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ABSTRACT 
 
North Queensland is a major repository of biodiversity in Australia. From the perspective of 
industry proponents, the impacts of plantation developments on biodiversity deserve 
consideration because these impacts are likely to influence public acceptance of proposals 
and whether proposals can attract environmentally-linked funding and marketing 
opportunities. At the same time, plantations offer a unique opportunity for broadscale 
reforestation, and if designed and managed appropriately may be a cost-effective way of 
restoring biodiversity to cleared land. Plantations may have positive or negative impacts on 
biodiversity at a range of scales, depending on the species used in plantations, and other 
aspects of plantation design, management, harvesting and location. This paper examines the 
potential consequences for biodiversity of a number of broadscale plantation scenarios 
proposed for cleared rainforest landscapes of the Queensland Wet Tropics. Of the scenarios 
examined, a mosaic of plantations and restoration plantings was considered to have the 
highest value for rainforest biota. Three scenarios based on plantations of rainforest trees 
(monocultures of hoop pine, mixed species plantings and a mosaic of monocultures) were 
considered to have moderately positive impacts on biodiversity, while plantations of non-
rainforest trees (eucalypts and exotic pines) had the least positive consequences for 
biodiversity in the region. All scenarios potentially have negative impacts on biodiversity, 
depending on where they are located, and how they are designed and managed. Plantations 
of exotic rainforest trees (and non-local provenances of native species) have the potential to 
invade native rainforests. In practice, the ranking of scenarios may vary according to 
landscape forest cover. Scenarios having the most positive consequences (e.g. a mosaic of 
plantations and restoration plantings) would be favoured in heavily cleared areas, while 
scenarios with few negative consequences in rainforest landscapes (e.g. a mosaic of hoop 
pine plantations and restoration plantings, or plantations of hoop pine, local rainforest 
species, or even exotic pines) would be favoured for cleared land in well-forested areas. 
Optimising synergies and managing trade-offs between biodiversity conservation and other 
objectives of plantations will require investment in large-scale, long-term research, ideally as 
an integral component of broadscale plantation projects. 
 
 
INTRODUCTION 
The rainforests and associated forest types of the Queensland Wet Tropics are 
extraordinarily significant biologically, providing habitat for 25% of Australia’s plants, 35% of 
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its mammals, 40% of its birds and 60% of its butterflies, including many endemic taxa (Wet 
Tropics Management Authority 2004). This rich biodiversity underpins a vibrant tourism 
industry, which in recent years has become the major economic activity in the region (Driml 
1997).  
 
Prior to the declaration of the Wet Tropics World Heritage Area (WTWHA) in 1988, the 
rainforests of north Queensland also supported a substantial timber industry (Gould 2000). 
Following the cessation of logging in state-owned rainforests in the region, the timber 
industry collapsed, with the few remaining mills sourcing rainforest timber from private land 
and from the relatively small area of state forest plantations. While state and federal 
governments subsequently funded the Community Rainforest Reforestation Program 
(CRRP) between 1992 and 1996 in an attempt to create a plantation-based cabinet timber 
industry on private land, only about 2,000 ha of a projected 30,000 ha of plantations were 
established under the program (Herbohn, K.L. et al. 2000, Lamb et al. 2001). Nevertheless, 
there has been continued interest in the establishment of broadscale timber plantations on 
marginal or otherwise unproductive farmland in the region, partly stimulated by the declining 
fortunes of traditional agricultural industries (see Annandale et al. 2003, Killin 2004).  
 
Plantations have typically been established and managed primarily for timber production. 
However, the potential impacts of plantations on biodiversity and also conservation deserve 
consideration from plantation proponents, because these impacts may affect both the 
feasibility and profitability of plantations. For example, impacts on biodiversity may affect: (i) 
the willingness of landholders to participate in plantation schemes (Emtage et al. 2001); (ii) 
investment in plantation schemes from governments or large corporations; (iii) regulatory 
approval; (iv) the eligibility of plantations for certification, which can provide access to niche 
markets (Lindenmayer and Hobbs 2004); and (v) the eligibility of plantations for 
environmental credits or other incentives proposed for conservation-orientated land 
management in the region.1  
 
Timber plantations also deserve consideration from individuals, groups and management 
agencies interested in nature conservation in the Queensland Wet Tropics. Timber 
plantations have the potential to reforest large tracts of cleared land, and if located, designed 
and managed appropriately, may constitute a cost-effective means of helping restore 
biodiversity to cleared land (Keenan et al. 1997, Lamb 1998). Over the last two decades, 
landholders and government agencies in the Wet Tropics have devoted over $20 million to 
reforestation aimed primarily at nature conservation (Erskine 2002, Catterall et al. 2004). 
However, the scale of restoration plantings to date has been low (less than 0.5% of the area 
of cleared land in the Wet Tropics), largely because they are expensive and offer little direct 
financial return.  
 
This paper examines the potential consequences for biodiversity conservation associated 
with a number of broadscale plantation development scenarios in north Queensland. First, 
some of the impacts of timber plantations on biodiversity are reviewed, drawing primarily on 
the results of recent surveys of rainforest timber plantations and other types of reforestation 
in eastern Australia (Kanowski et al. 2003a, Catterall et al. 2004, 2005, Kanowski et al. 
2005b, 2006, Wardell-Johnson et al. 2005). Second, the likely impacts on biodiversity of 
plantation scenarios proposed for north Queensland are assessed. In places, this 
assessment involves considerable extrapolation from the available data, because most types 
of established rainforest plantations differ in important ways from broadscale reforestation 
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1 The Wet Tropics Management Authority (2004) has proposed an incentives scheme for private 
landholders to compensate them for conserving important habitat or for providing ecological goods 
and services. The potential for such a scheme is to be investigated by a project within the recently 
established Marine and Tropical Sciences Research Facility (MTSRF 2006).   
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scenarios. Nevertheless, an assessment based on the best available information is required, 
given the possible expansion of timber plantations in north Queensland in the near future. 
 
IMPACTS OF PLANTATIONS ON BIODIVERSITY 
Plantations may have both positive and negative impacts on biodiversity at a range of scales. 
Examples of these impacts have been reported by a number of studies, including several 
conducted in north Queensland (e.g. Keenan et al. 1997, Lamb et al. 1997, Catterall 2000, 
Herbohn et al. 2000, Kanowski et al. 2003a, Catterall et al. 2004, Tucker et al. 2004, Catterall 
et al. 2005, Kanowski et al. 2005a, 2005b, 2006) and elsewhere (Parrotta et al. 1997 and 
references therein, Lamb 1998, Norton 1998, Richardson 1998, Ashton et al. 2001, Hartley 
2002, Lindenmayer 2000, 2002, Lindenmayer and Franklin 2002, and Lindenmayer and Hobbs 
2004). For example, plantations may ‘catalyse’ the regeneration of native plants and provide 
habitat for native animals. At a broader scale, plantations may increase population sizes of 
native species as a result of additional habitat or resources, facilitate the dispersal of native 
species between remnant forest patches, and improve downstream water quality. At regional 
to global scales, plantations may lead to reduced pressure to harvest of forests elsewhere and, 
by sequestering carbon, help to mitigate climate change. Plantations may also have a range of 
negative impacts on biodiversity. For example, they may replace valuable remnant or regrowth 
forest, and the species used in plantations may in some cases invade native forests. 
 
The impacts of plantations on biodiversity depend on a range of factors (Figure 1). For 
example, the various tree species used in plantations differ in attributes such as canopy cover, 
branch architecture, bark, foliage, litter, flower and fruit characteristics (Parrotta 1995, 
Harrington and Ewel 1997, Keenan et al. 1997, Lamb et al. 1997), all of which may influence 
their habitat value for wildlife. Variation in the design and management of plantations including 
stocking rates, the control of understorey species, the location, size and heterogeneity of 
coupes, rotation lengths and harvest schedules will also affect their biodiversity value (Hartley 
2002, Lindenmayer and Franklin 2002, Lindenmayer and Hobbs 2004). Some impacts will also 
vary with locality, such as whether plantations replace remnant or regrowth forest, and the 
proximity of plantations to native forest (Lindenmayer and Franklin 2002, Lindenmayer and 
Hobbs 2004). All plantations are likely to buffer adjacent forests against some climatic 
extremes, sequester carbon and reduce the pressure to harvest native forests, although their 
actual contribution will differ according to factors such as the species planted, and the location, 
design and management of plantations.  
 
Prediction of the impacts of any particular plantation development is difficult, because many 
of the factors affecting the biodiversity value of plantations interact in complex ways (Catterall 
et al. 2004, Lindenmayer and Hobbs 2004). For example, a densely planted monoculture of 
an exotic species might prove a better ‘catalyst’ of rainforest regeneration than a widely-
spaced mixed species plantation of native trees, if the monoculture provided better canopy 
cover than the mixed species plantation (Kanowski et al. 2003). Further, different 
components of biodiversity may be affected in different ways. For example, a structurally 
complex, floristically diverse plantation may provide good habitat for rainforest birds, but not 
necessarily for some invertebrate taxa (Kanowski et al. 2005b). Finally, the value of 
plantations for biodiversity can vary with scale and the frame of reference. For example, 
plantations established in well-forested areas are likely to support more biota than 
plantations in extensively cleared areas (Lindenmayer and Hobbs 2004). At the landscape 
scale, however, the establishment of plantations in extensively cleared areas may provide 
greater marginal benefits for biodiversity conservation than the establishment of plantations 
in already well-forested landscapes.  
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Figure 1: Factors thought to influence the biodiversity value of rainforest plantations at the site 
and landscape scales 

 
IMPACTS OF PLANTATION SCENARIOS ON BIODIVERSITY IN NORTH QUEENSLAND  
Proposals to establish broadscale timber plantations on cleared agricultural land in north 
Queensland have a long history (Gilmore and Riley 1970, Kent and Tanzer 1983, Tracey 
1986, Shea 1992, Lamb et al. 1997, Gould 2000, Herbohn et al. 2000, Lamb and Keenan 
2001, Lamb et al. 2001, Annandale et al. 2003, Tucker et al. 2004). This paper examines six 
scenarios (Table 1) which the authors consider potential candidates for broadscale 
plantations schemes in north Queensland. Some of these schemes have previously been 
attempted in the region, while others have been promoted as having benefits for production 
and biodiversity (e.g. by Lamb et al. 1997, Lamb 1998, Lamb and Keenan 2001, Tucker et al. 
2004, Catterall et al. 2005).  
 
This paper focuses primarily on those impacts on biodiversity which vary with the type of 
species used in plantations, under likely management regimes. The discussion of impacts is 
concerned mainly with the utility of plantations for rainforest-dependent wildlife, because 
these are the taxa of particular conservation significance in cleared rainforest landscapes 
(see also Catterall et al. 2004, Kanowski et al. 2005b). While plantations with little value for 
rainforest wildlife may still provide habitat for other native species (e.g. eucalypt plantations 
might be used by wildlife associated with eucalypt forests: Borsboom et al. 2002), these 
values are not considered further in this paper. The impacts of plantations on biodiversity are 
evaluated mostly by comparison with cleared land (including abandoned agricultural land, 
and cleared land with some remnant or regrowth forest): the typical situation into which 
broadscale plantations would be established. Some comparisons are also made with native 
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forest, which provides an ‘ideal’ reference condition for biodiversity value (Catterall et al. 
2004). 
 

Table 1: Possible broadscale plantation scenarios for north Queensland 
 
Scenario Examples of occurrence in the Queensland Wet Tropics a
Hoop pine  1,000 ha in state forests, mostly established on ex-forest sites b. 50 ha in joint 

venture plantations on private land.  
Exotic pine  12,000 ha in state forests, mostly established on ex-forest sites b. Also numerous 

small woodlots and windbreak plantings on private land. 
Eucalypts 100 ha established by the Community Rainforest Reforestation Program (CRRP) 

on private land. A few plots in state forests. 
Mixed species 
cabinet timber 
plantations 

About 2,000 ha of mixed species plantings (including native and exotic rainforest 
trees and eucalypts, mean = 11 species) established on private land by the CRRP, 
mostly as small plots (< 5 ha). Some older plots in state forests, mostly as simple 
mixtures. 

Mosaic of 
monocultures  

State forest plantations (e.g. Gadgarra, Wongabel, Danbulla) comprise mosaics of 
plantations of various rainforest species and exotic pines, although these have 
mostly been established on ex-forest sites b. 

Mosaic of 
plantations and 
restoration 
plantings 

There are no examples of broadscale reforestation using this approach in north 
Queensland, but state forest plantations have typically been established within a 
network of retained rainforest (‘scrub breaks’) to control the spread of fire.  

 

a. Sources: Gould 2000, Lamb et al. 2001, DPI Forestry 2003; Lamb et al. 2005; Vize et al. 2005. 
b. Ex-forest sites are those cleared of native forest for the purpose of plantation establishment. 

Plantations on private land typically have had intervening decades of use for pasture or cropland. 
 
Potential Positive Impacts of Plantations on Biodiversity in North Queensland 
Intrinsic value of plantations 

The plantation scenarios proposed for north Queensland vary greatly in ‘intrinsic value’, or 
the number of locally endemic rainforest trees planted (Figure 2). Exotic pine plantations and 
most eucalypt plantations would have no intrinsic rainforest biodiversity value in the Wet 
Tropics. Plantations of native rainforest trees would have some intrinsic biodiversity value, 
certainly more than pasture, but their value would be ‘very modest’ compared with native 
rainforest. For example, the mean number of species planted in the mixed-species CRRP 
plantations was just 11 tree species, including eucalypts and exotic species (Lamb et al. 
2005). The typical size of CRRP plots was 1 – 5 ha (Vize et al. 2005). In comparison, 
McKenna (2004) recorded over 400 species of native trees, vines, shrubs and epiphytes 
from 4 ha of rainforest on the Atherton Tablelands. While the intrinsic value of timber 
plantations could be increased by the use of more endemic tree species, rare species and 
other plants of conservation significance (Tucker et al. 2004), there are practical and 
economic reasons to limit the number of species grown in timber plantations to a few high 
value species (Lamb et al. 2005). The use of rare tree species in plantations can also pose 
risks to the genetic integrity of native populations, unless careful seed collection protocols 
are followed (Boshier 2004). A mosaic of timber plantations and restoration plantings would 
have much higher intrinsic value than timber plantations alone. Often, 50-100 locally-
occurring rainforest plant species are planted in restoration projects in the Wet Tropics 
(Goosem and Tucker 1995). 
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Figure 2: The number of native rainforest plant species to be established in various plantation 
scenarios, compared with plant species richness of native rainforest 

 
Rehabilitation of degraded land by ‘catalysing’ rainforest regeneration 

Many different types of plantations have been found to promote the recruitment of native 
plants to cleared land (see papers in Parrotta et al. 1997), provided they attract seed-
dispersing fauna, create a suitable microclimate for seed germination and growth, and shade 
out grasses and weeds which can compete with seedlings. For these reasons, and because 
plantations offer a financial return on establishment costs, it has been suggested that 
plantations may be a cost-effective means of restoring native forest to heavily cleared 
landscapes (Lugo 1997, Lamb 1998).  
 
The capacity of plantations to ‘catalyse’ the recruitment of native plants can vary 
considerably. For example, in north Queensland, Keenan et al. (1997) found that more 
species of native plants were recruited to plantations of Queensland maple Flindersia 
brayleyana, a broadleaf tree, than to hoop pine Araucaria cunninghamii or the exotic Pinus 
caribaea. These results were attributed to differences in canopy cover, litter characteristics 
and perhaps attractiveness to frugivores amongst plantation species, although the 
plantations were also managed differently: the maple plantations, for example, were never 
thinned. The extent of canopy closure seems to be a particularly important factor in 
determining the capacity of plantations to catalyse rainforest recruitment (Kooyman 1996, 
Kanowski et al. 2003a, Wardell-Johnson et al. 2005). Plantations with a relatively open 
canopy, such as eucalypt plantations or rainforest plantations stocked at a low density, tend 
to have a grassy or weedy understorey (e.g., lantana) which can effectively suppress the 
recruitment of rainforest plants. 
 
To the extent that recruitment varies under different types of plantations, a mosaic of 
monocultures would be expected to recruit more species than an extensive monoculture. In 
support of this argument, Keenan et al. (1997) presented data which suggested that 
monoculture plantations of hoop pine, kauri pine Agathis robusta, red cedar Toona ciliata and 
Queensland maple in north Queensland tended to support relatively distinct plant 
assemblages. However, the methodology used by Keenan et al. (1997) is likely to have 
exaggerated the differences between plant assemblages in plantations, because only small 
plots were surveyed (ranging from 0.0024 ha, for seedlings, to 0.06 ha, for larger plants, per 
site). Surveys of slightly larger areas (0.08 ha) in a similar suite of plantations at Gadgarra 
State Forest, north Queensland, found fewer differences in the composition of plants 
recruited beneath a similar range of plantation species (Kanowski et al. 2005a). Even in 
these surveys, sampling artefacts are likely to inflate apparent differences between sites. 
When only the most frequently recorded (and, therefore, most adequately sampled) tree 
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species recruited to each plantation are considered, nearly all were recorded in each type of 
plantation (Figure 3). Note that while the commonly recorded trees include some pioneer 
species, which are likely to be catholic in their habitat requirements, a number of mature 
phase trees are also included in the list. 
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a. Pioneer trees (Goosem and Tucker 1995). 
b. Abundance is the sum of occurrence in three strata (canopy, midstorey, ground layer) at five 78.5 m2 

quadrats per site (details of survey in Wardell-Johnson et al. 2005). Number of plantations: 
Queensland maple (n = 2), kauri pine (n = 2), and hoop pine (n = 3). Plantations were 38-68 years old. 

 
Figure 3: Comparison of the abundance of rainforest tree species most commonly recruited to old 

monoculture plantations of Queensland maple, kauri pine and hoop pine, Gadgarra State Forest, north 
Queensland 
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A caveat to interpreting the results presented by both Keenan et al. (1997) and Kanowski et 
al. (2005a) is that all the plantations surveyed in these studies were of wind-dispersed trees. 
Now, most rainforest trees are fleshy-fruited and are dispersed by fruit-eating birds, bats and 
other fauna (Willson et al. 1989). While frugivorous birds and bats may readily use wind-
dispersed trees as perches when they are located in close proximity to remnant forest (Toh 
et al. 1999), the use of wind-dispersed trees by frugivores is likely to decline rapidly with 
increasing distances from remnant forest (da Silva and Vickery 2002). Consequently, in 
heavily cleared landscapes, the recruitment of rainforest plants is likely to be much higher 
under plantations of fleshy-fruited timber trees than plantations of wind-dispersed species, 
because fleshy-fruited trees can attract fruit-eating birds and bats across cleared land 
(Wunderle 1997, Neilan et al. 2006). 
 
The composition, as well as the richness, of the plants recruited to plantations may be 
affected by proximity to native forest (Fisher 1980, Hopkins 1990, Keenan et al. 1997). Many 
of the studies which have shown that plantations can ‘catalyse’ the recruitment of native 
plants have been conducted in plantations located close to native forest (e.g. Fimbel and 
Fimbel 1996, Harrington and Ewel 1997, Keenan et al. 1997, Lemineh et al. 2004). However, 
where plantations are to be used for the broadscale reforestation of cleared land, recruits 
may be largely restricted to a small pool of pioneer or generalist species, because these tend 
to be more widely-dispersed than mature phase species (Haggar et al. 1997, Da Silva and 
Vickery 2002, Kanowski et al. 2003a, 2005b). In these circumstances, the inclusion of 
restoration plantings within the plantation estate may be necessary to promote the dispersal 
of mature phase rainforest plants to plantations (Lamb 1998, Tucker et al. 2004). 
 
Provision of habitat for rainforest biota 

The Wet Tropics rainforests of north Queensland support a rich and distinctive fauna, 
including many endemic species (Winter 1988, Williams et al. 1996). Most rainforest animals 
are dependent on a particular suite of habitat attributes characteristic of rainforest. For 
example, leaf-eating marsupials (possums and tree-kangaroos) and frugivorous birds and 
bats require a diverse range of plants in their diet, often from particular ‘rainforest’ plant 
families (Jones and Crome 1990; Kanowski et al. 2003b), while invertebrates and the 
animals that eat them are often strongly associated with characteristic structural features of 
rainforest such as vine tangles, epiphytes, and rotting logs (Kikkawa 1982, Grove 2002, 
Catterall et al. 2004). The use of plantations by rainforest fauna would therefore be expected 
to be strongly dependent on the occurrence of rainforest-like habitat attributes in plantations. 
Indeed, Kanowski et al. (2005b) found that the richness of rainforest birds and lizards in 
reforested sites in north Queensland was positively correlated with rainforest habitat 
attributes including plant species richness, structural complexity, canopy cover and stocking 
rate, while plantations with an open canopy and grassy understorey supported few rainforest 
biota.  
 
For these reasons, plantations of eucalypts or exotic pines are unlikely to provide habitat for 
many rainforest animals. While no relevant surveys have been conducted in these types of 
plantations in north Queensland, studies conducted in other parts of Australia support this 
contention. For example, Borsboom et al. (2002) found that plantations of Eucalyptus 
cloeziana in south-east Queensland supported few rainforest-dependent vertebrates. 
Kikkawa (1968) reported that an exotic pine plantation in northern New South Wales 
supported a bird fauna more closely associated with eucalypt forest than with rainforest, 
while Lindenmayer and Hobbs (2004) concluded that exotic pine plantations in general 
provided poor habitat for most forest vertebrates. Sparsely-canopied eucalypt plantations 
could also be expected to be hotter and drier than closed canopy rainforest plantations. This 
would further reduce their habitat value for endemic fauna of the Wet Tropics, most of which 
are considered adapted to a moist, relatively cool climate (Winter 1997, Williams et al. 2003, 
Kanowski 2004). 
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Many plantations of hoop pine and other rainforest timbers in north Queensland and 
elsewhere in eastern Australia have recruited a complex rainforest understorey and are 
known to provide habitat for rainforest-dependent wildlife (Fisher 1980, Keenan et al. 1997, 
Bentley et al. 2000, Kanowski et al. 2003a, Catterall et al. 2004, Kanowski et al. 2005b). 
Important caveats in interpreting these data are that most existing plantations have been 
established by conversion of native forest and are located adjacent to remnant rainforest. 
Plantations located away from remnant rainforest would be expected to support fewer 
rainforest biota (Bell 1979, Catterall et al. 2004, Kanowski et al. 2005b, 2006). However, the 
inclusion of restoration plantings within the plantation estate may facilitate the dispersal of 
rainforest animals to plantations, particularly if restoration plantings were designed to form a 
linked network of high quality habitat between plantations and remnant forest (Tucker 2000, 
Tucker et al. 2004, Kanowski et al. 2005a). 
 
Some authors have suggested that a mosaic of monocultures could have considerably more 
value for wildlife than extensive monocultures (Herbohn et al. 2000; Lamb and Keenan 
2001). However, the benefits of plantation mosaics are likely to be less pronounced for fauna 
(at least for vertebrates) than for plants. This is because most rainforest vertebrates require a 
diverse suite of floristic and structural resources within their home range (Winter 1988, 
Kikkawa 1990, Jones and Crome 1990, Kanowski et al. 2003b). Even if plantation mosaics 
were to provide a greater diversity of floristic resources than monocultures at the landscape 
scale, only wide-ranging fauna would be able to utilise those resources, assuming 
plantations were in the order of 10 to 100 ha in size, as is presently the case. For example, 
most arboreal marsupials in north Queensland utilise a home range no larger than 1 to 2 ha 
in size (Newell 1999, Wilson 2000). Furthermore, a mosaic of monocultures would not 
necessarily provide any more of the structural resources required by fauna than an extensive 
monoculture.  
 
A proper test of the suggestion that a mosaic of monocultures would have more value for 
wildlife than an extensive monoculture requires a contrast of these scenarios at the 
landscape scale, and such data are not available. However, site level data can be used to 
partly test the argument. For example, one way that a mosaic of monocultures could have 
more value for wildlife than an extensive monoculture would be if each type of monoculture 
plantation supported a different fauna, and hence together the mosaic would support a richer 
fauna than an extensive plantation of any single species. However, surveys of old plantations 
of hoop pine, kauri pine and Queensland maple in Gadgarra State Forest, north Queensland 
(the same plantations surveyed for plants recruitment, above) found that these plantations do 
not support distinct faunal assemblages. In these surveys, 70 to 80% of bird species and 60 
to 80% of mite taxa recorded in any one type of plantation were also recorded in another 
(Kanowski et al. 2005a). Furthermore, some of the apparent differences between plantations 
are likely to be sampling artefacts. When only the most frequently recorded bird species are 
considered, for example, nearly all were recorded in all plantation types (Figure 4).  
 
Despite being in a highly favourable situation for the recruitment of rainforest plants and 
animals, the plantation mosaic at Gadgarra appeared to support only a subset of the species 
found in nearby rainforest. A comparison of seven plantations at Gadgarra with two adjacent 
rainforest sites (all surveyed using the same methodology: Catterall et al. 2004, Wardell-
Johnson et al. 2005) found that, of the 149 species of plants recorded in the two rainforest 
sites, 52 were not recorded in any of the seven plantations surveyed in the study. While 32 of 
the 35 species of birds recorded in the two rainforest sites were observed in at least one of 
the plantations, many rainforest birds appeared relatively uncommon in plantations. For 
example, there were considerably fewer records of the wompoo fruit-dove Ptilonopus 
magnificus, superb fruit-dove P. superbus, Macleay’s honeyeater Xanthotis macleayana and 
Victoria’s riflebird Ptiloris victoria in plantations than in adjacent rainforest sites. The paucity 
of these frugivorous birds has important implications for patterns of seed dispersal and hence 
plant recruitment in the plantations (Kanowski et al. 2004, Moran et al. 2004). 
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a. ‘Rainforest’ birds, i.e. species apparently dependent on, or closely associated with, rainforest and 
adjacent habitats in the Wet Tropics (Catterall et al. 2004; Kanowski et al. 2005b).  

b. Birds were recorded during eight 30 minute surveys of a 0.3 ha plot per site. Abundance is the 
number of records per site. For details of plantations, see Figure 3. 

 
Figure 4: Comparison of the abundance of birds most frequently recorded in old monoculture 

plantations of Queensland maple, kauri pine and hoop pine, Gadgarra State Forest, north Queensland 
 

Plantations facilitate dispersal of rainforest species 

Little is known about the dispersal of rainforest wildlife through plantations. In general, it can 
be expected that the habitat requirements of dispersing fauna - which, by definition, are 
passing through a site - will be less exacting than the requirements of resident fauna. For 
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example, Lindenmayer (2000) found that some forest vertebrates used exotic pine 
plantations to disperse between remnant forest patches, even though they did not regularly 
inhabit the plantations. Another generalisation is that there are likely to be considerable 
differences between taxa in their dispersal requirements. For example, amongst the arboreal 
mammals of north Queensland rainforests, tree-kangaroos (Dendrolagus bennettianus and 
D. lumholtzi) will readily disperse between isolated trees or even traverse open country, 
whereas the lemuroid ringtail possum (Hemibelideus lemuroides) requires a continuous 
forest corridor to disperse between remnants (Laurance and Laurance 1999, Kanowski and 
Tucker 2002).  
 
Nevertheless, it can reasonably be speculated that plantations with a closed canopy will 
better facilitate the dispersal of rainforest fauna than plantations with an open canopy and 
grassy understorey. The latter type of plantations may even inhibit dispersal of some taxa, 
e.g. small rainforest mammals may not readily disperse across a plantation with a dense 
grassy understorey, particularly if it has been colonised by grassland mammals (Goosem 
and Marsh 1997). Of the plantation scenarios considered here, a mosaic of plantations and 
restoration plantings is most likely to assist the dispersal of rainforest biota across the 
landscape, especially if plantings form a linked network between plantations and remnant 
rainforest. 
 
Potential Negative Impacts of Plantations on Biodiversity in North Queensland 
Potential invasion of native forests by plantation tree species  

Plantations could potentially have negative impacts on biodiversity if plantation trees invade 
native forests. For example, the seedlings of exotic pines are serious weeds in many parts of 
southern Australia (Lindenmayer and McCarthy 2001), although they are intolerant of shade 
and do not appear to recruit under rainforest. However, many rainforest trees used in 
plantations are relatively shade tolerant. Some of the exotic rainforest trees used in timber 
plantations in north Queensland are considered potential weeds. For example, Chukrasia 
tabularis has spread into native forests from plantations at Gadgarra (Tucker et al. 2004). A 
number of other exotic species which were widely planted in CRRP plantations may yet turn 
out to be invasive, but this will only become apparent after they mature, produce seed and 
attract dispersal agents (Richardson 1998).  
 
Potential invasion of native forest genetic integrity by plantation tree species  

Plantations could also potentially have negative impacts on biodiversity if genes from 
plantations of native, but not locally-endemic, trees invade local gene pools (Boshier 2004). 
For example, there is a potential risk of genetic introgression from plantation hoop pine to 
native stands, because hoop pine has been subject to a breeding program which has 
included genetic material from a number of provenances, including New Guinea (Nikles 
1996). This is probably not an important issue in the Wet Tropics, since hoop pine has a 
restricted distribution in the region, but it may be a more significant problem elsewhere in 
Queensland, where hoop pine occurs in extensive native stands. There is also the potential 
for genetic introgression to local populations in cases where non-local provenances of 
rainforest trees have been used in plantations. For example, Tasmanian provenances of 
blackwood Acacia melanoxylon were used in some CRRP plantings because of their 
superior form (Sexton 2000). There is substantial risk of genetic introgression from eucalypt 
plantations to regional eucalypt forests, due to the widespread use of hybrids and non-local 
provenances in eucalypt plantations and the potential for long distance dispersal of eucalypt 
pollen by bats and birds (Potts et al. 2003, Southerton et al. 2004).  
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Summary of the Impacts of Plantation Scenarios on Biodiversity 
The potential impacts of the plantation scenarios on biodiversity are summarised in Table 2. 
Of the six scenarios considered in this paper, that of a mosaic of plantations and restoration 
plantings has by far the most number of positive impacts on biodiversity. Plantations of other 
rainforest trees (including hoop pine monocultures, mosaic of monocultures and mixed 
species plantations) have moderately positive impacts on biodiversity, while plantations of 
non-rainforest trees (eucalypts and exotic pines) have the least number of positive 
consequences for biodiversity.  
 
All scenarios could potentially have negative impacts on biodiversity if plantations replace 
native forest, but other negative impacts vary from low to high, depending on the species 
used in plantations and the context in which they are established. Plantations of exotic 
rainforest trees are potentially invasive, while plantations of local species which utilise non-
local genotypes (whether of rainforest trees or eucalypts) risk genetic introgression to local 
populations. The negative impacts of plantation scenarios using multiple species (mixed 
species plantings, a mosaic of monocultures and a mosaic of plantations and restoration 
plantings) would be dependent on the particular mix of species used in these plantations.  
 
The relative importance of positive and negative consequences of plantations for biodiversity 
is likely to vary with landscape forest cover. In well-forested parts of the Wet Tropics, it may 
be more important to minimise the potential negative impacts of plantations on native forests 
than to maximise the positive impacts. On the analysis presented here (see Table 2), a 
monoculture of hoop pine, or a mosaic of hoop pine monocultures and restoration plantings, 
would be favoured over other scenarios in well-forested landscapes, at least in terms of 
minimising negative impacts on biodiversity. Nevertheless, plantations of other locally-
occurring rainforest trees, and even exotic pines, either as a mosaic of monocultures or 
mixed species plantations, may also have few negative impacts on biodiversity in well-
forested landscapes. Non-local rainforest species may carry too high a risk of becoming 
invasive to be used in plantations in well-forested landscapes of the Wet Tropics. 
 
Conversely, in heavily cleared areas in the Wet Tropics, plantation scenarios that provided 
habitat or dispersal corridors for rainforest wildlife would be strongly favoured in terms of 
biodiversity outcomes. Again, on the analysis presented here, this would entail the 
establishment of a mosaic of plantations and restoration plantings in heavily cleared 
landscapes (Table 2). No other type of plantation considered here approaches this scenario 
in terms of positive impacts on biodiversity.  
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Table 2: Summary of potential impacts of broadscale plantation scenarios on rainforest biodiversity in 
the Queensland Wet Tropics 

  
Impact Monocultures: Mixed Mosaic Mosaic of 

 Euca-
lypts 

Exotic 
pines 

Hoop 
pine 

species 
plantations 

of 
monocultures 

plantations & 
restoration a

Positive impacts 
(i) Site scale:  

      

Intrinsic value of 
species planted 

Nil Nil Low Med Med High 

‘Catalyse’ rainforest 
regeneration 

Low Low Med Low Med High a

Habitat for rainforest 
wildlife  

Low Low Low Low Low High a

(ii) Landscape scale:       
Buffer remnants 
from adjacent 
environment 

Med High High High High High 

Facilitate dispersal 
of rainforest species 

Low Low Med Med Med High 

Increase 
populations of 
rainforest species  

Low Low Low Low Low High 

Improve water 
quality downstream 

? ? ? ? ?   High b

Reduced pressure 
to harvest 
rainforests  

Low Low Med Med Med Med 

Carbon 
sequestration c

High High Med Med Med Med 

Negative impacts 
(i) Site scale:  

      

Plantations replace 
native forest 

? ? ? ? ? ? 

(ii) Landscape scale:       
Plantation species 
invade native forest 

Low Low Low Low-highd Low-highd Low a

Genes from 
plantations invade 
native forest 

High e Nil Lowf Med Med Low a

 
a. Impacts of the ‘mosaic of plantations and restoration’ scenario based on the use of hoop pine as 

plantation species; impacts may vary with other species.  
b. Assuming riparian zones are targeted for restoration. 
c.  Based on growth rates. 
d. Depending on species used in plantations. 
e. Potential impact on regional eucalypt forests due to genetic introgression from pollen transfer  
f. Risk of genetic introgression from hoop pine would be higher in other regions of eastern Australia 

where hoop pine occurs in extensive natural stands 
? = consequences largely independent of scenario, dependent on design, management or location. 
 
INTEGRATING ENVIRONMENTAL AND PRODUCTION OBJECTIVES IN 
PLANTATION DEVELOPMENT IN NORTH QUEENSLAND 
This paper has attempted to evaluate the biodiversity values of broadscale plantation 
scenarios which might be implemented in north Queensland. In practice, plantation schemes 
will have to satisfy a range of social and economic objectives, as well as addressing 
biodiversity considerations (Harrison et al. 2000, Vize et al. 2005). Integrating the biodiversity 
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and production objectives of plantation developments will be a complex task, for several 
reasons. First, there is still too little information on long-term growth rates of most rainforest 
species, or their responses to silvicultural treatments, to predict the value of timber produced 
by most plantation scenarios (Lamb and Keenan 2001, Erskine 2004, Erskine et al. 2005). 
Second, there is still only limited understanding of the biodiversity values of plantation 
scenarios (Catterall et al. 2004; Kanowski et al. 2005b). Third, there is little knowledge of 
synergies and trade-offs between the production and biodiversity objectives of timber 
plantations (e.g. Catterall 2000, Harrison et al. 2000, Catterall et al. 2005; Erskine et al. 
2005). For example, while it can be reasonably concluded that a mosaic of plantations and 
restoration plantings would have the greatest number of positive benefits for biodiversity of 
the plantation scenarios considered here (Table 2), the proportion of a plantation estate that 
would need to be allocated to restoration plantings to achieve particular conservation goals is 
unknown. This question is fundamental to achieving outcomes for production and biodiversity 
under this scenario, but an optimal answer may vary with the amount and spatial 
configuration of remnant forest, both in the immediate vicinity of the plantation and in the 
wider landscape (Lindenmayer and Franklin 2002). Resolving these types of questions will 
require investment in large-scale, long-term research and monitoring programs in 
reforestation projects, aimed at assessing both timber production and the consequences of 
plantations for biodiversity (Catterall et al. 2005).   
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