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Studies of vertebrate fauna were conducted at 92 sites in the Green Triangle region of south-
eastern South Australia and south-western Victoria in 2006 and 2007. Thirteen sites were in 
cleared farmland, 27 in pine plantations, 22 in blue gum plantations and 30 in native forest. Totals 
of 105 bird species (100 native and 5 introduced), 11 bat species (all native) and 16 other wild 
mammal species (11 native and 5 introduced) were recorded. Reptiles (2 species) and frogs (5 
species) were recorded incidentally. 

Total birds and forest or woodland birds (assessed by timed area-searches) were more abundant in 
native forest than the other three habitats, somewhat more abundant in blue gum plantations than 
pine plantations, and substantially more abundant in any plantations than in cleared farmland. 
Open-country birds were most common in farmland, and least common in blue gum plantations. 
Canopy-foraging insectivores were as common in blue gum plantations as in native forest, but 
scarce in pine plantations. Nectarivores were more common in native forest than blue gum 
plantations and rare in pines or farmland. Two seed-eating species (yellow-tailed black-cockatoo 
Calyptorhunchus funereus and the introduced European goldfinch Carduelis carduelis) were more 
common in pines than the other habitats. Bark-foraging insectivores were not recorded from blue 
gum plantations. They were scarce in pine plantations (observed only in an older stand) and 
common in native forest. Insectivores that feed from shrubs, damp ground or open ground among 
trees were represented in varying numbers in plantations and native forest. Introduced birds 
constituted 20-25% of the bird community in farmland and pine plantations and 1-2% in blue gum 
plantations and native forest.  

Bat activity levels (recorded by ultrasonic detection) were similar in farmland, pines and blue 
gums and generally higher in native forest. The greatest bat activity at a single site was in a blue 
gum plantation where the detector was placed next to a large retained eucalypt.  

Four species of arboreal mammal were recorded in native forest and just one of them (common 
ringtail possum Pseudocheirus peregrinus) was recorded occasionally in pine plantations. Several 
other species of native mammal were recorded in native forest but appeared scarce in plantations.  

This study shows that plantations provide more habitat for native birds than cleared farmland, but 
less than native forest. Blue gum plantations provide habitat for more species than pine plantations 
(notably canopy-feeding insectivores and nectarivores), but pines offer an important food resource 
for yellow-tailed black-cockatoos and habitat for some locally notable species such as Bassian 
thrush Zoothera lunulata and olive whistler Pachycephala olivacea. Other notable species in 
plantations included painted button-quail Turnix varius (in blue gums) and forest raven Corvus 
tasmanicus (in blue gums and pines). Plantations are also used by a range of native mammals 
(especially macropods and bats) but their value to these species was not as marked as in previous 
studies in smaller plantations. 
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This report describes results from a study of fauna in eucalypt and pine plantations, commissioned 
by the Green Triangle Regional Plantation Committee and conducted by staff from the Arthur 
Rylah Institute for Environmental Research.  

The Green Triangle region encompasses the south-eastern corner of South Australia and the 
adjacent south-western corner of Victoria. The region has a mild temperate climate, strongly 
influenced by its coastal location. It has fertile soils and has become renowned for primary 
production, including agriculture, fisheries and forestry. Its agriculture is varied and the region has 
become famous for viticulture as well as production of sheep, cattle, dairy products and a wide 
range of crops. Many native forests were cleared for agriculture in the early days of European 
settlement. Remaining stands of native forest have supported a small-scale timber industry, but the 
economic value of the industry increased greatly with the establishment of tree plantations in the 
1960s. The first plantations were exotic Monterey pine Pinus radiata and more recently eucalypts, 
of a species (blue gum Eucalyptus globulus) that is native to south-eastern Australia but not to this 
region. Plantations of both species now cover extensive areas and are often a dominant feature of 
the landscape. Pine plantations were established on public and private land in both states, but in 
Victoria they are now all managed by private companies and new pine and eucalypt plantations are 
established exclusively on private land. South Australia continues to establish and manage 
plantations on both public and private land.. 

Many planning issues arise in the establishment and management of plantations, wherever this is 
done. Plantations can contribute to major processes such as carbon sequestration and climate 
change; social and economic changes in the local community; and visual, hydrological and 
ecological changes in the rural landscape. In areas where native forest has been greatly reduced by 
clearing for agriculture, it might be expected that tree plantations will help restore some of the 
ecological function and habitat features that have been depleted. But few studies have been 
undertaken to assess the extent to which this is true or to determine which flora and fauna species 
do or do not benefit. This information is required to inform public policy in relation to planning 
processes and tax incentives for plantation establishment. Several recent studies have examined 
fauna in eucalypt plantations elsewhere in Australia (Law and Chidel 2002 & 2006, Hobbs et al. 
2003, Kavanagh et al. 2007, Loyn et al. 2007) and other studies examined pine plantations 
(Suckling et al. 1976), but very few have compared eucalypt and pine plantations: a short study in 
Gippsland (south-eastern Victoria) is one exception (Rossi 2003). 

The present study was designed to help address these questions for the Green Triangle region, with 
particular reference to the value of plantations as habitat for vertebrate wildlife. It follows on and 
forms part of a broader study funded by the Joint Venture Agroforestry Program (JVAP), some 
results of which have been published (Loyn et al. 2007). This report presents results from the work 
in the Green Triangle region.  
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Sites were selected in four main habitats: cleared farmland or pasture; pine plantations; blue gum 
plantations; and remaining native forest. Hence plantations were assessed against dual benchmarks 
of cleared farmland (of the sort where any new plantations are likely to be established) and native 
forest (of the sort which probably covered sites now used for plantations). A total of 92 sites were 
surveyed: 13 in cleared farmland; 27 in pine plantations; 22 in blue gum plantations; and 30 in 
native forest (Figure 1). Some additional sites were surveyed in other habitats such as revegetation, 
but are not included in the current report. Sites were equally distributed between the two states, but 
more pine plantations were studied in South Australia than Victoria, and vice versa for blue gum 
plantations. This reflects their relative distributions in the two states. All plantation sites were at 
least 4 years old when surveyed (except for one 3-year blue gum site), and some pine plantation 
sites were as old as 33 years. Blue gum sites were generally younger (mean 6 years, range 2-13 
years) than pine sites (mean 14 years, range 4-33 years) because planned rotations are shorter for 
blue gum than pine (typically 10-12 years for blue gum) and many blue gum plantations have only 
been established in recent years. Eleven pine sites and 18 blue gum sites were aged 4-9 years when 
surveyed. .  

Stratified random sampling was used to select the sites, based on the four main habitats listed 
above with the constraint that they should be accessible by track and in properties for which we 
had permission to work. Stand age was also considered, with the aim of selecting sites in blue gum 
and pine plantations of comparable age (4-9 years) as well as some sites in older pine plantations.   
Distance from other habitat was another element used in the stratification for plantation sites. 
Some survey sites were in plantations close to the edge of native forest whilst others were far from 
any other type of habitat. Where practical, clusters of sites were selected within a few kilometres 
of each other, so that three or four habitats were represented in the cluster on similar soil and 
landform. 

Various survey methods were used for different groups of fauna and standard data on habitat were 
collected at each site. All methods were based on standard survey units (e.g. timed area-searches 
for birds). This allowed direct comparisons of relative abundance between groups of sites, even 
when those groups contained unequal numbers of sites, as the relationship between number of 
individuals and number of surveys is expected to be linear. Thus numbers of individual animals 
per standard search could be compared between various groups of sites (sometimes numbers per 
ten searches were used to give more convenient numbers for tabulation). Similar comparisons 
could be done with numbers of species observed per standard search, but these figures could not be 
bulked up to larger numbers of surveys as the number of species would not be a linear function of 
survey effort (because the rate of adding new species would decline as the species list grew).  
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A standard timed area-search (modified from Loyn 1986) was used for diurnal birds and other 
species that can be found by day. An observer walked slowly through an area of 1 ha for 10 
minutes, recording the number of all birds seen or heard on the site by species. Off-site birds were 
recorded separately. Signs such as feathers, scats or diggings made by mammals were also 
recorded, and scored arbitrarily as 0.3 individuals in subsequent analysis. 

Search areas were generally long and thin (200 m ´  50 m) to account for restricted visibility 
especially in dense young plantations. Square search areas of 100m x 100m were used in some 
open forest or farmland sites. Previous work has shown that results are not greatly affected by 
shape of search area, or by density of vegetation, as most observations are by sound rather than 
sight (R. Loyn, unpublished data). 

Searches were made at each site in spring-summer 2006/07. Searches were also made at 
approximately half the sites in winter 2006 and at the remaining sites in winter 2007.  

To help summarise the data, all bird species were assigned to guilds as in previous work (Loyn et 
al. 2007). The guilds related to habitat use (forest or woodland birds vs. open-country birds), 
feeding, nesting, migration and status (see key to Appendix 1). Mean abundances were then 
summed for each guild. Further analysis is planned to consider variables such as stand age and 
other on-site habitat features as well as context variables such as distance from native forest or 
cleared farmland.  
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Night-time searches were made on the same sites. These searches were similar to the day-time 
searches. An observer walked slowly through the site, searching for mammals in trees or on the 
ground using a hand-held spotlight. All animals seen or heard were tallied by species within 10 
minutes. All mammals, birds, frogs or other vertebrates seen or heard were recorded, by species 
where possible. Small bats were recorded but not identified to species level. Most night-time 
searches were made in winter 2007, and few bats were active at that season. More useful data on 
bats were obtained by ultrasonic detection in warmer months as described in the next section.  

To supplement the spotlighting surveys, owl playback surveys were conducted at a subset of 20 
sites (5 in pine plantations, 4 in blue gum plantations and 11 in remnant native forest). Calls of owl 
species were broadcast in sequence with short listening periods after each species. All owls or 
other species seen or heard were recorded by species.  

��(  )��
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Bats were studied using ultrasonic bat detectors. These were placed at a subset of 33 sites for two 
nights each. The 33 sites comprised 5 in cleared farmland, 9 in pine plantations, 13 in blue gum 
plantations and 6 in remnant native forest. A total of 22 sites were in Victoria and 11 in South 
Australia. Calls were analysed using the automated bat analysis program, AnaScheme, with 
subsequent targeted manual checking. For three sites, data were only available for one of the two 
nights. Generally, detectors were placed in the middle of each site. On one site (GT93, blue gum 
plantation) ultrasonic recorders were placed in the middle of the site and also next to one of two 
large retained old eucalypts (Scent-bark Eucalyptus aromaphloia) among the blue gums (Figure 
2). The retained tree was considered as a distinct 34th site.  
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Species observed during the study are shown in Appendix 1. Nomenclature follows Christidis and 
Boles (2008) for birds and Menkhorst (1995) for mammals. 
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Altogether 105 bird species (100 native and 5 introduced) were recorded. Of these, 72 species 
were observed on-site during formal counts. The mean abundances (number of individual birds 
counted per 10 standard searches) are listed for the four main habitats in Table 1.  

(��  .��	������	����
Total birds and forest or woodland birds were more abundant in native forest than in the other 
three habitats, based on mean values (Tables 1 & 2). These groups were somewhat more abundant 
in blue gum plantations than pine plantations, and substantially more abundant in any plantations 
than in cleared farmland. Hence many of these bird species appear to have benefited from 
plantation establishment in the previously cleared landscape. This pattern was shown by many of 
the constituent species and feeding guilds (Tables 1 & 2). Open-country birds, however, showed a 
different pattern. They were most common in cleared farmland and least common in blue gum 
plantations (Table 2). Open-country birds were more common in native forest than plantations.  
Many open-country species need tree cover for roosting or nesting, despite feeding far into open 
farmland. Their apparent preference for native forest, rather than plantations, may relate to the fact 
that many native forest sites bordered directly on farmland, whereas many of the plantation sites 
were deliberately selected to be far from other habitats.  

(�(  ����	�����	����
Some interesting contrasts emerged when feeding guilds were compared between pine and blue 
gum plantations (Table 2). Nectarivores were rare in pine plantations (reflecting the obvious lack 
of nectar), common in blue gum plantations and much more common again in native forest. 
Numbers increased greatly at some sites in winter when flocks of honeyeaters (mainly white-naped 
honeyeaters Melithreptus lunatus) and lorikeets (mainly musk lorikeets Glossopsitta concinna) 
congregated at flowering swamp gums Eucalyptus ovata at certain sites.  

Canopy foraging insectivores were very common in blue gum plantations, almost as common as in 
native forest. This guild was very scarce in pine plantations, reflecting their adaptations for 
gleaning insects specifically from broad leaves such as those of the eucalypts. Insectivores that 
feed from tall shrubs were equally common in blue gum and pine plantations. In both these 
habitats they were using the young trees in the same manner that they use tall shrubs elsewhere.  

Insectivores that feed from damp ground below cover were more common in pine than blue gum 
plantations. This was mainly due to numbers of one species, the white-browed scrubwren 
Sericornis frontalis (Table 1), but several other species showed the same trend. Bassian thrushes 
Zoothera lunulata were found only in pines, and local observers report that this species is widely 
distributed in pine plantations (Bryan Haywood, pers. comm.). An olive whistler Pachycephala 
olivacea was found calling in a young pine plantation: the species is represented in the Green 
Triangle by a locally endemic subspecies P.o. fulvus (Schodde and Mason 1999), which occurs 
mainly in dense tall heathland from south-western Victoria to Kalangadoo, Nora Creina and 
formerly the Coorong in South Australia (Higgins and Peter 2002). The species has been found to 
favour young pines elsewhere in eastern Australia (Higgins and Peter 2002). Another species in 
this group, the eastern yellow robin Eopsaltria australis, was found in pine plantations but in 
surprisingly low numbers. Elsewhere in south-eastern Australia, this species can be common in 
pine plantations (Suckling et al. 1976). Insectivores that feed from open ground among trees 
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tended to be more common in pine than blue gum plantations despite previous observations that 
this guild does well in some eucalypt plantations (and pines) elsewhere in south-eastern Australia 
(Loyn et al. 2007; Kavanagh et al. 2007).  

Bark-foraging insectivores were extremely scarce in pine and blue gum plantations and only 
common in native forest. White-throated treecreepers Cormobates leucophaea (Figure 3) were 
recorded in very low numbers in older pine plantations, though not on formal study sites. This 
accords with observations elsewhere which show that treecreepers are virtually absent from 
eucalypt plantations (Loyn et al. 2007; Kavanagh et al. 2007) and more likely to be found in pine 
plantations, where they may occur as resident breeding species, albeit in low numbers (Suckling et 
al. 1976). 
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Seed-eaters were more common in pine than blue gum plantations (Table 2). This was driven 
mainly by two species, the native yellow-tailed black-cockatoo and the introduced European 
goldfinch (Table 1). These two species showed contrasting seasonal patterns. Yellow-tailed black-
cockatoos were substantially more common in pine plantations in winter than in spring-summer 
(when just a few remained). Presumably a large part of the population moves elsewhere to breed, 
perhaps in native forest hundreds of kilometres away. Pine cones have become a very substantial 
and attractive food source for this species, especially in winter. European goldfinches were 
common in pine plantations in summer and virtually absent in winter when numbers increased 
greatly in cleared farmland. This species usually feeds on seeds of Compositae (especially 
introduced thistles) close to ground level. But in pine plantations they were often seen high in the 
canopy, apparently feeding on seed from pine cones that had opened naturally (or perhaps those 
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that had been opened by the small summering population of yellow-tailed black-cockatoos or other 
parrots). Unlike the black-cockatoos, European goldfinches would lack the strength to open the 
cones themselves.  

Carnivores were similarly common in all habitats (Table 2). One species in the group, the forest 
raven Corvus tasmanicus, was more numerous in plantations than native forest. On one occasion a 
flock of forest ravens was observed chewing at pine cones in the tops of tall pines (perhaps an old 
farm site) among blue gum plantations. It could not be determined whether they were eating the 
seeds or other potential food such as insect larvae. This species has a restricted distribution in 
coastal areas of mainland south-eastern Australia (Emison et al. 1987; Barrett et al. 2003), 
although it is the common and sole crow species in Tasmania. 

(�1  '���	�����	����
Hollow nesters were more common in native forest than plantations (Table 2), although wide-
ranging parrots and cockatoos were well represented in plantations, especially in winter when they 
were not breeding and hence did not need hollows (Table 3). Birds that nest in small hollows were 
extremely scarce in pine or blue gum plantations. The most common species in the guild, the 
white-throated treecreeper, needs hollows for roosting as well as nesting and so may be precluded 
from moving far from a source of suitable hollows at any time of year. 

(�2  �	�
��	�����	����
Summer migrants were poorly represented in plantations (Table 2). They made up a surprisingly 
low proportion of the bird community in any habitat (up to ~2% in cleared farmland or native 
forest) compared with data from studies closer to the Great Dividing Range. Note that grey fantails 
Rhipidura albiscapa were not classed as summer migrants, because many remain over winter, but 
they did show a strong seasonal pattern (more in summer than winter) and were reasonably 
common in plantations as well as native forest. 

(�3  ���������	����
Introduced birds formed 23.1% of the bird community in cleared farmland, 18.6% in pine 
plantations, 1.7% in blue gum plantations and 1.3% in native forest (Table 2). European 
goldfinches and common blackbirds Turdus merula were the main species represented in 
plantations. 

(�4  ��������� ����
���
There was remarkable similarity between spring-summer and winter abundance of most species 
and guilds, more than expected from other studies closer to the Great Dividing Range (Loyn 
1985). Some notable (and expected) seasonal patterns included a winter influx of yellow-tailed 
black-cockatoos to pine plantations, and a spring-summer influx of grey fantails to all habitats 
(Table 3). Seasonal movements between habitats within the region were observed in some cases, 
as with European goldfinches (discussed under seed-eaters above). 

(�5  ���	!	������ ��	���
Many species followed the patterns suggested by their feeding guilds (Appendix 1). Some, such as 
the grey shrike-thrush Colluricincla harmonica and brown thornbill Acanthiza pusilla (Figure 4), 
appeared equally common in the three treed habitats (pine, blue gum, or native forest). This also 
applied to some less common species, such as the emu Dromaius novaehollandiae (based mainly 
on signs such as scats in that case).  

Twice as many bird species were found in native forest as in any of the other three habitats 
combined (Table 1), and it seems that some species present in native forest were making little use 
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of plantations or cleared farmland. Of the 72 species observed on-site during formal counts in this 
study, 64 species were observed in native forest, 35 species in plantations (28 in pine, 26 in blue 
gum) and 18 species in cleared farmland. These comparisons are not precise because they are 
based on different numbers of sites and surveys (65 surveys in native forest, 54 in blue gum 
plantations, 71 in pine plantations and 28 in farmland) and numbers of species are expected to 
increase with survey effort (in a non-linear fashion). Nevertheless, the same trends emerged with 
data on numbers of species per count (Table 2), with native forest being more diverse than 
plantations, and plantations being more diverse than farmland.  
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Just one species (the introduced Eurasian skylark Alauda arvensis) was recorded only on farmland 
sites. A group of four bird species were recorded in both farmland and native forest sites, but not 
in plantations during this study: eastern rosella Platycercus eximius, laughing kookaburra Dacelo 
novaehollandiae, tree martin Petrochelidon nigricans and little raven Corvus mellori. The 
introduced common starling Sturnus vulgaris was also found mainly in farmland and remnant 
forest, though a few were also seen in pine plantations. 

Several species were recorded in plantation sites but not in native forest sites, though most are 
known to use native forest elsewhere in the region, and were sometimes observed in native forest 
during the study (but not on-site during formal searches).. One of these species (magpie-lark 
Grallina cyanoleuca) is an open-country bird, which happened to be recorded on the edge of a 
pine plantation site: it is generally associated with remnant vegetation in farmland or towns. 
Scarlet robins Petroica boodang (Figure 5) were found in both pine and blue gum plantations, and 
were also observed off-site in native forest. White-winged choughs were also recorded in both pine 
and blue gum plantations. A group with dependent young was found to be resident in a 30-year 
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pine plantation with just a few native forest remnants nearby, and another group was found off-site 
in a blue gum plantation, foraging from the ground among the blue gums and taking refuge in an 
adjacent strip of remnant forest. Both species favour drier forest types (Emison et al. 1987), and 
forage from open ground among trees. Three species were recorded only in pine plantation sites 
and not in blue gum plantations or native forest sites during this study. They were yellow-tailed 
black-cockatoo (though some were seen off-site in native forest), olive whistler (in a 4-year pine 
plantation) and Bassian thrush. These species generally inhabit wetter types of forest than most of 
the remnant forest in this region (Emison et al. 1987).  

�	��
��2�����
����
��	�����
��
�����	������� 	����� ����������� ������	����*���������0&�+,�

 

Two species were observed only in blue gum plantations, in very small numbers. A painted button-
quail Turnix varius was flushed from one site and “platelets” (made by this species while 
searching for food in the soil and litter layers) were found there and at a nearby site. Common 
bronzewings Phaps chalcoptera (Figure 6) were also found in a blue gum plantation site, and 
others were seen off-site in various habitats. These two granivorous species share a preference for 
dry open forest (Emison et al. 1987), in common with the insectivorous scarlet robin and white-
winged chough discussed above. Another species with a similar preference for dry open forest, the 
white-throated nightjar Eurostopodus mystacalis (a nocturnal insectivore), was recorded by local 
observers in October 2007, and is discussed below under nocturnal birds.  

Several of the species mentioned in the two preceding paragraphs may have benefited from 
plantation establishment in the Green Triangle. Indeed, most forest bird species were more 
common in plantations than farmland, and will therefore have benefited from plantation 
establishment on previously cleared land. Notable examples include emu (which is scarce in many 
settled parts of Victoria, Emison et al. 1987) and forest raven Corvus tasmanicus (which has a 
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localised distribution in mainland Australia, Barrett et al. 2003). Conversely, open-country species 
may have been disadvantaged. 

Altogether 32 bird species were observed in native forest but not in plantations during this study.  
Some of them are known to make substantial use of plantations elsewhere in south-eastern 
Australia, and some have been seen by the authors in local plantations during subsequent work 
(e.g. buff-rumped thornbill Acanthiza reguloides). But many of them (e.g. some of the 
honeyeaters, and localised species such as rufous bristlebird Dasyornis broadbenti) have 
specialised requirements that may always be met best in remaining native forest. This highlights 
the importance of retaining patches of native forest in the plantation estate and in the region more 
broadly. Further studies are proposed to focus on patches of remnant vegetation to assess the 
extent to which plantations may contribute to protecting them from the adverse factors that often 
reduce their value when they stand as small isolated patches in cleared farmland (Loyn 1987; 
Barrett et al. 1994; MacHunter et al. 2006). Potentially, this may be one of the main beneficial 
influences of plantations in contributing to regional biodiversity conservation goals. 
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Three species of owl (southern boobook Ninox novaeseelandiae (Figure 7), powerful owl Ninox 
strenua and masked owl Tyto novaehollandiae) were observed during the study, all in remnant 
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native forest. Southern boobooks were also observed during call playback in pine and blue gum 
plantations and one was found roosting by day in a blue gum plantation. Tawny frogmouths 
Podargus strigoides were observed occasionally in native forest. Australian owlet-nightjars 
Aegotheles cristatus are known to occur in the region, but were not observed during this set of 
surveys. Another nocturnal species, white-throated nightjar, was recorded by local observers, with 
two birds calling from an extensive blue gum plantation south-east of Mount Gambier in South 
Australia in October 2007 (Haywood and Green in press). One bird was seen close to native forest 
but the other was calling ~500m into the plantation. This represents the first record of the species 
for South Australia, and the authors suggest that their apparent range expansion (of >250 km) may 
have been assisted by plantation establishment in the Green Triangle.  
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(��9  :����
Eleven native bat species were detected by ultrasonic detectors during this study (Table 6). Bat 
activity was quite similar in cleared farmland, pine plantations and blue gum plantations. This 
contrasts with previous studies where bat activity was much lower in open farmland than in 
commercial plantations (Loyn et al. 2008) or older amenity plantings (Law and Chidel 2006). In 
the present study, bat activity was much higher in native forest than in other habitats. The highest 
level of activity was recorded where a detector was placed next to one of two retained old 
eucalypts (Scent-bark) in a blue gum plantation (see Figure 8). Bats were recorded at that site for a 
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prolonged period during the night, suggesting that they were feeding around the tree and not just 
using it as a source of hollows for roosting.  

Activity of little forest bats Vespadelus vulturnus was higher in native forest than other habitats. 
This was also the species most commonly found in blue gum plantations away from the large 
retained tree. Southern forest bats Vespadelus regulus were recorded mainly in native forest. They 
were also the most common species identified at the site with the two large retained trees in a blue 
gum plantation. Eighty-six percent of calls identified at that site were either little forest bats or a 
species with similar calls (Table 6). The similarity of this site to native forest sites was remarkable, 
as it was 16 km from substantial blocks of remnant native forest. Eastern false pipistrelles 
Falsistrellus tasmaniensis and common bent-wing bats Miniopterus schreibersii oceanensis were 
more prevalent in cleared farmland and pine plantations than other habitats and were not observed 
in blue gum plantations. Southern freetail bats Mormopterus norfolkensis and large forest bats 
Vespadelus darlingtoni were found more often in cleared farmland than other habitats. However, 
most bat species were recorded at only a small number of sites, so little can be said about their 
specific habitat preferences. 
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Sixteen wild mammal species other than bats (11 native and 5 introduced) were observed during 
the study (Table 5). 

Common brushtail possums Trichosurus vulpecula, common ringtail possums Pseudocheirus 
peregrinus and koalas Phacolarctos cinereus were fairly common in remnant native forest. 
Common ringtail possums were also observed occasionally in pine plantations. Yellow-bellied 
gliders Petaurus australis were observed only in native forest (Table 5) and their feed-trees were 
found during day-time searches in native forest only (Table 1). Sugar gliders Petaurus breviceps 
were heard off-site in blue gum plantations, calling from nearby remnant native forest. No arboreal 
mammals were observed in blue gum plantations during this study.  

Signs of macropod activity were found in all habitats (farmland, pine and blue gum plantations and 
native forest, Table 1). Eastern grey kangaroos Macropus giganteus were most commonly 
observed at night in cleared farmland and remnant native forest (Table 5), though some were 
observed in blue gum plantations outside formal surveys. Small numbers of western grey 
kangaroos Macropus fuliginosus were also identified at inland sites in South Australia. Red-
necked wallabies Macropus rufogriseus were seen in native forest and pine plantations during day-
time surveys, and black wallabies Wallabia bicolor were seen in native forest.  More intensive 
night-time surveys or systematic counts of tracks and signs would be needed to provide a more 
definitive picture of their habitat use in the region, including their use of plantations. 

Signs of echidna Tachyglossus aculeatus were found only in native forest during this study (Table 
1). Signs of common wombat Vombatus ursinus were found in native forest and pine plantations 
(Table 1). 

Introduced European rabbits Oryctolagus cuniculus and brown hares Lepus capensis were seen in 
low numbers at night (Table 5), mainly in cleared farmland. Brown hares were occasionally seen 
by day in pine and blue gum plantations. Red foxes Vulpes vulpes, or their signs, were found in all 
four habitats. Sambar deer Cervus unicolor were observed off-site in a pine plantation, and two 
fallow deer Dama dama were observed off-site in farmland. Introduced mammals are often hunted 
or controlled as pests (as are some native species such as macropods, under permit) and this 
complicates interpreting observed distributions. 

Most native and introduced mammal species were found in low numbers, providing a limited 
picture of their habitat preferences. More intensive surveys using a range of techniques would be 
needed to provide a more definitive picture. Remote cameras have proved highly effective in 
recent work in eastern Victoria, and their use in subsequent work could prove rewarding. Other 
methods such as trapping would be needed to provide data on small mammals, which were not 
targeted as part of the current study. 

(���  -� �	��������

����
These groups were only recorded as incidental observations, and many more species would be 
found if systematic surveys were conducted for these groups. Such surveys are needed to provide 
information on their distribution and habitat use in the region. They would involve active timed 
searches for reptiles (in suitable warm weather, ~20-30oC) and call counts or playback surveys for 
frogs at appropriate seasons. 
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As in previous studies, this study shows that plantations support higher densities of forest fauna 
than open farmland and lower densities than native forest. Hence where plantations are established 
on open farmland, there will be net benefits for forest fauna. However, there are winners and losers 
at the level of taxonomic group or guild and benefits will vary depending on the tree species 
planted. In this study, the main beneficiaries were forest birds and a few native mammals (the 
latter mainly in pine plantations). There was less evidence of enhanced bat activity or arboreal 
mammal abundance than in recent studies elsewhere (e.g. in central-west Victoria near Ballarat). 
This may be partly because there is relatively little native forest remaining in the Green Triangle 
and many of the plantations are a long way from patches of native forest that provide essential 
habitat elements (e.g. hollows) for some forest species. The value of retained old trees was 
illustrated by the high bat activity at one site with retained old trees in a blue gum plantation, 
despite the distance of that site from remnant native forest.  

This study is one of the few to compare pines and eucalypts, and has shown some notable 
differences between the two types of plantation as habitat for birds. Introduced birds formed a 
substantial component of the bird fauna in pine plantations, similar to open farmland and much 
higher than in eucalypt plantations or native forest.  

More intensive studies would be needed to provide useful data on species that were only observed 
in small numbers during this study, including arboreal mammals. Additional survey methods 
would be needed to provide more comprehensive data on some taxonomic groups. For example, 
scat counts could be used to provide data on native and introduced herbivores (kangaroos, 
wallabies, deer, etc.). Combinations of trapping, hair-tubing and remote cameras could be used to 
provide data on small and medium-sized ground-dwelling mammals. Harp-trapping would be a 
useful adjunct to the use of ultrasonic calls for studying bats, providing more precise information 
about the species composition of the bat fauna. More intensive spotlighting surveys and use of call 
playback and hollow inspection could be used to give better data on arboreal mammals. Active 
timed searches are the most useful method for reptiles, but they present logistical challenges 
because they need to be done when ambient temperatures lie within a fairly narrow band (~20–
30°C). Standard call counts or playback could be useful for frogs. 

The highest priority for further research would be to address particular questions to help manage 
plantations in the broader landscape. A crucial question is to understand how plantations affect 
patches of embedded remnant native forest. Preliminary evidence indicates that plantations may 
help protect such patches from adverse factors that degrade their value as habitat for fauna when 
they are exposed in open farmland (as discussed by Loyn et al. 2007). This question of embedded 
remnants is already being examined through a second ARI project in the Green Triangle and a 
postgraduate project through the University of Melbourne and the CRC for Forestry.  

Other aspects of plantation design and management also need to be examined, including: 
plantation size; shape and species mix; rotation length; thinning or weeding practices; grazing; and 
use of pesticides or fertilisers. Evidence from New South Wales and north-east Victoria suggests 
that large plantations may be preferable (Kavanagh et al. 2007), whereas the current results 
suggest that it may be better to have intermixed systems of plantation and native forest. Some of 
these aspects may be addressed through proposed meta-analysis of data collected during the broad 
group of studies on fauna in plantations conducted by ARI for JVAP (Joint Venture Agroforestry 
Program). If definitive answers are needed specifically for the Green Triangle, it may be necessary 
to conduct targeted research on those aspects in that region. The most useful faunal subject groups 
for those studies would be birds, arboreal mammals and bats, as in the current study. It could also 
be useful to extend the work to cover plant species and selected functional groups of invertebrates. 
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