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Foreword 
The Joint Venture Agroforestry Program has commissioned a number of projects to develop 
guidelines on different aspects of agroforestry design and practice for farm advisers, catchment 
managers and landholders. The literature review that comprises this publication informed the third 
guideline in this series, Trees and Biodiversity: a guide for Australian farm forestry. The other 
guidelines published so far are Design Principles for Farm Forestry; Trees Water and Salt: an 
Australian guide to using trees for healthy catchments and productive farms; and Trees for Shelter: a 
guide to using windbreaks on Australian farms. 
 
This report is a review of the value for fauna (wildlife) of conifer and eucalypt plantations in Australia. 
It reviews and discusses available information on faunal use of plantations at the landscape and stand 
scales, as well as other issues for plantation management, including trade-offs between intensifying 
production and increased reservation, and the management of pest animals in plantations. The review 
showed that almost all research undertaken in Australian plantations, both in conifers and eucalypts, 
has highlighted the importance of landscape heterogeneity and stand structural complexity for fauna 
conservation. The review presents principles for maintaining wildlife in plantations that are applicable 
in Australia and elsewhere in the world. 
 
This review will be of interest and use to landholders, farm forestry advisors, and a wide Natural 
Resource Management (NRM) audience, including biologists, ecologists, catchment and plantation 
managers, policy makers and planners. 

This project was funded by the Joint Venture Agroforestry Program (JVAP), which is supported by 
three R&D Corporations – Rural Industries Research and Development Corporation (RIRDC), Land 
& Water Australia, and Forest and Wood Products Research and Development Corporation 
(FWPRDC), together with the Murray-Darling Basin Commission (MDBC). The R&D Corporations 
are funded principally by the Australian Government.  State and Australian Governments contribute 
funds to the MDBC. 

This report is a new addition to RIRDC’s diverse range of over 1600 research publications. It forms 
part of our Agroforestry and Farm Forestry R&D program, which aims to integrate sustainable and 
productive agroforestry within Australian farming systems. The JVAP, under this program, is 
managed by RIRDC. 

Most of our publications are available for viewing, downloading or purchasing online through our 
website: 
 downloads at www.rirdc.gov.au/fullreports/index.htm 
 purchases at www.rirdc.gov.au/eshop 

 
 
Peter O’Brien 
Managing Director 
Rural Industries Research and Development Corporation 

http://www.rirdc.gov.au/fullreports/index.htm
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Executive Summary 
 

What the report is about 
This report is a review of the value for fauna (wildlife) of conifer and eucalypt plantations in Australia. 
The report identifies the motivations for wildlife conservation in plantations and summarises published 
information up to 2003, on the biota of pine and eucalypt plantations. It reviews and discusses 
available information on faunal use of plantations at the landscape and stand scales as well as other 
issues and tensions for plantation management, including trade-offs between intensifying production 
and increased reservation, and the management of pest animals in plantations.  
 

Who is the report targeted at? 
This review will be of interest and use to a wide Natural Resource Management (NRM) audience. The 
comprehensive review of use of plantations by wildlife will prove valuable for biologists and 
ecologists. Catchment and plantation managers will benefit from the discussion of wildlife 
conservation issues at the landscape and stand scales. Policy makers and planners will find useful 
application for the planning and management principles. 
 
Although the review focuses on medium to large scale plantations (given the paucity of information 
available at the patch or farm scale), the key findings and general principles will also be useful for 
landholders and farm forestry advisors. 
 

Background 
Plantations of trees cover extensive parts of the earth’s surface. In almost all places where they have 
been established, production of large quantities of wood and fibre is the primary purpose (e.g. for 
timber and paper production). Indeed there is a global trend toward greater reliance on wood sourced 
from plantations, and an increasing emphasis on “industrialized” plantation forestry in the Southern 
Hemisphere. However, there can be important fauna conservation opportunities within plantations. 
 
We believe this review is important for several reasons. First, although a compendium of literature was 
assembled more than two decades ago, there has been no previous review of fauna conservation in 
Australian plantations. The use of plantations by wildlife is a question frequently asked by catchment 
managers, foresters and conservationists in Australia. Second, some of the general fauna conservation 
principles (rather than the specific details) identified in this review may be useful in the management 
of plantations elsewhere around the world. This is an important consideration given the substantial and 
rapidly increasing area of plantations worldwide. Moreover, species in the genera Pinus and 
Eucalyptus that are the focus of this review, comprise 20% and 10% of the world’s plantations 
respectively, with more than 20 million ha of plantation eucalypts occurring in almost 100 countries. 
 
There are five key reasons why wildlife conservation should be considered as part of plantation 
management:  
(1) The plantation estate in Australia is set to triple in the coming decades, and where new plantations 
are located and how they are managed will impact on the biota that currently exist in such landscapes. 
This is particularly critical in many semi-cleared former grazing landscapes where the establishment of 
new plantations is being focused. 
(2) The maintenance of some elements of the biota within plantations could have benefits for key 
ecosystem processes like pest control. 
(3) Although some species cannot be conserved in plantation-dominated landscapes, many species 
can be through the adoption of (sometimes minor) modifications to forest management. 
(4) The maintenance (or loss) of biota in plantations is relevant for moves toward ecological 
standards and the certification of plantations in many parts of the world. 
(5) Simple plantation forestry (sensu Kanowski, 1997) which has a narrow and intensive 
management focus on producing a forest crop for a limited array of purposes, may not meet societal 
demands for a range of outputs from plantations in addition to wood and pulp. It also may not be 
congruent with the principles of ecological sustainability. 
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Aims/Objectives 
The aim of this report is to review the published literature on fauna conservation in medium to large 
scale Australian pine and eucalypt plantations and present key findings and principles to inform 
better management of wildlife in plantations. This information has only been assembled once in 
Australia and not for over 20 years. As such, the review aims to address a significant knowledge gap 
by synthesising available data into a series of key findings and guiding principles for management. 
 
Methods used 
Over 140 papers on faunal use of Australian plantations were assembled and reviewed. The available 
information was assessed to: 
(1) identify motivations for wildlife conservation in plantations 
(2) describe the biota of pine and eucalypt plantations 
(3) summarise key issues at the landscape and stand scales 
(4) synthesise into principles for incorporating fauna conservation into plantation management. 
 
Results/Key findings 
Many studies of the biota of Australian conifer (Pinus) plantations have been completed in the past 30 
years. In comparison there have been far fewer investigations of eucalypt plantations. However the 
work completed to date has demonstrated that: 
(1) Although some species are rare or absent from plantations, these areas are not biological deserts.  
(2) The assemblage of native species that inhabit plantation landscapes will be different to that which 
occurs in landscapes dominated by large areas of grazing land.  
(3) Remnant native vegetation within the boundaries of plantations is valuable for many species of 
native animals ranging from invertebrates to mammals.  
(4) More species occur in parts of plantation landscapes that contain remnant vegetation than in 
plantation monocultures.  
(5) The size and shape of patches of remnant vegetation within plantations can have an important 
influence on which species can persist in such landscapes. However, even relatively small patches 
(including individual paddock trees) can be useful for some species of native fauna.  
(6) Stands of plantation trees adjacent to patches of remnant native vegetation support more species 
than more isolated stands of plantation trees.  
(7) Riparian areas can be particularly valuable for wildlife and may act as dispersal routes for some 
taxa.  
 
Our review showed that almost all research undertaken in Australian plantations, both in conifers and 
eucalypts, highlighted the importance of landscape heterogeneity and stand structural complexity for 
fauna conservation. At the landscape level, patches of retained native vegetation, strips of riparian 
vegetation, dams, open and clearing areas can significantly increase the number of native species that 
occur within plantations. Some species that occur in these areas can also use adjacent planted areas, a 
result common to conifer and eucalypt plantations. The spatial juxtaposition of stands of varying ages 
throughout plantation landscapes also can contribute to the maintenance of some populations of native 
taxa. At the stand level, structural complexity is also important for fauna with many species 
responding positively to the presence of native understorey plants, the presence of windrowed logs, 
and logging slash left on the forest floor. 
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Implications for relevant stakeholders 
The management of plantations to promote landscape heterogeneity, stand structural complexity and 
enhance the conservation of fauna will, in many cases, involve trade-offs that will impact upon wood 
and pulp production. The extent to which this occurs depend on the objectives of plantation 
management and how far they extend toward the complex plantation forestry model of Kanowski 
(1997) to incorporate social and environmental values in addition to wood and pulp production. It will 
also be linked with other initiatives linked to ecological sustainable uses of natural resources, such as 
certification. 

Recommendations 
We recommend that the principles for enhancing wildlife conservation in plantations, as outlined in 
this report, are considered in making management decisions.  General, landscape and stand level 
principles are provided.  In considering trade-offs between production and conservation, critical 
considerations are: where plantations are located, and the land cover they replace. Also, the pre-
existing conservation values of areas where new plantations might be established, warrant careful 
consideration. 
 
Plantations should not replace vegetation communities that have experienced substantial reduction and 
degradation since white settlement, such as native grasslands. In other cases, we believe that clearing 
native vegetation to establish plantations (e.g. as is presently occurring in Tasmania) is an 
inappropriate land use practice, given the known and well-documented negative ecological impacts of 
land clearing. Of particular concern are the highly productive parts of the north-west and north-east of 
Tasmania – areas that are important for some elements of the biota but which are already heavily 
fragmented by agriculture and existing plantations. 
 
We also recommend that researchers implement new studies to rigorously assess the effectiveness of 
codes of practice and highlight where they can be improved to better meet plantation estate objectives.  
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Introduction 
Plantations of trees cover extensive parts of the earth’s surface. The primary aim of plantations in 
almost all places where they have been established is the production of large quantities of wood and 
fibre (e.g. for timber and paper production) (Doughty, 2001; Wood et al., 2001); indeed there is a 
global trend toward a greater reliance on wood sourced from plantations (Food and Agriculture 
Organisation of the United Nations, 2001), with an increasing emphasis on “industrialized” 
plantation forestry in the Southern Hemisphere (Franklin, 2003). However, there can be important 
fauna conservation opportunities within plantations (Peterken and Ratcliffe, 1995; Moore and Allen, 
1999; Hartley, 2002), and in this paper, we explore issues associated with fauna conservation in 
Australian plantations.  

Our review focuses largely on two broad sorts of Australian plantation forests – those dominated by 
stands of exotic pines (Pinus spp) and those dominated by eucalypts such as blue gum (Eucalyptus 
globulus) and shining gum (E. nitens). This is because they are by far the most common types of 
plantings in Australia (Eldridge et al., 1994; Wood et al., 2001). We first outline five reasons why 
wildlife conservation is important in the plantation estate. We then explore fauna conservation issues 
at the landscape and stand levels. Other issues which do not fit easily within either of these two 
scales are then addressed in the third major section of the paper. Finally, some tensions between 
fauna conservation and plantation management objectives and practices are discussed.  

We have not examined issues associated with plant conservation in plantations because the bulk of 
research and survey has focused on animals – especially birds. Our focus is primarily on medium to 
large-size plantations (over several hundreds to several thousand and tens of thousands of hectares) 
and we also have not examined smaller plantings, such as those typically undertaken in agricultural 
areas by farmers in rural Australia (widely termed “farm forestry; sensu Race et al., 1998). This is 
because a careful examination of the literature indicated that very limited research work has been 
undertaken to date on plantings at such small scales.  

We believe this review is important for several reasons. First, although a compendium of literature 
was assembled more than two decades ago (Ray et al., 1983), there has been no previous review of 
fauna conservation in Australian plantations. Second, some of the general fauna conservation 
principles (rather than the specific details) identified in this review may be useful in the management 
of plantations elsewhere around the world. This is an important consideration given the substantial 
and rapidly increasing area of plantations worldwide. For example, in 1996, the combined area of 
plantations worldwide was estimated to exceed 130 million ha (Cubbage et al., 1996) and in 2001 it 
was 187 million ha (Food and Agriculture Organisation of the United Nations, 2001). Moreover, 
species in the genera Pinus and Eucalyptus that are the focus of this review, comprise 20% and 10% 
of the world’s plantations respectively (Food and Agriculture Organisation of the United Nations, 
2001) - with more than 20 million ha of plantation eucalypts occurring in almost 100 countries 
(Doughty, 2001). 

This review encompasses literature up to 2003.  
 
Definition 

For the purposes of this paper we use the definition of a plantation in the Australian Forestry 
Standard (2003, p. 16) which is: ‘Stands of trees of native or exotic species, created by the regular 
placement of cuttings, seedlings or seed selected for their wood-producing properties and managed 
intensively for the purposes of future timber harvesting’.  
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Chapter 1 - Motivations for fauna 
conservation in Australian plantations 
There are five key reasons why the conservation of wildlife in Australian plantations is an important 
issue.  

(1) The plantation estate in Australia increased from more than one million ha in the mid 1990s 
(Resource Assessment Commission 1992; State of the Environment 1996) to almost 1.5 million ha in 
2000 (Wood et al., 2001). The plantation estate is set to triple in the size by the year 2020 to three 
million hectares (Department of Primary Industries and Energy, 1997). Where new plantations are 
located and how they are managed will impact on the biota that currently exist in such landscapes 
(Lindenmayer et al., 2001). New plantations are being established in semi-cleared grazing lands 
(Price et al., 2000) where the original native woodland and grassland cover has been extensively 
cleared (Wood et al., 2001). These heavily modified native vegetation types are poorly represented in 
reserve systems (Hobbs and Yates, 2000) and the remaining areas, although limited (Gibbons and 
Boak, 2002) have considerable conservation value (Fischer and Lindenmayer, 2002). Hence, 
designing emerging plantations to incorporate remnant native vegetation and maintain (and even 
enhance) some conservation values is important (Lindenmayer et al., 2001; Hobbs et al., 2002a).  

(2) The maintenance of some elements of the biota within plantations could have benefits for the 
maintenance of key ecosystem processes like pest control. There are a number of invertebrate taxa 
that exhibit pest outbreak behaviour in eucalypt plantations, but not in native forests, possibly 
because of the absence of natural predators (Steinbauer et al., 2001). The presence of animals such as 
native insectivorous birds might reduce the risk of pest problems in plantations.  

(3) Although it is clear that some species cannot be conserved in plantation-dominated landscapes, 
many species can be through the adoption of (sometimes minor) modifications to forest management 
(Lindenmayer, 2000).  

(4) The maintenance (or loss) of biota in plantations is relevant for moves toward ecological 
standards and the certification of plantations in many parts of the world (Spellerberg and Sawyer, 
1996). Notably, plantations are increasingly being considered under certification agreements (Food 
and Agriculture Organisation of the United Nations, 2001) such as those developed under the Forest 
Stewardship Council guidelines (Cauley et al., 2001). For example, biodiversity provisions were 
included as the document “Principles for commercial plantation forest management in New Zealand” 
that was signed by many stakeholder groups in that country in 1995. Given the globalisation of 
markets for forest products is seems likely that steps toward the certification of plantations in some 
countries will increase pressure on other nations to do likewise.  

(5) Plantation forestry can be thought of a continuum from what Kanowski (1997) has termed 
“simple plantation forestry to complex plantation forestry”. He considered simple plantation forestry 
to be a narrow and intensive management focus on producing a forest crop for a limited array of 
purposes. Kanowski (1997) argued that complex plantation forestry, whilst still being a relatively 
intensive management regime, attempted to include other land uses and values within plantation 
boundaries and aims to produce goods and services in addition to wood products. Kanowski (1997) 
further believed that complex plantation forestry was an important way forward in many situations 
because: (a) society will demand outputs in addition to wood and pulp from plantations, and, 
(b) simple plantation forestry is not congruent with the principles of ecological sustainability.  
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Chapter 2 - Background 
 
The biota of conifer plantations 

The history of analysis of fauna conservation in Australian plantations goes back several decades. 
From the late 1960’s onward, considerable concerns were raised about the impacts of clearing native 
forests to establish extensive stands of radiata pine (e.g. Routley and Routley, 1975; Recher, 1982; 
reviewed by Ray et al., 1983) and early research showed that resident adults of some species were 
virtually eliminated from cleared areas by such practices. For example, populations of arboreal 
marsupials such as the greater glider (Petauroides volans), the mahogany glider (Petaurus gracilis) 
and the mountain brushtail possum (Trichosurus caninus) maintained strong home affinity during 
clearing for plantation establishment and most animals tended to die in-situ (Tyndale-Biscoe and 
Smith, 1969; How, 1972; Van Dyck, 1993). In the case of the greater glider and the mountain 
brushtail possum, animals which survived were the ones with part of their home range intact. Friend 
(1979) found that although adult populations of small mammals were eliminated as a result of forest 
clearing, young dispersing individuals assisted populations to re-establish.  

A large number of studies have contrasted the differences in the faunal assemblages of radiata pine 
plantations and stands of native forest (e.g. Pawsey, 1966; Davidson, 1976; Disney and Stokes, 1976; 
Gepp, 1976, 1979; Suckling et al., 1976; Friend, 1978; 1980, 1982a; 1982b; Neumann, 1978, 1979a; 
Smith, 1982, 1987). The majority of studies have found that animal assemblages in plantations are 
less diverse than those of native forests (e.g. McIIroy, 1978, see Figure 1). For example, 
Lindenmayer et al. (2002a) found that the average bird species richness of radiata pine stands was 17 
species in comparison with 23 in stands of unfragmented native eucalypt forest.  

 

 

Figure 1. Vegetation type and conditions relationships with vertebrate species diversity Buccluech 
State Forest at Tumut in southern New South Wales (based on data in McIIroy, 1978).  
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There have also been comparisons between the faunal assemblages of the native species hoop pine 
(Araucaria cunninghamii) and adjacent rainforest, with the results for birds showing (like many other 
studies of plantations) that diversity was higher within areas of indigenous vegetation (Fischer, 
1974). Particular sorts of vertebrates such as hollow-using birds and arboreal marsupials as well as 
nectivorous, frugivorous, foliage-gleaning and canopy-feeding birds were found to be absent or 
greatly reduced in abundance from radiata pine plantations (e.g. Kikkawa, 1968; Cowley, 1971; 
Gepp, 1976; Driscoll, 1977; Friend, 1982a, 1982b; Smith 1982). This is most probably because these 
exotic conifer-dominated stands lacked these key nesting and foraging resources. Although many 
native species of birds do not occur in conifer plantations, a range of taxa can be relatively common 
there. For example, Lindenmayer et al. (2002a) recorded relatively high detection frequencies for 
species in radiata pine stands such as the golden whistler (Pachycephala pectoralis), rufous whistler 
(Pachycephala rufiventris), eastern whipbird (Psophodes olivaceus), yellow-faced honeyeater 
(Lichenostomus chrysops), grey fantail (Rhipidura fuliginosa) and scarlet robin (Petroica 
multicolor). The work by Lindenmayer et al. (2002a) showed that species with particular types of life 
history attributes were likely to be those found in stands of radiata pine. These included species 
belonging to sweeper and ground carnivore foraging guilds (sensu Mac Nally, 1994) and those which 
did not construct their nests high above the ground.  

There have been large differences in the results of studies comparing small mammals of radiata pine 
stands and eucalypt forests. Warneke (1971) and Heislers (1974) and Suckling et al. (1976) found 
that the bush rat (Rattus fuscipes) and other native species such as the agile antechinus (Antechinus 
agilis) may survive in radiata pine stands. However, Lindenmayer et al. (1999b) found that 
populations of small mammals were absent from radiata pine stands except where extensive areas of 
windrowed eucalypt logs occurred. Notably, many of the areas examined by Lindenmayer et al. 
(1999b) differed from those of earlier workers in that they were second rotation stands where 
intensive mechanised harvesting and subsequent slash burning or slash dispersion practices had 
removed residual eucalypt logs. Friend (1982a) also noted that native species of small mammals were 
absent from second rotation radiata pine stands where windrows were absent.  

In the case of invertebrates in radiata pine stands, Ahern and Yen (1977) found significant 
differences in invertebrate assemblages between radiata pine plantations and eucalypt forests. More 
species and more individuals of a range of groups were found in foliage, bark, soil and understorey 
habitats within eucalypt forests, although more mites occurred in litter habitats within stands of 
radiata pine. Neumann (1979) found greater beetle species diversity in native eucalypt forests than 
radiata pine plantations, although overall more taxa occurred in pines than eucalypts. Bonham et al. 
(2002) examined components of the invertebrate fauna of conifer plantations in Tasmania and 
compared it with that found in eucalypt plantations and native forest. They found that native land 
snails and millipedes were less diverse and less abundant in plantations than native forests. However, 
they nevertheless found a substantial native fauna in both conifer and eucalypt plantations including 
some rare species such as the velvet worm Ooperipatellus cryptus. Interestingly, Bonham et al. 
(2002) found that conifer plantations were more favourable habitats for invertebrates than eucalypt 
plantations. To the best of our knowledge, this is the only study in Australia that has compared the 
fauna of conifer and eucalypt plantations.  

In summary, key outcomes of the work undertaken on the biota of conifer plantations is that some 
sorts of species are uncommon or absent from these areas (e.g. the majority of species of arboreal 
marsupials). Nevertheless, while the biota of conifer plantations is depauperate, these areas are not 
“biological deserts” because they provide foraging habitat, nesting habitat or both for a range of birds 
(Friend, 1982b; Smith, 1982; Lindenmayer et al., 2002a), small mammals (Suckling and Heislers, 
1978) and invertebrates (Neumann, 1978). It is notable that much of the focus on the species which 
do and don’t occur in conifer plantations has been on birds and mammals with some additional work 
done on invertebrates – in part because of potential pest problems (see below). In contrast there has 
been a dearth of detailed research on groups such as reptiles and frogs (but see McIIroy, 1978; 
Klomp et al., 2001) as well as fish (Friend, 1980). The occurrence of much of the fauna in 
plantations is strongly related to the mosaic of types of patches of native forest and the treatment 
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history of planted areas (e.g. thinning regimes and stand ages). These key topics are explored in 
greater detail in subsequent sections of this paper.  
 
The biota of eucalypt and other types of plantations 

The history of work on fauna within eucalypt and other types of plantations has a shorter history and 
is much less extensive than the research in radiata pine plantations. The bias in studies toward radiata 
pine is not surprising given that it is the dominant tree species in the Australian plantation estate 
(Wood et al., 2001). However, the size of the area established under eucalypt plantations in Australia 
has been steadily increasing in the past decade. For example, it increased from 19 000 in 1995 to 
84 000 in 2000 (Wood and Allison, 2000). Indeed, in the period 1995-2000, the average annual 
increase in the area established under eucalypt plantations was 60 000 ha or more than twice that for 
softwoods (~ 26 000 ha) (Wood et al., 2001). Given such rapid changes, much of the limited work on 
fauna conservation in eucalypt plantations has been recent (e.g. Abbott et al., 1998; Klomp and 
Grabham, 2002; Borsboom et al., 2002; Hobbs et al., 2002a, 2002b; Klomp and Grabham, 2002). 
For example, a recent set of studies has examined young blue gum plantations established on grazing 
properties in north-eastern Victoria – in particular the value of large retained eucalypt trees for bird 
fauna was examined (Grabham et al., 2002). Studies of the wildlife values of blue gum plantations in 
Western Australia provide results similar to those discussed for conifer plantations – i.e., vertebrate 
and invertebrate assemblages are less diverse than those of native vegetation, in large part due to the 
relative structural simplicity of the plantations (Hobbs et al., 2002a, 2002b). Nevertheless, as for pine 
plantations, blue gum plantations are not “biological deserts”, but provide habitat or resources for a 
range of species, including a selection of bird species considered to be at conservation risk. For this 
group of species, together with bats, species abundances were greater in plantations adjoining 
extensive areas of remnant vegetation than in isolated plantations.  

Work on eucalypt plantations to date (2003) has shown that, like conifer plantations, some elements 
of the biota are largely missing from these areas. For example, hollow-using arboreal marsupials are 
virtually absent from all type of plantations. This is not surprising given that hollows in eucalypts 
that are suitable for use by arboreal marsupials take can take several hundred years to develop 
(Gibbons and Lindenmayer, 2002) – far longer than the rotation times of plantations. Birds that use 
tree hollows are sometimes found in plantations, but they are not nesting there. It is notable that when 
artificial hollows are added to plantations, they are used by some cavity-dependent fauna including 
arboreal marsupials and bats (Smith and Agnew, 2002).  
 
Plantations versus cleared (agricultural) land 

Work by Klomp and Grabham (2002) showed that the diversity of birds was higher in planted 
eucalypt forests than in the areas of exotic pastures where stands of trees had been established, 
although species assemblages were still depauperate in comparison with native woodlands. Kavanagh 
et al. (2001) and Borsboom et al. (2002) also found that eucalypt plantations supported more species 
of birds, mammals, amphibians and reptiles than existed on grazing lands. Bonham et al. (2002) 
suggested that plantations established on previously cleared agricultural land may promote the 
conservation of a range of forest-dependent invertebrates in Tasmania, although data were lacking to 
support this conclusion.  

Higher species diversity is not always the best outcome for wildlife conservation as a better measure 
will often be the composition of particular faunal assemblages (Burgman and Lindenmayer, 1998). 
Notably, extensive large-scale experimental work in newly established radiata pine plantations on 
former grazing lands (see Lindenmayer et al., 2001) has indicated that the bird and mammal fauna is 
different but not necessarily “better” than what previously occurred. The results to date have 
indicated there have been replacements of open-country bird species by taxa more typical of forest 
landscapes (Lindenmayer et al., unpublished data). Notably, some of the species which have 
colonised the radiata pine plantings are the rufous whistler (Pachycephala rufiventris) and the eastern 
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yellow robin (Eopsaltria australis) which have been thought to be declining in native eucalypt 
woodland environments. It is possible that radiata pine stands act as suitable structural mimics of 
native eucalypt habitats for these species, although this hypothesis requires further testing. Similarly, 
Hobbs et al.  (2002a, 2000b) found that bird species considered to be “at risk” such as the western 
yellow robin (Eopsaltria griseogularis), inland thornbill (Acanthiza apicalis) and western gerygone 
(Gerygone fusca) occurred in blue gum plantations in southwestern Australia.  

While plantations may not provide suitable habitat for particular species, they may alter landscape 
permeability and connectivity (Taylor et al. 1993; Wiens 1997) and allow species to move across the 
landscape more readily. The importance of understanding how the nature of the landscape matrix 
(sensu Forman, 1995) in determining species movement and persistence has been highlighted 
recently by Davies et al. (2001). Finally, plantations established on cleared pastures (such as those in 
tropical areas) may be useful intermediary restoration vehicles that assist the regeneration of native 
plant taxa (and associated fauna) that cannot become established in other ways (e.g. through 
competition with grasses) (Keenan et al., 1999).  
 



 
 

 7 

Chapter 3 - Conserving wildlife in 
plantation forests – landscape-level issues 
The conservation of forest fauna – both within plantations and in native forests – is a multi-scaled 
problem (Lindenmayer and Franklin, 2002). This section focuses on landscape-scale issues and the 
one that follows it examines approaches at the stand level.  
 
Where plantations are located and the land cover they replace 

In most parts of Australia, extensive areas of plantation forest were formerly established by clearing 
native forest. This has major immediate and long-term negative impacts on the biota that formerly 
occurred in an area (e.g. Tyndale-Biscoe and Smith, 1969; Van Dyck, 1993). In many areas, the rate 
of native vegetation clearing has declined, although it may increase again (e.g., in Victoria and 
Western Australia) as a consequence of proposals to establish plantations, not only exotic softwoods 
(Commonwealth of Australia and Department of Natural Resources and Environment 1997), but also 
eucalypt plantations (Hobbs et al., 2002a, 2002b). In Tasmania, the Regional Forest Agreement for 
the state allowed for up to 85 000 ha of native eucalypt forest (and 20% of a given biogeographic 
province) to be cleared for exotic plantations of radiata pine and fast-growing eucalypts from 
mainland Australia. These will be managed on a 15–30 year rotation (Forestry Tasmania, 1999). In 
the case of parts of southern New South Wales and Victoria, plantation expansion will take place on 
semi-cleared grazing lands which support patches of remnant native forest and woodland. Careful 
consideration of native vegetation clearing for plantation establishment is important in these locations 
because even though many remnant patches are small (often less than 3 ha; see Gibbons and Boak, 
2002), they are often representatives of vegetation communities that have experienced extensive past 
clearing such as white box (Eucalyptus albens) (Prober and Thiele, 1995) and yellow box 
(E. melliodora) (Er and Tidemann, 1996).  
 
Landscape mosaics within plantations – juxtapositions of different 
patch types, sizes and shapes 

A range of studies have highlighted the value for conservation of maintaining patches of remnant 
native forest or woodland within the boundaries of plantation forest (Fisher, 1974; Friend, 1980; 
Suckling, 1982; Recher et al., 1987a; Lindenmayer et al., 1999a, 1999b, 2002a, 2002b). Such 
patches have been shown to provide valuable habitat for many species of vertebrates (Kavanagh and 
Goldingay, 1991; Fisher and Goldney, 1998, Carthew et al., 1999; Lindenmayer, 2000). Other 
studies within radiata pine plantations have shown the value of remnant eucalypt patches for 
invertebrates (Margules et al., 1994; Davies et al., 2000, 2001).  

In general, larger patches of retained native vegetation within plantations support more species of 
vertebrates. For example, larger patches of native eucalypt forest and woodland within radiata pine 
forest at Tumut in south-eastern Australia supported more birds (Lindenmayer et al., 2002a), arboreal 
marsupials (Lindenmayer et al., 1999a) and small mammals (Lindenmayer et al., 1999b). There can 
be complex inter-relationships between the attributes of patches (e.g. patch size) and both their use 
by biota and their use of surrounding plantation. Tubelius et al. (in review) have shown that several 
species of native birds move further into surrounding radiata pine stands from smaller patches than 
larger ones. Lindenmayer et al. (2002a) showed that the bird fauna of small (> 1-5 ha) eucalypt 
patches was similar to that of the neighbouring radiata pine stands. Larger patches (e.g. those 10-20 
ha and larger) supported bird assemblages not unlike continuous areas of eucalypt forest. They found 
that the bird community re-assembled in response to the gradient of increasing patch size 
(Lindenmayer et al., 2002a). In the case of arboreal marsupials and terrestrial mammals in the same 
system, remnant patch attributes in addition to size such as tree species composition and the 
steepness of the terrain significantly influenced species occurrence (Lindenmayer et al., 1999a, 



 
 

 8 

1999b). Other workers (e.g. Recher et al., 1987a) have observed similar effects on the presence and 
abundance of native mammals and birds in retained habitats within radiata pine plantations.  

Although some studies have shown that larger patches of remnant forest and woodland support more 
species of vertebrates, retained patches do not always have to be large to be useful. Work in radiata 
pine plantations at Tumut indicated that remnant patches of eucalypt forest as small as 1 ha had value 
as habitat for forest birds, reptiles, frogs, and mammals. High levels of invertebrate biodiversity were 
recorded in retained patches as small as 0.5 ha in the Wog Wog Experiment within radiata pine 
plantations established in south-eastern N.S.W. (Davies and Margules, 1998; Davies et al., 2000). 
Work in north-eastern Victoria has shown that even single isolated former paddock trees retained 
within young eucalypt plantations can have significant value for native birds (Grabham et al., 2002).  

The spatial pattern of remnant vegetation has been shown to influence wildlife distribution patterns 
within plantations. Lindenmayer et al. (2002b) found that several species of birds and mammals 
responded not only to the total area of eucalypt cover, but also to how that cover is spatially 
arranged. Some taxa were more likely to be recorded where eucalypt cover was consolidated (e.g. red 
wattlebird [Anthochaera carunculata]), whereas the opposite effect was identified for other species 
(i.e. eucalypt cover was dispersed - e.g. crimson rosella [Playtcercus elegans]). Similarly, the 
common ringtail possum was more likely to occur in a patchy (rather than consolidated) distribution 
of eucalypt remnants. This effect may be due to positive responses to edge conditions. The eucalypt-
pine boundary may provide additional resources for some species. For example, the common ringtail 
possum can use eucalypt forests and neighbouring stands for both food and shelter (Friend, 1980).  

In addition to remnant size and the spatial pattern of remnant cover, another key attribute for wildlife 
with plantations is patch shape. A study of eucalypt remnants within radiata pine plantations in 
south-eastern Australia by Recher et al. (1987a) showed that some species of birds were unable to 
persist in linear-shaped eucalypt remnants. This was because the long and narrow shape of some 
remnants made it difficult to gather food resources or maintain key social interactions in an 
energetically-efficient way; as forecast by Central Foraging Place Theory (see Recher et al., 1987a). 
Animals that required widely dispersed food and/or which had complex social systems were 
disadvantaged in linear-shaped eucalypt remnants (Recher et al., 1987a) and some taxa only occurred 
in the widest strips (e.g. yellow-bellied glider [Petaurus australis] and several species of large-
bodied birds). Lindenmayer et al. (2002a) also found significant differences in the bird assemblages 
of narrow eucalypt remnants and more elliptical-shaped eucalypt remnants embedded within the 
radiata pine plantation at Tumut. However, they attributed such differences to covarying factors such 
as the presence of riparian areas and access to water rather than remnant shape per se.  

The location of remnant patches within plantations can have a significant impact on their value for 
wildlife conservation. For example, native riparian vegetation can provide habitat for many species 
within plantation landscapes (Suckling et al., 1976; Suckling and Heislers, 1978; Recher et al., 
1987a; Lindenmayer et al., 2002a). Riparian areas are often species-rich environments (e.g Recher 
et al. 1980; Loyn et al. 1980; Naiman et al. 1993), and some taxa are more fecund in such places 
(Soderquist and Mac Nally, 2000). Riparian vegetation also can act as dispersal corridors for 
terrestrial fauna within plantations, thereby contributing significantly to connectivity (Lindenmayer 
and Peakall, 2000). The retention of areas of riparian vegetation can be valuable, in part, because 
timber and pulpwood harvesting may be restricted there because of water quality considerations (see 
section below on landscape restoration). Other aquatic features within plantations such as dams also 
can have positive impacts on wildlife (Kloeden, 1973).  

The total area of remnant native vegetation within a plantation is an attribute likely to have a 
significant influence on the occurrence of many elements of the biota in plantation landscapes. Such 
relationships have been documented in studies of plantations in North America and Europe (Staines, 
1983; Parker et al., 1994). In Australia equivalent work on relationships between the total area of 
native vegetation cover and bird species richness has been examined in semi-cleared grazing systems 
(Bennett and Ford, 1997) but not in plantations. Such types of relationships have some resonance 
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with work on threshold theory whereby species loss from landscapes is correlated with habitat loss 
until native cover drops below a given threshold value and factors in addition to habitat loss (like 
negative edge effects and metapopulation extinction) accelerate levels of species loss (Rolstad and 
Wegge, 1987; Andren, 1994). Studies of native vegetation cover and threshold effects on species 
assemblages pose enormous challenges for researchers because rigorous experimental testing 
requires access to many plantation landscapes that encompass different amounts of native vegetation 
ranging from almost none to virtually complete. Replication would be impossible even if these types 
of areas existed – which they currently do not. Despite the problems in the empirical testing of native 
vegetation cover levels, it does seem as though this attribute of landscape cover is an important one 
for consideration for wildlife conservation in plantations (Hartley, 2002).  

In summary, conserving patches of native forest and woodland within the boundaries of plantations 
will produce a landscape mosaic rather than a plantation monoculture. Such landscape heterogeneity 
can promote wildlife conservation within plantations. Other features in addition to remnant 
vegetation can add to landscape heterogeneity and enhance wildlife conservation including dams, and 
open areas such as clearings and firebreaks (Bevege, 1974; Fisher, 1974; Davidson, 1976; Friend, 
1980; Curry, 1991). The retention of patches of remnant native vegetation, including riparian areas as 
well as other types of features, is fundamental to plantation design criteria in the semi-cleared grazing 
lands of south-eastern Australia that are increasingly targeted for conversion to widespread radiata 
pine plantations (Lindenmayer et al., 2001). They are similarly important in the rapidly expanding 
blue gum plantation estate such in south-western Australia (Hobbs et al., 2002a, 2002b). While the 
woodland remnants in these areas are often small they are the remains of heavily cleared vegetation 
types and detailed studies have shown that many species of vertebrates will often occur in them 
(Fischer and Lindenmayer, 2002). An important caveat with the retention of native vegetation within 
plantations is that is many cases they will not represent the full range of environments that naturally 
occurred in a landscape. For example, they might be confined the steep terrain or gully areas and 
some elements of the biota may be absent as a result. As outlined above, retained areas also may be 
too small or an inappropriate shape to support some species (see Recher et al., 1987a).  
 
Adjacency effects 

A number of studies have shown that the highest diversity and abundance of native animals in 
plantations occur in stands adjacent to native vegetation. This has been observed for small mammals 
and birds in radiata pine plantations (Fielding, 1976; Barnett et al., 1977a; Friend, 1982a, 1982b; 
Lindenmayer et al., 2002a) and birds in hoop pine plantations (Fisher, 1974). How (1972) showed 
that the common and mountain brushtail possums used the margins of radiata pine stands but were 
absent from plantations remote from native forest. Small native mammals such as the brown 
antechinus (Antechinus stuartii) and the bush rat (Rattus fuscipes) were largely absent from areas 
deep within radiata pine plantations in northern New South Wales where they were replaced by 
exotic species such as the black rat (Rattus rattus) and the house mouse (Mus musculus) (Barnett 
et al., 1976). Gepp (1976) identified complex adjacency effects for birds in South Australian radiata 
pine forests. More species of birds occurred at the edges of unthinned pine stands than in the interior. 
However, such a response did not occur in either young or old plantations (Gepp, 1976). 
Lindenmayer et al. (2002a) found that bird assemblages in radiata pine stands distant from native 
vegetation were markedly different from stands adjacent to patches of remnant eucalypt forest. 
Similarly, Smith (1982) and Curry (1991) reported that bird species diversity and abundance declined 
significantly with increasing distance from the plantation boundary with native forests. In the later 
study, a sharp decline was observed within the first 200 metres of the plantation edge. Friend (1982b) 
showed that the edges of plantations were more diverse habitats than interior areas and hypothesized 
that this was the reason why more species of birds occurred there.  

The adjacency effects recorded in radiata pine plantations have also been observed in eucalypt 
plantations. Grabham et al. (2002) found that bird species richness in eucalypt plantations declined 
from an average of 26 species in areas in the immediate area around large old retained trees to only 
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11 species in plantations 60-90 m away from such trees. Hobbs et al. (2002a, 2002b) found that bird 
species considered “at risk” were most abundant in native vegetation but that within plantations, 
abundances were highest at the plantation edge adjacent to remnant vegetation. They also found that 
bats were most frequently recorded in native vegetation but were also more abundant in plantations 
adjacent to remnant vegetation than in isolated plantations.  

The adjacency of native forest also may assist in the biocontrol of pest invertebrate populations in 
eucalypt plantations (Strauss, 2001). Hobbs et al. (2002a) found little evidence of a consistent effect 
of adjacency to native vegetation on the invertebrate fauna of plantations, and little data to support 
the idea of an increase in natural enemies in the plantations. However, work in blue gum plantations 
in Brazil demonstrated strong relationships between the distance of plantation forest from native 
forest, the reduced abundance of lepidopteran pests and the increased abundance of natural predators 
(Zanuncio et al., 1995; Bragança et al., 1998). In addition to the potential pest control role of animals 
moving into plantations from adjacent areas, such types of animal movements also may promote 
plant biodiversity values within plantations. For example, Keenan et al. (1997) examined a range of 
types of plantations in North Queensland and found high levels of native plant regeneration 
underneath stands of planted overstorey trees. Many of these plants were bird-dispersed highlighting 
the importance of bird movements into plantations from elsewhere in the landscape.  

In summary, many studies have shown that the adjacency of native vegetation has a significant effect 
on the biota which occur in neighbouring plantations. This has implications not only for the 
conservation of biodiversity (including the occurrence of native understorey plants), but also for the 
occurrence of pests and their control, and the extent of browsing damage. The extent of adjacency 
effects is closely allied with plantation geometry as the size and shape of planted areas and how they 
juxtapose native vegetation will influence the length of boundaries and the size of interior parts of 
plantations distant from such boundaries.  
 
Adjacency and browsing by “pest” animals 

There can be some negative impacts of the adjacency of conifer plantations to native forests. Barnett 
et al. (1977b) showed that the extent of browsing damage by possums was greatest between 25 and 
250 metres from boundary with native forest, particularly wetter forest types where the mountain 
brushtail possum was abundant. The adjacency effects relating to increased browsing in conifer 
plantations (Barnett et al., 1977b) are also seen in eucalypt plantations, such as those in Tasmania 
(MacArthur, 2000) where a range of native herbivores such as the common brushtail possum and the 
pademelon (Thylogale billardierii) cause considerable damage. Issues relating to pest animals in 
plantations are explored further in a subsequent section of this paper.  
 
The scheduling of harvesting 

There can be positive benefits for fauna conservation arising from changes in the spatial and 
temporal pattern of harvesting in plantation forests. Given that a number of authors have observed 
differences in the biotas of plantations of different ages (see below), maintaining landscapes with a 
mosaic of stand age classes may increase the wildlife conservation value of plantations (Gepp, 1976). 
In south-eastern Australia, in the pine-eucalypt remnant system at Tumut in southern New South 
Wales, Lindenmayer and Pope (2000) believed that functional connectivity (sensu Bennett, 2000) 
between populations of the greater glider residing in eucalypt patches could be maintained by 
staggering the spatial configuration of clearcut radiata pine stands adjacent to remnants. Radio-
tracking of the animals revealed they use the radiata pine forest to move between eucalypt habitat 
patches (2003). Therefore, at any one time, some areas of advanced regrowth radiata pine in the 
matrix should link eucalypt remnants to maintain connectivity. Smith (2000) predicted that the rare 
Tasmanian carnivorous snail Tasmaphena lamproides would be sensitive to aggregated patterns of 
harvesting. The implication of this work is that forest managers should avoid creating large 
continuous areas of cutover forest. Rather, they should schedule the spatial location of compartments 
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to create a scattered pattern of smaller coupes interspersed among stands of older forest from where 
snails can disperse.  

Another aspect of harvest scheduling is the rotation time. Longer rotation times can allow stands to 
better develop particular structural attributes that can be useful for some species. This issue is 
addressed in further detail in the section below on stand age.  
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Chapter 4 - Conserving fauna in plantation 
forests – stand-level issues 
Stand level practices can contribute, sometimes significantly, to fauna conservation in plantations. 
These are the primary topics of the following section.  
 
Species composition and mixtures 

The diversity of animal species can be positively related to the diversity and abundance of plant taxa. 
Recher et al. (1987b) found that some native species of birds persisted within stands of radiata pine 
because the presence of scattered regrowth eucalypts created a mixed tree species composition. 
Understorey vegetation within stands of radiata pine also can make an important contribution to the 
conservation of some species of vertebrates (e.g. birds; Davidson, 1976; Gepp, 1976), including 
some that are considered to be at risk. For example, surveys of birds in stands of radiata pine at 
Tumut in southern N.S.W. have indicated that the olive whistler (Pachycephala olivacea) often 
occurs within stands of radiata pine where there are intact thickets of understorey Leptospermum spp. 
(Lindenmayer et al. unpublished data). Curry (1991) found that the presence of understorey plants 
enabled birds to penetrate further into plantations than where such vegetation was absent. Hobbs et 
al. (2002a, 2002b) found that blue gum plantations in southwestern Australia had a homogenous 
closed tree cover and an almost complete absence of shrub and ground layers, which resulted in a low 
habitat suitability for most ground-dwelling of -feeding vertebrate taxa.  
 
Stand age 

The age of plantations can have a significant impact on many elements of biodiversity. Borsboom 
et al. (2002) recorded increasing vertebrate species richness with increased stand age in eucalypt 
(Eucalyptus cloeziana) plantations in south-eastern Queensland. Investigations of birds have found 
that species diversity increases with stand age within radiata pine plantations (e.g. Gepp, 1976; 
Friend, 1982b; Smith, 1982; Figure 2) and hoop pine plantations (Fisher, 1974). These results have 
been attributed to older stands developing more structurally diverse conditions which, in turn, 
promote species richness. Gepp (1979) found that as stands of radiata pine aged, birds that forage on 
tree trunks and on open ground became more common. Pawsey (1966) also observed increasing bird 
species richness with radiata pine stand age and concluded that this may be associated with greater 
insect species diversity in structurally more complex older plantation forests.  
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Figure 2. Age class and birds species diversity in plantation pine stands at Clouds Creek in northern 
New South Wales (redrawn from Smith, 1982).  
 

Populations of some species within plantations can vary with stand age in complex ways. For 
example, bird species richness may increase soon after the establishment of stands (within an influx 
of open-country taxa), then decline with canopy closure of trees but then increase again with stand 
maturation and when grass cover has developed as a consequence of thinning operations (Smith, 
1982; 1987). In the case of the common wombat (Vombatus ursinus) in radiata pine forests, the 
numbers of animals are low when plantations are first established, probably because practices like 
deep-ripping for site preparation eliminate burrows (Rishworth et al., 1995). Populations then 
increase for 5-6 years until tree canopy closure reduces grass cover – a key food resource for the 
common wombat. The species remains scarce until stands are thinned at about 12-15 years and grass 
cover can re-establish on the forest floor (Rishworth et al., 1995). Neumann (1978, 1979a) found that 
populations of most groups of invertebrates in north-east Victorian radiata pine plantations varied in 
response to stand age in a similar way to that described above for birds. For example, species 
diversity in beetles was greatest in young and old stands and lowest in stands of intermediate age 
(Neumann, 1979a).  
 
Biological legacies at the stand level 

Biodiversity conservation in plantation forests can be promoted through the retention of elements of 
the original stand (termed “biological legacies” – sensu Franklin et al., 2000) at the time of 
harvesting. For example, trees retained at the time of regeneration harvesting have been found to be 
used by many species of birds (Kavanagh and Turner, 1994). Grabham et al. (2002) highlighted the 
value for birds of retaining large trees within young eucalypt plantations in north-eastern Victoria. 
Bird species richness was markedly higher in plantations near large retained trees than in planted 
areas more distant from they key structures. Tree stumps with bark and deep furrows in the ground 
next to ploughed mounds produced moist microhabitats favourable for a range of invertebrate taxa in 
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Tasmanian conifer and eucalypt plantations (Bonham et al., 2002). Bonham et al. (2002) also 
emphasized the importance of leaving logging slash after thinning and/or pruning to rot on the forest 
floor to provide habitat for invertebrates in Tasmanian plantation forests, including several species 
that would otherwise be sensitive to timber harvesting operations. Fallen debris left after thinning and 
pruning was believed to underlie an increase in bird species diversity in eucalypt plantations in north-
eastern Victoria (Klomp and Grabham, 2002). Similarly, the retention of slash on the floor of radiata 
pine plantations has been recommended to improve habitats for invertebrates, and in turn, for native 
birds (Davidson, 1974).  

Several studies have highlighted the importance for native fauna of windrows of cleared eucalypts 
left within softwood plantations (e.g., Friend 1982a). For example, they have been found to assist the 
movement of birds through loblolly pine (Pinus taeda) plantations in northern New South Wales 
(Curry 1991). Lindenmayer et al. (1999b) found that areas of radiata pine forest with windrows were 
the only places that supported populations of native small mammals at Tumut in southern New South 
Wales. Smith (1982) noted that areas immediately adjacent to windrows within conifer plantations 
were important for native plants and speculated that this because birds used the log piles for perching 
and deposited many seeds there. Additional nutrients in these areas released from burned logs was 
also thought to have influenced plant growth in these areas (Smith, 1982). Bonham et al. (2002) 
considered that the presence of windrows was one of the factors contributing to the diversity of 
native invertebrates recorded in Tasmanian conifer and eucalypt plantations. Friend (1982a) found 
the burrows of the common wombat in radiata pine plantations were closely associated with 
windrows. Given the importance of windrows, it is important that their loss is not accelerated by 
damage from machinery during harvesting operations (Lindenmayer and Pope, 1999). Conversely, le 
Mar (2000) recommended that windrows be destroyed because they provide shelter for populations 
of the pademelon in Tasmanian eucalypt plantations which then cause significant damage to planted 
trees.  
 
Tree spacing and thinning 

Several studies of vertebrate fauna in radiata pine plantations have indicated that the stage of 
development in the silvicultural cycle (e.g. unthinned vs first and second thinning) may affect the 
density of animals (Suckling and Heislers 1978, Friend 1980). Rishworth et al. (1995) highlighted 
the importance of thinning and canopy opening for grass growth and hence in providing a food 
resource for the common wombat in radiata pine plantations. They suggested that thinning 
plantations early in the growth cycle may not only create additional habitat for the species but also 
enhance tree growth. Gepp (1976) found more species of birds in older thinned stands that younger 
unthinned ones. However, there is some confounding between age and thinning making it difficult to 
determine whether the response of birds is due to more structural complexity associated with older 
trees or altered light, foraging and other conditions linked with thinning. Residues left after thinning 
can provide habitat for some taxa and their potential value was discussed in a previous section.  
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Chapter 5 - Other issues for plantation 
management 
 
Trade-offs between intensifying production and increased 
reservation 

In some cases, the best outcome for fauna conservation may be intensive (simple) plantation forestry 
in some areas traded off against enhanced forest management or the establishment of reserves in 
other areas. There are no examples of this in an Australian context. However, Hunter (1994) and 
Seymour and Hunter (1999) use forests in the state of Maine (north-eastern USA) to discuss this 
issue. Timber yields from plantations in Maine are three times greater than from multiple-use forests, 
and therefore wood production can be maintained while setting aside three hectares in dedicated 
reserves for each hectare allocated to intensive plantation forestry (Seymour and Hunter, 1999). In 
Maine, 2% of the forest is currently in dedicated reserves, 90% in multiple-use forest management, 
and 6% in intensively managed plantations. A 2.5% increase in plantations could theoretically allow 
a 10% increase in dedicated reserves with no loss in wood production (Hunter, 1994). While this 
approach might be appropriate for Maine, it cannot be applied uncritically in all forest landscapes. 
For example areas committed to plantations should be carefully selected to avoid foreclosing future 
options for conservation management and impacting key elements of the biota. The flat and highly 
productive areas most suitable for plantations are also often richest in biodiversity and sites of key 
ecological processes (e.g. Braithwaite, 1984; Spellerberg and Sawyer, 1997).  
 
Landscape restoration 

There is scope within some plantation estates to promote fauna conservation through the restoration 
of targeted areas. Riparian zones, in particular, may be valuable places for such work. Harvesting is 
often restricted in riparian areas because of water quality and aquatic habitat considerations. 
Therefore, they are useful places to exempt from tree planting in new plantations and allow the 
regeneration of native vegetation or to actively restore native vegetation cover following the final 
clearfelling operation that completes a given logging rotation within an already established 
plantation. Restoration of gully or riparian vegetation provides an opportunity to link retained areas 
within and across catchments. This may aid the dispersal of some species, particularly aquatic taxa 
(Wardell-Johnson and Roberts 1993) as well as those in which animal movement and/or dispersal is 
thought to be guided by particular topographic features such as streamlines (see Taylor et al., 1985). 
Notably, other authors working in softwood production landscapes characterised by patches of 
remnant eucalypt forest have recommended that the original gully vegetation be restored to enhance 
the value of plantations for wildlife (Recher et al. 1987a).  
 
“Pest” animals in plantations 

Some elements of the biota in plantations may have undesirable effects. For example, both Australian 
conifer and eucalypt plantations are vulnerable to damage caused by native and introduced animals 
and there is an extensive literature on this topic (e.g. Loch and Floyd, 2001; Strauss, 2001). Radiata 
pine plantations in Australia support more than 40 species of pest invertebrates and most of these are 
introduced (Neumann, 1979b). Strauss (2001) noted that more than 85 species of invertebrates are 
pests of eucalypt plantations in Australia and the majority of them are native and have been found on 
the same tree species or closely-related tree species within stands of native vegetation. She argued 
that the extent of the pest invertebrate problem in eucalypt plantations was likely to increase in the 
future as the size of the plantation estate increases and exchanges of animals between regions takes 
place – highlighting a need for strict quarantine protocols within Australia. Moreover, as it appears to 
take some time for pest invertebrates to switch hosts, the potential problems in the eucalypt 
plantation estate further increase in the future. Loch and Floyd (2001) have documented such trends 
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in the rapidly expanding blue gum plantations of south-western Western Australia. Strauss (2001) 
also recognised the potential for increased numbers of some invertebrates within plantations to move 
into adjacent native eucalypt forests and compromise the integrity of such areas. Indeed, Loch and 
Floyd (2001) and Hobbs et al. (2002) found significant numbers of newly introduced pest 
invertebrates not only in blue gum plantations in Western Australia, but also in adjacent remnant 
native vegetation.  

Large numbers of introduced animals can occur in plantations, including rodents such as the house 
mouse, black rat and rabbit (Barnett et al., 1976; Borsboom et al., 2002; Hobbs et al. 2002). The red 
fox (Vulpes vulpes) and feral cat (Felis catus) have also been recorded, sometimes in relatively large 
numbers, in plantations (Friend, 1982a; Lindenmayer et al., 1999b; Hobbs et al. 2002). These 
animals can be significant predators of native animals. In the case of birds, introduced species such as 
the goldfinch (Carduelis carduelis) and European blackbird (Turdus merula) can be common in 
radiata pine plantations (Friend, 1982b; Lindenmayer et al., 2002a), although the impacts of these 
species on native animals does not appeared to be pronounced. In contrast, Bonham et al. (2002) 
noted that the substantial populations of introduced land snails that inhabit conifer and eucalypt 
plantations in Tasmania may compete with native taxa.  

Some species of introduced and native animals can become pests in plantations and cause significant 
browsing damage to trees (Bulinski, 1999; Bulinski and MacArthur, 1999). The pale field rat (Rattus 
tunneyi) can cause significant damage in young hoop pine plantations in Queensland (Kehl, 1980) 
and the bush rat is known to damage radiata pine plantations in Victoria (Warneke, 1964; 1971). The 
mountain brushtail possum is known to cause considerable browsing damage in some radiata pine 
plantations in New South Wales (Barnett et al., 1977b; Winter and Dickman, 2001) and Victoria 
(MacNally, 1955). Barnett et al. (1977b) found that almost 15% of the loblolly pine plantation they 
studied in northern N.S.W. had suffered browsing damage by the mountain brushtail possum. They 
also noted that the common ringtail possum (Pseudocheirus peregrinus) was responsible for 
damaging conifer plantations in northern New South Wales. The species is not only eats pine needles 
but also uses them to make their nests (termed dreys) (Friend 1980). Saunders (1974) noted that large 
populations of the white-tailed black cockatoo (Calyptorhyncus baudinii) exceeding 5000 birds can 
occur in Western Australian maritime pine (Pinus pinaster) plantations and consume large quantities 
of seeds from pine cones. However, he concluded that the birds inflicted little structural damage to 
trees. Montague (1996) reported relatively significant browsing damage in radiata pine and eucalypt 
plantations in southern Victoria, even when extensive poisoning baiting programs were undertaken. 
Most of the damage was attributed to the swamp wallaby (Wallabia bicolor), although damage from 
other animals such as the introduced goat (Capra hircus) and European rabbit (Oryctolagus 
cuniculus) was believed to have occurred (Montague, 1996). Trees in eucalypt plantations were 
almost twice as likely to suffer browsing than those in radiata pine stands. Montague (1996) 
estimated that the costs of browsing could exceed $A650 per ha (in 1996 dollar values) and he 
recommended that control measures should be focussed in areas where damage is likely to be 
greatest.  

Some of the most extensive studies of browsing damage to plantations have taken place in Tasmania 
where considerable problems are created by native herbivores, particularly in eucalypt plantations. 
For example, the common brushtail possum (Trichosurus vulpecula) is known to create significant 
browsing damage to plantations in that State, including specially developed frost tolerant hybrid 
eucalypts (Scott et al., 2002). As in the case of conifer plantations, the most significant browsing 
damage occurs at the periphery of plantations from animals inhabiting neighbouring native forest 
(Bulinski, 1999; McArthur, 2000). Some of the recommendation for mitigating such impacts are to 
reduce the amount of native vegetation (which provides habitat for native herbivores) both within 
and adjacent to plantations (McArthur, 2000). Notably, this is the opposite of any of the 
recommendations to promote wildlife within plantations that have been made in this paper and by 
other authors (e.g. Friend, 1980).  



 
 

 17 

Chapter 6 - Tensions between wildlife 
conservation and typical plantation 
management objectives and practices 
The document “Plantations 2020 Plantations for Australia, the 2020 Vision” states that the plantation 
sector will: “be internationally competitive; and….  commercially orientated, market driven and 
market focused in all their operations” (Department of Primary Industries and Energy, 1997, p. 2). 
Notably, wildlife conservation is not mentioned as one of the non-market benefits of plantations to 
the Australian economy. However, in contrast to that view, a key point of this paper is that while 
some species cannot be readily conserved within plantations, many species can be – sometimes with 
relatively minor modifications to forestry practices and management regimes (but see below). 
Therefore, tensions exist between management practices to maintain or increase wood and pulp 
production in plantations and practices to promote wildlife conservation in these areas (Keenan et al., 
1997; 1999). Some of these tensions are outlined below.  

(1) It is generally recognised that more elements of the biota will occur where there are more plant 
taxa and this is supported by evidence gathered in Australian studies of plantations. However, the 
emphasis of the majority of commercial plantations has been to focus on the growth of a single tree 
species – including ones that have been subject to considerable genetic modification. There is often a 
substantial reduction in native understorey and ground cover elements in plantations. This may 
explain the use by wildlife of understorey-forming weeds like blackberry (Rubus fructicosus) and 
lantana (Lantana camara) that have replaced native understorey plants in many plantations (Suckling 
and Heislers, 1978; Lindenmayer and Viggers, 1994; Lindenmayer and McCarthy, 2001).  

(2) It is well established that there are strong relationships between the structural complexity of 
forests and species diversity (reviewed by Lindenmayer and Franklin, 2002). However, the majority 
of silvicultural practices in plantations result in stand simplification. For example, structural 
complexity (and its associated biodiversity) can be reduced through the removal of windrows to 
control pest herbivores (le Mar, 2000), the application of weedicides and herbicides to eliminate 
unwanted or competing plants, and even the application of fertilizer to promote tree growth (with 
negative impacts on ectomycorrhizal fungi [Pampolina et al., 2002]).  

(3) Virtually all studies to date have highlighted the conservation value of remnant native vegetation 
within plantations, even patches that are relatively small (including single large old trees). In 
addition, many species can use plantations if native vegetation is nearby. However, retaining native 
vegetation means that some land is forgone on which to establish plantations – although sometimes 
these areas are unsuitable for planting (e.g. steep and rocky terrain). In addition, retained vegetation 
can retard the growth of neighbouring plantation trees. As an example, Bi et al. (2002) estimated that 
the retention of paddock trees within plantations could result in reductions in stand volume growth of 
as much as 27% per ha. They suggested an offset solution to this problem whereby paddock trees 
would be removed and new trees would be planted in non-productive parts of plantations such as 
gullies. However, the considerable ecological values of paddock trees (see Anon., 2001) are not 
immediately interchangeable with newly planted stems – a seedling may take 150 years to develop 
the hollows and flowering intensity or prevalence of mistletoe clumps that make paddock trees such 
valuable wildlife habitat.  

(4) Retained areas of native vegetation can create problems for plantation managers through 
harbouring browsing vertebrates which can inflict serious damage on plantations, particularly at their 
periphery. Plantations can be a major source of weeds that can erode the habitat quality of 
neighbouring areas of native vegetation. In the case of eucalypt plantations, planted trees also can be 
a source of pollen to create new hybrids within adjacent vegetation and, in turn, alter patterns of 
genetic variability (Potts et al., 2001).  
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These types of tensions can make it difficult to reconcile many aspects of plantation management and 
wildlife conservation. The extent to which forestry practices can be modified to accommodate fauna 
conservation will depend on the amount of flexibility in the objectives of plantation management, the 
implementation of codes of practice for plantation establishment and management (e.g. Plantations 
and Reafforestation (Code) Regulation 20011), and the degree to which agreements like the 
certification of sustainable practices are seriously embraced by state government agencies and private 
plantation owners. Perhaps the greatest opportunities lie in the establishment of new plantations on 
semi-cleared grazing lands. In these cases, there will be advantages in articulating plans and visions 
of what future plantation landscapes might look like so that values other than wood and pulp 
production can be embraced. As outlined above, existing remnant vegetation in these areas is 
extremely important. In addition, there will be a significant conservation role of existing (and 
restored) riparian native vegetation in these landscapes – a role that need not necessarily have a major 
negative impact on wood and pulp production given water quality considerations.  

                                                      
1Readers are encouraged to check for the most recent Forestry Codes of Practice in each State.  
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Chapter 7 - Principles for enhancing 
wildlife conservation in plantations 
Based on the results of the array of studies of wildlife use of plantations discussed above, we have 
derived a set of principles that may enhance fauna conservation in plantations. We are aware that not 
all principles will apply in all circumstances – there are no generic approaches that can be applied 
uncritically in all types of plantations. The extent to which these principles are embraced will be 
influenced by several factors, particularly the mix of objectives of a given plantation or the primacy 
of one objective (e.g. commodity production) over other possible objectives (such as wildlife 
conservation) (Keenan et al., 1997). Finally, we are also aware that the short list set out below is not 
exhaustive - with additional research other factors that enhance fauna conservation may be identified.  
 
General principles 
• Habitat suitability. This is fundamental for fauna conservation not only in plantations but in all 

ecosystems. This is because each organism requires access to suitable habitat to survive.  
• Non-replaceability. Some fauna may not persist in plantations and hence the replacement of 

native vegetation by plantations is a negative outcome for nature conservation.  
 
Landscape level principles 
 
• Landscape heterogeneity. Landscape diversity within a plantation can promote conservation 

values through variation in the range of age classes of stands and the spatial juxtaposition of 
stands of different types and ages. This principle is based on different elements of the biota 
having requirements for resources found in different age classes of forest.  

• Remnant native vegetation patch size within plantations. Larger remnants of native vegetation 
within planted areas may be more likely to contain more resources for the species of interest. 
Larger populations in such larger areas may be more likely to be viable and persist for longer.  

• Remnant native vegetation patch shape within plantations. The shape of native vegetation 
remnants within plantations can influence the magnitude of some types of edge effects (both 
positive and negative) for animals. Remnant shape also can influence foraging efficiency for 
some species of animals (birds and arboreal marsupials are good examples).  

• Riparian areas. Riparian areas have considerable value for supporting biodiversity - values that 
are typically disproportionate to the relatively small part of landscapes they occupy. They also 
may function as dispersal routes for animals.  

• Connectivity. Physical links between patches (remnant vegetation and/or planted areas) may 
assist the dispersal/movement of some elements of the biota.  

• Adjacency and landscape context. The conservation value of plantations is likely to be greater if 
they are near native vegetation. In addition, the nature of the landscape surrounding a plantation 
estate may matter for some elements of biodiversity.  

 
Stand level principles 
 
• Tree species diversity. Greater plant diversity provides a range of different resources needed by 

fauna and typically leads to more species occurring in a given area.  
• Stand structure. Many species need particular elements of stand structure to survive – logs, large 

trees, hollows etc. For example, the more layers of vegetation in a stand, the more foraging 
niches for animals and establishment niches for plants such as mosses and lichens.  

• Stand age. Older trees are more likely to develop the sorts of structural features such as hollows, 
large branches or accumulations of bark that are needed by some types of animals.  
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Chapter 8 - Data limitations 
Most investigations we examined for this review have documented the occurrence of particular 
species and assemblages in plantations, but very few have determined whether these taxa are actually 
breeding there (but see Disney and Stokes, 1976). This is a particular problem for mobile taxa such 
as birds where it has been shown that their presence in plantation forests is often strongly related to 
the occurrence of neighbouring areas of native vegetation. There has been a distinct bias in the 
groups targeted for study (particularly birds and mammals) and other groups such as frogs, reptiles 
and fish have received limited attention. This is a key issue because their responses to plantation 
conditions may be somewhat different to those other groups. Another problem is that many of the 
studies completed to date suffer from limited replication of sites and are more descriptive than 
experimental – more rigorous studies using more powerful experimental designs are needed to 
overcome such deficiencies. There have been virtually no studies comparing the biota of conifer and 
eucalypt plantations and the relative conservation merits of both (but see Hammond, 1999). Finally, 
we were unable to find quantitative studies of the responses of fauna to small-scale or farm forestry 
plantings in agricultural Australia. This must be a major area of future research given that the 
potential biodiversity benefits of farm forestry have been promoted in many government and policy 
documents (e.g. Department of Primary Industries, 1997) but they have yet to be adequately 
quantified.  
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Chapter 9 - Concluding remarks  
Many studies of the biota of Australian conifer plantations have been completed in the past 30 years. 
In comparison there have been far fewer investigations of eucalypt plantations. However, the work 
completed to date has demonstrated that: 

(1) Although some species are rare or absent from plantations, these areas are not biological deserts. 

(2) The assemblage of native species that inhabit plantation landscapes will be different to that which 
occurs in landscapes dominated by large areas of grazing land. 

(3) Remnant native vegetation within the boundaries of plantations is valuable for many species of 
native animals ranging from invertebrates to mammals.  

(4) More species occur in parts of plantation landscapes that contain remnant vegetation than in 
plantation monocultures.  

(5) The size and shape of patches of remnant vegetation within plantations can have an important 
influence on which species can persist in such landscapes. However, even relatively small patches 
(including individual paddock trees) can be useful for some species of native fauna.  

(6) Stands of plantation trees adjacent to patches of remnant native vegetation support more species 
than more isolated stands of plantation trees. 

(7) Riparian areas can be particularly valuable for wildlife and may act as dispersal routes for some 
taxa.  

A recurring theme in almost all work on plantations – both on conifers and eucalypts – is the 
importance of landscape heterogeneity and stand structural complexity for wildlife conservation. At 
the landscape level, patches of retained native vegetation, strips of riparian vegetation, dams, open 
and clearing areas can significantly increase the number of native species that occur within 
plantations. Some species that occur in these areas can also use adjacent planted areas – a result 
common to conifer and eucalypt plantations. The spatial juxtaposition of stand ages of varying ages 
throughout plantation landscapes also can contribute to the maintenance of some populations of 
native taxa. At the stand level, structural complexity is also important for fauna with many species 
responding positively to the presence of native understorey plants, exotic understorey plants (like 
blackberry and lantana), the presence of windrowed logs and logging slash left on the forest floor.  

Where plantations are located and the land cover they replace is a critical issue for fauna 
conservation. The pre-existing conservation values of areas where new plantations might be 
established warrant careful consideration. Plantations should not replace vegetation communities that 
have experienced substantial reduction and degradation since white settlement such as native 
grasslands (Kirkpatrick, 1994). In other cases, we believe that clearing native vegetation to establish 
plantations (e.g. as is presently occurring in Tasmania2) is an inappropriate land use practice, given 
the known and well documented negative ecological impacts of land clearing. The situation in 
Tasmania is of particular concern because the areas targeted for plantation establishment are the 
highly productive parts of the north-west and north-east of Tasmania – areas that are important for 
some elements of the biota but which are already heavily fragmented by agriculture and existing 
plantations (M. Brown, personal communication).  

Managing plantations to promote landscape heterogeneity, stand structural complexity and enhance 
the conservation of fauna will, in many cases, involve trade-offs that can impact upon wood and pulp 
production. The extent to which this occurs will be dependent on the objectives of plantation 

                                                      
2 In Tasmania, the Regional Forest Agreement (1997) allows clearing of native vegetation where it complies with 
specified conditions. Additional controls were set out in a variation to the Tasmanian RFA, which was signed on 23 
February 2007 by the Commonwealth and Tasmanian Governments. See 
http://www.daffa.gov.au/rfa/regions/tasmania/rfa 
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management and how far they extend toward the complex plantation forestry model of Kanowski 
(1997) to incorporate social and environmental values in addition to wood and pulp production. It 
will also be influenced by other initiatives linked with the ecologically sustainable use of natural 
resources such as certification. We believe that the types of considerations associated with the 
complex plantation model, including the conservation of wildlife, are a critical component of future 
visions for plantation landscapes. Notably, such considerations are now part of codes of practice for 
plantation establishment and management in several Australian states including New South Wales 
(State Forests of NSW, 1997; Plantations and Reafforestation (Code) Regulation 2001). On this 
basis, a key future direction will be for researchers to implement new studies that rigorously assess 
the effectiveness of codes of practice and highlight were they can be modified or improved to better 
meet objectives specified for particular parts of the plantation estate.  
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