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Abstract
Context. With increasing pressure worldwide on forest habitat, it is crucial to understand faunal ecology to effectively

manage and minimise impacts of anthropogenic habitat disturbance.
Aims. This study assessed whether differences in forest type and disturbance history were reflected in small to medium

mammal communities found in Tasmania’s production forests.
Methods.Trapping was conducted in spring and summer, and autumn andwinter during 2007–08 at four dry Eucalyptus

forest sites (two regenerating after harvest and two in relatively undisturbed forest) in south-east Tasmania, and four wet
Eucalyptus forest sites (two regenerating after harvest and two in relatively undisturbed forest) in north-east Tasmania. All
sites were embedded within a matrix of mature or older aged regenerating forest.

Key results. Thirteen mammal species were recorded across all sites. There was no difference in species diversity or
richness between forest type or disturbance regime, but species composition differed. Total number of individual animals and
captureswas influenced strongly by forest type anddisturbance history,withmost animals captured in the drydisturbed forest
sites. Abundance of some species (e.g. bettongs and potoroos) was higher in disturbed sites than undisturbed sites. Brushtail
possumnumbers (adults andoffspring), however,were lower in disturbed sites and populations displayed amale biased adult
sex ratio and lower breeding frequency. Habitat structural complexity and vegetation diversity within core sites, and age
structure of the forest in the surrounding landscape did not vary significantly, indicating that broad resource (food and refuge)
availability was equivalent across sites.

Conclusions. In general, the small to mediummammals in this study did not appear to be significantly affected by forest
harvesting in the medium term.

Implications. Although past harvesting altered the abundance of some habitat features (e.g. canopy cover, basal area of
trees, and tree hollowavailability),we suggest that the availability of such features in the surrounding landscapemaymitigate
the potential effects of disturbance on the species for which such habitat features are important.

Introduction

Studies of the relationships between habitat type and
both the occurrence and response of species to habitat
disturbance are crucial to understanding faunal responses to
landscape heterogeneity, and consequently for conservation.
Anthropogenic disturbance of forests is a consequence of a
variety of land use activities including agriculture and forestry.
Responses of individual species and ecosystems to disturbance
vary: while population densities of particular species may
increase in the short term (Charnov and Finerty 1980; Lambin
1994; Lopes and Ferrari 2000; Lambert et al. 2005; Atwood
2006); long-term effects of significant habitat loss or alteration
may result in decline and loss of species, and thus altered
community composition (Lindenmayer and Franklin 2002).

Among forest mammals, species richness sometimes
increases with disturbance, an effect that may be linked to the
creation of new ecological niches (a common by-product of
disturbance) and the presence of ecologically opportunistic
and tolerant invasive species (Seagle 1985; McKinney and
Lockwood 1999; Simard and Fryxell 2003). This may result
in altered faunal community composition as such habitat
changes tend to benefit species that favour early successional
forest, while species dependent on mature forest may be
disadvantaged.

The extent of impact of forest disturbance on mammal
communities depends on the species’ degree of forest
dependence (Tyndale-Biscoe and Calaby 1975), as well as the
intensity (Kavanagh and Stanton 2005), and spatial (Dumbrell
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et al. 2008) and temporal scale of the disturbance (Fisher and
Wilkinson 2005). There is increasing recognition of the influence
of matrix condition on the effects of disturbance and the value of
retaining habitat around ‘managed’ areas to ensure species
persistence (Lindenmayer and Franklin 2002; Eyre and
Norman 2003; Anderson et al. 2007). Where land use
practices, such as logging, alter the characteristics of a forest at
a broad scale, including its structure and the availability of food
and refuge, awide range of effects on faunamay result. These can
include: disrupted sex ratios (Martin and Handasyde 2007),
altered social systems (Raskja-Jurgiel 1992; Atwood and
Weeks 2003; Banks et al. 2005; Martin et al. 2007), altered
breeding success (e.g. smaller young) (Wolff 1995; Hinsley et al.
1999), and disruption to foraging and denning areas (Johns 1986;
Thiollay 1992).

Species thought to be most at risk from habitat disturbance
in forests are those with specialised diets or habitat requirements
(e.g. tree hollows) and low fecundity (Michaels 2000;
Lindenmayer et al. 2003). Tyndale-Biscoe and Calaby (1975)
and Goldingay and Daly (1997) identify arboreal marsupials as
the Australian mammals most susceptible to anthropogenic
habitat disturbance through a reduction in availability of tree
hollows necessary for breeding (Gibbons and Lindenmayer
2002). Medium sized ground mammals (e.g. bettongs
(Bettongia gaimardi) and potoroos (Potorous tridactylus)) are
susceptible to disturbance in the short term (Catling and Burt
1995; Michaels 2000; Kavanagh et al. 2004; Kavanagh and
Stanton 2005). This may be because they have a limited
capacity for dispersal, and their size and reliance on ground
cover makes them susceptible to predation (Claridge and Barry
2000). However, Taylor (1991) suggests that such species may
recover quickly since the occurrence of many ground dwelling
mammals is dependent on characteristics of the undergrowth
rather than the forest canopy. An exception may be species
dependent on logs for refuge sites, which could be impacted in
the long term by intensive forest harvesting (Scotts 1991).

Tasmania, the island state of Australia, has a diverse forest
dwelling mammalian fauna, particularly as the fauna has not
yet been impacted significantly by introduced predators,
although this may change with the recent introduction of the
red fox (Vulpes vulpes). Approximately 48% of Tasmania
(3.35million ha) is forested, of which 44% (1.48million ha)
is reserved (DPIW 2007, 2008). Of the 1.87million ha of
unreserved forest, 0.79million ha is state forest and
1.09million ha is private land (DPIW 2007, 2008). The large
majority of unreserved forest is potentially available for timber
harvesting and needs to be managed appropriately if it is to
provide habitat for forest dwelling fauna into the future.

In this study, we examine the small to medium mammal
community in disturbed (harvested) areas and relatively
undisturbed (control) areas within dry and wet Eucalyptus
forest. Differences in resource attributes due to forest type and
past disturbance regimes are assessed and examined in relation to
species composition (occurrence, richness, and diversity),
individual body mass, sex ratio, and breeding success. We aim
to determine if differences in forest type and disturbance history
are reflected in small to medium mammalian community
characteristics at the site scale. This work is part of a broader
study of the influence of forest type and disturbance on the

ecology and physiology of the brushtail possum (Trichosurus
vulpecula).

Materials and methods
Study sites
This study was carried out at four dry Eucalyptus forest sites in
south-east Tasmania, Australia, and four wet Eucalyptus forest
sites in north-east Tasmania (Fig. 1, Table 1). Two sites of both
forest types were regenerating after harvest (= disturbed sites),
and two were in relatively undisturbed forest (= control sites)
dominated by mature forest. All disturbed sites were logging
coupes in state forest that had been harvested between 1997 and
2004. Harvest in wet forest included commercial thinning and
clearfell, burn, and sow, while harvest in dry forest included
combinations of seed tree retention, advanced growth retention,
and shelterwood retention. Dry disturbed sites were between four
and eleven years post-harvest, whereas the wet forest disturbed
sites were both six years post-harvest.

Site selection was constrained by the need for access and to
ensure that harvested sites had similar pre-harvest conditions
(soil type, elevation, and floristics) to the relatively undisturbed
(control) sites (Table 1). Although not harvested using modern
silvicultural methods in recent times (at least not in the past
80 years), the control sites (either designated forest reserves or
areas of mature forest not currently planned for logging) were
part of the forested landscape that had been subject to various
wood extraction activities of settlers for over 100 years.

All sites (disturbed and control) were embedded in a forested
landscape and were subject to natural disturbance (storms and
wildfire). Such production forest landscapes in Tasmania include
extensive areas of higher productivity forests supporting
regeneration of various ages resulting from clearfell, burn, and
sow, shelterwood removal, or intensive selective logging
silviculture, and most of the lower productivity sites being
selectively logged either commercially for pulp or firewood.
The forest landscape across Tasmania is also characterised by
frequent wildfires, with fire frequency highest in the drier forest.
However, onlyoneof the study sites (DD1,Table 1)wasknown to
have been subject to wildfire in the last 10 years. DD1 was
partially burnt in the spring and summer of 2006, in the first year
of the broader study.

Two zoneswere recognised at each site: a ‘core’ and a ‘matrix’
(Fig. 2). Care was taken to select sites that were surrounded by
forest with similar floristics (disturbed and control sites) and
age structure (control sites). This is because the characteristics
of forest surrounding a particular site (matrix) may influence
animal occurrence within the core of the site. The matrix was
the 2 km radius buffer surrounding the core of the site, chosen
because this distance has been used to distinguish between
‘extreme home range movements’ and ‘dispersal’ in the
brushtail possum (the focal species of a concurrent study)
(Clout and Efford 1984; Green 1984; Cowan and Tyndale-
Biscoe 1997). The age structure of the forest in the matrix was
similar across sites (Stone 1998; Forestry Tasmania 2007a,
2007b, 2007c) (Fig. 3). The core of the site was defined as the
physical location of all traps within the research site (logging
coupe or reserve as appropriate) plus a 100m radius buffer
(roughly equivalent to the harvested area in disturbed sites).
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The radial dimension of the buffer was chosen to reflect the
maximum distance that brushtail possums usually move from a
remnant forest patch (Harper 2005). The area of the core of the
sites ranged from 21 to 62 ha (Table 1).

Animal capture

Animals were captured during 2007 and 2008 at each site, in wire
Mascot cage traps suitable for small (<1 kg) and medium
(1–10 kg) mammals. The study covered three trapping seasons
(spring and summer 2007, autumn and winter 2008, and spring
and summer 2008). One trapping tripwas conducted each season,
with either 37 (two sites: WD1 and WC1) or 67 traps (the other
six sites) deployed at each site, depending on the size and
accessibility of the site. The number of traps per site was

consistent over the study, resulting in an average spatial
trapping effort (number of traps per core area (ha)) of
1.77 traps ha–1 (range: 1.1–2.7 traps ha–1).

During each trapping session the hessian covered
300� 300� 660mm, treadle-triggered Mascot traps (Mascot
Wire Works, New South Wales, Australia) were deployed
nightly for four nights: one night of pre-baiting (traps were
baited and fastened open) and three nights of active trapping.
Traps were placed at suitable places (e.g. at the base of trees, on
stumps, on or under logs, or near refuge areas) at 50� 20m
spacing along two transects per site. Traps were checked starting
at dawn to minimise capture stress in nocturnal animals (Johnson
and McIlwee 1997). Bait was composed of small balls of peanut
butter, oats, and vanilla essence. This bait is specifically
formulated to target brushtail possums, and is also broadly

N

S

Fig. 1. Locations of study sites in eastern Tasmania, the island state of Australia. Dry Eucalyptus sites are in the south-east and
wetEucalyptus sites are in the north-east of the state. Shading indicates forested areawhile lack of shading denotes non-forest area
(agriculture, scrub, lakes, urban areas, etc.). Solid lines denote major roads (DPIW 2001; Harris and Kitchener 2005). Treatment
(forest type and disturbance) is indicated by the first two letters of a site name: DD, dry disturbed; DC, dry control; WD, wet
disturbed; and WC, wet control forest. The number of the site follows this designation.
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suitable for herbivores and omnivores. However, it is not the
optimal bait type for capturing carnivores such as Tasmanian
devils (Sarcophilus harrisii) and quolls (Dasyurus maculatus
and Dasyurus viverrinus).

Uponcapture, all animalswere identified to species. Incidental
captures included some birds and reptiles. Rodents, which were
in low abundance, were sexed and released without
microchipping. All other mammals were transferred to a
hessian bag for handling and processing. An ISO FDX-B
transponder chip (passive integrated transponder (PIT) tag)
was implanted subcutaneously between the shoulder blades
for unique identification. Animals were weighed with a Salter
10 kg balance to the nearest 50 g. They were then sexed and,
where appropriate, poucheswere checked for presence or absence
of pouch young (dependent young that reside in the pouch)
to assess breeding success. Female macropods were identified
to species and the presence of any pouch young was recorded.
No further procedures (microchipping or weighing) were carried
out on macropods to reduce the chance of loss of pouch young.
In the majority of species, only two age classes were recorded:
adults and their dependent young (if present). However, in
the brushtail possum, subadults were also recorded. Female

Fig. 2. Example of core andmatrix sites in a landscape context in a disturbed site (DD1). Location of each trap and boundaries of both the core and matrix sites
are indicated amongst vegetation type (TASVEG) (DPIW 2001) and the dominant age structure of the vegetation (Stone 1998; Forestry Tasmania 2007a,
2007b, 2007c).
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derived fromGIS spatial data (Stone 1998; Forestry Tasmania 2007a, 2007b,
2007c).
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adults and subadults were separated by body mass: adults
weighed �2.4 kg, the weight of the lightest reproductively
active female trapped in this study. Male adult and subadult
possums were distinguished by testis size: adults had a testis
volume of �20.0mm3 as calculated from the equation for an
oblate sphere V =p/6(W2L), where V= testis volume (mm3),
W =width, and L= length (Abbott and Hearn 1978; Hocking
1981).

Habitat variables

Habitat variables considered likely to influence the occurrence
of small to medium mammals, including ground dwelling and
arboreal marsupials (Lunney et al. 1987; Cork andCatling 1996),
and to reflect forest structure and complexity (McElhinny et al.
2006) (Table 2), were recorded at each study site.

Vegetation age structure of the core of each site was
derived from GIS spatial data (Stone 1998; Forestry Tasmania
2007a, 2007b, 2007c) and broad forest type was derived
from TASVEG (DPIW 2001; Harris and Kitchener 2005).
Basal area, description of floristic community (dominant and
subdominant species in each vegetation layer), vegetation
cover and height, and occurrence of hollow-bearing trees, tree
hollows, and logs were collected during habitat surveys at
each site according to the methods described in Table 2.
These surveys involved measurement of each variable in 10

evenly spaced 0.25 ha plots per site (Braithwaite et al. 1989).
Logging history and details were obtained from the Timber
Harvesting Plan for each disturbed site (Forestry Tasmania,
unpubl. data).

Data analysis

Species diversity index and richness
Diversity indices for mammal species captured at each site

were calculated by applying the Shannon Diversity Index
(Magurran 1988) in the form of eH

0
where H0 =�P

piln(pi),
where pi is the relative abundance of each species. Species
richness was defined as the number of species. Evenness was
assessed via Shannon’s Equitability (EH0 =H0/ln(species
richness)) which can range between 0 and 1; 1 represents
completely even species distribution, lower values reflect
increasingly uneven distribution. A two-way analysis of
variance (ANOVA), with disturbance and forest type as
factors, was performed in SAS 9.1 (SAS Institute Inc. 2003)
on overall site scores to assess differences in diversity, species
richness, and evenness. Means� standard errors are presented.
When no differences were detected between forest type or
disturbance history, data were grouped from sites by treatment
(forest type and disturbance): DD, dry disturbed;DC, dry control;
WD, wet disturbed; and WC, wet control forest.

Table 2. Habitat variables collected at each core site to estimate resource (food and refuge) availability for mammal communities between forest type
and disturbance history in Tasmania, Australia

Independent site variables Description

Vegetation age structure Vegetation age structure was obtained from GIS spatial data (Stone 1998; Forestry Tasmania 2007a, 2007b, 2007c).
Forest was grouped into three age structure categories: mature, mature or senescent (overmature) forest with structure
indicating ecologicallymature, undisturbed forest>80years old; regeneration, regrowthor regeneration>20years old;
and young, young native regeneration <20 years oldA.

Broad forest type Dominant broad forest types were grouped into the following categories: dryEucalyptus forest; wetEucalyptus forest or
rainforest; and ‘other’, agricultural land, non-Eucalyptus forest, scrubland, native grassland, moorland, highland,
wetland, and other natural environments (Harris and Kitchener 2005).

Total basal area (stand density) The average cross-sectional area, in square metres, of all trees with wood greater than 10mm diameter at breast height
(DBH) – measured at 1.3m above ground level on the upward slope – growing on the 0.25 ha plot (in a slight
modification of Braithwaite et al. (1989)) estimated using the Angle Count Sampling or ‘sweep’ method (Goodwin
1995) in a circle based around the trap site in the middle of the plot.

Forest type (floristic
community)

Finer scale floristic community following the key in the Forest Botany Manual (Forest Practices Authority 2005).

Vegetation cover and height Vegetation surveys were conducted in 10 evenly spaced plots per site. Height, percentage cover, and abundance of
dominant and subdominant species of each vegetation layer (overstorey, midstorey, understorey, and ground cover)
were estimated by a botanist (Dunstan and Fox 1996).

Occurrence of hollow-bearing
trees (of use for medium
sized fauna)

Hollow-bearing trees �500mm DBH (at 1.3m), containing at least one hollow for medium sized fauna (�50mm
diameter entrance that appeared deep enough to be entered) (Koch et al. 2008a).

Occurrence of logs Abundance of logs of �150mm diameter that may be of use to fauna.
Annual rainfall Millimetres of rain per year were obtained from Bureau of Meteorology records.
Logging history and

disturbance class
Age since last loggingevent, typeand frequencyofpast loggingevents, and frequencyofbrowsingcontrol and sanctioned
firewood gathering for each site.

Fire history Wildfire history (frequency and intensity), and forestry related burn (fuel reduction and regeneration burns) history
(frequency and intensity).

AAs described in Stone (1998), this age classification is not completely accurate due to the patchy nature of native forest and how photographic interpretation
(PI typing) is derived. This is, however, a commonly used method that generates the best estimate of age for the area in question based on physical attributes.
This is done through threedimensional interpretationof aerial photographsof the forest, in relativelyhomogenous3 haportions.Eachof theseportions is assigned
to the aforementioned age class that dominates the area, though it may include small portions of other age classes.
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Captures, population sizes, and spatial relationship
of community composition between sites
No seasonal or annual differences were detected in

preliminary analyses of the data so animal data for each site
were pooled across seasons to maximise sample size. When no
differences were detected between either forest type or
disturbance history, data were grouped by treatment (forest
type and disturbance). Abundance was estimated using
minimum number alive (Krebs 1966), derived from capture–
mark–recapture methods. Rodent abundance was expressed as
number of captures as they were not microchipped; rodents
were considered to be unique individuals unless they had
distinguishing markings or injuries. Given that the number of
nights trapped per trip was identical across sites, capture success
was calculated as the total number of captures (including
recaptures) divided by the trapping effort (the number of traps
multiplied by the number of trips). Two-way ANOVA, with
disturbance and forest type as factors, were performed in SAS on
overall site scores to assess differences in capture success. Chi-
square analysis was used to compare differences in abundance
(minimum number of unique individuals alive) of each species
between disturbance and forest type. There were sufficient data
for analysis of these parameters for brushtail possums, bettongs,
potoroos, eastern quolls (Dasyurus viverrinus), swamp rats
(Rattus lutreolus), and long-tailed mice (Pseudomys higginsi).
Smaller capture numbers of other species precluded statistical
analyses.

For brushtail possums, the species for which there were the
most data, the minimum number alive and the proportion of this
total that were captured each season were calculated for each site
to account for the different numbers of traps set per site.
Population size was estimated from the capture history of each
brushtail possumusing the POPANoption of the open population
Jolly–Seber model (Schwarz and Arnason 1996) in the software
program MARK (White and Burnham 1999). The model with
constant survival, capture probability, entry into the population,
and population size (phi(.)p(.)pent(.)N(.)) was the most
appropriate, with the lowest Akaike information criterion
(AIC) of 11 tested models. Two-way ANOVA with factors
disturbance and forest type were performed in SAS on overall
site scores to compare differences in both the percentage of the
minimumnumber alive captured each season and of the estimated
‘total’ brushtail population that was captured. Smaller capture
numbers and low recapture rate of other species precluded
population size estimates.

Nonmetric multidimensional scaling (MDS) ordination plots
assessing the spatial relationship between sites for square root-
transformed faunal species abundances were generated in
PRIMER 6 (PRIMER-E Ltd, Hewlett-Packard, Devon, UK).
These ordinations were based on the Bray–Curtis measure of
similarity (Clarke and Warwick 1994).

Sex ratio, breeding success, and body mass
For this study breeding success was defined as the percentage

of individual females in the population known to have bred over
the duration of the study. Reproductive success was determined
by the presence of pouch young which indicated that the mother
had successfully given birth andhad retained the young, at least in

the short term, regardless of her ability to raise it to independence.
It is unlikely that reproduction wasmissed, asmarsupials have an
extended period of lactation rather than gestation, in contrast with
eutherian mammals (Green andMerchant 1988; Tyndale-Biscoe
2005).For thebrushtail possumtherewere some females that bred
in both years; therefore, we were able to calculate breeding
frequency and number of offspring for this species. Two-way
ANOVA, with disturbance and forest type as factors, were
performed in SAS on site means to compare differences in
brushtail possum body mass and on overall site scores to
compare differences in breeding success and adult and
offspring sex ratio in the brushtail possum. Chi-square analysis
was used to compare differences in breeding frequency and
number of offspring in the brushtail possum, and adult sex
ratio and breeding success in the species with sufficient sample
sizes that lacked the replicates suitable for analysis via ANOVA
(bettongs, potoroos, and eastern quolls) between disturbance and
forest type. Due to the patchy occurrence of bettongs, potoroos,
and eastern quolls, body mass for these species was analysed by
one-way ANOVA using site means (factor = site), to compare
differences between sites. When no differences were detected
between treatments (forest type and disturbance), data were
grouped by species.

Habitat diversity index, structural complexity,
and site ordination
Diversity indices, evenness, and species richness were

calculated for plant species in each site in the same manner as
for the fauna. Two-way ANOVA with factors disturbance and
forest type were performed in SAS on overall site scores to
determine whether these parameters differed significantly.
When no differences were detected between forest type or
disturbance history, data were grouped by treatment (forest
type and disturbance).

An index, modified from McElhinny et al. (2006), was
constructed to assess habitat structural complexity. Habitat
variables to be included in the index were selected such that
no variable was strongly correlated (i.e. r2� 0.3) with any other.
The variables were: number of logs on the ground, understorey
height (m), percentage of understorey cover, midstorey height
(m), percentage of overstorey cover, percentage of rock cover,
and number of hollow-bearing trees (Table 2). Each variable was
divided by the range displayed across the sites (minimum to
maximum value) to create a number between 0 and 1. This was
done rather than converting the raw data into quadrats as in
McElhinny et al. (2006) in order to maintain the integrity of
variation in the raw numbers. The sumof all the variable numbers
was then divided by the maximum overall value (the number of
variables assessed) for the final proportion and index value. This
procedure was carried out once for each plot and then averaged to
produce thefinal site habitat complexity score.Varianceof habitat
complexity score within each site was calculated. Although it is
likely that different species will respond to different aspects of
habitat complexity, we used a single, unweighted measure of
complexity because we aimed to assess overall community
responses and wished to avoid ad hoc adjustments to the
measure of complexity. Two-way ANOVA with factors
disturbance and forest type were performed in SAS on overall
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site scores to determine whether habitat complexity index or
within-site variance differed significantly. When no differences
were detected between forest type or disturbance history, data
were grouped from sites by treatment (forest type and
disturbance).

Nonmetric multidimensional scaling (MDS) ordination plots
assessing the spatial relationship between the habitat variables
(floristics and structural complexity, as listed in Table 2) of each
site were generated in Primer 6. These ordinations were based on
the Bray–Curtis measure of similarity (Clarke and Warwick
1994).

Results

Species diversity index and richness

Five hundred and ten individual mammals were trapped,
identified, and sexed during the 1428 trap nights of this study.
No marked individual was trapped at more than one study site.
Thirteen species of small to medium sized mammals (ten native
and three introduced) were caught (Table 3).

The mean number of species of small to medium sized
mammals caught at each site (species richness) was 7.0� 0.56
(range: 5.0–9.0).Themean speciesdiversity indexwas4.5� 0.42
(range: 2.5–5.8) and evenness averaged 0.7� 0.03 (range:
0.6–0.8) across sites. There were no significant differences in
species richness, species diversity index, or evenness between
forest types or disturbance histories (Fig. 4). Disturbed sites
contained 1.6 times the number of individuals as the
undisturbed sites (n= 316 and n= 194). Dry sites contained 1.3
times as many animals as the wet sites (n= 283 and n= 227).

Captures, population sizes, and spatial relationship
of community composition between sites

Capture success did not vary according to forest type or
disturbance: mean capture success across sites was
37.0� 6.45% (range: 16.4–67.6%). Total number of captures
and minimum number of unique individuals alive of all species
combined differed among sites, with higher numbers of both in
dry disturbed forests (c23 = 36.97, P < 0.001, n = 405 and

c23 = 20.78, P< 0.001, n= 201) than in the three other
treatments (forest type and disturbance).

The brushtail possumwas the only species recorded at all sites,
with fewer animals trapped in disturbed sites (c21 = 4.06,
P = 0.044, n = 153). Bettongs and potoroos were found only in
dry forest, with greater numbers found in disturbed forest
(c21 = 14.41, P < 0.001, n = 105 and c21 = 15.92, P < 0.001,
n = 50). Eastern quolls were found most often in disturbed
forest (c21 = 11.17, P = 0.001, n = 44). Brown rats (Rattus
norvegicus) were found exclusively in wet forest. Swamp rats
were found more often in wet forest (c21 = 17.88, P < 0.001,
n = 47), whereas greater numbers of long-tailed mice were
found in wet disturbed forest (c21 = 7.11, P = 0.008, n = 42).
Numbers of pademelons, spotted-tailed quolls, southern brown
bandicoots, black rats, andhousemicewere lowand therewere no
significant differences in numbers found between sites.

There were no differences between forest types or disturbance
history in the percentage of the minimum number of brushtail
possums alive captured each season (mean: 59.9� 1.54%, range:
55.1–68.9%), or between the estimated ‘total’ brushtail possum
population that was captured, calculated using the program
MARK model (mean: 97.1� 1.25%, range: 90.8–100.0%)
(Fig. 5). Trap number did not appear to affect capture success,
at least for brushtail possums.

Nonmetric multidimensional scaling ordination of faunal
community composition demonstrated that community
composition was influenced by broad forest type (Fig. 6).
Communities in the dry sites were separated on the ordination
plot according to their level of disturbance: in community
composition, disturbed sites (DD1 and DD2) were more
similar to each other than to the controls (DC1 and DC2).
There was no such relationship in wet forest communities.
Within the wet sites, spatial orientation in the ordination plot
indicated that the clearfell, burn, and sow coupe (WD2) had the
most distinctive species composition (and thus was a potential
‘outlier’ site), with all the other sites nestled closely to each other.
The low stress level (0.07), which reflects the relationship
between site dissimilarities and ordination distance, indicates
that these are strong relationships with no real risk of
misinterpretation (Clarke 1993).

Table 3. Species caught in core sites trapped during the study

Species Number of sites in each treatment animals were trapped in
Dry

disturbedA (2)
Dry

controlB (2)
Wet

disturbedC (2)
Wet

controlD (2)

Common brushtail possum (Trichosurus vulpecula) 2 2 2 2
Tasmanian bettong (Bettongia gaimardi) 2 1 0 0
Long-nosed potoroo (Potorous tridactylus) 2 1 0 0
Tasmanian pademelon (Thylogale billardierii) 0 2 1 1
Eastern quoll (Dasyurus viverrinus) 1 2 2 1
Spotted-tailed quoll (Dasyurus maculatus) 1 1 1 2
Southern brown bandicoot (Isoodon obesulus) 1 1 0 1
Short-beaked echidna (Tachyglossus aculeatus) 1 2 1 0
Swamp rat (native) (Rattus lutreolus) 1 0 2 2
Long-tailed mouse (endemic) (Pseudomys higginsi) 1 0 1 2
Black ratE (Rattus rattus) 1 1 2 2
Brown ratE (Rattus norvegicus) 0 0 2 2
House mouseE (Mus musculus) 1 0 1 1

ASites: DD1 and DD2. BSites: DC1 and DC2. CSites: WD1 and WD2. DSites: WC1 and WC2. EIntroduced species.
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Fig. 4. Faunal community by treatment (forest type and disturbance): (a) dry disturbed forest (DD1 and DD2); (b) dry
control forest (DC1 and DC2); (c) wet disturbed forest (WD1 and WD2); and (d) wet control forest (WC1 and WC2). The
number of individual animals within each species is given above each bar.
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Sex ratio, breeding success, and body mass

Brushtail possumpopulations living in disturbed forest displayed
a male biased adult sex ratio (68.0%male (34 : 16 male : female),
range: 65.4–80.0%, n = 50; F1,4 = 9.47, P = 0.037) (Fig. 7). For
populations in control sites, adult sex ratios did not differ
significantly from parity (48.7% male (38 : 40 male : female),
range: 47.1–50.0%, n= 78). The sex ratio of offspring did not
differ significantly from parity in relation to disturbance or forest
type (48.6% male (35 : 37 male : female), range: 42.9–55.2%,
n = 72). Bettongs in site DD2 displayed a female biased sex ratio
(27.3% male (15 : 40 male : female), n= 55; c21 = 5.68,
P = 0.017); populations in other sites did not differ from parity
(38.0% male (19 : 31 male : female), n= 50; c21 = 1.44,
P = 0.230). No other species displayed sex ratios that differed
significantly from parity across any treatment (potoroo: 44.0%
male (22 : 28 male : female), n= 50 and eastern quoll: 43.2%
(19 : 25 male : female), n= 44), though there was site specific
variability within species. There was also no difference in any
species across any treatment in regard to breeding success
(brushtail possum: 78.8%, potoroo: 67.5%, bettong: 59.7%,
and eastern quoll: 43.5%). However, significantly more female
bettongs bred than did not in site DD1 (12 versus 1; c21 = 4.65,
P = 0.031). Note that this was the site that was partially burnt in a
wildfire in 2006.Frequencyof breedingof brushtail possumsover
the study was significantly higher in control than in disturbed
forest (i.e. breeding females in the populations in the control sites
bred each year and breeding females (as individuals) in disturbed

sites did not breed each year), and females in control sites
consequently produced more young over the duration of the
study (50 versus 22; c21 = 5.44, P = 0.020).

In brushtail possums, adult females in wet forest were
significantly heavier than those in dry forest (3.3� 0.07 kg
(n= 27) and 2.9� 0.05 kg (n= 29); F1,4 = 8.41, P = 0.044).
There was no influence of disturbance on adult female weight.
No differences were detected in bodymass of adult males (mean:
3.4� 0.50 kg, range: 2.4–4.9 kg, n= 80), subadult males (mean:
2.4� 0.52 kg, range: 1.5–3.2 kg, n= 9), or subadult females
(mean: 2.1� 0.17 kg, range: 1.8–2.3 kg, n= 8) between
disturbance or forest type. Body mass of eastern quolls did not
vary across sites. Female and male eastern quoll body mass
averaged 0.9� 0.04 kg and 1.4� 0.04 kg, respectively, across
sites and ranged from 0.7–1.2 kg (n= 14) for females and
1.0–1.9 kg (n= 30) for males. In bettongs and potoroos, male
body mass did not vary across sites. Mean body mass of male
bettongs was 2.0� 0.04 kg, ranging from 1.7 to 2.6 kg (n = 37),
whereas that of male potoroos was 1.9� 0.07 kg, ranging from
1.4 to 2.3 kg (n= 22).

Habitat diversity index, structural complexity,
and site ordination

Control sites contained a significantly higher percentage of
mature forest (Table 2) in the core (mean: 96.7� 3.28%,
range: 83.6–100.0%) than in disturbed sites (mean:
17.5� 10.48%, range: 1.0–58.2%). Disturbed sites contained a
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Fig. 5. Percentage of the known population (minimumnumber alive (Krebs 1966)) of brushtail possums that
was captured per season in each study site. Error bars denote s.e.m. The percentage of the estimated population
that was captured is given in brackets above the error bars. The percentage of the known population that was
captured per season and the percentage of the estimated population that was capturedwere equivalent between
forest type anddisturbance.Note:WD1andWC1 (constrainedby site dimensions) had37 traps deployedwhile
all other sites had 67 traps.
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significantly high percentage of young forest in the core (mean:
82.1� 10.36%, range: 41.8–98.4%); control sites contained no
young forest in the core (Table 4).

Some habitat variables varied significantly according to either
forest type or disturbance history (Table 4). This was a reflection
of the differences in age and structure of the forest found at
particular sites. For example, significantly more hollow-bearing
trees were found in dry forest (mean: 21.5� 2.32 trees 0.25 ha–1,
range: 15–26 trees 0.25 ha–1) than inwet forest (mean: 8.0� 3.14
trees 0.25 ha–1, range: 3–16 trees 0.25 ha–1). Similarly,
significantly more hollow-bearing trees were found at control
sites (bothwet and dry) (mean: 18.5� 3.50 trees 0.25 ha–1, range:
10–26 trees 0.25 ha–1) than at disturbed sites (mean: 11.0� 4.90
trees 0.25 ha–1, range: 3–23 trees 0.25 ha–1). Also, a higher
percentage of understorey cover was recorded for the dry

forest sites, which is a reflection of the well documented
differences in floristic structure between dry and wet forest
(Kirkpatrick and Bowman 1982).

While the maximum canopy height in both disturbed and
control dry forest did not differ significantly (mean:
22.4� 3.25m and 22.6� 3.18m), the range of heights of the
dominantEucalyptus layer were lower in the disturbed than in the
control dry forest (range: 4.9–9.6m versus 12.5–22.5m). This
reflects the dominance of regenerating Eucalyptus in the
disturbed sites. Similarly, maximum canopy heights in wet
forest sites were similar, except for the clearfell site WD2
(description in Table 1) (32.5–38.8m versus 8.7m). Basal
area (a proxy for stand density) varied significantly according
to disturbance history, reflecting the thinning effect of
harvest: disturbed sites ranged from 9.0–15.5m2 ha–1 (mean:

(a)

(b)

Fig. 6. Nonparametric multidimensional scaling ordination of faunal community composition by study site (site-specific
species presence/absence and abundance (minimumnumber alive (Krebs 1966)): (a) cluster analysis indicates two distinct faunal
groups based on forest type; (b) MDS plot by site reflects two distinct faunal groups, verifying group assignments from cluster
analysis and similaritymatrix. Evenlydashed lines indicate grouping (indicatinggreater similarity) betweencontrol anddisturbed
sites in dry forest; the unevenly dashed line indicates an ‘outlier’ site.
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9.9� 3.62m2 ha–1) and control sites ranged from
12.6–34.7m2 ha–1 (mean: 23.2� 4.76m2 ha–1).

Although some individual habitat attributes varied
(Table 4), there was no significant difference in the habitat
complexity index between or within sites according to forest
type or disturbance. Habitat complexity indices averaged
47.4� 2.81 (range: 44.6–56.1) across sites; within site
variance of habitat complexity indices averaged 78.6� 15.5
(range: 21.1–95.5) across sites. Plant diversity indices
averaged 9.7� 0.62 (range: 6.6–12.0) across sites. Species
richness averaged 28.2� 3.20 (range: 15.0–46.0), and
evenness averaged 0.7� 0.03 (range: 0.6–0.8) across sites.
There were no significant differences in plant species diversity,
richness, or evenness between forest type or disturbance history.

Research sites were distinctly grouped by forest type, as
indicated by the ordination plot (Fig. 8). Furthermore, in wet
forest, the sites were separated in the ordination plot according to
disturbance: habitat floristics and structure were more similar

between the two disturbed sites (WD1 and WD2) and the two
control sites (WC1 andWC2) than between disturbed and control
sites. There was no such relationship in the dry forest. The low
stress level (0.02) indicates that this interpretation is reliable
(Clarke 1993).

Discussion

This study addressed how the characteristics of small to medium
mammal communities vary in relation to forest type and
disturbance history. Despite increasing global pressure on
forest habitats, such studies remain scarce. In particular, there
are few studies focussing on medium sized ground dwelling
mammals. Despite the low spatial and temporal replication,
this study provides some insight into the response of mammal
communities between four and eleven years following harvest
and the contribution of the matrix to recovery. Although core
habitat was altered during harvest, significant alteration in the

Fig. 7. Brushtail possum population composition (age class by sex) by disturbance history. Significant deviations from
parity in adult sex ratio are indicated by an asterisk.

Table 4. Summary of significant results of habitat variable data
Data were analysed by two-way analysis of variance (factors forest type and disturbance) on site means

Significant variable F1,4 P Description

Annual rainfall (mm) 98.81 <0.001 Higher in wet forest
Mature forest in core site (%) 44.90 0.003 Higher in control forest
Young forest in core site (%) 56.81 0.002 Higher in disturbed forest
Understorey cover (%)A 13.41 0.022 Higher in dry forest
Overstorey cover (%)A 8.25 0.045 Higher in control forest
Basal area (m2 ha–1) 7.44 0.048 Higher in control forest
Hollow-bearing trees 25.14 0.007 Higher in dry forest

(average number 0.25 ha–1)A 7.76 0.049 Higher in control forest
Tree hollows (average number 0.25 ha–1) 11.55 0.027 Higher in dry forest

AHabitat variables included in the complexity index.
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mammal community was not apparent four years after harvest.
We suggest that differences in resource availability between the
core sites were muted by the availability of habitat in the
surrounding forest (matrix), which buffered the impacts of
harvest on the mammalian fauna (see Brockerhoff et al. 2008).
This supports current ideas that where the matrix provides
suitable or even partially suitable habitat, a species will be
significantly less affected by habitat alteration at a site scale
than where the matrix is lacking in habitat value (Gascon et al.
1999; Lindenmayer and Franklin 2002; Brockerhoff et al. 2008).
A fruitful avenue of future research would be to examine
mammalian communities in disturbed sites across a gradation
of disturbance in the matrix, ranging from highly altered
landscapes (e.g. agriculture) to natural landscapes. It is also

important to consider the size and connectivity of patches of
mature or undisturbed forest in the landscape, as small patches
may not support genetically viable populations in the long term.
Patchy spatial arrangement of resources may disrupt gene flow
betweenpopulations (via restricted immigration) andalter genetic
population structure (through genetic drift and inbreeding),
particularly if populations become isolated (Lacy 1997; Gibbs
2001).

Mammal community composition, although not diversity or
richness, varied between forest types, reflecting the ecologically
distinct nature of wet and dryEucalyptus forests (Kirkpatrick and
Bowman 1982) (as illustrated in Fig. 8). The difference in
community composition cannot be explained by differences in
species ranges, given that all are widespread throughout

(a)

(b)

Fig. 8. Nonparametric multidimensional scaling ordination of habitat by study site (site-specific species presence/absence,
diversity indices, and structure indices): (a) cluster analysis indicates that habitat varies distinctly between forest type; (b) MDS
plot by site reflects two distinct groups of habitat, verifying group assignments from cluster analysis and similaritymatrix. Evenly
dashed lines indicate grouping (greater similarity) between control and disturbed sites in wet forest.
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Tasmania. Species found in each broad forest type were those
expected from previous studies (Hocking and Guiler 1983; Rose
1986; Rounsevell et al. 1991; Taylor 1993; Johnson andMcIlwee
1997; Jones and Barmuta 2000; Jones and Rose 2001), with the
exception of potoroos, forwhich the preferred habitat is generally
wet, dense vegetation (Kershaw 1971; Bennett 1993; Johnson
1995; Claridge et al. 1999). In this study, both bettongs and
potorooswere found exclusively in dry forest andbrown ratswere
found exclusively inwet forest.Although brushtail possumswere
the only species captured at all sites, pademelons, eastern quolls,
spotted-tailed quolls, southern brownbandicoots, echidnas, long-
tailed mice, swamp rats, black rats, and housemice were found in
both forest types.

We found no evidence of a significant effect of logging
between four and eleven years previously at a site scale on the
small to medium mammal community in either dry or wet
Eucalyptus forest. This is concordant with previous studies,
which suggest that ground dwelling mammal populations
initially decrease after logging (via a habitat shift or
emigration) and recolonise relatively quickly (Cork and
Catling 1996; Ferron et al. 1998; Moses and Boutin 2001).
The response of individual species to disturbance, however,
depends on the intensity and degree to which the habitat
(refuge, nesting, and foraging areas) on which they rely is
altered (Kavanagh and Stanton 2005). Mammals dependent on
the forest canopy (including arboreal marsupials) typically
experience much slower population recovery as they need
slow-forming habitat components such as elements of mature
forest and tree hollows (Tyndale-Biscoe and Smith 1969;
Tyndale-Biscoe and Calaby 1975; Cork and Catling 1996;
Laurance 1996; Alexander et al. 2002). Although there were
some differences in our study in individual habitat variables (e.g.
canopy cover and number of hollow-bearing trees that would
affect brushtail possums), overall habitat complexity relevant to
the small to medium ground dwelling mammals (e.g. log
abundance, basal area, and percentage of rock cover) in this
study did not differ sufficiently between disturbance or forest
type to elicit a population response. The higher abundance of
some species observed in this study in disturbed areas is most
likely attributable to changes in food availability or foraging
habitat resulting from disturbance rather than changes to
refuge habitat. An increase in the number of individuals in
an area following disturbance from harvesting and wildfire
has also been found in other studies (Lambin 1994; Evans
2001; Kavanagh and Stanton 2005) and have been attributed
to increased food availability, such as insects, fungi, and
highly nutritious Eucalyptus regrowth (Hocking 1981;
Driessen et al. 1991; Catling and Burt 1995; Vernes and
Haydon 2001).

The only species for which abundance was significantly
lower in disturbed sites was the brushtail possum. When food
supply is adequate, structural components of the habitat
interact to determine habitat quality for arboreal marsupials
(Pausas et al. 1995; Cork and Catling 1996). Tree hollows are
of particular significance because they develop slowly, taking
140 years in Tasmania (Koch et al. 2008a), and are in high
demand bymany vertebrate species (42 in Tasmania) (Koch et al.
2008b). In this study, significantly fewer hollow-bearing trees
were present in wet compared with dry forest and in disturbed

compared with control forest. This could limit the number of
possums, particularly breeding females, that the habitat will
support (Koch et al. 2008b), resulting in smaller populations.
A recent study of the use of hollow-bearing trees by fauna in two
of the sites (DD1 and DC1) found that brushtail possums,
particularly adult females, preferred to den in hollows found in
intact mature forest areas surrounding the logged area rather than
hollows in trees retained within the harvested area (Cawthen
2007). However, brushtail possums began to use retained tree
hollows 10–17 years post-harvest, when forest structure
regenerated around them (Cawthen 2007; Cawthen et al.
unpubl. data).

Disturbance is known to influence foraging and denning
behaviour by animals in a landscape context (Johns 1986;
Thiollay 1992). A change in such behaviours may be why
mammal community composition did not change with
disturbance and mammal species were able to persist after
disturbance in this study. For example, using radio tracking,
Cawthen (2007) found that possums foraged and denned
throughout the mature forest of the core and matrix of the
control forest. However, in the disturbed site 95% of dens
were located in the mature forest matrix surrounding the site,
despite the availability of apparently suitable hollow-bearing
trees, albeit without the context of surrounding habitat
structure, within the core. Extensive trapping of these
individuals throughout the core site (E. Flynn pers. obs.)
demonstrated that brushtail possums were still using this
habitat. While brushtail possums were no longer denning in
the core of the harvested sites, they continued to forage there.
A similar pattern of habitat use has been reported in bettongs,
which moved long distances to nest in unburnt habitat bordering
burnt areas, yet returned to the burnt area to forage at night due to
increased fungi abundance in response to fire (Vernes and
Haydon 2001).

Inmammals, female abundance is commonly resource limited
whereas males are female limited (Clutton-Brock and Harvey
1978). In the brushtail possums in this study, more individual
females bred (producing more offspring) in control than in
disturbed forest, and sex ratios were male biased in disturbed
forest. This suggests that the disturbed areas were deficient in a
necessary habitat requirement for breeding females. Disrupted
sex ratios inmammals are reported in the literature as a response to
forest disturbance, most likely resulting from intraspecific
competition in relation to resource availability (Clark 1978;
Silk 1983; Cockburn et al. 1985; Martin et al. 2007). Brushtail
possum social organisation is matriarchal (Jolly and Spurr 1996),
and females require and claim the best dens for rearing young
(Gibbons and Lindenmayer 2002). Males are able to utilise more
marginal den sites (Cawthen 2007), as is evident by the range of
structures that male brushtail possums are reported to exploit
(Green 1982; Munks et al. 2004; Cawthen 2007). This study
suggests that hollow-bearing trees are the resource motivating
population level responses in brushtail possums. We believe
the availability of hollow-bearing trees is an important factor
influencing brushtail possum population size and demographics,
and is worth further examination. The opposite effect may be
seen in the female biased sex ratio observed in bettongs at site
DD2, attributable to a resource in high abundance (i.e. food
abundance, particularly fungi, which comprise >80% of their
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diet (Johnson 1994b)). Bettong abundance is dependent on
vegetation patterns (open forest and sparse ground vegetation),
thought to be related to abundance of hypogeous mycorrhizal
fungi (Johnson 1994a). Female bettongs eat significantly more
(1–28%) fungi than males and are consequently able to increase
their metabolism, providing them with a surplus of energy for
reproduction that also accelerates growth of pouch young
(Johnson 1994b).

This study demonstrates that, for the small to medium
mammals in Tasmania, species occurrence, and thus
community composition, is driven primarily by forest type.
Abundance of individual species within broad forest types
may be influenced by changes to the physical structure of
vegetation resulting from disturbance and associated changes
to food and refuge availability. The anticipated difference
in community composition as a result of harvesting was not
evident between four and eleven years post-harvest. This may be
because foraging habitat, although altered, was not lost, and
because the surrounding forest matrix provided the required
refuge habitat for denning and daytime shelter. Landscape
scale habitat availability was deemed equivalent across sites
and appeared to mitigate the effects of harvest in the disturbed
areas. These results emphasise the importance of retaining
networks of mature habitat around harvested sites in
production forest landscapes in order to maintain habitat and
ensure the presence in, and eventual recolonisation of, the area by
breeding animals.
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