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Disclaimer

This document contains supporting material for the Inventory and Monitoring Toolbox, which
contains DOCO6s biodiversity inventory and n
external groups and organisations to demonstrate current departmental best practice. DOC has
used its best endeavours to ensure the accuracy of the information at the date of publication. As
these standards have been prepared for the use of DOC staff, other users may require
authorisation or caveats may apply. Any use by members of the public is at their own risk and

DOC disclaims any liability that may arise from its use. For further information, please email
biodiversitymonitoring@doc.govt.nz
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Introduction

Three species of bats are known to occur in New Zealand, representing eight different taxonomic
units. All are threatened, and subject to a recovery programme (Molloy 1995; O&é Donnel ). et
There is now considerable research effort and active conservation programmes directed towards
these taxa. New Zealand bats are challenging to work with because they are rare, cryptic and
difficult to catch and study. Working with bats requires the use of many specialised techniques and
skills. Additionally, there are currently relatively few people that have in-depth experience of working
with bats in New Zealand. Therefore, the New Zealand Bat Recovery Group saw the need to
produce a best practice manual that would outline appropriate research, inventory and monitoring,
and management technigues and provide ethical standards that should be applied when working
with bats. This introduction describes the main objectives of the best practice manual, how the plan
was developed, accountabilities for maintaining best practice, and review procedures.

Objectives

The objectives of this manual are to:
1 Provide information and resources on the best techniques currently available to manage and
undertake research on bats

T Assist DOC staff, external managers and researchers to develop and improve techniques used
for the recovery and management of bats

Provide guidelines for safe, ethical and responsible practices when handling and studying bats

Help formalise consistent use of best management practices across bat taxa throughout the
country

1 Provide a mechanism for advocating the continuous improvement of bat conservation
management and research

Development of best practice

The practices described in this manual represent a mixture of widely used (globally) techniques plus
others adapted or developed for working with New Zealand bats. Most have been trialled and used
in New Zealand over the last 107 20 years with approval from appropriate Animal Ethics
Committees. Techniques yet to be used in New Zealand are clearly identified in the text.

Accountabilities for identifying and maintaining best practices

The following accountabilities can only be assigned to DOC staff in the context of a best practice

manual. However, people outside DOC who can contribute to improving best practice are

encouraged to do so via the Bat Recovery Group Leader. Staff in the following positions are

responsible for identifying and maintaining best practice techniques for working with all taxa of bats:
i Area Managers

1 Rangers

Inventory and monitoring toolbox: bats
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Programme Managers
Bat Recovery Group Members

Technical Advisors
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Science Advisors

Definition of best practice procedures (mandatory, recommended)

Mandatory procedures are those that must be followed because after years of practice they have
been identified as the best and most reliable methods. These procedures are indicated by the
w o r ansistéoshaltd , deomotd 6

Recommended procedures are those which to our current knowledge are considered to be best
methods or procedures, but may have reasonable alternatives. These procedures are indicated by
the words &houldé mayd 06

Review process

The Bat Recovery Group is charged with the responsibility of reviewing and revising this document
annually, so ensuring that current best practices are promulgated within and outside of DOC.

In some sections, there may be alternative approaches suggested, but further experience may
reveal that one method is superior to the alternatives, and may become the single mandatory best
practice.

There are also various methods under development which have not yet been written or been
agreed upon as best practice; when these methods have been developed the specifications will
become available.

Changes from the stated best practice should be approved by the Bat Recovery Group and be
carefully documented. Adherence to current best practice guidelines should not prevent
innovations, which may result in improved performance, but it is important that such innovation be
monitored and tested fully.

Current standard operating procedures and guidelines that commonly apply to animal pest
operations are available on the DOC website."

Additional related documents for DOC staff

DOC uses a range of other documents to set standards for research and management that should

also be consulted when considering appropriate work programmes related to bats. These include a

large number of standard operating procedures (SOPs) and guidelines that can be accessed by

DOC staff on the DOC Intranet (Policies and Proce
intended to repeat these guidelines in this best practice manual. These documents are regularly

revised and updated and new procedures are added to the sites. Examples include:

! http://imww.doc.govt.nz/publications/science-and-technical/doc-procedures-and-sops/managing-animal-
pests/standard-operating-procedures/
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Code of ethical conduct for the manipulation of live animals (olddm-766783)

Captive management SOP (docdm-266180)

Translocation SOP (docdm-1089378)

Animal pests SOP definitions and FAQs (docdm-51708)

Use of second generation anticoagulants on public conservation lands (docdm-97398)
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Preparing an Assessment of Environmental Effects (AEE) (docdm-95676)
References and further reading

Molloy, J. (Comp.). 1995: Bat (peka peka) recovery plan (Mystacina, Chalinolobus). Threatened
Species Recovery Plan Series No.15. Department of Conservation, Wellington.

O bonnell, C.F.J.; Christie, J.E.; Hitchmough, R.A.; Lloyd, B.; Parsons, S. 2010: The conservation status
of New Zealand bats, 2009. New Zealand Journal of Zoology 37: 2977 311.
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Introduction to New Zealand bats/pekapeka

Conservation status

Three bat species are known to occur in New Zealand: the long-tailed bat (Chalinolobus
tuberculatus), the lesser short-tailed bat (Mystacina tuberculata), and the greater short-tailed bat (M.
robusta). All are endemic. In addition, there have been cases of vagrants turning up, though they
have mainly been accidental imports with freight (see @iosecurity incursionsd. The long-tailed bat is
a member of the large and widespread family Vespertilionidae, and is represented by seven species
in Australasia (Hutson et al. 2001). Long-tailed bats are currently described as a single species, but
significant differences in size and genetic diversity have been recorded throughout its geographical
range (O Bonnell 2001a; Winnington 1999). The lesser short-tailed bat and greater short-tailed bat
belong to the endemic and monogeneric family Mystacinidae. Lesser short-tailed bats are currently
described as three sub-species, but significant differences in genetic diversity have been recorded
throughout its geographical range (Table 1). Greater short-tailed bats are generally considered to
be extinct because there has been no confirmed sighting since 1967 (Daniel 1990). However,
unusual Mystacinid-like calls were recorded on Putauhinu Island in 1999, which led to speculation
that greater short-tailed bats might still be extant (O Bonnell 1999).

New Zealand bats are protected by the Wildlife Act 1953, and all, except for greater short-tailed
bats, are listed as &/ulnerablebby International Union for Conservation of Nature (IUCN) criteria
(greater short-tailed bats = 6 Einct§ Hutson et al. 2001). DOC currently identifies six bat taxa of
concern (Table1; O6 Do nnel | ).dNone af these tax@, Extept the central North Island lesser
short-tailed bat, can be considered secure on the mainland, and may face a high risk of extinction in
the medium term if conservation management is not successful at reversing their declines (Molloy
1995; O6 Do nnel ) Thetwo single popl&tidnd of lesser short-tailed bats on
Codfish/Whenua Hou and Little Barrier/Hauturu islands are considered more secure.

Inventory and monitoring toolbox: bats
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Table 1. Conservation status of New Zealandbats( Townsend et al . 200.8; O6Donnell
Taxon Conservation Management Unit* Scientific name Conservation
recognised by Bat Recovery Group, status
2004 current
1. long-tailed 1. long-tailed bat (North Island) Chalinolobus tuberculatus nationally
bat (North vulnerable
Island)
2. long-tailed 2. long-tailed bat (South Island) Chalinolobus tuberculatus nationally critical
bat (South
Island)
3. greater 3. greater short-tailed bat Mystacina robusta data deficient
short-tailed
bat
4. northern 4. northern lesser short-tailed bat Mystacina tuberculata nationally
lesser short- aupourica vulnerable
tailed bat
5. central lesser |5. eastern lesser short-tailed bat Mystacina t. rhyacobia declining
short-tailed
bat 6. north-western lesser short-tailed bat
6. southern 7. southern North Island lesser short- Mystacina t. tuberculata nationally
lesser short- tailed bat endangered
tailed bat
8. South Island lesser short-tailed bat
7. little red Pteropus scapulatus vagrant
flying fox
Notes:

* Conservation Management Units are defined as population units that are of interest to conservation managers.
These may be populations or subpopulations that are worthy of protection because they are distinctive in some
way or one of a number of subpopulations vital to maintaining long-term viability of a taxon. They may be distinctive
genetically, behaviourally, morphologically, or geographically.

ABased on a revision endorsed by the Bat Recovery Group.

Distribution and populations

New Zealand long-tailed bat

Long-tailed bats are widely distributed from the north of the North Island, through the South Island,
to Halfmoon Bay on Stewart Island but there are now significant gaps in this distribution. They are
also present on Great Barrier/Aotea, Little Barrier/Hauturu and Kapiti islands (Dwyer 1960, 1962;
Daniel 1970; Daniel & Williams 1981, 1984). However, historical anecdotes and monitoring since
1990 indicate that long-tailed bats are now rare or absent at many sites where formerly they were
common (e.g. Westland, Nelson-Marlborough, eastern side South Island, Wellington; Barrie 1995;
O DBonnell 2000a) and in the few places where intensive monitoring has occurred they are still
declining (Pryde et al. 2005).

Inventory and monitoring toolbox: bats
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The size of few long-tailed bat populations is known. Banding studies in some of the larger
populations suggest a minimum of 800 bats using Grand Canyon Cave near Te K iti (O Bonnell
2002a), 1501 200 at Hanging Rock in South Canterbury (Lettink & Armstrong 2003) and > 300 in the
Eglinton Valley, Fiordland (O Bonnell 2000b). Average numbers of 86 bats emerging from roosts in
Pukeiti, Hawke® Bay (ra = 5i 208; Gillingham 1996) and 14 bats in the Waitakere Ranges (ra = 2i
24; Alexander 2001) are likely to be underestimates of total population size. Group sizes in
plantation forests and urban settings are generally very small (< 10 bats; Dekrout 2009; Borkin &
Parsons 2010).

Lesser short-tailed bat

Lesser short-tailed bats were also once widespread. Recent fossils have been found in Waikato,
Hawke® Bay and Wairarapa, north-west Nelson, Canterbury and Fiordland. However, there are no
current records from much of Northland, Coromandel, Rotorua, Pirongia, East Cape, western
Tararua Forest Park, Nelson Lakes, Mt Richmond, aekUxito, the Longwood Range and Catlins
Forest Parkd all areas where formerly they were present (Dwyer 1962; Daniel & Williams 1984;
Daniel 1990). The species may persist in some of these areas, as none of them have been
surveyed (B. Lloyd pers. comm.).

Recent surveys show that populations survive in several areas in the North Island, and at least two
areas in the South Island (Lloyd 2005). In Northland, a small population remains in Omahuta and
Puketi forests, and individuals have been recorded in Waipoua and Warawara forests. In the rest of
the North Island, lesser short-tailed bats have been found from north Taranaki, across the central
volcanic plateau towards East Cape and south to the Tararua Range). Significant populations have
been found in Waitaanga, Pureora, Wait@tara, Rangataua, Kaimanawa, Whirinaki, and south-east
Urewera forests. They occur occasionally in Kaimai-Mamaku, Rauki mara, Ruahine, and eastern
Tararua forest parks, as well Waimarino and the western slopes of Mt Ruapehu (Lloyd 2005).

Only two populations of lesser short-tailed bats have been confirmed in the South Island, one in the
a&plrara Basin (north-west Nelson) and the other in the Eglinton Valley (Fiordland National Park).
Calls suggestive of short-tailed bats have been recorded at Paparoa National Park and the Dart
Valley but their identity has yet to be confirmed. None have been recorded during preliminary
surveys of forests elsewhere on the West Coast and in parts of Fiordland National Park and north-
west Stewart Island. There are large populations on Little Barrier/Hauturu and Codfish/Whenua Hou
islands (Lloyd 2005).

The size of few lesser short-tailed bat populations is known. Numbers of bats in Rangataua Forest
fluctuated between 5740 and 6977 in early summer (from 19951 1999). Minimum population
estimates from Waitaanga were 2700 bats (B. Williams, pers. comm.); in Eglinton Valley the
maximum emerging from a single roost has been > 1500 lesser short-tailed bats (C. O Donnell,
unpublished data); and on Codfish Island 1557 bats (Sedgeley & Anderson 2000). Estimates for the
latter two populations are probably substantially lower than the actual population size because there
were other roosts occupied in the areas that were not counted. These data and unpublished
observations indicate the total population of lesser short-tailed bats in central North Island is
currently less than 40 000, and the total New Zealand population is less than 50 000 (Lloyd 2001,
2005).

Inventory and monitoring toolbox: bats
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Greater short-tailed bats

Initially two subspecies of short-tailed bat were described (Dwyer 1962): a smaller one, Mystacina
tuberculata tuberculata, found throughout much of New Zealand, and a larger one, M. t. robusta,
restricted to the Muttonbird Islands, off the south-west coast of Stewart Island. Subsequently the
subspecies were elevated to species status as the lesser short-tailed bat M. tuberculata and the
greater short-tailed bat M. robusta (Hill & Daniel 1985). Recent fossil remains (i.e. < 20 000 years
old) of greater short-tailed bats found in caves, on rock ledges and in swamps show that this
species was once found in sites in Waitomo, Hawk e
north-west Nelson, Westland, Canterbury, and Central Otago in the South Island. From 1840 until
the early 1960s greater short-tailed bats were only found on the rat-free Big South Cape
(Taukihepa, 930 ha) and Solomon Island (Rerewhakaupoko, 32 ha), in the Muttonbird Islands, 27 10
km off the south-west coast of Stewart Island.

Major threats to New Zealand bats

A wide range of threats to the continued viability of bat populations have been identified. The range
and numbers of bats have declined significantly and in many areas declines are continuing (e.g.

O Bonnell 2000a,c; Lloyd 2005; Pryde et al. 2005, 2006). Declines result from a combination of
threats, namely predation and competition, habitat degradation, and disturbance.

Predation and competition

Introduced mustelids, rats, possums and cats all prey on, or attempt to prey on, New Zealand bats.
Bats are vulnerable to predators throughout the year; in summer when they congregate in large
colonies to give birth and rear young, and during winter when they may remain inactive (in torpor)
for long periods within roosts.

Mustelids have been recorded killing bats elsewhere in the world (Mumford 1969; Stebbings &
Placido 1975; Hill & Smith 1984). In New Zealand, stoats have been seen entering lesser short-
tailed bat roosts, although whether they impact on population viability is unknown (Lloyd 2001). The
disappearance of greater short-tailed bats from mainland New Zealand coincided with the spread of
kiore rats (Worthy 1997), and this species subsequently became extinct during the 1960s when ship
rats arrived on its last known refuge, Big South Cape Island off Stewart Island (Daniel 1990). Lloyd
(2001) recorded ship rats attempting to enter lesser short-tailed bat roosts during winter, although
none were successful at capturing bats. A significant decline in the survival of long-tailed bats in the
Eglinton Valley was strongly correlated with irruptions of both stoats and ship rats (Fig. 1; Pryde et
al. 2005).

Inventory and monitoring toolbox: bats
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Figure 1. Adult female annual overwinter survival (xSE) of three social groups of long-tailed bats in the Eglinton
Valley from 19931 2003. Survival was lower in years when there were high numbers of introduced predators (1996,
2000, 2001) (Pryde et al. 2005).

Feral cats appear to be common predators of bats (Dwyer 1962; Daniel & Williams 1984; O Bonnell
2000a). Cats accounted for 28% of reported long-tailed bat deaths and 26% of lesser short-tailed
bat deaths (Daniel & Williams 1984), including juveniles (Daniel & Williams 1981). Similarly, cats
accounted for 45% of injured Chalinolobus bats handed in for care in Victoria, Australia (Dowling et
al. 1994). In South Canterbury, New Zealand, possums were recorded attempting to reach into
cavities containing young bats on 50% of nights when roosts were monitored using video cameras
(O Bonnell 2000c).

Morepork owls are native predators of bats (Stead 1936; Dwyer 1960; Daniel & Williams 1984), but
Griffiths (1996) also observed introduced little owls attempting (unsuccessfully) to catch long-tailed
bats near Geraldine, South Canterbury. Little owls have also been reported taking bats in Britain
(Speakman 1991).

In the Eglinton Valley, Fiordland, introduced starlings and ship rats made nests in long-tailed bat
roosts (Sedgeley & O Donnell 1999a), although it is not known if these species actually preyed upon
or displaced bats from roosting sites. Competition for roosting sites by exotic species may limit
availability of roosts to bats (Griffiths 1996). Griffiths found that starlings, house sparrows, feral
pigeons and introduced wasps all occupied cavities that appeared to be suitable as bat roosts in the
limestone areas at Hanging Rock in South Canterbury. Competition between bats and starlings has
been suggested in Europe (Mason et al. 1972; Rieger 1996).

There has been speculation that both exotic and native species may compete with lesser short-
tailed bats for food sources. Many of the types of fruit eaten by lesser short-tailed bats are also
eaten by many bird species, rodents and possums (Daniel 1976). Molloy (1995) suggested
introduced wasps which feed on nectar, fruit and insects may compete with lesser short-tailed bats.

Inventory and monitoring toolbox: bats



DOCDM-131465 DOC best practice manual of conservation techniques for bats v1.0 10

Ecroyd (1995) demonstrated using infrared video surveillance that ship rats and possums all fed on
significant amounts of nectar from flowers of wood rose/pua o Te Reinga, Dactylanthus taylorii,
making it unavailable to lesser short-tailed bats. Possums cause serious damage to native
ecosystems by selective browsing; they also feed on buds, flowers and fruits of a wide variety of
native trees and shrubs and have also caused mortality of native trees (Cowan & Waddington
1990). By doing this they are modifying bat habitat and possibly competing for some foods with
lesser short-tailed bats.

Habitat degradation

Before humans arrived in New Zealand, indigenous forest covered 85% to 90% of the country
(McGlone 1989), but it is now reduced to about 14% of its original area (Stevens et al. 1988). Dwyer
(1960, 1962) concluded that the decrease in the area of distribution was correlated with the removal
of indigenous forest during the last century and the failure of either bat species to survive in open
country or urban areas. Disappearance of long-tailed bats from coastal and lowland regions in
areas such as Canterbury, Otago and Southland coincided with the loss of forest cover (Hutton &
Drummond 1904; Dwyer 1960; Barrie 1995). Early records note the disturbance of large colonies of
long-tailed bats while European colonists were burning and felling trees for timber, and clearing land
for agriculture or for mining (Buller 1892; Cheeseman 1893). The majority of bat deaths recorded by
Daniel&Wi | | i ams (1984) occurr e derexchtdawn. ThHereardstillt s 6 r oost
instances of bat roosts being felled for firewood and for timber in Nelson, Buller, and Canterbury in
the South Island, and the King Country in the North Island (O Bonnell 2000a,c).

Today, habitat degradation usually relates to loss of old-age preferred roost trees in areas where
bat colonies are found, or degradation in important foraging habitat (e.g. Sedgeley & O Bonnell
1999a,b, 2004; Sedgeley 2003). Major threats include: clearance of indigenous vegetation,
selective logging of preferred old-aged trees on private land, conversion of indigenous shrublands
to pine plantations, firewood cutting, over-grazing of forest remnants so that regeneration is
inhibited, and road and quarry works around limestone cliff roosting areas. Long-tailed bats have
been recorded in commercial plantation forests, but roost trees are regularly felled as part of normal
logging operations. In addition, habitat that has recently been subject to extensive logging has also
been converted to pasture (Borkin & Parsons 2010). A variety of river control works can affect
primary feeding habitats that occur along waterways. These include water abstraction from foraging
sites, construction of dams that may drown foraging sites, and changes in water quality that lead to
reductions in invertebrate prey (O Bonnell 2000a,c).

Disturbance

Disturbance by rock climbers, particularly in winter when bats used the same limestone crevices
used by climbers, was identified as a potential risk to long-tailed bats at Hanging Rock escarpment
in South Canterbury (Griffiths 1996). Disturbance of cave-roosting bats is still a concern at Grand
Canyon Cave (D. Smith, pers. comm.). Instances where all bats in this cave have taken flight while
people have been watching them have been recorded in recent years (N. Miller, pers. comm.).

Inventory and monitoring toolbox: bats
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Basic ecology

Long-tailed bats
Foraging

Long-tailed bats are relatively small with body mass of adult bats ranging from 8.5 to 12.3 g, and
forearm length from 38.7 to 40.5 mm (O Bonnell 2001a). Long-tailed bats have wing characteristics
and echolocation calls typical of moderately fast-flying bats that forage along forest edges and gaps
(O Bonnell 2000d, 2001a).

Long-tailed bats are solely insectivorous. Although a comprehensive study of their diet has yet to be
conducted, existing data suggest they consume a wide variety of aerial aquatic and terrestrial
invertebrates (Gillingham 1996; O Bonnell 2005).

Breeding

There is little information on the mating system. Mating most likely occurs in autumn, but the length
of embryonic development and mechanism for delaying onset of gestation is unknown. Time of
births vary geographically and occur between mid-November to mid-December when females
congregate in maternity roost to give birth and raise young. They give birth to a single young once a
year (O Bonnell 2001a, 2002b). They have a complex social system. In the Eglinton Valley the
population is split among three behaviourally, though not geographically, isolated sub-groups that
rarely mix. Bats belonging to each social group are spread over many roosts each day, and
composition of bats within these roosts changed from day to day (O Bonnell 2000b).

Habitat use

Long-tailed bats are closely associated with indigenous forest, but have also been recorded in a
variety of other habitats. These include logged forests, shrublands, plantation forests and farmland
(Daniel & Williams 1984; Dekrout 2009; Borkin & Parsons 2010). They have very large home
ranges. Colonies in the Eglinton Valley, Fiordland ranged over 11700 ha. Individual ranges varied
depending on age, sex and time of the breeding season (averaging 2371 2006 ha, max = 5629 ha;
O Donnell 2001b).

In modified landscapes and predominantly agricultural areas, long-tailed bats have been recorded
roosting beneath bridges, in farm buildings, and in caves and crevices in limestone as well as a
range of indigenous and exotic tree species (Daniel 1981; Daniel & Williams 1981, 1983, 1984,
Sedgeley & O Bonnell 2004; Dekrout 2009). However, more recent radio-tracking studies showed
that the majority of roosts used by long-tailed bats are in trees, and maternity roosts are almost
exclusively in trees (Gillingham 1996; Griffiths 1996; Sedgeley & O Bonnell 1999a,b, 2004).
Numbers of bats using a roost at one time averaged 141 86 bats, and they changed roost site
almost every day. Long-tailed bats seldom use an individual roost more than once during a
summer, but will reuse many of these roosts from year to year (O Bonnell & Sedgeley 1999).

Inventory and monitoring toolbox: bats
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Roosting

In detailed studies of roosting behaviour in Fiordland and South Canterbury, breeding groups of
long-tailed bats selected specific roost trees and roost cavities that were very distinctive from the
pool of trees potentially available to them. They roosted inside cavities in main trunks or limbs in
some of the largest and oldest trees available. Cavities were high from the ground (usually > 15 m),
generally had one entrance, internal dimensions were of a small to medium size (compared to
lesser short-tailed bats), and were often formed inside a knot-hole. The cavities provided protection
from wind and rain, were dry inside, had relatively thick cavity walls, and internal humidity and
temperature were stable compared to ambient (Sedgeley & O Bonnell 1999a,b; Sedgeley 2001).

Figure 2. Long-tailed bat in the hand (photo: C.F.J. O Bonnell).

Lesser short-tailed bats
Foraging

Lesser short-tailed bats are slightly larger than long-tailed bats with body mass of adults ranging
from 11.4 to 22.0 g, and length of forearm from 36.9 to 46.9 mm (O Bonnell et al. 1999; Lloyd 2005)
(Fig. 3). Lesser short-tailed bats are agile on the ground and have evolved unique morphological
adaptations for terrestrial foraging such as the ability to tightly fold their wings within thickened wing
membranes, strong hind legs and feet, and small spurs at the base of their claws (Dwyer 1962;
Daniel 1990; Jones et al. 2003). Wing shapes in lesser short-tailed bats vary. Data collected in the
Eglinton Valley demonstrated that they had wings that made them more manoeuvrable than long-
tailed bats within vegetation, which is typical of species known to forage by gleaning insects (Jones
et al. 2003). However, lesser short-tailed bats on Whenua Hou did not seem to specialise in any
particular flight strategy (Webb et al. 1999. Their echolocation calls are typical of bats that glean
from surfaces, and recent evidence suggests that while they hunt by echolocation when flying, they
use a combination of prey-generated sound and smell to locate food while on the ground (Parsons
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2001; Jones et al. 2003). Lesser short-tailed bats are omnivorous. Their diet consists of flying and
non-flying invertebrates, nectar, pollen, plant material and fruit. Adaptations for nectar feeding
include an extensile papillated tongue, and a wide gap between the incisors (reviewed in Arkins et
al. 1999).

Figure 3. Lesser short-tailed bat in the hand (photo: C.F.J. O Bonnell).

Breeding

Lesser short-tailed bats have a complex mating system that is not fully understood. Male bats
occupy singing or mating roosts, and call from them at night to attract females (Daniel 1990). In
island populations, singing trees are clustered, and males are thought to compete for possession of
them. This behaviour has been described as a lek breeding system (Daniel 1990), but requires
further study. Singing begins in spring and early summer but peaks during autumn. Mating takes
place in late summer and autumn, and births occur between mid-December and mid-January (Lloyd
2001).

Habitat use

Lesser short-tailed bats have been recorded roosting in a variety of habitats, but only in relatively
low numbers outside of unmodified forest (Daniel & Williams 1984). There are no contemporary
records of them roosting in caves, but there are historical records that show caves were once used.
There are large concentrations of bat remains in limestone caves (Worthy & Holdaway 1994, 2001)
and both species of short-tailed bat roosted in granite sea-caves on islands to the south-west of
Stewart Island (Stead 1936; Daniel & Williams 1984). Several records for lesser short-tailed bats
have been reported from buildings. However, all were from mountain huts or homes adjacent to
large areas of indigenous forest (Daniel & Williams 1984). Lesser short-tailed bats have very large
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home ranges, and large populations have only been found in extensive (1000 ha) areas of largely
unmodified old-growth forest (LIoyd 2001). Colonies in the Eglinton Valley ranged over 14710 ha.
Individual ranges varied depending on age, sex and time of the breeding season (ranging from
1271 6223 ha; Christie 2003).

Roosting

Three types of roost tree have been described for lesser short-tailed bat: those used by breeding
groups and large numbers of bats; those used by solitarily roosting bats; and those used for
mating/singing (Daniel 1990; Sedgeley 2003, 2006). In the Eglinton Valley and on Codfish
Island/Whenua Hou roost trees used by solitary bats and by singing/mating bats had much smaller
stem diameters and internal cavity dimensions than those used by large groups of bats (O Bonnell
et al. 1999; Sedgeley 2003, 2006). Roost cavities used by communally roosting lesser short-tailed
bats are variable. In Rangatau Forest, central North Island, and on Codfish Island/Whenua Hou,
roost entrances are typically on the main trunk and are less than 0.3 7 m above the ground
whereas in the Eglinton Valley they can be up to 23 m above ground (Lloyd 2005; Sedgeley 2003).
Size of entrances vary greatly, from small holes only just large enough for bats to enter, to
enormous splits several metres long (Lloyd 2005; Sedgeley 2003, 2006). All roosts selected by
lesser short-tailed bat in the Eglinton Valley are in dry, well-insulated cavities inside some of the
largest and oldest trees available (Sedgeley 2003). Lesser short-tailed bats move between a
relatively small pool of roost trees (e.g. 207 30 trees in < 150 ha of forest) and use no more than 2 or
3 communal roosts any one time (Lloyd 2001; Christie 2003).

In the Eglinton Valley, Fiordland, several features distinguish lesser short-tailed bat roosts from
long-tailed bat roosts. Generally, lesser short-tailed bat roosts are further inside the forest, the roost
cavities often have multiple entrances, are lower to the ground, and have much larger entrance and
internal dimensions than roosts used by long-tailed bats. Lesser short-tailed bat roosts are used by
far greater numbers of bats (several 100s) and could be occupied for up to weeks at a time. Roosts
are also re-used on a more regular basis than roosts of long-tailed bats (Sedgeley 2003).

Greater short-tailed bats

Virtually nothing is known about the ecology of greater short-tailed bats (Daniel 1990; Lloyd 2005).
They were once present throughout New Zealand but had disappeared from most sites before
Europeans arrived; possibly succumbing through predation by kiore brought into the country by the
early Polynesians. Greater short-tailed bats were significantly larger than lesser short-tailed bats
though their size varied in different parts of New Zealand (Worthy et al. 1996; Worthy & Scofield
2004). Little is known about habitat use, but they were likely confined to forests where they fed on a
variety of invertebrate and plant foods (Lloyd 2005).
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Conservation management of New Zealand bats

The purpose of this section is to:

Describe key drivers for the management of bat populations

Describe the objectives of the Bat Recovery Programme

Outline the desired outcomes for bat conservation management

Identify the triggers for developing bat conservation management projects
Identify priority sites for undertaking conservation management

= =4 4 -4 -—a A

Identify conservation management techniques that aim to sustain or improve the status of bat
populations

1 Identify management levels within DOC at which bat conservation should be advocated or
undertaken

Key drivers

Key driversof DOC6s wor k on bats include:

1 The New Zealand Biodiversity Strategy

0 Goal3:dHalt the decline i n Oeissgodreqailesthatdvds Bi odi v
@naintain and restore a full range of remaining natural habitats and ecosystems to a
healthy functioning state6and dnaintain and restore viable populations of all indigenous
species and subspecies across their natural ranged

1 The Conservation Act and its attendant Acts
1 The Wildlife Act (1953) for legislative protection of bats
T DOCb6 s St Plam {the gnnhual Statement of Intent)

Goals and objectives for bat recovery

Strategic goals:
1 Preventing declines and extinctions of New Zealand taxa map directly to the Natural Heritage
Outcomes described in the DO C 6Ssatement of Intent
Overall objective of the Bat Recovery Programme:
9 To secure key populations of bat taxa from extinction representing the full genetic and
distributional range
Specific objectives (developed in 20038 Minutes of the Bat Recovery Group) (in priority order):

1. Maintain the security of at least one population of each taxonomic unit by conducting
management programmes at priority sites

2. Ensure no further declines in priority populations at the edge of the range so that genetically
distinctive populations are protected
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3. Restore populations that have declined in the past
4. Establish new populations

Note that six different taxonomic types are currently recognised (Table 1). Progress towards these
goalsisdescribed by OO6Donnell (2010) .

Desired outcome of bat management projects

Areas with significant bat populations should develop bat management projects. The ultimate
outcome of bat management projects shall be the maintenance of long-term security of the bat
populations in the area where work is being proposed and/or the restoration to environments within
the area where numbers have declined. Seven general management techniques are available:

i Statutory advocacy
Non-statutory advice and education
Pest control
Active protection of roosts sites
Protection of aquatic and terrestrial foraging habitats
Restoration of roosting and foraging habitat

= =4 4 -4 -—a A

Translocations

Aspects of each can be customised for local bat conservation projects. In addition, inventory and
monitoring programmes will measure where and when outcomes are being achieved.

Triggers for commencing management

The Bat Recovery Group has identified a number of reasons for identifying an area as a priority for
some form of bat work. The major triggers include:

1. The area has been identified as a priority for management of bats by the Bat Recovery Group
through its Priority Sites list (Table 2) or objectives of the Recovery Plan (Molloy 1995).

2. Strategic directions for conservation work in a conservancy, as outlined in the Conservation
Management Strategy, DOC6s current St at e new@daland Biodiversityent , or
Strategy.

3. Presence of bats in a priority management site for biodiversity (e.g. Ecosystem Optimisation
site, Mainland Island, Operation Ark site, Kiwi Zone).

4. Historic evidence of the presence of a nationally important bat population that the Bat Recovery
Group is unaware of.

The site represents an area of uncertainty (no previous work on bats).

There is a major new threat to an area to which DOC can respond; for example, through
Resource Management Act processes, district and regional planning, concessions applications.

These triggers are not static. The Bat Recovery Group acknowledges that new information comes
to light at regular intervals, which may influence the form and direction of bat management projects.
In addition, new drivers may emerge, which require the commencement of new work (e.g. new
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proposals for developments that may impact on bats). Where the Bat Recovery Group is made
aware of new drivers, these will be signalled in the annual Bat Recovery Group recommendations
(see olddm-715142 for 2004/05, and olddm-723120 for other years) or in the minutes of the Bat
Recovery Group meetings.

Priority populations

Priority populations of bats for management (recognised by the Bat Recovery Group as at 2003 and
still current in 2012) are listed in Table 2. These represent 24 populations from the eight recognised
taxa for management. These are not all the sites where these bats occur, but represent the best
populations, both core populations and outliers at the edge of their range, and the minimum number
of sites where management should occur to ensure the security of these taxa. It is envisaged that
these lists will be revised once every 5 years by the Bat Recovery Group as our knowledge of
populations expands.
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Table 2. Recommended priority sites for management of bat populations and main management techniques to be applied at each.

Taxon Site Conservancy Secure | Management | Statutory | Non- Pest Protection | Protection | Restoration
area advocacy | statutory | control of roosts | of of foraging
identified advice foraging and roost

sites sites

1. Northern | Little Barrier Auckland Yes Done - - Island - - -

short-tailed invasion

bat contingency

plan
Mainland Northland No Needed Vv Vv Vv Vv Vv Vv

2. Eastern | Urewera East Coast / Yes Needed Vv Y, ? ? - -

short-tailed | Whirinaki Hawkeds

bat and Bay of

Plenty

3. North ghakune Tongariro No Done - - V V - -

western [Taup@

short-tailed

bat

Pureora Waikato No Needed Vv - Vv Vv Vv -

4. Southern | Tararua Wellington No Done - \% V V - Establish

North second

Island population

short-tailed

bat

5. South a&plrara West Coast No Needed - \% \% \% - -

Island

short-tailed

bat

Eglinton Southland No Done - - \Y \Y \Y, -
Codfish Southland Yes Done - \ Island - - -
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Taxon Site Conservancy Secure | Management | Statutory | Non- Pest Protection | Protection | Restoration
area advocacy | statutory | control of roosts | of of foraging
identified advice foraging and roost

sites sites
invasion
contingency
plan

6. Greater | T@olslands Southland No Needed - \% V? V \Y V

short-tailed

bat

7. South Geraldine Canterbury No Done \Y \Y \Y \Y \% \%

Island long-

tailed bat

Eglinton Southland No Done \Y; \Y; \Y \Y \Y -
Dart Otago No Done \% \% \Y \Y \% -
Maruia West Coast No Done \% \% \Y \Y \% -
Landsborough | West Coast No Done - - \ \ - -
Catlins Otago No Needed \ \% \ \ \ -
Waikaia Southland No Needed \ \ \ \ \ -
Stewart Is Southland No Needed \Y \Y V? V? V? V?

8. North Whareorino Waikato No Needed \ \ \ \ \ -

Island long-

tailed bat

Ruakurg Waikato No Needed \ \ \ \ \% V?
Puketitiri East Coast / No Done? \ \4 \ \ \ V?

Hawkeos
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Taxon Site Conservancy Secure | Management | Statutory | Non- Pest Protection | Protection | Restoration
area advocacy | statutory | control of roosts | of of foraging
identified advice foraging and roost

sites sites
g&hakune Tongariro/Taupd| No Needed - \% Y - - -
Whanganui | Wanganui ? Needed ? ? ? ? ? ?
Whangarei Northland ? Needed ? ? ? ? ? ?
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Recovery potential

Bats are very long-lived, attempt to breed each year, and populations have good recovery potential if
threats are removed. Potential habitats to restore populations are extensive. There is a strong
interest in conservation of bats across the breadth of the community, which indicates a strong
potential for developing cooperative conservation projects. However, because bats only give birth to
single young, once a year, then recovery will be slow and difficult to detect in the short term.

Management techniques

Management techniques for general restoration work, and in the case of DOC, for incorporation into
business plan work plans include the following components:

9 Establishing the presence and significance of bats in an area and at what point to initiate
management
Inventory aimed at establishing the presence of bats or the relative size of populations in
particular areas is an important task in areas where there is uncertainty about the status of bats.
This is because significant populations that as yet are unrecognised may be discovered, and
these have the potential to be core management sites. Staff require a good understanding of the
significance of bat populations in an area so that they can determine which of the management
actions listed below are appropriate for them. The type and level of management required for
new significant populations should be decided in consultation with the Bat Recovery Group.

i Statutory advocacy
Statutory advocacy should focus on requirements aimed at protecting significant bat habitat
(particularly in relation to the Resource Management Act 1991). Important actions include
ensuring significant bat habitats are recognised and protected using classifications such as
Significant Natural Areas (SNAs) and specific rules (e.g. land clearance and firewood cutting
rules) in district, city and regional plans. Making submissions on activities that may either benefit
or impact on bats is warranted in many situations. Concessions applications and Assessments
of Environmental Effects (AEES) need to include assessments of potential impacts on bats and
develop appropriate mitigation techniques.

Specific examples of applications that should be evaluated for impacts on bat communities include:

1 Water abstraction proposals that reduce availability of aquatic foraging habitat

9 Building or modifying structures (e.g. roads, canals) that might impact roosting or foraging
habitats

1 Removal of trees from roadsides, reserves, campgrounds, tracks, etc. that may provide roosting
habitat

Forest logging on private land

Poisoning operations that propose using new, non-approved baits and lures that potentially
attract bats

Gravel extraction proposals on riverbeds where significant bat foraging habitat occurs

Proposals to dam rivers where significant bat foraging habitat occurs
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A very important area of advocacy occurs in relation to making submissions on Sustainable
Forestry Management Plans on private land in relation to Forests Amendment Act 1993
requirements. Logging generally targets a significant proportion of trees preferred by bats for
roosting. Unless roosting patches are identified and protected, there is a high risk of localised tree
selection wiping out a population. Bat detectors can be used to determine the presence of bats. Any
sustainable management systems proposed for use in the future need to leave sufficient trees to
ensure bat populations survive. Conservation officers with responsibilities for bat conservation
should use data on the type and sizes of bat roosts to argue for rules to prevent impacts of logging
and forest clearance on bats through their statutory planning procedures and input into Sustainable
Management Plans, Personal Use Applications. Sustainable Management Plans need to
demonstrate that safeguards are in place so that bat populations are not threatened. Tree
preferences are summarised below.

Roost trees for long-tailed bats

Long-tailed bats roost in trees with large stem diameters (diameter at breast heightd DBH). Most
roost trees are greater than 80 cm DBH, and range up to 250 cm DBH (Fig. 4). Such trees are
usually 2007 650 years old. Long-tailed bats roost in small- to medium-sized cavities that are usually
high up trees (151 20 m from the ground). Bats move to a new roost tree virtually every day, and
one group can use over 100 different roosting trees. In Fiordland, long-tailed bats roost in red beech
(74%), standing dead trees (21%), silver beech (4%) and mountain beech (1%). In Northland roosts
were in the large kauri trees. In podocarp-hardwood forests long-tailed bat roosts have been found
in rimu, miro, kahikatea, matag and t@ara, from 50i 180 cm in diameter.

Roost trees for lesser short-tailed bats

Lesser short-tailed bats tend to use larger roost cavities than long-tailed bats. Lesser short-tailed
bats living in mixed beech forest roost in splits and hollows mainly in large diameter red beech trees
401 160 cm DBH (Fig. 5). Bats in podocarp-hardwood forest show a similar dependence on large
di ameter tr ees @ara rinw) sauthermrgtO addinhirb. Msst roosts are in trees greater
than 80 cm in diameter. However, some are also in smaller trees, which are most often used by
solitary bats, groups that require smaller cavities for hibernation, and for mating/singing. Lesser
short-tailed bats may use a particular roost for just a day, or continuously up to 6 weeks, before
moving to another tree roost.
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Figure 4. Stem diameters of beech trees used by long-tailed bats in the Eglinton Valley.
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Figure 5. Stem diameters of beech trees used by lesser short-tailed bats in the Eglinton Valley.

Information on preferred trees can be found in Sedgeley & O Bonnell (1999a,b, 2004) and Sedgeley
(2003). There is also a DOC fact sheet, d’rotecting old-aged forest trees for New Zealand bats6 o n
the DOC website? (O Bonnell 2001).

Non-statutory advice and education

Non-statutory advice should focus on achieving conservation outcomes for bats by increasing
awareness of the values associated with bats amongst local communities and encouraging private
landowners to protect bat habitat. Actions should include giving public talks, organising field trips,
involving the public or specific interest groups in conservation, writing fact sheets and circulating
relevant information and fact sheets.

2 http://mww.doc.govt.nz/conservation/native-animals/bats/protecting-old-aged-forest-trees-for-new-zealand-bats/
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Non-statutory advocacy and education are powerful tools to:

1 Increase landowner awareness of preferred maternity roosts so they don't fell them
Increase security for existing known roost trees

Encourage maintenance of existing habitat surrounding roosts

Encourage enhancement and restoration of sites using replacement plantings

Undertake relevant statutory advocacy

=A =4 =4 -4 =4

Facilitate setting up a local landcare group for bat conservation

For example, in South Canterbury, a DOC-employed rural advocate is working with community
groups, and this provides a good model for other conservancies if this particular threat occurs in
them. The advocate is working to stop or reduce loss of maternity roosts to wood cutting, clearance
and senescence by working with local land owners, district and regional council staff and other
interested parties.

A workshop held as part of the National Bat Conference in 1998 identified the major messages that
it was important to get across to the public, major target groups and existing resources:
Major messagesd what we want to achieve:

1 Yes there are bats in New Zealand (promote values/interest)

1 Where are bats in New Zealand? (feedback from public/DOC on sightings)

1 Conservation of mature trees (major roosting sites are still threatened by logging)
1 Need to monitor population trends (advocacy to help this happen)

Target groups (messages may need to have a different emphasis for each group):

=

Land owners/farmers/forestry companies

DOC managers and area offices

Territorial authorities/councils

Schools

Iwi

Interest groups (e.g. WWF-NZ, tramping groups/Forest & Bird)
Sponsors

Service groups

Politicians

Journalists

= =4 =4 =4 4 4 -4 4 -4 -4

Research groups

Important resources include:

1 DOC fact sheets®

3 http://Aww.doc.govt.nz/conservation/native-animals/bats/protecting-old-aged-forest-trees-for-new-zealand-bats/
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T The WWF6s Banhe®fack. (1996: Bat Pack: Discovering
Wide Fund for Nature New Zealand, Wellington).

Web based information on bats

Zoo exhibits (flying foxes)

WWF book

DOC visitor centres

Talks by bat workers
Newspaper/magazine/radio and TV articles

Summer programmes/visitor programmes (e.g. DOC

=4 =4 =4 =4 -4 4 -4 4

Dactylanthus advocacy
Pest control to enhance habitat quality and reduce risk of predation

DOC is undertaking, or has undertaken, mammal pest control programmes in several areas where
bats are found (e.g. Pureora, Urewera, Waitaanga, Rangataua, Landsborough Valley, Eglinton
Valley, and Whenua Hou). Introduced mammal pest species are considered to be a major threat to
the continued viability of bat populations and integrated and effective pest control programmes that
target possums, rodents, stoats or feral cats are likely to benefit bat populations if effort is intensive
enough. Control of introduced pests will benefit bats in two ways:

1. Threats of direct predation on bats will be reduced.
2. Food resources available to bats will be improved.

Possums, rodents and stoats consume large numbers of insects, while possums and rodents
reduce the availability of fruit and nectar. Both rats and stoats are killed during 1080 possum control
programmes, although the kill-rate is not always consistent. The size of management areas should
take into account the home range size of bat colonies (which range over areas of > 10 000 ha), so
management areas smaller than this may not protect a colony sufficiently. Selection of habitats by
bats for roosting and feeding is not random, therefore selection of management sites would need to
include suitable bat habitats.

Integrated pest control should be undertaken in forests that are significant for bats. As a minimum,
these should include sites currently recognised as important (Table 2). Such operations need not
simply focus on protection or restoration of bat populations. Existing biodiversity projects aimed at
improving forest condition (e.g. HUrangi Range, Eglinton Valley, Pureora) will have the potential to
benefit bat communities as well as many other threatened species associated with forests (e.g. kiwi,
kkU, whio, mghua, mistletoes).

Contingency plans to minimise the risk of predators arriving on offshore islands, and consequent
management actions are important for the protection of bat populations on Whenua Hou, Hauturu
and Kapiti islands.

Specific projects may be required to protect Dactylanthus taylorii sites or special sites where
significant bat populations occur, but no other threatened species (e.g. Hanging Rock area, South
Canterburyd O Bonnell 2000a; Grand Canyon Cave, Maniapotod O Bonnell 2002).
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Pest control operations that use toxins need to be planned carefully to ensure there are no risks to
bat populations.

Long-tailed bats are unlikely to be at any risk from toxins because the risk of their encountering
toxic baits is virtually non-existent. They rarely feed within forests, they feed entirely on the wing on
flying insects that would not come into contact with baits. Additionally, they usually hibernate in
winter when many bait drops are planned.

The feeding habits of lesser short-tailed bats make them vulnerable to toxins in two ways: either
from bats directly consuming toxic baits, or from secondary poisoning by consuming arthropods that
feed on baits (LIoyd & McQueen 2000; Sherley et al. 2000). There is one record of a short-tailed bat
being found dead on cyanide bait (Daniel 1990). However, feeding trials with captive lesser short-
tailed bats, and a trial in which fluorescent dyed non-toxic baits were broadcast in an area inhabited
by lesser short-tailed bats, showed that they did not consume carrot- or grain-based baits that are
commonly used with 1080 and second-generation anticoagulants (Lloyd 1994). High concentrations
of 1080 can persist in arthropods for several days after they have consumed baits (Booth &
Wickstrom 1999; Eason et al. 1993). However, no harmful impacts were detected in short-tailed bat
populations that were monitored through two aerially broadcast poisoning operations using pollard
baits, one on Whenua Hou using brodifacoum (Sedgeley & Anderson 2000), and one in Rangataua
Forest in the central North Island using 1080 (Lloyd & McQueen 2002).

Although it is reasonable to assume that these poisoning operations probably did not cause major
mortality of lesser short-tailed bats, the trials on Whenua Hou and Rangataua Forest were
unreplicated. Several replicate trials would be required in a variety of circumstances before a
generalised conclusion can be justifiably drawn about mortality of lesser short-tailed bats during
aerial poisoning operations.

Risk to lesser short-tailed bats is greatest where new baits or lures are proposed for use. Such

proposals need to be carefully evaluated with non-toxic bait trials. For example, in the 1990s it was

shown that lesser short-tailed bats consumed jam-baits that were being used in poison operations

at the time. In a recent trial, the survival of tagged lesser short-tailed bats was monitored through a
pindone in bait stations operation in the Eglinto
survival of bats appeared to be enhanced significantly. Similarly, long-tailed bats in the Eglinton

Valley appear to be increasing slowly following a number of 1080 and pindone operations aimed at
controlling rats (C. O6Donnell, unpubl . data).

Protection of roost sites

Known roost sites should be identified and access limited and/or regulated to minimise disturbance.
Advocacy aimed at protecting old-aged trees on private land should be undertaken. Consideration
should be given to potential conflicts between other management work and protection of potential
roosts (e.g. felling of standing dead trees for track, hut and campsite maintenance or road
widening).

Minimising disturbance of cave and rock-roosting bats is essential. Disturbance by rock climbers,
particularly in winter when bats used the same limestone crevices used by climbers, was also
identified as a potential risk to long-tailed bats at Geraldine (Griffiths 1996). Disturbance of cave-

Inventory and monitoring toolbox: bats



DOCDM-131465 DOC best practice manual of conservation techniques for bats v1.0 33

roosting bats is still a concern. An apparent decline in the number of bats day-roosting in Grand
Canyon Cave over 5 years (1992i 97), coincided with increased human use of the cave (C. Smuts-
Kennedy, pers. comm.). Instances where all bats in the cave have taken flight while people have
been watching them have been recorded in recent years (N. Miller, pers. comm.). Disturbance in
caves in winter can reduce survival significantly.

Protection of freshwater and terrestrial foraging habitats

Protection of foraging habitats can be achieved through statutory and non-statutory advocacy,
through legal protection of significant sites, and through active management of sites already in legal
protection. Projects should aim to identify significant foraging habitats in each area, review their
protection status and actively pursue formal protection if deemed necessary for increasing overall
protection. Surveys using bat detectors should be undertaken in areas near those significant
habitats already identified because comprehensive surveys of all areas likely to have bats have not
yet been undertaken.

Restoration of roosting and foraging habitat

There is significant loss of maternity roosts to habitat clearance, wood cutting and natural aging of
remnant stands of native forest in some areas (O Bonnell 2000b). In South Canterbury, no new
roosts are being formed because grazing inhibits regeneration and bats are then forced to use poor
guality roost sites resulting in low breeding success.

Restoration of bat communities in environments within an area where numbers have declined can
be achieved by restoring forest and wetland remnants on agricultural land (foraging habitat),
reducing grazing, replanting roosting tree species, and providing predator-proof artificial roost boxes
within forest remnants. Trials are currently being undertaken using artificial &chwegleréwoodcrete
bat houses (these have proven highly successful for forest bat conservation overseas). Tree
plantings may be necessary in areas where natural regeneration has been inhibited. Forest
remnants that contain roost sites are likely to benefit from fencing and exclusion of stock. In areas
where it is not possible to fence extensive areas of habitat, low-cost fencing of small patches
around roost sites may be sufficient to afford increased protection.

Translocations

Currently, there are no accepted techniques available for translocating bats to new sites. However,
techniques are currently being developed with translocations of lesser short-tailed bats to Kapiti
(Ruffell 2006). If this translocation is successful, then translocation may become a useful tool in the
future. The Bat Recovery Group will support well-planned trials that are resourced adequately and
contain protocols for measuring the success of a trial.

Monitoring outcomes

Monitoring across a whole area and all management operations will not be practical or advisable,

therefore programmes should focus on monitoring several representative populations or operations
(Table 2) so that the difference that is being made by management can be measured and reported
on in accordance with DOC6s Natur al Heritage
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Who in DOC should be responsible for bat conservation

Bat conservation involves a wide range of staff in DOC, not just delivery staff and those specifically
focused on biodiversity. The following list is not exhaustive, but key staff members that should be
involved in bat conservation include:
1 Area Managers
Rangers
Programme Managers
Bat Recovery Group members
Technical Advisers
Statutory planning staff

Concessions staff

= =4 =4 =4 -4 4 =4

Staff responsible for evaluating Resource Management Act related proposals, water right
applications, Significant Natural Areas, etc.

=

Staff responsible for evaluating Forests Amendment Act applications on private land

1 Science staff with advisory capacity
Relationships with other recovery programmes

A number of other DOC recovery programmes have direct relevance to the Bat Recovery
Programme because they share similar management sites and/or threatening processes (e.g.
m¢hua, kiwi, kCkUriki, k(kU, whio, Dactylanthus recovery groups). Liaison with such programmes is
strongly advised because of the shared benefits of conducting complementary research or
management projects. There is also a strong link with Operation Ark, Mainland Islands and Kiwi
Zone programmes; all have staff that coordinate and facilitate research on pest control issues in
forests and operational responses to predator cycles.

Increasing the quality of management projects by improving knowledge

Staff should seek continual improvement in best management practice for bat conservation. This
can be achieved by:
9 Sharing information and skills via the Bat Recovery Group( and DOC®&s \Batks)st ser ver

1 Encouraging further research on developing management techniques and increasing our
understanding of bat ecology. This can be achieved by encouraging:

& University students to undertake bat projects

0 Science staff to incorporate bat-related case studies into their programme of strategic
research

0 Other Government research providers to increase their efforts with bats research

Conservancy and Area staff to incorporate rigorous monitoring of the performance of bat
popul ations into their biodiversity p¥fogramr

type projects)
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The Bat Recovery Group minutes are the repository of lists of priority research topics.
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Finding bats with bat detectors

Bats, echolocation and bat detectors

Bats and echolocation

Echolocation, also called biosonar, is the biological sonar used by several mammals such as
dolphins, shrews, most bats, and most whales. The term was coined by Donald Griffin, who was the
first to conclusively demonstrate its existence in bats (Griffin 1958). Many bat species use
echolocation to navigate, to orientate and to forage, often in total darkness. Bats generate high
frequency sound (ultrasonic) via the larynx and emit rapid ultrasonic pulses through their mouths, or
less commonly their noses. By comparing pulses with the information contained in the returning
signals (echoes), bats are able to locate, range and identify objects including prey (Fig. 6).
Individual bat species echolocate within specific frequency ranges that suit their environment and
prey types. Echolocation calls provide an opportunity to unobtrusively survey, monitor and identify
bat species (Catto 1994; deOliveira 1998; Russ 1999).

Figure 6. Diagrammatic representation of a bat echolocating.

How bat detectors work

The frequency of bat echolocation calls is generally much higher than humans can hear

(ultrasonic). Ultrasound detectors, or bat detectors as they are commonly called, can be used to

listen to bat echolocation calls, and are useful tools studying bats. Bat calls are picked up by the
detectordés microphone, and t haundnecamhea. Thermare | ower
three main types of bat detector, each using a different technique for transforming ultrasound into

audible sound:

1 Heterodyne
9 Frequency division

1 Time expansion

Inventory and monitoring toolbox: bats


http://en.wikipedia.org/wiki/Mammals
http://en.wikipedia.org/wiki/Dolphin
http://en.wikipedia.org/wiki/Shrew
http://en.wikipedia.org/wiki/Bat
http://en.wikipedia.org/wiki/Whale

DOCDM-131465 DOC best practice manual of conservation techniques for bats v1.0 38

Choosing bat detectors

Choosing type of bat detector

Bat detectors that use different systems for transforming bat calls will vary markedly in price; in
sensitivity to bat calls; in the quality and information content of calls collected; in methods of storing,
visualising and analysing calls; and in their ability to distinguish between calls made by different bat
species. Choice of bat detector will ultimately depend on application. This section provides some
background information on the three bat detector types to help readers choose the most
appropriate detector for specific research or survey and monitoring needs. The section includes
basic descriptions of the detectors and discusses some of their relative advantages and
disadvantages. For readers requiring more technical information (e.g. how the detectors work;
options for storing calls; analysis techniques) we suggest they read Parsons & Obrist (2004).
Several companies supply bat detectors commercially (e.g. Stag Electronic, Pettersson Electronik,
Titley Electronic, Tranquility and UltraSound advice). Some companies produce several types of
detectors.

Heterodyne detectors

Heterodyning is a real-time method (i.e. you can hear the sound from the detector at the same time
it is emitted by the bat). Heterodyne (also called narrowband) detectors monitor only one frequency
at a time and can be tuned to specific frequencies. These detectors are very sensitive because they
distenbthrough a narrow frequency window and can pick up relatively low noise levels. The
relatively high sensitivity of these detectors has been demonstrated in the laboratory (Waters &
Walsh 1994) and in the field (Parsons 1996). The most common bat detector used in New Zealand
is the Batbox Il heterodyne bat detector (Stag Electronics, Sussex, UK) (Fig. 7). DOC uses this
detector as its standard for surveying using handheld bat detectors along line-transects (see the
Tool box Bats:tcduating away fromroostsd bat det ect or s dodocdh-i ne tr ans
590701). It is also fitted inside the most commonly used automatic bat detector and recording
system used by DOC at the time of writing (see @Automatic bat detector and recording systemsd
below,ands ee t he T o o Bdisoceuntimgeaivdy fram rabstsd automatic bat detectors®
docdm-590733).

Advantages:

1 They are of relatively low cost compared to frequency division and time-expansion detectors.

1 Heterodyne detectors have relatively high sensitivity compared with other detectors. For
example, a Batbox Il detector can pick up short-tailed bat calls over a greater distance than an
Anabat frequency division detector (J. Sedgeley, J. Christie, pers. obs.), and they are twice as
sensitive as many other heterodyne bat detectors, especially around 40 kHz (Walsh et al. 1993;
Waters & Walsh 1994; Parsons 1996, 1997).

Disadvantages:

1 The narrow frequency band of tuneable detectors means all bats calling outside the tuneable
frequency range will be missed. Therefore, these kind of detectors are of limited value in
countries where there are numerous bat species calling at different frequencies.
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9 Output from heterodyne systems does not provide enough information for detailed studies of bat
echolocation calls. Unfortunately, the limited bandwidth to which the heterodyne detector listens
blurs the duration, absolute frequency and frequency-time course of the original call in the
heterodyned signal, thus rendering it unacceptable for spectral analysis (Parsons & Obrist
2004).

91 Itis frequently difficult to distinguish between calls of different bat species using heterodyne
detectors. New Zealand long-tailed bats and lesser short-tailed bats call at different frequencies,
but there is some degree overlap in their calls. The output from heterodyne detectors does not
provide enough information to distinguish between them in all situ a t i o nBat detscwre 06
frequency and bat identification6 ) .

9 Itis crucial to calibrate heterodyne detectors before using them in the field to ensure the
frequency sett i nSgrsitvityans caibeationde ct (see 6

(A) Stag Electronics Bat Box (B) Titley electronics Anabat (C) Pettersson Electronik D980
[l heterodyne detector. frequency-division detector. time expansion detector.

Stag — 1
Electronics /‘V
3

BATBOX HI \ 2

Figure 7. Examples of detectors that use different methods for transforming ultrasound into audible sound.

Frequency division detectors

Frequency division (also called count down or broadband) transform the entire ultrasonic frequency
range of a bat call without tuning. Output from frequency division detectors is usually recorded onto
a tape recorder, digital recorder such as a MiniDisc, MP3 system or directly onto a computer.
Computer software can then be used to visualise and analyse call structure and aid species
identification. In Australia the Anabat system is widely used (Fig. 7). It has several options for
storing the recorded calls. Calls can be recorded directly onto a laptop or PDA computer or a
Compact Flash (CF) card recorder. Calls are examined by firstly digitising them onto a computer
using a zero-crossing interface module and then using Anabat or AnalLook software to visualise and
analyse the recorded calls (Parsons & Obrist 2004; Reardon 2004).*

* For more details, see http://users.Imi.net/corben/anabat.htm#Anabat%20Contents
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Advantages:

1 They enable the entire range of frequencies to be monitored simultaneously (i.e. they can listen
for long-tailed bats and lesser short-tailed bats at the same time), thereby increasing sampling
effort.

1 The Anabat system has several options for storing the recorded calls and can be linked to a
delay or time-switch. These features make the system very suitable for remote/unattended
surveys.

1 Output from frequency division detectors can contain more information than heterodyne
detectors, including characteristics such as maximum, minimum and average frequency,
duration, and time between calls.

1 Output from frequency division detectors contain enough information to clearly distinguish
between long-tailed bats and lesser short-tailed bats (trialled with Anabat detectors).

1 Frequency division systems are less expensive than time-expansion systems.

Disadvantages:

1 Overall, frequency division detectors can be less sensitive than other types of detector (Parsons
1996).

1 If the division ratio is set too low, calls of bats using high frequencies may be lost (probably not
an issue with New Zealand bat species).

1 The methods by which frequency division detectors transform bat calls can lead to misleading
output (i.e. will not always accurately represent all the characteristics of a bat call) (Parsons &
Obrist 2004).

1 In Australia there are several pairs or groups of bat species that cannot be reliable distinguished
using the Anabat system (Reardon 2004).

1 Frequency division systems (detectors, additional hardware, and software) are more expensive
than heterodyne detectors.

Time expansion detectors

Time expansion is not a real-time method of transforming bat calls. Time expansion detectors work
by digitising high-frequency output from the microphone at high sampling rates. The signal is then
converted back to an analogue waveform using a reduced sampling rate, thus effectively increasing
t he signal 6s d u-expanding ih(Parsans & Obsish 2004). Tine slower speed reduces
frequency to audible levels which can then be more easily analysed. Since the signal is stretched
out in time it is possible to hear the whole range of frequencies that the bat is using. Again the
output is usually stored on a tape recorder, MiniDisc, MP3 system or computer for analysis. Some
time-expansion detectors are also capable of producing heterodyned and frequency division output.
When combined with a laptop computer and signal analysis software (such as Pettersson

El ectr oni k)ahe ouBat frddndimenedpansion detectors provides field workers with high
guality information on bat ultrasound, and the most accurate reproduction of the bat call (Catto
1994; Russ 1999; Parsons & Obrist 2004) (e.g. Fig. 8). DOC has one time-expansion detector, a
Pettersson Electronik D980.
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Advantages:

1 Time expansion is the only technique that preserves all characteristics of the original signal,
making time expanded signals ideal for sound analysis in the laboratory. Since the signal is
stretched out in time, it is possible to hear details of the sound not audible with other methods.

1 Some time-expansion detectors are also capable of outputting heterodyned, frequency-divided
and unmaodified high-frequency signals.

Disadvantages:

1 Time-expansion systems are much more expensive than heterodyne and frequency division
systems.

1 Atpresentitis not possible to sample continuously using time expansion.
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Figure 8. Output from a time expansion bat detector system analysed using BatSound software from Pettersson
Electronics.

Automatic bat detector and recording systems

Bat detectors can be used remotely as well as manually. The output from detectors can be

recorded and stored. By recording the output from the detector a permanent record of part or whole
nightodos activity can be kept. Several automated s
types of bat detectors and methods for storing data. Consequently, relative effectiveness and cost

vary (Parsons & Obrist 2004). These days, data are most frequently stored on SD cards. Many

systems include timers, delay switches or voice-activated tape recorders that allow units to be left in

the field and activated only when a call is detected.

Several automatic systems have been developed by DOC based around the Bat Box Il heterodyne
detector powered by a rechargeable 12 V sealed gel battery, a voice activated tape recorder, and a
talking clock, and are used widely for inventory and monitoring of bats. The first system was
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relatively si mpl ®onaefl @ Sedgeleyx$94)h(Eig. 9). Fhis(sydt@m has several
disadvantages:

9 The bat detector, tape recorder, and talking clock all function as separate units and each require
different sized batteries.

9 Tape recorders pick up a variety of audible environmental sounds, not just ultrasonic sounds
coming through the detector.

9 There is no timing mechanism to shut off the system during daylight hours. Despite these
limitations this system functions perfectly well in accessible locations where the unit can be
checked regularly.

Figure 9. Automatic bat detector and recording system developed by O Bonnell & Sedgeley (1994). The system is
relatively cheap but has several disadvantages.

The DOC Electronics Workshop has developed and improved this system. The latest models
include an electronic controller which replaces the mechanical talking clock and timing mechanism.
The units developed by DOC are called automatic bat monitors or ABMs® (Fig. 10).

It is possible for outside agencies to purchase units through DOC. Contact the Electronics
Workshop in Wellington for further details.

Figure 10. The DOC automatic bat monitor (ABM).

® http://mww.doc.govt.nz/upload/documents/science-and-technical/docts05.pdf
*For more informati 0 noldds-£588399). ABM i nstructionsd (
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In Australia the Anabat system from Titley electronics is widely used for remote surveys. It is
particularly well suited for unattended bat detector surveys, with several options for storing the
recorded calls including on cassette tape or compact flash card recorders. The system is based
around a broadband detector which can be linked to a delay or time-switch (Fig. 11). This allows the
system to be left in the field and activated only when a call is detected.

Figure 11. Anabat automatic recording system.

Bat detector frequency and bat identification in New Zealand

Call structure and pulse repetition rate in New Zealand bats vary geographically, with habitat type

and with the batds activity ( P Hsrofdongiailedb&@sdaid shod-9 9 8) .
tailed bats are distinctive and can generally be used to differentiate between the two species. Peak

amplitude of long-tailed bat calls is 40 kHz (Parsons 2001). A Batbox Il on full volume can detect

long-tailed bats on average 43.5 ° 9.8 m away when recorded along forest edges (C. O Bonnell,

unpubl. data). Peak amplitude of lesser short-tailed bat calls is ca. 271 28 kHz (Parsons 2001), and

their calls can be detected for approximately 20 metres (Lloyd & McQueen 2002).

Call overlap

Unfortunately there is overlap in call structure (fundamentals and harmonics) between long-tailed
bats and lesser short-tailed bats, and a significant overlap in frequency when calls are monitored
using heterodyne detectors (Parsons 2001). This means that Batbox Il detectors set on 271 28 kHz
will pick up calls of both long-tailed bats and lesser short-tailed bats, and detectors set at 40 kHz
will also pick up calls of both bat species. Therefore, if surveys are conducted in a new area, or in
an area where both long-tailed bats and lesser short-tailed bats are known to be present, it cannot
be assumed that every call recorded at 40 kHz is made by a long-tailed bat and that every call
recorded at 277 28 kHz is made by a lesser short-tailed bat.

There has been work to try and quantify the degree of overlap in calls between the two bat species
using paired bat ABM units (one set on 27 kHz and the other on 40 kHz). The proportion of short-
tailed bat calls recorded at 40 kHz appears to vary depending on the model of ABM used, the
recording situation, the location in New Zealand, and the level of bat activity. For example, in the
Eglinton Valley, 24% of a total of 666 short-tailed bat calls recorded at 27 kHz were also recorded at
40 kHz (O Bonnell et al. 1999). On Codfish Island only 3.9% of short-tailed bat calls recorded at 27
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kHz were also recorded at 40 kHz (O Bonnell & Sedgeley 1994). In contrast, of 2927 long-tailed
bats calls recorded at 40 kHz, < 1% was recordedon 27 kHz ( O6Donnel | et

Call overlapd putting it in perspective

Fortunately, the calls of the two bat species retain some of their distinctive characteristics at
whatever frequency they are monitored. Lesser short-tailed bat calls tend to be relatively short in
duration compared to long-tailed bats, and pulse repetition rate in lesser short-tailed bat calls is
twice as fast as in long-tailed bats (Parsons 2001). Lesser short-tailed bat calls heard on a detector
set at 40 kHz are often very faint, and may require an experienced observer to detect them. With
practice and careful listening, it is possible to distinguish between the two species, but it is
inevitable some calls will be miss-identified. Listening to reference calls may help with
familiarisation.

Bat detectors and ABM units are important tools for determining presence or absence of bats in an
area. Both species of bat are categorised as threatened, therefore any record of bats from a new
area is valuable, even if call identification is not 100% positive. If species identification is important
the site can be revisited and a frequency division or time expansion detector used to determine
species. Unfortunately, these types of detectors are not widely available in New Zealand. An
alternative is to use paired bat detectors (one set on 40 kHz, the other set on 277 28 kHz) to
determine at what frequency most calls are recorded on. The most reliable method to identify bats
to species is to examine them in the hand. Bat detectors can be used to determine areas of highest
bat activity in which to place mist nets or harp traps.

Recommended frequencies

We recommend the following frequencies be used on the Batbox Il detector:

9 To record long-tailed bats, detectors should be set at 40 kHz.
At 40 kHz, long-tailed bat calls are often loud, have longer call durations, and a slower pulse
repetition rate than lesser short-tailed bats. Long-tailed bat calls have a relatively irregular
rhythmical sound which can be described as a series of &lapsdor dhwacksd

9 Torecord lesser short-tailed bats, detectors should be set at 271 28 kHz.
At 271 28 kHz, calls of lesser short-tailed bat are often softer (unless the bat flies very close to
microphone) and have a shorter duration and a faster pulse repetition rate than calls of long-
tailed bats. Lesser short-tailed bat calls have a more even or regular rhythmic pattern which can
be described as a short burst of staccato @licksd

I To maximise chances of recording both species
Reliable identification of both species using one ABM unit can only be achieved by replacing the
standard Batbox Il heterodyne detector with either a broadband or time-expansion detector,
and using a sound analysis computer program to analyse the recorded calls. Otherwise paired
ABM units, one set on 271 28 kHz and the other set on 40 kHz should be used.

Feeding buzzes made by long-tailed bats at 40 kHz could be confused with calls of lesser short-
tailed bats. However, feeding buzzes are recorded far less often than the usual characteristic
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long-tailed bats calls, and seldom occur by themselves. Feeding buzzes can usually be heard at
the end of a series of the more usual calls.

1 Examples of calls
Examples of calls of long-tailed bats and lesser short-tailed bats obtained using Batbox IlI
detectors are available. The calls were recorded onto audio cassette tapes and converted to
Windows Media Player files. Thea u d i o equdnde ef loiigSailed bat callsé(olddm-574297)
contains a total of six long bat passes. The bat sometimes sounds like it is going away and then
flies back towards the microphone. The recording was made using an automatic system with a
bat detector linked to a voice-activated tape recorder. The hissing noise is the sound of the tape
recorder switching on and off between events. Thea u d i o equédnde ef less& short-tailed bat
callsé(olddm-574301) contains seven bat passes. They are of shorter duration and have a faster
pulse repetition rate compared with the long-tailed bat calls.

Sensitivity and calibration

It is important to test bat detectors before use, particularly if using old used equipment. Sensitivity
between Batbox Il units can vary (O Bonnell & Sedgeley 1994; Arkins 1999). The most common
causes are under-charged batteries, damaged microphones and miss-aligned frequency dials. It is
recommended that DOC equipment is serviced at the end of each field season. The easiest way to
check and to calibrate detectors is with the use of a 40 kHz signal generator. If a detector is working
adequately, the signal tone should be audible through the detectors speaker at a distance of 401 50
m, providing the detector is pointed directly at the signal generator. The generator can also be used
as a guide to re-align the frequency dial (O Bonnell & Sedgeley 1994). The DOC Electronics
workshop should be contacted for advice and to find out if detectors have been calibrated before
use.

Bat calls and other sounds on the bat detector

Bat calls are heard on the detector as series of clicks as a bat flies into range. A series of audible
clicks is defined as a dat passé(Furlonger et al. 1987). Passes are defined as a sequence of two or
more echolocation clicks, and a period of silence separating one bat pass from the next.
Occasionally it is possible to hear a very distinctive call on the detector that sounds like buzzing, or
almost like someone is blowing a daspberryd This call is known as a derminaléor deeding buzz6 Its
purpose is to provide the bat with additional details of the object that it is targeting. As the bat gets
closer to an insect, for example, the bat will rapidly increase the pulse repetition rate of its call to
provide frequent updating of the distance to the target. It reaches its peak rate as it attempts to
grabs its prey.

Bat detectors will pick up a range of high frequency soundsd not just bats. A heterodyne detector
will pick up any high-frequency sound that is close to the frequency it is tuned in to. For example,
insects can be very noisy on warm summer nights (e.g. cicadas, crickets), and electric fences make
a very repetitive clicking noise. Observers should listen for a pattern in the sound to try and
distinguish between bat calls and other sounds. Clicks from an electric fence, for example, are very
slow compared with bat calls. Non-bat sounds are more likely to be stationary and close to the
ground. If the battery in the detector gets low, it can create a feedback noise through the speaker.
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Using bat detectors for survey and monitoring

Echolocation calls provide an opportunity to unobtrusively survey, monitor and identify bat species
(Catto 1994, deOliveira 1998; Russ 1999). Detectors can be used manually (e.g. using handheld
bat detectors to count long-tailed bat calls along line transects) or remotely using automatic
systems (described above). For further information on surveying using line transects see the
Tool box Bate:toanird) away from roostsd bat detectors on line transectsé(docdm-590701)
a n d DaBréell & Sedgeley (2001)’. For more information on using automatic systems for inventory
and monitorings e e t h e T o o Bdisocruntimgeatvdy ram rapstsd automatic bat detectorsé
(docdm-590733).
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