

247.8
104.1

Mean number of moths
Mean number of flies

95.8
93.1

5.05, 0.000
0.53, 0.605

Modelling bat activity

There was some variation in bat activity between monitoring sites (Figure 7) particularly in the

native forest. However, the difference in activity between forest types exceeded that between

replicates. Hence, bat activity data for each forest type was pooled and mean activity per night

calculated.
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Figure 7 Comparison of bat activity among monitoring sites,
Capricorn Rd, Mar--Apr 2000. Graphs show range, interquartile
range, median — represented by the central horizontal line, and mean
— represented by the solid circle.

The median number of bat passes recorded overall was 14. Medians from individual ABMs

were not significantly different to this (Figure 8; Table 3) indicating no large ABM effect.
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Figure 8 Bat activity detected by each ABM, Capricorn Rd, Mar-Apr
2000. Each ABM monitored bat activity over six nights except for “F"
which only recorded on five of these., Graphs show range,
interquartile range, median — represented by the central horizontal
line, and mean -— represented by the solid square. An outlying value
is shown by the astarisk.
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Table 3 Comparison of the median number of bat passes detected by
each ABM with the overall median

Wilcoxon Signed Rank Test: A, B, C, D, E, F

Test of median = 14.00 versus median not = 14.00

N N for Wilcoxon Estimated
ABM N Missing Test Statistic P Median
A 6 0 S 5.0 0.590 7.500
B 6 0 5 9.0 0.787 15.50
C 6 0 6 Tl 0.528 8.000
D 6 0 6 12.0 0.834 26.00
E 6 0 6 178 0173 34.00
F 5 1 5 12.0 0.281 29.00

Bat activity was strongly correlated with forest type (r=-0.751, P = 0.005) and the mean
number of flies (r=0.750, P = 0.005). Fly abundance was in turn associated, though less
strongly, with moon phase (r=-0.567, P = 0.054) and mean temperature (r = 0.550, P = 0.064).
These relationships are shown graphically in Figure 9. (See Appendix 6.7 for correlation
matrix.)

Bat activity

| Forest type

Mean

Moon phase | temperature

Fly
abundance

Figure 9 Representation of the relationships between bat activity and
environmentai variables based on correlation analysis. The degree of
overlap of the spheres represents the strength of the relationship
between the variables as defined by the P-value.

Though mean numbers of flies and moths were correlated (r= 0.735, P = 0.006), there was not
a significant relationship between bat activity and moth numbers (r=0.291, P = 0.358).

Stepwise regression (forward and backward) showed forest type (exotic or native) to be the best
predictor of bat activity, followed by the mean number of flies (Table 4).
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Table 4 Forward and backward stepwise regression of mean bat
activity. ExNat: forest type, MeanFlie: mean number of flies caught
per forest type per night.

E Alpha-to-Enter: 0.15 Alpha-to-Remove: 0.185
l Response 1s MeanBats on 9 predictors, with N = 12
Step 1 2
Constant 36.36 52.04
ExNat -40 =27
T-Value -3.80 -2.71
E-value 0.00a5 0.024
MeanFlie 0.08B&
T-Value 2.69
E-value 0.025
S 13.3 15.1
R-8g 56.44 75 _8sa
R-5qg{adj! 52.08 70,49
C-p 2.9 0.1
PREES 53356.81 4571.48
R-S8glpred} 37.27 46 .47

Table 5 Forward stepwise regression of mean bat activity. ExNat:
forest type, MeanFlie: mean number of flies caught per forest type per
night, MaxTemp: maximum nightly temperature per forest type,
MeanMcth: mean number of moths caught per forest type per night.

Forward stepwise regression identified maximum temperature and mean number of moths to

{

i Forward selection. Alpha-to-Enter: £.25

fResponse is MeanBats on 2 predicrors, with ¥ = 12

|

| Step 1 2 3 4

! Constant 86,36 52.04 116.17 108.26

‘ ExNat -40.1 -27.0 -27.2 -20.8

; T-Value -3.80 -2.71 -2.85 -1.%8

‘ P-Value 0.005 0.024 0.0z21 0.087

r MeanrFlie 0.086 0.099 o.149

i T-Value 2.69 3.11 2.93
P-Value 0.025 0.014 a.02a
MaxTemp -4.% -4 .8
T-Value -1.38 -1.41
P-Value 0.208 J.201 |
MeanMoth -0.114 ‘
T-Value -1.28 !
P-Value 5.243 J.
5 15.3 15.1 14.4 13.9 ‘
R-89g 36.44 75.88 BG.50 84.18 '
R-5giadj} 52.08 T0.459 73.18 75.14
C-p 2.9 9.1 0.9 2.0
PRESS 53546.81 4£571.48 4626.90 4B52 .98
R-Sg{pred) 37.27 46 .47 45,12 43 .17

add tc the explanatory power of the model (Table 5).
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Both the fly and moth data contained an influential point (Figure 10).
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Figure 10 Relationship between bat activity and moth and fly
abundance. Influential points are arrowed. Means represent the
nightly average per forest type, calculated from the two light-traps or
three bat monitoring sites.

With these points removed, both methods of stepwise regression (forward and backward, and

forward) identified forest type as the best predictor of bat activity (Table 6).

Table 6 Forward and backward stepwise regression of mean bat
activity with two influential data points omitted. ExNat: forest type.

Alpha-to-Enter:

Response is MeanBats on
N(cases with missing observations)

0..15

Step 2
Constant 70.10
ExNat =31.9
T-Value -3.40
P-Value 0.009
5 14.8
R-Sq 59.08
R-Sqg(adj) 53.96
PRESS 21753 .37
R-Sq(pred) 36.06

9 predictors,

Alpha-to-Remove:

2 N(all cases)

0.15

with N 10

12

However, there was still a significant correlation between fly abundance and bat activity (r =

0.726, P = 0.017), though the influences of moon phase and temperature on fly abundance

were no longer significant (Appendix 6.8). The significance of the correlation between moth

abundance and bat activity remained largely unaltered (Appendix 6.8).
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Investigation of bat activity at road and forest interior habitats in exotic
and native forest

Bat activity was greater at the roadside than in the forest in both the exotic and native forest
(Figure 11).
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Figure 11 Comparison of bat activity at roadside and forest interior
habitats in exotic and native forest, Capricorn Rd, Apr—May 2000. 0
m: roadside site. Bars illustrate maximum and minimum observations.

Reliability of coding

There was total agreement in coding ABM-nights with no bat activity, and so these were omitted
from subsequent analysis. Coding reliability was hence conservatively calculated to be 85% (n
= 213 sampled hours).

5. DISCUSSION

Bat response to habitat type

The significantly greater bat activity in the pine forest than the native forest, and finding that
forest type was the best predictor of bat activity, is surprising, especially given 1) the seemingly
widely held view in New Zealand that exotic pine forest is undesirable (Walsh 1995; Maclaren
1996) — partly because of its perceived lack of biodiversity (Chapter 3), and 2), the general
association between long-tailed bats and native forest (Dwyer 1960a, 1960b, 1962; Daniel
1990; LEARNZ99 1999; O’'Donnell 1999b, 2000b, 2000c, 2001). In the UK, a national bat
survey found that bats selected semi-natural broadleaf woodland over mixed or coniferous
woodland (Racey 1998). Elsewhere too, bat activity in areas of coniferous forest appears

comparatively low (e.g. de Jong and Ahlén 1991; Krusic and Neefus 1996; Kalcounis and others
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1999). In California, Corynorhinus townsendii (Vespertilionidae) ignored lush exotic vegetation
to forage in native ironwood forest some 5 km away (Brown and others 1994). In contrast,

Fawcett (1997, p 4) reports a study which found more bat activity in coniferous plantations than
“overgrazed ancient woodlands” in the New Forest, England; and Rachwald (1992), in eastern

Poland, detected more calls and feeding buzzes in coniferous forest than in deciduous forest.

There was no significant difference in the proportion of foraging calls in the two forest types.
Feeding buzz rates have been found to parallel call rates in other studies (Furlonger and others
1987, Griffiths 1996; O’'Donnell 2000a). However, the higher number of feeding calls in the
exotic forest indicates greater foraging activity in that habitat. This could be considered
surprising for the above reasons, and shows that long-tailed bats are not simply flying through
the exotic forest to foraging grounds elsewhere. Given some insectivorous bats appear more
specific in their tastes than previously thought (Pierson 1998), even flying further to forage in
native vegetation (Brown and others 1994), it is exciting that long-tailed bats are feeding in
exotic plantation forest. Indeed, Daniel (1981) suggested that long-tailed bats may have been
feeding in plantation pine forest (Chapter 1). However, O’Donnell (1999a) stressed the
importance of indigenous forest remnants in modified landscapes to provide both foraging and
roosting sites for long-tailed bats.

The greater bat activity observed in exotic pine forest than native forest appears to be supported
by recent work from Pureora Conservation Park. There, walking transects through native and
exotic forest identified more long-tailed bat passes, and bat encounters, in pine forest than
native forest (Moorcroft and others 2000), even accounting for the difference in length of the
transect in each forest type. Insect abundance also appeared overall to be higher in the exotic
forest (Moorcroft and others 2000).

Possible explanations
Investigation design

That the bats were using the road fairly equally between forest types, indicates that the
investigation design is not a key factor in explaining the big difference in bat activity between the
exotic and native forest.

Habitat

There were differences between the native and exotic forest in terms of the structure and
species presence. The native forest showed far more variation in height partially reflecting the
wide range of species present, from tree ferns to emergent rimu (Dacrydium cupressinum).
However, the average height appeared not too dissimilar to that of the exotic forest. The native
forest also had less easily defined edges. There was some unavoidable variation between

monitoring sites in terms of topography. The first monitoring site in the exotic forest was in a
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shallow valley, whereas the last site in the native forest was on a ridgeline. There were fewer
differences between intermediate sites. Monitoring sites in the exotic and native forest
appeared to have similar degrees of clutter. Overall, it is hard to know which factor or factors
the bats may have found desirable. Also, my perceptions of the environment, and those of the
fong-tailed bats likely differ,

One possible difference between the forest types may have been in the degree of sheiter
offered from the wind. Perhaps the sites in the exotic forest were comparatively more sheltered
than those in the native forest. Certainly long-tailed bats elsewhere forage in sheltered
clearings on windy nights, both in exotic forest and near beech forest (M Hansen unreferenced
perschal com'munication 2001). Overseas too there seems to be a relaticnship between degree
of shelter, insect abundance and bat activity {e.g. Racey and Swift 1985; Mayle 1990; Limpens
and Kapteyn 1991}, However, | have little data to support or refute this hypothesis.

Though forast type was selected in the models separately to measures of invertebrate
abundance, another pessibility is that the seemingly denser understorey of shrubs in the pine
forest compared with the native forest, where the forest flocr was more shaded, offered more
habitat to prey species such as moths. Sierro {(19399) found shrub layer cover, among other
factors, to be significant in explaining habitat selection by barbastelle bats {(Vespertilionidae) in a

forest dominated by pines (£. syivestris), and hypothesised this fink.

There is support for the significance of habitat in influencing bat activity from the literature.
Habitat was an important predicicr of bat activity and foraging activity in O’'Donnetl's (2000a)
study. Larger scale work in Britain found habitat availability to be the primary predictor of bat
abundance (Walsh and Harris 1996). Lunde and Harestad {1986), in British Cclumbia,
identified greater bat (Myotis lucifugus, Vespertilionidae) activity in iacustrine habitat than forest
although there was no difference in insect abundance. However, they did not quantify other
variables. M. lucifugus is a very manoeuvrable bat, well adapted for foraging in close forest
habitats (Krusic and Neefus 1998}, This suggests that the bats chose to forage in the lake area
instead of the forest rather than did so out of merphological necessity. Lunde and Harestad
(1986) suggested the bats’ patterns of activity may reflect differential foraging success among
habitat types. While there are larger differences in habitat type between lakes and forests than
adjacent forest blocks, it could be that differential foraging success some how played a role in

long-tailed bats' use of exctic forest over native for foraging in Kinleith Forest.

Ambient temperature

Differences in temperature between the two forest types, though significant, were small and
could be largely attricutable to variation between the two data loggers. Data loggers of the
same brand used in a previous study differed in their readings by an average 0.26°C {Chapter
4y. Generally, insect (Williams 1940; Tayvior 1963) and bat activity {(Erkert 1982; Avery 1985;
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Walsh and Mayle 1991; Griffiths 1996; Walsh and Harris 1996; O'Donnell 2000a) increase with
increasing ambient temperature and so we would expect greater insect abundance and bat

activity in the native forest, but this was not observed.

Insect abundance

My results are not very clear as to the significance of the relationship between bat activity and
insect abundance. Bat activity was significantly correlated with fly abundance. This may
indicate a causal relationship, or bats and flies could be active in the same sort of environmental
conditions, or perhaps elements of both are involved. Bat activity was not significantly
correlated with moth abundance. However, moth and fly abundance were correlated, though
there were over twice as many moths in the exotic forest as the native forest while the numbers
of flies were fairly similar between the forest types. Neither fly nor moth abundance featured in
the regression models once influential points were removed. Despite these somewhat
ambiguous findings, | hypothesise that insect, and particularly moth abundance is probably an
important factor in explaining bat activity, and bats’ preferential use of exotic forest.

| would suggest that bats “like” the exotic forest for some as yet unquantified reason, are active
in similar conditions to flies, and prey on flies, but also capitalise upon the large numbers of
moths in the exotic forest. That there was not a strong relationship between moth numbers and
bat activity in the regression model could indicate that moths are always present. Indeed, some
moths can thermoregulate (Heinrich 1993) and so may be active at times when bats may

choose not to be active. Alternatively, this may be a reflection of the small sample size.

Long-tailed bats take a wide range of flying terrestrial and aquatic invertebrates (O'Donnell
2000d). However, their main prey are flies (Diptera), beetles (Coleoptera), and moths
(Lepidoptera) (Gillingham 1996) — especially Noctuidae and Geometridae (O'Donnell 2000d),
which were common in the pine forest. Dwyer (1960a) reported bat droppings at Orakei Korako
(near Kinleith Forest) to consist almost entirely of moth and fly fragments. While the exact
proportion of flies and moths taken by long-tailed bats is unknown (Gillingham 1996), related
Australian species, C. gouldii and C. nigrogriseus, appeared to take Lepidoptera in the greatest
abundance, followed by Diptera for C. gouldii (Vestjens and Hall 1977). Griffiths (1996) and
O'Donnell (2000a) identified insect abundance to be an important factor in explaining the
amount of foraging activity per night of long-tailed bats. At Pureora Conservation Park, there
also seemed to be some relationship between insect abundance and relative bat activity
(Moorcroft and others 2000).

Many insectivorous bats are opportunistic feeders (e.g. Fenton and Morris 1976; Bell 1980;
Vaughan 1980; Altringham 1996, Griffiths 1996; O'Donnell 1999b), and given their need to
satisfy complex energy demands (e.g. Erkert 1982; Avery 1985; Barclay 1989; Clark and others
1993; Rydell 1993; de Jong 1994, Grindal and others 1999; O'Donnell 1999b) it makes sense
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for them to exploit areas of abundant prey (e.g. Clark and others 1993; Grindal and others
1999). That they do this is perhaps best illustrated by several species’ use of streetlights for
foraging {e.g. Furlenger and others 1987; Rydell 1992; Racey 1998), especially mercury-vapour
lights which emit substantial UV radiation and attract targe numbers of flying insects (Racey
1998). Other studies also showed bats to exploit areas of comparatively high prey abundance
{e.g. Fenton and Morris 1976; Bell 1980, Vaughan 1980; Racey and Swift 1985). Studies in
Sweden (de Jong and Ahlén 1991; de Jong 1994) found bat distribution in different habitats,

and seasonal changes in habitat use, couid be explained in terms of the abundance of insects.

This evidence, in combination with the high abundance of moths observed in the exotic forest,
suggests that moth abundance may be biologically significant in explaining long-tailed bats'

apparent preference for exotic forest.

Roosting opportunities

A further factor that can influence the activity of bats in an area is proximity to roost sites {e g.
Furlonger and others 1986; Krusic and Neefus 1996). There could possibly have been an
active roost af road Site 1in the exotic forest on 21 March (C O'Donnell unreferenced personal
communication 2001; Chapier 5, 7). Howaever, this night's data was not included in analysis.
The chance of roost sites inflating the bat activity observed was also reduced by using several
replicates.

Fredation

Although two moreporks were seen leaving a rocst tree near roadside ABMs in the native forest,
it is not thougbt that there was differential predation between the two habitat types. Moreporks
have also been seen on the edge of pine forest.

Competition

It is unlikely that the high levet of bat activity in the exotic forest reflects inlerspecific competition.
Short-tailed bats are not evident in Kinfeith Forest (Chapter 3), and appear to forage only within
the interior of native forest (O'Donnell and others 19938), whereas long-tailed bats commanly

forage along forest edges (Chapter 4, 5; O'Donnell 1299b).

Predicting bat activity

There is support from the literature for the activity models given here. Several researchers
found similar variables 1o be important in explaining bat activity, specifically iong-tailed bat
activity (e.g. Gillingham 1998; Griffiths 1996; G'Donnell 2000a), and Griffiths (1998) and
C'Donnell (2000a) present simitar models. Regarding the graphical model {(Figure 9), bat
activity has been related to habitat (e.g. Lunde and Harestad 1986; Walsh and Harris 1996;
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O’Donnell 2000a) and insect abundance (e.g. Erkert 1982; Taylor and O'Neill 1988; de Jong
and Ahlén 1991; Griffiths 1996; O’'Donnell 2000a) in other studies. Insect abundance is known
to be highly influenced by temperature (Williams 1940; Taylor 1963) and there are also
interactions with moon phase (Williams 1940; Kunz 1988; and suggested by Griffiths 1996).
Griffiths (1996) found similar factors — dusk temperature, minimum temperature, insect
abundance, moon phase and visibility of moon face — to be important in describing the period
during which long-tailed bats were active. It is interesting that in an earlier analysis, where the
boundaries of “night” for temperature data were taken as the readings closest to sunset and rise
times', the variables represented in Figure 9 were also selected from the pool of environmental
variables by stepwise (forward, and forward and backward) regression (though maximum

temperature was selected over mean temperature).

While the models presented seem intuitively sensible, and there is support for them, | caution
that the results are from a limited data set (in part due to problems encountered in light-trapping)
of six nights from late summer—autumn. Hence, although forest type is undoubtedly important in
explaining bat activity, other models should be regarded untested hypotheses.

While Gillingham (1996) considered the number of bat passes in the first hour after sunset to
provide a better measure of bat activity than total nightly passes, this measure was not used

here because peak bat activity generally occurred later in the night, and often there was no bat
activity in the first hour.

Proportion of foraging calls

The proportion of feeding buzzes does not differ much from that observed in other areas of
Kinleith Forest (Chapter 4), and is low compared to that found by Griffiths (1996) and O’'Donnell
(2000a). Possible explanations include: 1) the bats were mainly commuti