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Introduction 
Bats are an extremely diverse component of mammalian fauna with about 1000 
species found worldwide. A large proportion of bats roost during the day in the 
hollows of old trees and so are considered to be conservation dependent in areas 
subject to timber harvesting. The Microchiroptera are well known for their ability to 
echolocate while navigating and foraging for insect prey. This sophisticated sensory 
system imposes constraints on foraging bats because the echoes returning from prey 
need to be distinguished from background echoes returning from vegetation. These 
“clutter” echoes can mask the echoes of prey making foraging inefficient in situations 
where vegetation is dense (Schnitzler et al. 2003).  This is especially relevant in 
forests regenerating after logging because of the distinct successional changes to 
vegetation structure that can influence foraging bats (Law 1996).  
 
Research documenting the response of bats to structural changes after logging has 
focused on recording the number of echolocating calls in an area as an index of 
activity or habitat use. Although bats typically move at spatial scales greater than 
coupes, greater activity in one area is likely to indicate more extensive use of that 
local site, while low levels indicate that a site is avoided. Such studies have found that 
total bat activity (all species pooled) is lower in thick, cluttered regrowth compared to 
more open, unlogged forest (Thomas 1988; Brown et al. 1997; Humes et al. 1999; 
Law and Chidel 2001; Adams et al. 2009). These studies positioned ultrasonic 
detectors away from the influence of tracks and flyways. Yet, logged forests are 
normally interspersed with a network of tracks, trails and streams which add an extra 
dimension to how bats use the forest landscape. These linear habitat features can 
facilitate the use of “cluttered” regrowth forest by clutter-sensitive bats (Law and 
Chidel 2002; Menzel et al. 2002; Lloyd et al. 2006). These latter studies identified 
calls to species level and found that clutter-sensitive species make more use of 
flyways and less use of forest than clutter-tolerant species.   
 
Different silvicultural methods have a range of immediate effects on bat species. 
Studies investigating clear-fell harvesting in North America found that bat activity 
was concentrated along the boundary between the gap and the forest (Menzel et al. 
2002). When forest patches of different tree densities were created by thinning 
(including a clear-fell treatment), more manoeuvrable species were less affected by 
tree density than larger, less manoeuvrable species (Patriquin and Barclay 2003).  
 
Less is known about the response of bats to forestry practices in Tasmania. Taylor and 
Savva (1988) established that a range of species preferentially roost in the hollows of 
large diameter trees. Direct observations of foraging behaviour found some 
partitioning of the forest habitat with different species being active at different heights 
in the forest (O’Neill and Taylor 1986). For example, Nyctophilus spp. was more 
regularly observed to be highly manoeuvrable in the understorey, while Falsistrellus 
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tasmaniensis flew fast and direct in the upper canopy. A range of flying insect prey 
are eaten, especially Lepidoptera and Coleoptera (O’Neill and Taylor 1989). 
 
The impact of logging on the foraging behaviour of Tasmanian bats has been assessed 
by recording bat activity in dry and wet forests using Anabat ultrasonic detectors 
(Duncan 1995). Total bat activity was greater in mature dry forest than in even age 
young regrowth (17 years after clear-felling), but this difference was ameliorated by 
silvicultural treatment. When the structure of the stand remaining after partial logging 
was similar to mature forest there was no difference in bat activity. No effect of 
logging on bat activity was detected in tall, wet forests, possibly because detectors 
were deployed only at ground level. A major limitation of this work is that bat calls 
were not identified to individual species, preventing treatment comparisons at this 
level.  
 
Aims 
This study aimed to provide base-line data describing bat activity across the 
silvicultural treatments at the Warra long-term ecological study site, with a focus on 
aggregated retention. Because forests undergo a successional change in forest 
structure after logging, it was important to establish this base-line as early as possible 
in the succession. Where possible, bat calls were identified to species level to avoid 
obscuring interpretations when the community is studied as a single entity. We 
predicted that small manoeuvrable species would be less influenced by vegetation 
clutter and that larger species would be constrained to more open habitat. A secondary 
aim was to describe the differential species level activity in the sub-canopy compared 
to the understorey by paired sampling using bat detectors on the ground and in the 
sub-canopy along the Tahune airwalk. 
 
Methods 
Bat activity was sampled between 25th November - 9th December 2008, 5-8 years after 
logging, using Anabat detectors (Titley Electronics, Ballina, Australia). Eight detector 
units simultaneously sampled a mixed set of silvicultural treatments each night. The 
microphone was set at 1.5-2 m above the ground and cutting grass in a short PVC 
cover to provide shelter from rain. Microphones were angled up at 45o from the 
ground and were pointed into vegetation openings or gaps to minimise the influence 
of call attenuation from vegetation (Parsons, 1996; Patriquin et al., 2003), but avoided 
tracks that may serve as bat flyways (Law and Chidel, 2002). Exceptions were two 
trails sampled in CBS coupes and one in nearby regrowth. Wide tracks were absent 
from most coupes. Call files were recorded to a memory card via a zero-crossing 
interface (ZCAIM), with each pass being stored as a single file. 
 
 
Sampling Design 
Bat activity between silvicultural treatments - Bat activity was sampled in four 
silvicultural treatments each replicated in two coupes (Plate 1). Treatments included 
control (unlogged), clearfell-burn-and-sow (CBS), aggregated retention (ARN), and 
10 % dispersed retention. Within each coupe, two locations, clearfell gap (hereafter 
centre) and gap-forest edge (coupe edge), were sampled with two replicates of each 
per coupe (four detector sites per coupe). Control sample points were co-located at 
habitat tree assessment plots (S. Baker pers. comm.) as well as at supplementary sites.  
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Plate 1: Anabat survey sites in different silvicultural coupes at Warra in summer 2008: control (a), 
clear-fell-burn-sow (b), aggregated retention (c), dispersed retention (d) and coupe edge (d). 
 

Where possible, open positions were sampled to improve the chance of recording 
canopy-flying bats in the tall forest, along with those flying in the understorey. As 
there was no structural edge for control coupes, two of the four sample sites per coupe 
were randomly selected to represent control edges for analysis. Additional focus was 
given to sampling bat activity at the two coupes of aggregated retention. At each of 
these coupes detectors sampled 2 aggregates (centre), 2 aggregate (edges), 2 harvested 
gaps and 2 outer coupe edges. Along edges microphones were pointed parallel to the 
edge, while in the centre of aggregates microphones faced away from edges. 
Supplementary sites were established on two wide trails that have been maintained in 
each of the CBS treatments and one in nearby tall, regrowth forest. 
Each site was sampled remotely for two entire nights (Law et al. 1998). Bat activity in 
a site was expressed for each species as the number of passes per night. A pass 
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follows the definition of Law et al. (1998), consisting of a minimum of three pulses, 
with pulses not separated from another pulse by more than five seconds. 
 
Activity at different forest heights - Bat activity in the sub-canopy of the Tahune 
airwalk was compared to that in the understorey by paired sampling of bat calls on the 
ground and below the canopy (Plate 2). A 50 m high overstorey of well-spaced 
Eucalyptus obliqua dominates this forest, while a dense rainforest understorey, 
comprising Myrtle, Blackwood and Leatherwood, reached 17 m and provided close to 
100 % cover. Sampling heights from the walkway averaged 20 m, although a height 
of 37 m was sampled at one location. Four paired sites, each about 50 m apart, were 
established and run for two consecutive nights. Two of the pairs sampled areas with 
dense understorey and two sampled open understorey. All microphones faced in the 
same direction and were angled up at 45o from the ground. All bat detectors faced 
away from the Huon River.  
 
Harp-trapping 
Four harp-traps were available for opportunistic trapping on trails during the Anabat 
survey. Trapping data were used to confirm species present. Captured bats were 
identified, released and recorded by Anabat detectors to establish 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 (minimum temperature: 2.5-9.7oC; 
maximum temperature: 10.1-21.1oC) with frequent showers during the day and on 
some nights. Nights that received more than 1 mm of rain were excluded from 
analyses (27/11, 28/11, 1/12, 2/12 and 7/12). To compensate for variations in nightly 
temperature, mean hourly temperature was calculated for each night of sampling from 
one hour before sunset to sunrise and used as a co-variate in analyses (see below). 
 

 



5 
 

Automated Identification of Calls to Species 
All files collected were processed by Anascheme software (Matt Gibson, Ballarat 
University, unpubl.), which has been designed to automate the process of call 
identification. Anascheme reads Anabat files and models individual pulses using 
regression analysis (Gibson and Lumsden 2003).  The regression model allows the 
extraction of a range of parameters that can be used to develop an identification key. 
An identification key was constructed for this study by extracting pulse parameters 
from a library of reference sequences collected as part of the study from bats caught in 
harp traps and then hand-released, supplemented with calls collected previously by 
Monika and Martin Rhodes (see also Rhodes 1996). The key was trained using 70 % 
of the library calls, while the remaining 30 % were used to test the key’s reliability 
and for making refinements (< 5 % errors - B. Law and M. Chidel unpubl. data). 
Classification Trees (Statistica - Version 6), which take a hierarchical approach to 
separating groups, were used to distinguish different species based on pulse 
parameters extracted using Anascheme (especially model frequency, curvature, model 
start slope, model end slope, model slope, duration and tail). To develop our key we 
followed an iterative procedure that involved analysing narrow call frequency ranges 
that comprised only two or three overlapping species. The resulting key used the 
characteristic frequencies and shapes of different species’ ultrasound calls to 
differentiate between species, and was conservative in its identification to avoid mis-
identifications. Files containing calls from different species were either classified as 
‘unknown’ or, if most calls were attributed to the same species, were identified as 
passes of the ‘dominant’ species. More details about the automated identification key 
are outlined by Adams et al. (submitted) and Law and Chidel (2006).  
 
Extensive overlap in call attributes required the grouping of similar species. First, all 
Nyctophilus species have very similar calls that at present are impossible to 
distinguish using Anabat, even by the manual method. Thus calls from N. sherrini and 
N. geoffroyi were lumped together as Nyctophilus spp.. Second, the calls of 
Vespadelus darlingtoni, V. regulus, V. vulturnus and Chalinolobus morio also overlap 
extensively in call attributes. We found it difficult to reliably distinguish V. 
darlingtoni and V. regulus calls on the basis of the sample of calls we collected. This 
high degree of overlap has been recognised previously in Tasmania (Rhodes 1996; 
Feuser 1997) and in some areas of the Australian mainland (Law and Chidel 2001). 
Until more reference calls are collected for these two species in Tasmania, we took 
the conservative approach of pooling the calls from both of these species as a V. 
darlingtoni/ regulus grouping. Vesapdelus vulturnus also overlaps considerably in call 
attributes with other Vespadelus in Tasmania and with Chalinolobus morio. However, 
V. vulturnus was not trapped at Warra and as it is likely to prefer drier forest types, it 
was omitted from the identification key. 
 
The following options were set for the Anascheme key. Identifications were only 
made when a minimum of 50 % of pulses within a pass was identified to the same 
species and only passes with a minimum of three pulses classified to the same species 
were identified. As part of this process we excluded pulses classed as unknown, 
including species grouping, from contributing to the total number of pulses, because 
they usually lack diagnostic characteristics or they are of poor quality and are 
typically ignored when a pass is identified manually.  
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Analysis 
Low replication (n=2) of the Warra LTER experimental design limits the analytical 
approach for testing treatment differences. We used pre-planned contrasts to compare 
locations within silvicultural treatments to control coupes. Specific contrasts included 
CBS centre vs control, ARN centre vs control, dispersed retention centre vs control, 
CBS edge vs control, ARN edge vs control and dispersed retention edge vs control. 
Pre-planned contrasts were derived from an ANCOVA design that included two 
factors, silvicultural treatment (fixed) and location (random), with average nightly 
temperature as the co-variate. Further investigation of activity patterns at different 
locations within ARN and CBS coupes relied upon visual inspection of plots of least 
square means +/- 95 % confidence limits (CL), adjusted by the co-variate average 
nightly temperature. Analyses were undertaken using Statistica (Statsoft). 
 
Differences in species composition across silvicultural treatments and locations were 
investigated using non-metric multi-dimensional scaling (Primer 6.1.6, 2006). 
Ordination of sites used the Bray-Curtis similarity matrix and was based on the 
activity levels of species recorded in sites. For simplicity, activity was averaged 
across locations within a silvicultural treatment. Activity was first standardised, 
because calls of species differ in detectability, and 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 period of field work. This resulted from 
a combination of factors including cool, wet weather, limited trails for setting traps 
and poor construction of the trapping bags. Just three species were caught in harp 
traps: 9 Large Forest Bat Vespadelus darlingtoni, 7 Southern Forest Bat Vespadelus 
regulus and 1 Chocolate Wattled Bat Chalinolobus morio. Reference calls were 
collected upon hand-releasing these 17 bats. The number of good quality sequence 
files recorded was as follows: 4 C. morio (51 pulses), 16 V. darlingtoni (687 pulses) 
and 11 V. regulus (359 pulses). The Anascheme identification key used parameters 
from these calls, supplemented with calls provided by Monika Rhodes (unpubl. data) 
and attributes published by Martin Rhodes (1996).  
 
Ultrasonic Survey 
We sampled 45 sites for a total of 1100 hours, which resulted in 3389 stored files. 
Anascheme recognized 2424 of these as bat passes with more than two pulses. The 
remainder had fewer than three pulses or consisted of noise not produced by bats, 
such as rain or stridulating insects. Anascheme identified 58 % of recognized passes 
to species or species complex, with five taxa recorded in total (Table 1). The 
remainder were identified as unknowns, reflecting the overlap in call parameters of 
species in this area. The rarest species based on activity was F. tasmaniensis, with just 
two passes recorded, while V. darlingtoni/regulus contributed the most, representing 
31 % of all passes (Table 1). 
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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 recorded by remote Anabat detectors at Warra. 
 
Bat activity among silvicultural treatments 
Average nightly temperature was a significant co-variate in analyses (F=19.67, 
P<0.001), with total bat activity virtually ceasing below 5oC. After adjusting for 
temperature, total bat activity differed little between the silvicultural treatments, but 
locations within treatments did influence activity (Fig 1). Pre-planned contrasts 
revealed significantly lower activity at the centre of CBS (t=3.14, P<0.05) and 
dispersed retention (t=2.1, P=0.05) coupes than control coupes. However, there was 
no detectable difference between the centre of ARN coupes (t=0.62, P=0.54) and 
control coupes. Activity was greater on the coupe edge than in the centre for CBS 
coupes, but not the other treatments (Fig 1). Activity along the coupe edges was 
equivalent to activity in control treatments (ARN: t=0.35, P=0.72; dispersed: t=1.34, 
P=0.19; CBS: -0.83, P=0.41). 
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Fig 1: Log10 transformed bat activity in four silvicultural treatments and two internal locations. Values 
are least square means +/- 95 % CL adjusted for the co-variate average nightly temperature.  
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Fig 2: Untransformed means +/- 95 % CL for different locations within aggregated retention coupes 
compared to control coupes. Centre = gap, ag-edge = aggregate edge, ag-centre = aggregate centre, 
edge = coupe edge and control = control coupe. 
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Fig 3: Untransformed means +/- 95 % CL for different locations within clear-fell-burn-and-sow coupes 
compared to control coupes. Centre = gap, u_island = understorey island, trail = trail traversing CBS 
regrowth, edge = coupe edge and control = control coupe. More detailed inspection of bat activity 
patterns within ARN coupes revealed that activity was lowest at the retained aggregates, both in their 
centre and along the edge, and about one third of that compared with coupe edges and nearby control 
coupes (Fig 2). However, these differences were not statistically significant (see pre-planned 
comparisons above).  
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In CBS coupes, activity was greatest along trails traversing the young regrowth (Fig 
3). A single night of sampling an additional trail that traversed older regrowth on 
route to the Huon River recorded even higher activity of 310 passes. Activity in the 
centre gaps and understorey islands of CBS coupes was 9-10 times lower than the 
trails and 4-6 times lower than the coupe edge and control coupes, respectively (Fig 
3).  
 
Individual bat taxa differed in their response to treatments and detector positions (Fig 
4). Chalinolobus morio and Nyctophilus spp. were the most sensitive to logging as 
they were less active in the centre of all silvicultural treatments compared to control 
coupes (Table 2). Their activity was also lower along coupe edges compared to 
control coupes, except for the edges of CBS coupes, which did not differ from 
controls (Table 2). Nyctophilus spp. were infrequently recorded in all coupes. 
Chalinolobus gouldii could be classified as the most tolerant of logging as it was 
infrequently recorded in control coupes. Its activity in the centre of logging treatments 
was similar to control coupes, except for ARN coupes, where it was greater than 
controls (Table 2). Also, its activity was significantly higher along all coupe edges 
than controls (Table 2). The combined taxa of V. darlingtoni/regulus were the most 
widespread and contributed the most calls to each treatment. Compared to controls, its 
activity was only lower in the centre of CBS coupes (Table 2). Falsistrellus 
tasmaniensis was only recorded twice, from the centre of a dispersed retention coupe 
and one understorey island of a CBS coupe. 
 
 
Contrast Nyctophilus spp. 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 2.7 < 0.05 0.9 0.35 
disp_centre vs control 2.9 < 0.01 3.5 < 0.001 0.2 0.81 1.6 0.13 
cbs_edge vs control 1.2 0.22 0.8 0.43 2.2 < 0.05 0.5 0.66 
arn_edge vs control 2.4 < 0.05 2.3 < 0.05 4.9 < 0.001 0.6 0.53 
disp_edge vs control 2.7 < 0.05 2.8 0.01 4.2 < 0.001 1.4 0.18 
 
Table 2: Pre-planned contrasts between locations within different silvicultural treatments and control 
coupes for the log10 transformed activity levels of individual species. Values in bold are significant at P 
< 0.05. 
 
Species Composition 
 
The MDS plotted the two control coupes adjacent to each other, illustrating their 
similarity in species composition (Fig 5). No other treatment categories fell within the 
60 % contour surrounding the control coupes, which indicates that they supported 
different species composition. The two trail categories show similarity to each other, 
even though one comprises two trails traversing CBS coupes and the other a single 
trail within tall regrowth. The two categories plotted most distant from the control 
coupes were internal aggregates and understorey islands, all of which recorded very 
low activity (Fig 4). SIMPER analysis revealed that the taxa contributing most to the 
dissimilarity between control and centre locations were Nyctophilus spp. (34 % 
contribution) and C. morio (23 % contribution), both of which were more active in 
controls, while C. gouldii was less active in controls (15 % contribution). 
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Fig 4: Log10 transformed activity for individual bat taxa in four silvicultural treatments and two internal 
locations. Values are least square means +/- 95 % CL adjusted for the co-variate average nightly 
temperature.  
 
Tahune Airwalk sub-canopy vs ground comparison 
 
A total of 364 bat passes was recorded across the four paired sub-canopy and ground-
based detectors. Night two of sampling experienced > 1 mm of rain and had a 
minimum temperature of 4.3oC. Accordingly, only 11 % of passes were recorded on 
this night and it has been omitted from the following comparisons. Activity was 10 
times greater in the sub-canopy with 91 % of passes being recorded there, at an 
average of 74 passes per night compared to just 7 passes per night on the ground (Fig 
5). Ground detectors positioned where the understorey was dense recorded especially 
low levels of activity; 0.5 passes per night compared to 13.5 passes at sites where the 
understorey was more open. Thus ground detectors set in openings within the 
understorey would need to be corrected by a factor of 5.5 to account for activity in the 
sub-canopy. Chalinolobus gouldii, C. morio and V. darlingtoni/regulus were all 
recorded much more often in the sub-canopy than from the ground, while F. 
tasmaniensis was recorded just once in the sub-canopy and Nyctophilus spp. was 
recorded just once from the ground (Fig 6). 
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V. darlingtoni/regulus
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Fig 5: Multi-dimensional scaling of Anabat detector sites using log transformed activity data from 
individual species (species composition).  For simplicity, activity was averaged across locations within 
a silvicultural treatment. a_ag = ARN aggregate (centre), a_ag_edge = ARN aggregate (edge), a_edge 
= ARN coupe edge, a_gap = ARN gap (centre), CBS_edge = clear fell, burn and sow coupe edge, 
CBS_gap = clear fell, burn and sow gap (centre), CBS_u = clear fell, burn and sow understorey island, 
CBS_trail = trail in clear fell, burn and sow coupe, d_edge = dispersed retention coupe edge, d_gap = 
dispersed retention gap (centre). 
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Fig 6: Bat activity on the 6th December, recorded at paired detectors, 1.5 m above the ground and 20-30 
m high in the sub-canopy. 
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Discussion 
Bats are an important component of mammalian diversity with eight species found in 
Tasmania. It is therefore important to consider how bats respond to different 
silvicultural treatments, especially aggregated retention, the major silvicultural 
practice currently being researched as an alternative to clearfell, burn and sow for old-
growth wet eucalypt forest. Focusing on the response of bats at the long-term 
silvicultural study at Warra provides a base-line in the early stages of the silvicultural 
trials that is necessary as a precursor to following the dynamic changes within forests 
over long time frames.  
 
Cool and at times wet weather during our field sampling is not an unusual experience 
for the tall wet forests found at the Warra study area, but it did necessitate the 
exclusion of some wet nights for data analysis. Further adjusting our data using 
nightly average temperature revealed that locations within treatments were the 
primary influence on bat activity. Most notably, in comparison to control coupes, bat 
activity was low above the dense regeneration found in the centre harvested areas of 
CBS coupes and marginally so for dispersed retention coupes, but not these locations 
in ARN coupes. This suggests that the retention of old-growth elements as aggregates 
moderates the otherwise hostile logged zone for total bat activity, while retention of 
dispersed individual trees is less effective. Activity was higher along CBS coupe 
edges, probably because the avoidance of the large gaps in these coupes led to a 
greater concentration of activity along the edge. In comparison, the differential 
between coupe edges and centre gaps was not distinct for ARN and dispersed 
retention coupes, perhaps because bat activity was more evenly spread throughout the 
coupe. 
 
The differences in the response of individual bat taxa are consistent with predictions 
from ecomorphology. That is, bats with high aspect ratio (long, narrow wings) and 
low frequency calls are less manoeuvrable and are adapted to fly in more open 
situations (O’Neill and Taylor 1986), particularly along edges. C. gouldii fits this 
pattern and it was most active along coupe edges, but less active in large open gaps 
and in dense control coupes. Coupe edges may be preferred by bats because insects 
can be more abundant along clear-cut edges than in the centre of clear-cuts (Grindal 
and Brigham 1999; Burford et al. 1999) due to passive accumulation from wind. In 
addition, linear edges provide background echoes that aid navigation by bats, but they 
also provide the opportunity for bats to position themselves sufficiently distant from 
the vegetation to reduce acoustic masking of prey from background echoes (Schnitzler 
et al. 2003; Schaub and Schnitzler 2007). Trails are also regularly used by bats as 
linear edges (Law and Chidel 2002; Lloyd et al. 2006), and this was found for the few 
trails sampled in this study. At the other extreme are highly manoeuvrable bats with 
low aspect ratio (short, broad wings) and high frequency calls (O’Neill and Taylor 
1986). Nyctophilus spp. and to some extent C. morio fit this pattern and both were 
more active in controls and least active in the centre of logged coupes. The smaller V. 
darlingtoni/regulus fall in the middle of this continuum as they have medium aspect 
ratio and call frequency, facilitating moderate manoeuvrability, but usually in 
association with edges (O’Neill and Taylor 1986). Their activity levels were only 
significantly lower in the centre of CBS coupes, where edges were a considerable 
distance away. Overall, these results are consistent with other studies of forest clear-
cuts from the northern hemisphere that demonstrate smaller and larger bats use 
harvested forests differently, with larger bats more active in clear-cuts, especially 
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along edges, and smaller bats being less influenced by patch type and location 
(Grindal and Brigham 1999; Menzel et al. 2002; Patriquin and Barclay 2003). 
 
The markedly higher activity recorded in the sub-canopy of the Tahune Airwalk 
parallels other studies where bat detectors have been hauled into the canopy. On the 
south coast of NSW, Adams et al. (2009) also recorded five times the activity in the 
canopy compared to ground-based detectors. The similar differential in NSW at a 
lower forest height of 25-30 m (detectors at 15-20 m high) compared to the 50 m 
overstorey at the Tahune airwalk (detectors at 20-37 m high), suggests a correction 
factor of 5 could have broad applicability to tall forests, although a greater range of 
forests need to be sampled before accepting this generalisation. These results have 
implications not only for the way bats use the forest and partition their resources 
(O’Neill and Taylor 1986), but also for interpreting comparisons of activity between 
logging treatments using ground-based Anabat detectors, particularly for the very tall 
wet sclerophyll forests of Tasmania. Ground-based detectors in unlogged wet 
sclerophyll forests will grossly under-estimate activity when compared to gaps in 
logged treatments, because bats are more likely to fly close to the ground when the 
overstorey is removed. Where detectors are not lifted into the canopy of unlogged 
forests, interpretations need to carefully consider the fact that bat activity will be 
much greater in the canopy and/or adjust measures of ground activity using a 
correction factor derived by sampling, such as in this study.  
 
Adjusting total activity in the control coupes of Warra by a factor of 5.5 exaggerates 
the difference between controls and all other silvicultural treatments, with an adjusted 
total activity level in control coupes of 220 passes per night. This suggests that the 
logging impacts on bat activity are considerably greater than those described above. 
However, this conclusion makes the assumption that all bats flying in the range of 
ground-based detectors within logged gaps are recorded and require no adjustment. 
Also, the appropriate correction factor is not known for other silvicultural treatments. 
For instance, it is unknown at what heights bats preferentially fly in dispersed 
retention coupes, where a scattered overstorey remains or around retained aggregates 
in ARN coupes. Developing such correction factors to be applied to ground-based 
Anabats would be a valuable topic for further research at Warra. 
 
Taking these results together suggests that aggregated retention, as practiced at Warra, 
is partially effective at ameliorating the impacts of logging, as evident in clear-fell-
burn and sow, for total activity. In contrast, understorey islands and dispersed 
retention coupes were less effective at maintaining bat activity in the centre of coupes. 
The retained aggregates themselves, both in their centre and along the edge, were not 
used extensively by bats, although it is possible that ground-based detectors under-
estimated bat activity at the canopy level of the aggregates. Both Nyctophilus spp. and 
C. morio maintained lower activity in the centre of ARN coupes than controls in this 
early stage of regrowth after logging. As regeneration progresses around aggregates in 
the future, recovery of bat habitat should be assessed by measuring changes in the 
activity of these two species.  
 
Measuring activity using ultrasonic detectors is just one component of measuring 
logging impacts on bats. Another crucial aspect of bat ecology is the selection of tree 
hollows for diurnal roosting (Law 1996). Investigating roosting preferences of bats 
was beyond the scope of the present project. Although Tasmanian bats are known to 
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prefer to roost in large diameter trees (Taylor and Savva 1988), it is not known 
whether bats continue to roost in patches of old forest retained within clearfell zones 
(e.g. aggregates). 
 
In conclusion, these results describe the early responses of bats to different 
silvicultural treatments at Warra, 5-8 years after logging. It is strongly recommended 
that repeat ultrasonic surveys of bats are undertaken in the future to document the 
changes to the bat assemblage as the forest regenerates further. Finally, the 
methodology used at Warra could be used more broadly to sample bats together with 
other biodiversity indicators at operational coupes where aggregated retention is being 
implemented. 
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