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Introduction

Bats are an extremely diverse component of mammédiana with about 1000
species found worldwide. A large proportion of batsst during the day in the
hollows of old trees and so are considered to Ins@wation dependent in areas
subject to timber harvesting. The Microchiroptera\aell known for their ability to
echolocate while navigating and foraging for ingaely. This sophisticated sensory
system imposes constraints on foraging bats bed¢hasshoes returning from prey
need to be distinguished from background echoesmieg from vegetation. These
“clutter” echoes can mask the echoes of prey makiraging inefficient in situations
where vegetation is dense (Schnitdeal 2003). This is especially relevant in
forests regenerating after logging because of iktendt successional changes to
vegetation structure that can influence foraging Bleaw 1996).

Research documenting the response of bats towtalichanges after logging has
focused on recording the number of echolocatinty calan area as an index of
activity or habitat use. Although bats typically veaat spatial scales greater than
coupes, greater activity in one area is likelyndicate more extensive use of that
local site, while low levels indicate that a s#eavoided. Such studies have found that
total bat activity (all species pooled) is lowettlnck, cluttered regrowth compared to
more open, unlogged forest (Thomas 1988; Brewal. 1997; Humeegt al. 1999;

Law and Chidel 2001; Adanet al. 2009). These studies positioned ultrasonic
detectors away from the influence of tracks and/dlys. Yet, logged forests are
normally interspersed with a network of tracksilsrand streams which add an extra
dimension to how bats use the forest landscapeseTliveear habitat features can
facilitate the use of “cluttered” regrowth forest dlutter-sensitive bats (Law and
Chidel 2002; Menzedt al. 2002; Lloydet al. 2006). These latter studies identified
calls to species level and found that clutter-damsspecies make more use of
flyways and less use of forest than clutter-tolesgpecies.

Different silvicultural methods have a range of iedrate effects on bat species.
Studies investigating clear-fell harvesting in NloAmerica found that bat activity
was concentrated along the boundary between thamhthe forest (Menzet al
2002). When forest patches of different tree dessiwere created by thinning
(including a clear-fell treatment), more manoeuleapecies were less affected by
tree density than larger, less manoeuvrable sp@essquin and Barclay 2003).

Less is known about the response of bats to fgres#ictices in Tasmania. Taylor and
Savva (1988) established that a range of specefaerpntially roost in the hollows of
large diameter trees. Direct observations of fargdiehaviour found some
partitioning of the forest habitat with differengeies being active at different heights
in the forest (O’Neill and Taylor 1986). For examlyctophilusspp. was more
regularly observed to be highly manoeuvrable inuhéerstorey, whil&alsistrellus



tasmaniensiflew fast and direct in the upper canopy. A ranfiiying insect prey
are eaten, especially Lepidoptera and ColeoptetdeiDand Taylor 1989).

The impact of logging on the foraging behaviouifabmanian bats has been assessed
by recording bat activity in dry and wet forestegngsAnabat ultrasonic detectors
(Duncan 1995). Total bat activity was greater irturedry forest than in even age
young regrowth (17 years after clear-felling), this difference was ameliorated by
silvicultural treatment. When the structure of s@nd remaining after partial logging
was similar to mature forest there was no diffeesindbat activity. No effect of

logging on bat activity was detected in tall, weatelsts, possibly because detectors
were deployed only at ground level. A major limnatof this work is that bat calls
were not identified to individual specigggeventing treatment comparisons at this
level.

Aims

This study aimed to provide base-line data desugibiat activity across the
silvicultural treatments at the Warra long-termlegaal study site, with a focus on
aggregated retention. Because forests undergocassional change in forest
structure after logging, it was important to estdbthis base-line as early as possible
in the succession. Where possible, bat calls vaenetified to species level to avoid
obscuring interpretations when the community islidh as a single entity. We
predicted that small manoeuvrable species woulédminfluenced by vegetation
clutter and that larger species would be constdaioenore open habitat. A secondary
aim was to describe the differential species laeéity in the sub-canopy compared
to the understorey by paired sampling using batadets on the ground and in the
sub-canopy along the Tahune airwalk.

Methods

Bat activity was sampled between™8ovember - § December 2008, 5-8 years after
logging, using Anabat detectors (Titley ElectroniBallina, Australia). Eight detector
units simultaneously sampled a mixed set of silral treatments each night. The
microphone was set at 1.5-2 m above the groundattichg grass in a short PVC
cover to provide shelter from rain. Microphones evangled up at £9rom the

ground and were pointed into vegetation openinggaps to minimise the influence
of call attenuation from vegetation (Parsons, 1926riquinet al, 2003), but avoided
tracks that may serve as bat flyways (Law and Ghif2). Exceptions were two
trails sampled in CBS coupes and one in nearbyvetr Wide tracks were absent
from most coupes. Call files were recorded to a orgmard via a zero-crossing
interface (ZCAIM), with each pass being stored amgle file.

Sampling Design

Bat activity between silvicultural treatments - Bat activity was sampled in four
silvicultural treatments each replicated in two pesi (Plate 1). Treatments included
control (unlogged), clearfell-burn-and-sow (CBS)geegated retention (ARN), and
10 % dispersed retention. Within each coupe, twations, clearfell gap (hereafter
centre) and gap-forest edge (coupe edge), werelesdmjth two replicates of each
per coupe (four detector sites per coupe). Costioiple points were co-located at
habitat tree assessment plots (S. Baker pers. coasmnell as at supplementary sites.



Plate 1. Anabat survey sites in different silvioudtl coupes at Warra in summer 2008: control (a),
clear-fell-burn-sow (b), aggregated retention ¢&3persed retention (d) and coupe edge (d).

Where possible, open positions were sampled toaugthe chance of recording
canopy-flying bats in the tall forest, along witiose flying in the understorey. As
there was no structural edge for control coupes,dfithe four sample sites per coupe
were randomly selected to represent control edgesfalysis. Additional focus was
given to sampling bat activity at the two coupesg@fregated retention. At each of
these coupes detectors sampled 2 aggregates {c@raiggregate (edges), 2 harvested
gaps and 2 outer coupe edges. Along edges micreghoere pointed parallel to the
edge, while in the centre of aggregates microphéaeex] away from edges.
Supplementary sites were established on two walks that have been maintained in
each of the CBS treatments and one in nearby¢gifpowth forest.

Each site was sampled remotely for two entire igbawet al 1998). Bat activity in

a site was expressed for each species as the nomb&sses per night. A pass



follows the definition of Lawet al (1998), consisting of a minimum of three pulses,
with pulses not separated from another pulse byertt@an five seconds.

Activity at different forest heights - Bat activity in the sub-canopy of the Tahune
airwalk was compared to that in the understorepdiyed sampling of bat calls on the
ground and below the canopy (Plate 2). A 50 m biggrstorey of well-spaced
Eucalyptus obliqualominates this forest, while a dense rainforedeustorey,
comprising Myrtle, Blackwood and Leatherwood, resth 7 m and provided close to
100 % cover. Sampling heights from the walkway aged 20 m, although a height
of 37 m was sampled at one location. Four paired.seach about 50 m apart, were
established and run for two consecutive nights. dibe pairs sampled areas with
dense understorey and two sampled open understliegicrophones faced in the
same direction and were angled up dtfdédm the ground. All bat detectors faced
away from the Huon River.

Harp-trapping

Four harp-traps were available for opportunis@épping on trails during the Anabat
survey. Trapping data were used to confirm spemiesent. Captured bats were
identified, released and recorded by Anabat detedtoestablish a reference call
library for the site.

Plate 2: Sub-canopy (left) and open understorey (right) at the Tahune Airwalk, near Warra

Weather

Weather during the study was generally cool (mimimtemperature: 2.5-FC;
maximum temperature: 10.1-23C) with frequent showers during the day and on
some nights. Nights that received more than 1 mnaiofwere excluded from
analyses (27/11, 28/11, 1/12, 2/12 and 7/12). Topmmsate for variations in nightly
temperature, mean hourly temperature was calcufateshch night of sampling from
one hour before sunset to sunrise and used ayvariede in analyses (see below).



Automated ldentification of Calls to Species

All files collected were processed by Anascheménsok (Matt Gibson, Ballarat
University, unpubl.), which has been designed tomate the process of call
identification. Anascheme reads Anabat files andi@individual pulses using
regression analysis (Gibson and Lumsden 2003). rddgression model allows the
extraction of a range of parameters that can be tesdevelop an identification key.
An identification key was constructed for this stuny extracting pulse parameters
from a library of reference sequences collectepasof the study from bats caught in
harp traps and then hand-released, supplementbatalis collected previously by
Monika and Martin Rhodes (see also Rhodes 199&) K€ly was trained using 70 %
of the library calls, while the remaining 30 % weused to test the key's reliability
and for making refinements (< 5 % errors - B. Lawd . Chidel unpubl. data).
Classification Trees (Statistica - Version 6), whiake a hierarchical approach to
separating groups, were used to distinguish diftespecies based on pulse
parameters extracted using Anascheme (especialligifi@quency, curvature, model
start slope, model end slope, model slope, duratimhtail). To develop our key we
followed an iterative procedure that involved asalg narrow call frequency ranges
that comprised only two or three overlapping speclée resulting key used the
characteristic frequencies and shapes of diffespaties’ ultrasound calls to
differentiate between species, and was conserviiie identification to avoid mis-
identifications. Files containing calls from difésit species were either classified as
‘unknown’ or, if most calls were attributed to th@me species, were identified as
passes of the ‘dominant’ species. More details atteuautomated identification key
are outlined by Adams et al. (submitted) and Lad @hidel (2006).

Extensive overlap in call attributes required theuging of similar species. First, all
Nyctophilusspecies have very similar calls that at presentrapossible to
distinguish using Anabat, even by the manual metfbds calls fromN. sherriniand
N. geoffroyiwere lumped together &yctophilusspp.. Second, the calls of
Vespadelus darlingtonV/. regulus, V. vulturnuand Chalinolobus morialso overlap
extensively in call attributes. We found it difficto reliably distinguishv.
darlingtoni andV. reguluscalls on the basis of the sample of calls we ctéle. This
high degree of overlap has been recognised prdyiou$asmania (Rhodes 1996;
Feuser 1997) and in some areas of the Australianiamal (Law and Chidel 2001).
Until more reference calls are collected for thisge species in Tasmania, we took
the conservative approach of pooling the calls flwth of these species a¥a
darlingtoni/ regulusgrouping.Vesapdelus vulturnuaso overlaps considerably in call
attributes with othe¥espadelugnh Tasmania and wit@halinolobus morioHowever,
V. vulturnuswas not trapped at Warra and as it is likely &fgr drier forest types, it
was omitted from the identification key.

The following options were set for the Anaschemg kaentifications were only

made when a minimum of 50 % of pulses within a peas identified to the same
species and only passes with a minimum of threggsutlassified to the same species
were identified. As part of this process we exctugalses classed as unknown,
including species grouping, from contributing te ttal number of pulses, because
they usually lack diagnostic characteristics oltaee of poor quality and are

typically ignored when a pass is identified manuall



Analysis

Low replication (n=2) of the Warra LTER experimdrdasign limits the analytical
approach for testing treatment differences. We pse¢planned contrasts to compare
locations within silvicultural treatments to coritomupes. Specific contrasts included
CBS centre vs control, ARN centre vs control, dispd retention centre vs control,
CBS edge vs control, ARN edge vs control and dsgzeretention edge vs control.
Pre-planned contrasts were derived from an ANCO¥gigh that included two
factors, silvicultural treatment (fixed) and locati(random), with average nightly
temperature as the co-variate. Further investigaifactivity patterns at different
locations within ARN and CBS coupes relied upomualsnspection of plots of least
square means +/- 95 % confidence limits (CL), adgi®y the co-variate average
nightly temperature. Analyses were undertaken uStagjstica (Statsoft).

Differences in species composition across silvicalttreatments and locations were
investigated using non-metric multi-dimensionallisga(Primer 6.1.6, 2006).
Ordination of sites used the Bray-Curtis similartatrix and was based on the
activity levels of species recorded in sites. Farpdicity, activity was averaged
across locations within a silvicultural treatmehttivity was first standardised,
because calls of species differ in detectabilibg then log transformed to increase
the contribution from rare species (Clarke 1993).

Results

Bat Trapping and Reference Call Collection

Trap success was very low over the two week peasfdikld work. This resulted from
a combination of factors including cool, wet weathienited trails for setting traps
and poor construction of the trapping bags. Justtbpecies were caught in harp
traps: 9 Large Forest B¥espadelus darlingtonv Southern Forest Béfespadelus
regulusand 1 Chocolate Wattled B@&halinolobus morioReference calls were
collected upon hand-releasing these 17 bats. Th@eauof good quality sequence
files recorded was as follows:Gl morio(51 pulses), 1&. darlingtoni(687 pulses)
and 11V. regulus(359 pulses). The Anascheme identification keylysrameters
from these calls, supplemented with calls providgd/lonika Rhodes (unpubl. data)
and attributes published by Martin Rhodes (1996).

Ultrasonic Survey

We sampled 45 sites for a total of 1100 hours, whésulted in 3389 stored files.
Anascheme recognized 2424 of these as bat pastesaie than two pulses. The
remainder had fewer than three pulses or consigtadise not produced by bats,
such as rain or stridulating insects. Anaschemetiiiked 58 % of recognized passes
to species or species complex, with five taxa réedin total (Table 1). The
remainder were identified as unknowns, reflectimgaverlap in call parameters of
species in this area. The rarest species basedigityawasF. tasmaniensiswith just
two passes recorded, white darlingtoni/reguluscontributed the most, representing
31 % of all passes (Table 1).



Species Number of Passes

Chalinolobus gouldii 333
Chalinolobus morio 303
Falsistrellus tasmaniensis 2
Nyctophilus spp. 33
Vespadelus darlingtoni/regulus 754
Number of calls 2424

Table 1: Bat taxa and the number of passes recdrgleemote Anabat detectors at Warra.

Bat activity among silvicultural treatments

Average nightly temperature was a significant coata in analyses (F=19.67,
P<0.001), with total bat activity virtually ceasibglow 5C. After adjusting for
temperature, total bat activity differed little iveten the silvicultural treatments, but
locations within treatments did influence acti\iBig 1). Pre-planned contrasts
revealed significantly lower activity at the centfeCBS (t=3.14, P<0.05) and
dispersed retention (t=2.1, P=0.05) coupes thatr@loroupes. However, there was
no detectable difference between the centre of ABdpes (t=0.62, P=0.54) and
control coupes. Activity was greater on the cougigeethan in the centre for CBS
coupes, but not the other treatments (Fig 1). Agtelong the coupe edges was
equivalent to activity in control treatments (ARINO.35, P=0.72; dispersed: t=1.34,
P=0.19; CBS: -0.83, P=0.41).
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Fig 1: Logg transformed bat activity in four silvicultural &enents and two internal locations. Values
are least square means +/- 95 % CL adjusted fazdheriate average nightly temperature.
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Fig 2: Untransformed means +/- 95 % CL for différercations within aggregated retention coupes
compared to control coupes. Centre = gap, ag-edgggregate edge, ag-centre = aggregate centre,
edge = coupe edge and control = control coupe.
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Fig 3: Untransformed means +/- 95 % CL for différkrcations within clear-fell-burn-and-sow coupes
compared to control coupes. Centre = gap, u_istamdderstorey island, trail = trail traversing CBS
regrowth, edge = coupe edge and control = contrape. More detailed inspection of bat activity
patterns within ARN coupes revealed that activigswowest at the retained aggregates, both in their
centre and along the edge, and about one thidthbicompared with coupe edges and nearby control
coupes (Fig 2). However, these differences wersstadistically significant (see pre-planned
comparisons above).



In CBS coupes, activity was greatest along tragigersing the young regrowth (Fig
3). A single night of sampling an additional triduat traversed older regrowth on
route to the Huon River recorded even higher agtod 310 passes. Activity in the
centre gaps and understorey islands of CBS coups®¥vie0 times lower than the
trails and 4-6 times lower than the coupe edgecamtrol coupes, respectively (Fig
3).

Individual bat taxa differed in their responseratments and detector positions (Fig
4). Chalinolobus moricandNyctophilusspp. were the most sensitive to logging as
they were less active in the centre of all silvietdl treatments compared to control
coupes (Table 2). Their activity was also lowemnalecoupe edges compared to
control coupes, except for the edges of CBS cowpleish did not differ from

controls (Table 2)Nyctophilusspp. were infrequently recorded in all coupes.
Chalinolobus gouldicould be classified as the most tolerant of loggia it was
infrequently recorded in control coupes. Its atyivm the centre of logging treatments
was similar to control coupes, except for ARN cajpehere it was greater than
controls (Table 2). Also, its activity was signdittly higher along all coupe edges
than controls (Table 2). The combined tax& oflarlingtoni/regulusvere the most
widespread and contributed the most calls to eaettirhent. Compared to controls, its
activity was only lower in the centre of CBS cou)p€able 2).Falsistrellus
tasmaniensisvas only recorded twice, from the centre of aelispd retention coupe
and one understorey island of a CBS coupe.

Contrast Nyctophilusspp. C. morio C. gouldii V. darlingtoni/regulus
t P t P t P t P
cbs_centre vs control| 2.5 0.02 3.5| <0.001 0.6 0.54 2.9 <0.01
arn_centre vs control| 2.0 0.05 2.9 <0.01] 27 <0.05 0.9 0.35
disp_centre vs contro] 2.9 <0.01 35| <0.001 0.2 0.81 1.6 0.13
cbs_edge vs control | 1.2 0.22 0.8 043 | 2.2 | <0.05 0.5 0.66
arn_edge vs control | 2.4 <0.05 2.3 <0.05 49 <0.001 0.6 0.53
disp_edge vs control | 2.7 <0.05 2.8 0.01 42 <0.001 1.4 0.18

Table 2: Pre-planned contrasts between locatiottsmilifferent silvicultural treatments and control
coupes for the logtransformed activity levels of individual speci¥alues in bold are significant at P
< 0.05.

Species Composition

The MDS plotted the two control coupes adjacemach other, illustrating their
similarity in species composition (Fig 5). No othexatment categories fell within the
60 % contour surrounding the control coupes, windrcates that they supported
different species composition. The two trail cateéggpshow similarity to each other,
even though one comprises two trails traversing C8%es and the other a single
trail within tall regrowth. The two categories pgkd most distant from the control
coupes were internal aggregates and understoemds| all of which recorded very
low activity (Fig 4). SIMPER analysis revealed thta¢ taxa contributing most to the
dissimilarity between control and centre locatiareseNyctophilusspp. (34 %
contribution) andC. morio(23 % contribution), both of which were more aetin
controls, whileC. gouldiiwas less active in controls (15 % contribution).
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Fig 4: Log, transformed activity for individual bat taxa inufosilvicultural treatments and two internal
locations. Values are least square means +/- 93 %d{listed for the co-variate average nightly
temperature.

Tahune Airwalk sub-canopy vs ground comparison

A total of 364 bat passes was recorded acrosstirgphired sub-canopy and ground-
based detectors. Night two of sampling experierrc&dnm of rain and had a
minimum temperature of £3. Accordingly, only 11 % of passes were recorded o
this night and it has been omitted from the follogvcomparisons. Activity was 10
times greater in the sub-canopy with 91 % of pabsey) recorded there, at an
average of 74 passes per night compared to juas3eg per night on the ground (Fig
5). Ground detectors positioned where the undexgtaas dense recorded especially
low levels of activity; 0.5 passes per night conggiato 13.5 passes at sites where the
understorey was more open. Thus ground detectbns epenings within the
understorey would need to be corrected by a faftbr5 to account for activity in the
sub-canopyChalinolobus gouldjiC. morioandV. darlingtoni/regulusvere all
recorded much more often in the sub-canopy than fte ground, whilé&.
tasmaniensisvas recorded just once in the sub-canopyNyatophilusspp. was
recorded just once from the ground (Fig 6).
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Fig 5: Multi-dimensional scaling of Anabat detecsites using log transformed activity data from
individual species (species composition). For diicity, activity was averaged across locations with
a silvicultural treatment. a_ag = ARN aggregate(eg, a_ag_edge = ARN aggregate (edge), a_edge
= ARN coupe edge, a_gap = ARN gap (centre), CBSe edgear fell, burn and sow coupe edge,
CBS_gap = clear fell, burn and sow gap (centre)5QB= clear fell, burn and sow understorey island,
CBS_trail = trail in clear fell, burn and sow coupe edge = dispersed retention coupe edge, d_gap =
dispersed retention gap (centre).
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Discussion

Bats are an important component of mammalian diyensth eight species found in
Tasmania. It is therefore important to consider thaits respond to different
silvicultural treatments, especially aggregatedmgon, the major silvicultural
practice currently being researched as an altemnéti clearfell, burn and sow for old-
growth wet eucalypt forest. Focusing on the resparidats at the long-term
silvicultural study at Warra provides a base-linghe early stages of the silvicultural
trials that is necessary as a precursor to follgwie dynamic changes within forests
over long time frames.

Cool and at times wet weather during our field slamggds not an unusual experience
for the tall wet forests found at the Warra stutgea but it did necessitate the
exclusion of some wet nights for data analysistiairadjusting our data using
nightly average temperature revealed that locatiatisn treatments were the
primary influence on bat activity. Most notably,damparison to control coupes, bat
activity was low above the dense regeneration fonride centre harvested areas of
CBS coupes and marginally so for dispersed retemupes, but not these locations
in ARN coupes. This suggests that the retentiosldgrowth elements as aggregates
moderates the otherwise hostile logged zone fat b&t activity, while retention of
dispersed individual trees is less effective. Aitgiwas higher along CBS coupe
edges, probably because the avoidance of the ¢mo®in these coupes led to a
greater concentration of activity along the edgecdmparison, the differential
between coupe edges and centre gaps was not tisti?’dRN and dispersed
retention coupes, perhaps because bat activitywess evenly spread throughout the
coupe.

The differences in the response of individual baatare consistent with predictions
from ecomorphology. That is, bats with high aspatit (long, narrow wings) and
low frequency calls are less manoeuvrable anddaptad to fly in more open
situations (O’Neill and Taylor 1986), particuladjong edgesC. gouldiifits this
pattern and it was most active along coupe edgedess active in large open gaps
and in dense control coupes. Coupe edges may ferpekby bats because insects
can be more abundant along clear-cut edges thidue icentre of clear-cuts (Grindal
and Brigham 1999; Burforet al 1999) due to passive accumulation from wind. In
addition, linear edges provide background echaoatsaidl navigation by bats, but they
also provide the opportunity for bats to positibarhselves sufficiently distant from
the vegetation to reduce acoustic masking of pray fbackground echoes (Schnitzler
et al. 2003; Schaub and Schnitzler 2007). Trails are ldgularly used by bats as
linear edges (Law and Chidel 2002; Llogdal 2006), and this was found for the few
trails sampled in this study. At the other extreane highly manoeuvrable bats with
low aspect ratio (short, broad wings) and highdieseey calls (O’Neill and Taylor
1986).Nyctophilusspp. and to some exte@t moriofit this pattern and both were
more active in controls and least active in thereeof logged coupes. The smalér
darlingtoni/regulusfall in the middle of this continuum as they hamedium aspect
ratio and call frequency, facilitating moderate wauvrability, but usually in
association with edges (O’Neill and Taylor 198&)eTr activity levels were only
significantly lower in the centre of CBS coupes endhedges were a considerable
distance away. Overall, these results are consigiiém other studies of forest clear-
cuts from the northern hemisphere that demonssratdler and larger bats use
harvested forests differently, with larger bats enactive in clear-cuts, especially
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along edges, and smaller bats being less influebggxhtch type and location
(Grindal and Brigham 1999; Menzet al. 2002; Patriquin and Barclay 2003).

The markedly higher activity recorded in the subagay of the Tahune Airwalk
parallels other studies where bat detectors hage bauled into the canopy. On the
south coast of NSW, Adanes al. (2009) also recorded five times the activityhe t
canopy compared to ground-based detectors. Théasidiiferential in NSW at a
lower forest height of 25-30 m (detectors at 15320igh) compared to the 50 m
overstorey at the Tahune airwalk (detectors at2@igh), suggests a correction
factor of 5 could have broad applicability to faltests, although a greater range of
forests need to be sampled before accepting thisrgksation. These results have
implications not only for the way bats use the $b@nd partition their resources
(O'Neill and Taylor 1986), but also for interpregicomparisons of activity between
logging treatments using ground-based Anabat deteqbarticularly for the very tall
wet sclerophyll forests of Tasmania. Ground-bassdaors in unlogged wet
sclerophyll forests will grossly under-estimatendatt when compared to gaps in
logged treatments, because bats are more likdly tdose to the ground when the
overstorey is removed. Where detectors are nedliftito the canopy of unlogged
forests, interpretations need to carefully constterfact that bat activity will be
much greater in the canopy and/or adjust meastdig®ond activity using a
correction factor derived by sampling, such asis study.

Adjusting total activity in the control coupes ofaWa by a factor of 5.5 exaggerates
the difference between controls and all other silitural treatments, with an adjusted
total activity level in control coupes of 220 pasger night. This suggests that the
logging impacts on bat activity are considerablgager than those described above.
However, this conclusion makes the assumptionahdiats flying in the range of
ground-based detectors within logged gaps are dedaand require no adjustment.
Also, the appropriate correction factor is not kmdar other silvicultural treatments.
For instance, it is unknown at what heights batgpentially fly in dispersed
retention coupes, where a scattered overstoreyimsroaaround retained aggregates
in ARN coupes. Developing such correction factorbe applied to ground-based
Anabats would be a valuable topic for further resleat Warra.

Taking these results together suggests that aggegatention, as practiced at Warra,
is partially effective at ameliorating the impaofdogging, as evident in clear-fell-
burn and sow, for total activity. In contrast, ursterey islands and dispersed
retention coupes were less effective at maintaibgigactivity in the centre of coupes.
The retained aggregates themselves, both in teetr&eand along the edge, were not
used extensively by bats, although it is possiée ground-based detectors under-
estimated bat activity at the canopy level of thgragates. Bothyctophilusspp. and
C. moriomaintained lower activity in the centre of ARN pes than controls in this
early stage of regrowth after logging. As regenemgprogresses around aggregates in
the future, recovery of bat habitat should be asskby measuring changes in the
activity of these two species.

Measuring activity using ultrasonic detectors &t jone component of measuring
logging impacts on bats. Another crucial aspediatfecology is the selection of tree
hollows for diurnal roosting (Law 1996). Investigmf roosting preferences of bats
was beyond the scope of the present project. Athatasmanian bats are known to
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prefer to roost in large diameter trees (Taylor Saslva 1988), it is not known
whether bats continue to roost in patches of aldgoretained within clearfell zones
(e.g. aggregates).

In conclusion, these results describe the earlyoreses of bats to different
silvicultural treatments at Warra, 5-8 years alftbgging. It is strongly recommended
that repeat ultrasonic surveys of bats are undemtakthe future to document the
changes to the bat assemblage as the forest ratenéurther. Finally, the
methodology used at Warra could be used more braadlample bats together with
other biodiversity indicators at operational coup#®re aggregated retention is being
implemented.
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