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Abstract 

Browsing by marsupials on Eucalyptus nitens (Shining gum) was studied in two 

newly-planted forestry plantations in north west Tasmania, Australia. Sodium 

monofluoracetate (1080) poison was used at one site (Pearsefield), but not the 

other (Clipper West). Five seedlots of E. nitens sourced from Southern New 

South Wales (NSW), Toorongo, Northern NSW, Macalister and Glen Tunnel 

were planted at each coupe to identify any seedlot preferences by herbivores and 

to assess differences in levels of damage. Initial heights of the seedlots differed. 

Three components of seedling damage were analysed: impact of browsing on 

seedling height, severity of damage and type of damage. Herbivores in the area 

were recorded in spotlighting surveys. 

Five months after planting, 55% of seedlings at Clipper West sustained over 50% 

damage to their foliage and stem. Glen Tunnel and Macalister seedlings were 

significantly more damaged than the Southern NSW seedlings. At Pearsefield, 

only 28% of the seedlings sustained over 50% damage. Glen Tunnel and 

Toorongo seedlings were significantly more damaged than the other three 

seedlots at this plantation. At Clipper West, 78% of the damaged seedlings had 

their apical buds removed, compared with only 50% at Pearsefield. 

Five months after planting, mean height of all seedlings was less than at planting 

due to browsing. Reductions in height were greater at Clipper West than at 

Pearsefield. In terms of the amount of stem eaten, herbivores preferred the 

Toorongo and Glen Tunnel seedlots at both plantations. The Southern NSW 

seedlings were the least preferred. 

The Tasmanian pademelon (Thylogale billardierii) was the most frequenfly 

observed herbivore at Clipper West (7.0/hectare (ha)), compared to 1.2/ha for the 

Bennett's wallaby (Macropus rufogriseus) and 0.7/ha for the common brushtail 

possum (Trichosurus vulpecula). Herbivore densities were lower at Pearsefield, 

and the brushtail possum (0.4/ha) was the most frequently observed. 1080 poison 

was presumably effective in reducing herbivore numbers, but its effect appeared 

to be temporary. 
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Feeding trials, using a captive colony of Tasmanian pademelons, also examined 

preference and damage to seedlots of the five seedlots E. nitens. Tasmanian 

pademelons preferred Glen Tunnel seedlings on the basis of the amount of stem 

eaten, and damaged them more than any other seedlot. 

This study suggests that smaller sized seedlings may be more prone to damage, 

because removal of even a small amount of plant represents a large reduction in a 

seedling's total biomass. Planting larger seedlings may be a simple means of 

reducing the impact of herbivores. Management implications of all results are 

discussed with respect to forestry in Australia. 
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General introduction 

Chapter One 

General introduction 

1.1 Introduction 

Browsing of plants by mammals can detrimentally affect forestry operations, 

agriculture and vegetation rehabilitation activities (Sullivan et al. 1988a, 1992, 

Engeman and Barnes 1996, Kimball et al. 1995). In Tasmania, browsing 

affecting forestry operations has been reported frequently over the last few 

decades (McNally 1955, Mollison 1960, Statham 1983, Smith 1994, Coleman et 

al. 1997). Three native herbivores have been implicated in this damage: the 

Tasmanian pademelon Thylogale billardierii (Desmarest 1822)), Bennett's 

wallaby (Macropus rufogriseus rufogriseus (Desmarest 1817)) and common 

brushtail possum (Trichosurus vulpecula (Kerr 1792)). Unfortunately, our 

knowledge on the nature, timing and extent of browsing damage is relatively 

poor. This is exacerbated by the fact that damage appears to vary both between 

sites and years (Coleman et al. 1997). 

Damage frequently occurs to seedlings between five and thirty centimetres high 

and results in slow growth rates and poor growth form of seedlings (Cremer 1969, 

Statham 1983). It may ultimately result in losses the quality and quantity of 

timber produced (Wilkinson and Neilsen 1995). Defoliation by browsing may 

weaken a plant's defences against factors such as drought and frost, and repeated 

defoliation after foliage replacement may lead to exhaustion of starch resources 

and seedling death (Mattson and Haack 1987). If the damage is severe, then there 

is the potential for plantation establishment or regeneration of native forest to fail, 

and there may be substantial economic losses (Cremer 1969, Jenkin 1993, Smith 

1994, Wilkinson and Neilsen 1995). Forestry Tasmania, for example, estimates 

that $2.8 million each year is lost due to browsing. This estimate is based on a 

40% replanting rate, but does not include the actual cost of browsing control 

(Coleman et al. 1997). 
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In Tasmania, sodium monofluoracetate (hereafter 1080 poison) is the main form 

of control used to reduce animal numbers and therefore to reduce the impact of 

herbivores (Statham 1983, Smith 1994). Approximately 12kg of poison is used 

each year; about half of which is used by forestry. The cost of poisoning 

(including 2-3 free-feeds) varies between operations, but is generally less than 

$100 per hectare (Coleman et al. 1997). The chemistry and use of this poison is 

described more fully in Chapter 7. However, it is important to note here that 

despite decades of research into its use (Atzert 1971, Seawright and Eason, 1994), 

1080 remains a controversial poison for both social (e.g. animal welfare) and 

environmental (e.g. contamination of soil or water) reasons. Alternative 

measures for reducing damage to seedlings are required, since the use of 1080 

poison against native species has been banned in most mainland states and may 

also be banned in Tasmania. 

One possible alternative method to the use of 1080 poison, is the planting of 

seedlings with lower susceptibility to browsing. Observations by researchers, 

farmers and foresters suggest that the extent of browsing can vary with tree 

species, provenance and/or individual tree; with tree size and age; with seasonal 

conditions, availability of other feed and with the type of browser (Jenkin 1994, 

Coleman et al. 1997). Eucalyptus viminalis, for example, is believed to be 

especially prone to attack by the common brushtail possum, T. vulpecula (pers. 

comm. Dr David de Little). 

If differential damage between seedlots 1  of Eucalyptus nitens (Deane and 

Maiden) Maiden (Shining gum) can be demonstrated, it would provide a basis for 

a number of uses in forestry, for example: the opportunity to plant seedlots of 

reduced susceptibility to damage in plantations; the potential to select for less 

palatable plants; and the future development of "anti-feed" repellents, based on 

characteristics identified from certain seedlots. In this thesis I investigated 

differential damage to five different seedlots of the plantation species, E. nitens. 

The seedlings of E. nitens I used were from the Southern New South Wales 

I  The seedlots used in this study are described in Chapter 2. A seedlot is defined as a distinct open-
pollinated "seed basket" selected from maternal parents of a particular provenance (pers. comm. Dr David 

de Little). 
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(NSW), Toorongo, Northern NSW, Macalister and Glen Tunnel seedlots 2. My 

research investigated whether herbivores could differentiate between these five 

seedlots, using the impact of browsing on three components of damage: seedling 

height, the severity of damage and the type of damage to seedlings. The research 

was based in managed, temperate plantations and examined the impact of three 

Australian marsupials, Tasmanian pademelon, Bennett's wallaby and the 

common brushtail possum on forestry plantations. It compared these aspects of 

browsing between the five seedlots of E. nitens and investigated preferences for 

seedlots by these herbivores. I also present a discussion of ideas relating to the 

behavioural, physiological and chemical mechanisms underlying such selection of 

diet and display of preference. 

The following literature review concentrates on the biological concepts that are 

relevant to my study, but does not compare any of the applied studies which also 

relate to my research. These latter studies are described and linked in later 

chapters where they are specifically relevant. 

1.2 Literature review of plant-herbivore 

interactions 

Plant-herbivore interactions are strong ecological interactions which can 

influence the patterns of distribution and relative abundances of both plants and 

herbivores (Batzli 1994). These interactions are dynamic, and both plants and 

herbivores exhibit plasticity in their responses to one another (Fox 1981, Lindroth 

1988). Selective forces seem to have acted on plants to limit the number and 

intensity of attacks by herbivores, by the production of chemical and physical 

defences3  and possibly also through compensatory growth, which minimises the 

negative consequences of herbivory (McNaughton 1979). Likewise, herbivores 

have evolved numerous complex behavioural, physiological, biochemical and 

morphological responses to minimise the detrimental effects of plant defences 

2  Throughout this thesis, I refer to the seedlings from the Southern NSW seedlot of E. nitens, as "Southern 
NSW seedlings", and so forth for each seedlot. 

3  A plant defence may be defined as any trait that reduces a herbivore's selection of a particular plant 
(Belovsky and Schmitz 1991). 
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(Ehrlich and Raven 1964). These evolutionary aspects of herbivory are discussed 

further, later in this review, but it important to note that plant defence is not 

absolute: that is, under natural conditions the majority of plants are subject to 

herbivory at some stage during their life cycle (Fox 1981, Belovsky and Schmitz 

1994). 

Plant-herbivore interactions are relatively complex, and may be viewed from the 

perspective of the plant or herbivore. I think that it is most useful to recognise 

both aspects: that is, the characteristics of an individual plant, including defence 

strategies, and the functional traits of different herbivore types, such as their 

feeding strategies; and hence the response of both plants and herbivores to one 

another in both evolutionary and ecological time (Fox and Morrow 1981, Parsons 

et al. 1994). Studies of plant-herbivore interactions also benefit by including the 

effects and interactions of other plants and herbivores in the environment (Fox 

1981, Belovsky and Schmitz 1991). 

There is a large amount of scientific literature relevant to plant-herbivore 

interactions. I present here a summary of much of this information, aiming to 

highlight some of the more important concepts. This review synthesises evidence 

relating to chemical and physical defences of plants as mediators of herbivory and 

then investigates specific secondary compounds. Secondary plant compounds are 

chemicals that are present in all higher plants and have no primary role, hence 

"secondary", in respect to the basic processes of growth, maintenance and 

reproduction of a plant (McKey 1979). The cost-benefit ratio of chemical 

defences in plants is considered and the main hypothesis of resource allocation is 

summarised: a balance between defence and growth, development and 

reproduction in plants. The ways in which individual plants and plant 

communities respond to herbivory are discussed, in terms of compensatory 

growth and population demographics. Some central ideas of diet selection are 

discussed and preference is illustrated with a number of examples. The cost of 

plant defences to herbivores and mechanisms of responses to secondary 

compounds are discussed, although the latter is limited to a brief summary of 

behavioural, physiological, biochemical and morphological adaptations to 
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defence. The review concludes with a discussion of the evolutionary 

consequences of plant-herbivore interactions. 

1.2.1 Physical and chemical properties of plants as 

mediators of plant-herbivore interactions 

Physical and chemical plant defences can mediate plant-herbivore interactions. 

Physical defence mechanisms include morphological traits, such as hairiness, 

hardness and the presence of spines or thorns (Belovsky and Schmitz 1991). 

Growth form also has an important influence on a plant's vulnerability to 

herbivory, because it affects both the physical accessibility of the plant to 

herbivores, as well as the plant's ability to compensate for any damage that does 

occur. For example, rapid growth can aid "escape" from herbivores (Haukioja 

1980, Statham 1983) and the hemi-cryptophyte habit of many pasture plants 

allows plants to become closely cropped, without damage to the growing tips 

(Bannister 1976. 

The concept of chemical mediation of plant-herbivore interactions has been 

considered for decades (Ehrlich and Raven 1964). In applied research it has 

frequently led to the investigation of these interactions with the aim of 

discovering compounds that could be developed, and used, as "anti-feed" 

repellents. This review concentrates on plant characteristics, particularly 

chemical ones, which have detrimental effects on herbivores. However, it is 

important to stress that there are obviously positive nutritional factors of food 

when talking of "quality", as well as negative toxic, repellent, or digestibility-

reducing factors. Both factors can influence diet selection (Crawley 1983). 

The relationship between herbivory and chemistry is probably far more complex 

than the typical one-herbivore-one-chemical interaction which research often 

implies. Plants synthesise an array of chemicals and we have a limited 

understanding of their potential interactions, such as those that are additive or 

synergistic. Furthermore, the effects of plant compounds may vary between 

herbivore species, if not between individuals (Levin 1976). Our understanding of 
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the role of plant chemistry, in particular secondary compounds, in plant-herbivore 

interactions is incomplete. 

Secondary compounds as chemical defences in plants 

Secondary compounds are present in all higher plants, but their structural form is 

very diverse (Levin 1971, McKey 1979), despite being derived principally from 

acetate or amino acid metabolism. Although they do not have primary functions, 

they play a role in a number of different ecological and physiological processes in 

plants, such as chemical antagonism between plants (McNaughton 1968), 

detoxification of metabolic by-products and protection from pathogens. Many of 

them are simply end-products of metabolism (McKey 1979), although some may 

be further metabolised and even degraded (Barz and Koster 1981). Secondary 

compounds have probably not evolved in plants specifically as a means of 

chemical defence against herbivores (Gershenzon and Croteau 1991), but defence 

against herbivory and other important functions of secondary plant compounds 

are not mutually exclusive. Since secondary compounds are often in greater 

concentrations than necessary for normal metabolism, and since plants do not 

have unlimited energy budgets, it is likely they offer some selective advantage 

(Levin 1971). 

There are two major classes of secondary compounds in plants: carbon-based and 

nitrogen-based. Carbon-based secondary compounds are further subdivided into 

terpenes and terpenoids, and phenolics. Plant secondary compounds may deter 

feeding by acting as repellents, digestibility-reducers and/or toxins. They have a 

wide range of effects from sensory (visual, tactile, olfactory and/or gustatory) to 

pharmacological (Harborne 1991). 

Carbon-based defences 

Terpenes (including terpenoids) 

The terpenes are both a large and very diverse group of naturally-occurring plant 

chemicals, with over 15 000 fully characterised (Gershenzon and Croteau 1991). 
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They are united by the fact that they are derivatives of the five-carbon compound 

isoprene (C5H8) (Harborne 1991). 

The terpenes may be broadly divided into three groups, primarily on the basis of 

physical properties: the lower terpenes, the carotenoids, and the polyterpenes. The 

lower terpenes - ten- (mono-), fifteen- (sesqui-), twenty- (di-), and thirty- (tri-) 

carbon compounds - make up the bulk of the essential oils and resins, although 

these materials may also contain non-terpene components. 

Terpenes may serve as defences against herbivores and pathogens. The 

monoterpenes (e.g. camphor), sesquiterpenes (e.g. glaucolide A) and triterpenes 

(e.g. papyriferic acid) may act as feeding deterrents against herbivores and/or may 

be poisonous to herbivores (Gershenzon and Croteau 1991). 

Phenolic Compounds 

Phenolic compounds occur in over 8000 plant species. Most plants contain 

complex mixtures of phenolics that differ greatly in their chemical, physical and 

biological functions (Harborne 1991, Hagerman and Butler 1991). With the 

exception of many wood constituents, most phenolic compounds are present in 

plants as glycoside derivatives. Phenolic compounds reside in the plant in 

digestibility-reducing or toxic forms, or in forms which must be "activated" 

through hydrolysis or oxidisation within the herbivore to maximise their potency 

(Levin 1976, Bell 1981). 

Lignin is a polyphenolic compound (molecular weight > 10, 000) that is made up 

of coniferyl, p-coumaryl and sinapyl units (Levin 1976). Lignin plays a primary 

role as a strengthener of plant structure, but may reduce feeding by some 

herbivores by reducing digestibility of the plant material (Foley and Hume 1987, 

Hagerman and Butler 1991). 

Tannins and non-tannin phenolics may provide many plants with broad spectrum 

protection against many herbivores and pathogens (Feeny 1970, Bryant et al. 

1983a, Martin et al. 1987). Tannins are a diverse group of benzene-based 

polyphenols (molecular weight > 500) (Hagerman and Butler 1991). They are 
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divided into two classes: hydrolysable (gallic or ellagic acid esters of various 

sugars) and condensed tannins (Hagerman and Butler 1991). Both types of tannin 

can occur together in the same plant (Harbome 1988). 

Tannins can bind proteins into indigestible complexes, reducing protein 

digestibility and inhibiting enzymes (Robbins et al. 1987, 1991, Hagerman and 

Butler 1991). Tannins can also reduce dry matter digestibility and sodium ion 

digestion and retention (Zucker 1983, Rhoades and Cates 1976, Freeland et al. 

1985, Palo et al. 1985, Robbins et al. 1987b, 1991). They can suppress food 

intake, reduce growth (Mole and Waterman 1987) and cause damage to the 

kidneys, liver and/or intestines (Zucker 1983, Thomas et al. 1988). Reduced cell 

wall digestibility due to tannins has also been reported in studies of domestic 

sheep (Barry and Manley 1986). Tannins can also have toxic effects (Lindroth 

and Batzli 1983, Mehansho et al. 1987). The specific effect depends on whether 

the tannin is condensed or hydrolysable, as well as its molecular size and 

configuration (Hagerman 1989, Mehansho et al. 1987, Mole and Waterman 1987, 

Robbins et al. 1991). It also depends on the characteristics of the protein 

(Hagerman and Butler 1981) and the adaptations of the herbivore for neutralising 

or metabolising different tannins (Hagerman et al. 1991, McArthur et al. 1991). 

Non-tannin phenolics refer to the low molecular weight phenolics that have no, or 

minimal, protein-binding capacity. They possibly act as toxins, as distinct from 

digestibility-reducers (a common effect of tannins). As a group, non-tannin 

phenolics have been negatively correlated with herbivore preference (McArthur et 

al. 1993). Particular non-tannin phenolics may acutely affect certain herbivores 

(Bryant et al. 1983a, Palo et al. 1985). 

Nitrogen-based defences 

Alkaloids 

The term "alkaloid" is applied to a wide array of bases (excluding purine and 

pyrimidine bases), that have a nitrogen atom as part of their structure and usually 

contain at least one amine-type ring (Harborne 1991, Pelletier 1993). They are 
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very numerous (— 10 000) (Harborne 1991) and are found in about 20% of 

angiosperms (Hartman 1991). 

Alkaloids probably act as feeding deterrents, as they frequently cause 

physiological responses when administered to vertebrates. They may act as 

analgesics, astringents, cardiac or respiratory stimulants, vein and artery 

constrictors, anaesthetics, muscle relaxants and/or nervous system modifiers 

(Harborne 1991). 

Non-protein amino acids, cyanogenic glycosides and 

glucosinolates 

Non-protein amino acids, such as mimosine, may function directly as anti-

herbivore molecules (Fowden 1987). Cyanogenic glycosides are derived directly 

from protein amino acids. They are of low molecular weight and liberate toxic 

hydrogen cyanide when hydrolysed (Jones 1972). The intake of cyanide inhibits 

cytochromes in the aerobic electron transport chain, affecting respiration and 

hence life-processes in the herbivore (Bell 1981). Recent studies also suggest that 

the release of certain aldehydes and ketones through the breakdown of hydrogen 

cyanide may also deter herbivory (Jones 1988). Glucosinolates are low molecular 

weight compounds which are common in cruciferous plants (Harborne 1991). 

They can repel potential herbivores through the release of foul-smelling sulphur 

compounds (Ettlinger and Kjaer 1968). 

1.2.2 Costs, benefits and allocation of chemical defences 

in plants 

Costs and benefits of chemical defences in plants 

The resource budget of a plant has limits. Any investment of resources towards 

defence from herbivory therefore represents some cost. As such, it should also 

convey some benefit; that is, it should increase "fitness" (Rhoades 1979, 

Haukioja 1980). Consequently, the distribution of defences within a plant may 

vary depending on the availability of nutrients and the relative value of defence 

versus growth. Testing this concept of resource budgets has some inherent 
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problems (Chew and Rodman 1979), most conspicuously the difficulty of actually 

defining and then measuring fitness (Haukioja 1980, Fox 1981). 

In addition to the difficulty of measuring the effect of defence on a plant's overall 

fitness, any theoretical calculation of cost must also take into account the energy 

used to drive reactions, to produce photosynthate, amino acids and enzymes, and 

to translocate and store compounds (Fox 1981, Waterman 1993, Chew and 

Rodman 1979). It is logical that defences do have a cost, and that in the absence 

of herbivores their production would eventually cease, or else would have 

negative impacts on a plant's fitness (Fox 1981). 

Resource allocation 

The Resource Allocation, or Carbon:Nitrogen (C:N) Balance hypothesis states 

that plants should allocate nutrients and carbon to growth and to defence in 

proportion to the value of the carbon and nutrients to the plant, that is, in a way 

that maximises the plant's fitness (Rhoades 1979, Bryant et al. 1983a, Bryant et 

al. 1991). The relative availabilities of nutrients versus carbon are postulated to 

determine the amounts and types of chemical defences that are employed by 

plants against herbivores (Bryant et al. 1983a). Although ecological research 

does not always support this hypothesis (Larsson et al. 1986, Glyphis and Puttick 

1989, Muzika and Pregitzer 1992), allocation of resources within a plant is an 

important aspect to consider when discussing plant-herbivore interactions, as the 

"quality", which includes both positive and negative factors of a food item, may 

be paramount to the selection of it by a given herbivore. 

When resources are limited, such as when plants are growing in infertile soils, 

investment of resources in growth or in defence means a decrease in investment 

in the other direction. When nutrients are limited, carbon is in relative excess. 

The products of carbon-fixation accumulate relative to the nitrogen available for 

plant growth and so resources may be invested in defence rather than growth. 

Plants in low-resource environments photosynthesise and absorb nutrients at a 

minimal rate. As a result, they grow slowly and have a low capacity to regenerate 

after herbivory. Such plants respond to browsing with strong carbon-based 
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constitutive defences, which protect their valuable leaf resources (Bryant et al. 

1983a, Bryant et al. 1991). 

Alternatively, in plants adapted to environments where resources are not limiting, 

there is a strong selective pressure for growth, and plants can escape the range of 

most browsing mammals. That is, carbon and nutrients are readily available and 

are used for growth, rather than for storage or use in defences. The result is fast 

growth and a high capacity to regenerate after herbivory (Bryant et al. 1983a, 

Bryant et al. 1991). Such plants respond to browsing by escaping through 

growth, rapid repair of damaged tissues and synthesis of induced chemical 

defences (Bryant et al. 1983a). 

1.2.3 Responses of individual plants to herbivory and the 

effects of herbivory on plant communities 

In the short-term, plants may respond to herbivory comparatively rapidly, with 

compensatory growth, and/or by mobilisation of secondary compounds within an 

individual plant. The latter is an example of induced chemical defence. Induced 

chemicals are synthesised during limited periods of time and hence the relative 

cost of defence is reduced (Levin 1976). Such periods may be confined to 

particular developmental stages (Bryant et al. 1991, Reichardt et al. 1990b), or 

occur during herbivory itself (Reichardt et al. 1990b). Plants can respond to 

herbivory by over-compensating with new growth (arguably a beneficial 

response); by compensating exactly to the loss of plant material; or by under-

compensating (partially or none) for herbivory (Belsky 1986). 

Over-compensatory growth suggests that herbivory may not always be harmful to 

plants (McNaughton 1978, 1979, McNaughton et al. 1982), although this idea is 

controversial (Belsky 1986). For example, if leaves were at levels below 

saturation because of shading, herbivory may allow increased amounts of light to 

reach other leaves of the same plant, or other nearby plants, resulting in increased 

photosynthetic rates (Robson 1973). Another indirect effect of herbivory is an 

improvement in the nutritional status of the remaining plant material, through 

nutrient re-cycling, although this effect is not always immediate (Pellew 1984). 
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These changes may result in physiological changes within a plant that lead to 

more vigorous growth. This growth may be due to improved rates of cell division 

and elongation, reduction in rates of tissue senescence and/or altered patterns of 

resource allocation, both of stored and newly produced assimilates (Dane11 et al. 

1985). 

In ecological terms, a major effect of herbivory is sometimes in the modification 

of a community's population demographics - its structure, spatial distribution 

and/or composition - although this is not a well-established concept in plant-

herbivore interactions (Harper 1977). In Australia, for example, areas where 

myxomatosis was successful in reducing rabbit (Oryctolagus cuniculus) 

populations, regenerated plant communities had vastly different population 

demographics than previously (Foran et al. 1985, Friedel 1985). Such dramatic 

changes have also been seen in areas of northern Queensland, where fencing trials 

excluded wild pigs (Mitchell 1995). However, herbivores do not always have 

obvious effects on plant demography (Wright and van Dyne 1976). 

If herbivores display a preference for particular plants, species or individuals, 

then other plants in that community may benefit through reduced competition for 

resources, especially if competition is severe. This may affect the demographics 

of the plant population (Wilson 1976, Bentley and Whittaker 1979, Windle and 

Franz 1979). 

1.2.4 Selection of diet by herbivores 

The most frequent interaction between plants and herbivores is the potential use 

of plants as a food source. Many factors affect feeding by herbivores and these 

factors may interact in complex ways. These factors include those specific to the 

herbivore, for example the characteristics of the particular species of herbivore 

(Jackson 1974, Dawson et al. 1991), its body size, sex, age, body condition and 

life cycle stage (Lindroth 1988, Clarke 1989), its metabolic capabilities (Robbins 

etal. 1991), and its social interactions and interactions with other animals 

(Jackson 1974). Both physical and chemical characteristics of the plant and/or 
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plant communities may also influence selection of diet through their nutritional or 

"anti-nutritional" effects. 

Optimal foraging theory predicts that natural selection will favour a herbivore that 

selects the best mix of nutrients within a fixed total intake (Schoener 1971, 

Westoby 1974). It assumes that herbivores are generalist feeders that seek a 

balance of characteristics as a basis for selection. In reality, a herbivore may 

select a plant because it meets its nutritional requirements, is easily digestible, or 

for some other biological reason, such as having low levels of secondary 

compounds (Belovsky and Schmitz 1991). That is, it probably selects a diet that 

has the best balance between positive and negative aspects of the overall food 

quality (Lindroth 1988). Clearly, the reasons for a herbivore's choice of diet are 

very complex. 

All herbivores show some type, or degree, of selectivity in their choice of diet 

(Belovsky 1981, Crawley 1983, Bryant etal. 1983b, Reichardt etal. 1990a) and, 

as discussed below, diet selection takes place on a number of levels: the selection 

of a site, of plant species within the site, of an individual plant, and of a plant part 

(Norbury and Sanson 1992). Any selection involves costs and benefits, such as 

the costs of detoxifying plant secondary compounds or avoiding predators, or 

those benefits and costs incurred from seeking out food that is nutritionally 

superior. Herbivores presumably make selective decisions that involve these 

costs and benefits (Jackson 1974, Clarke 1989, Robbins et al. 1991). 

Plant secondary compounds have an important influence on diet selection (Nagy 

et al. 1968, Sinclair and Smith 1984, Reichardt etal. 1990a, 1990b). They 

influence the nutritional ecology of herbivores, affect the preference of individual 

herbivores (Reichardt etal. 1984), population dynamics (Haukioja 1980), and 

community organisation (Batzli and Jung 1980). It is logical that plant chemistry 

plays a role in diet selection, and there are many examples to illustrate this 

(Sinclair et al. 1984, Bryant etal. 1991). However, diet selection is not always 

readily explained in terms of chemistry. This may be either because plant 

chemistry may not be the total explanation, or because we may not know what 

chemical aspect to measure. 
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Preference 

There are numerous examples in the scientific literature where herbivores display 

preferences for certain types of food, or avoid others. In this review I have 

defined "preference" as existing when an item, such as a plant species, individual 

or plant part is eaten significantly more than would be expected on the basis of its 

prevalence or availability (Cock 1978, Belovsky 1981, Rodgers 1990, Roa 1992). 

Avoidance, in contrast, occurs when an item is eaten proportionally less than it 

occurs in the environment (Crawley 1983). 

Herbivores often prefer plant species that are highly digestible and overall 

nutritionally superior (van Dyne and Heady 1965, Fitzgerald and Wardle 1979). 

For example, western gorillas (Gorilla gorilla gorilla) seem to prefer plant 

species with higher protein and reduced lignin levels and that are easier to digest 

(Calvert 1985). Herbivores may prefer plant species that have lower 

concentrations of secondary compounds. For example, mule deer (Odocoileus 

hemionus) have been shown to prefer one juniper species (Juniperus spp.) when 

given a choice of three, probably because of its relatively low volatile oil content. 

The volatile oils in this plant species are known to reduce digestibility (Schwartz 

et al. 1980a, 1980b). 

Preferences have been demonstrated in a number of native Australian marsupials. 

Swamp wallaby (Wallabia bicolor) preferred Eucalyptus tereticomis and E. 

paniculata in a field study comparing thirty-seven Eucalyptus species (Montague 

et al. 1989). The brushtail possum (T. vulpecula) preferred E. morrisbyi and E. 

gunnii in a Tasmanian study (Dungey 1996). Koalas preferred E. viminalis when 

given a choice of five Eucalyptus species, possibly because of the superior 

nutritional content (Eberhard 1972). Preference within a species can sometimes 

be defined genetically. For example, in a controlled-cross experimental study in 

north-west Tasmania, Dungey (1996) investigated the susceptibility of eucalypt 

hybrids to browsing by the brushtail possum and found that the E. nitens x E. 

globulus F1 hybrids were significantly more damaged than E. globulus. The 

reasons behind such preferences are not yet known. 
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Some herbivores may also display preferences for individual plants (Arnold 1981, 

Bryant and Kuropat 1980, Keith et al. 1984, Bryant and Wieland 1985, Sinclair et 

al. 1988), or choose specific parts of the plant to feed on. What plant part a 

herbivore prefers feeding on can differ between the plant species and even with 

the stage of plant growth. For example, flowers and fruits (reproductive organs) 

may be avoided by herbivores because they contain high concentrations of 

detrimental chemicals (Reichardt et al. 1990b). This variation in chemical 

content probably allows herbivores to maximise the nutritional benefits and 

minimise the defence components of their chosen diet. Snowshoe hare (Lepus 

americanus) prefer mature birch (Betula resinifera) plants (Reichardt et al. 1984) 

and other plant species that are frequently lower in chemical defences and/or 

nutritionally superior. Snowshoe hare have been shown to feed selectively on 

mature twigs of white spruce (Picea glauca) (Sinclair et al. 1988) and basalm 

poplar (Populus balsamifera) (Reichardt et al. 1990b). Chemical analyses show 

that mature twigs in white spruce have proportionally less camphor (Sinclair et al. 

1988), and similarly balsam poplars have proportionally less cineole and benzyl 

alcohol (Reichardt et al. 1990b), than their juvenile counterparts. Snowshoe 

hares also prefer feeding on the mature twigs of Labrador tea (Ledum 

groenlandicum) (Reichardt et al. 1990a) and green alder (Alnus crispa) (Bryant et 

al. 1983b); which have lower concentrations compared to juvenile twigs of 

germacrone, tannin and ursolic acid (Reichardt et al. 1990a), and pinosylvin 

methyl ether (Bryant et al. 1983b) respectively. Finally, snowshoe hare prefer the 

mature twigs of willow (Salix alaxensis) to the juvenile twigs, probably because 

of their higher dry matter and nitrogen digestibility (Bryant and Wieland 1985). 

Black bear reportedly prefer feeding on the sapwood of Douglas-fir (Pseudotsuga 

menziesii) because of its higher sugar content (Barnes & Engeman 1995, Kimball 

etal. 1995). 

Cues for diet selection by herbivores 

The mechanisms of diet selection include pre- and post-ingestive processes. The 

former includes sight, touch, smell and taste responses and the latter includes 
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physiological feedback. The following discussion is confined to smell and taste, 

as examples of pre-ingestive cues most relevant to this thesis. 

Olfactory (smell) and gustatory (taste) cues probably follow a broad acceptance/ 

rejection of food by visual and/or tactile cues (Chapman and Blaney 1979). 

Olfactory and gustatory cues may occur synergistically or individually. They are 

linked through a "smell then taste" concept. The basic assumption is that plant 

odour is perceived when food is smelled (the initial attractant) and that the 

decision of whether to continue eating, or not, is based on taste (Stoddart 1980, 

Goatcher and Church 1970). There is evidence that animals can recognise 

chemical differences between plants, although the cues, and the reasons behind 

such recognition may not be immediately apparent or easily distinguished. 

1.2.5 Chemical defences in plants and adaptations by 

herbivores 

Costs of plant chemical defences to herbivores 

There are presumably some costs associated with the ingestion of secondary 

compounds that are acting as plant defences. The theoretical cost-benefit ratio 

and the associated problems in determining this ratio for herbivores adapting to 

plant defences is similar to that presented for plants (see Section 1.2.2). In 

particular, quantifying how plant secondary compounds affect the survival 

probabilities and reproduction capabilities of a given herbivore is difficult (Foley 

and McArthur 1994). 

Detrimental physiological changes which can result from the ingestion of 

secondary compounds include decreased hair/fur growth (Crounse et al. 1962, 

Freeland and Janzen 1974), liver damage (Brattsen 1979, Bergeron and Jodoin 

1991), weight loss (Hutton et al. 1958), delayed sexual maturity and reproduction, 

neurological and organ disorders, and decreased life span (Freeland and Janzen 

1974). However, the observed cost may be minimised in herbivores which are 

adapted to such a diet. For example, some small herbivores frequently feed on 

plants containing secondary compounds, yet their survival and reproduction 
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appears unaffected (Batzli 1986, Lindroth and Batzli 1984, Haukioja et al. 1985, 

Bergeron and Jodoin 1991). 

Adapting to chemical defences in plants 

This section of the review discusses four types of adaptations of herbivores to 

chemical defences in plants: behavioural, physiological, biochemical and 

morphological. 

Behavioural adaptations 

Observations suggest that herbivores avoid food types which have relatively low 

concentrations of nutrients and relatively high concentrations of secondary 

compounds (Freeland and Janzen 1974, McArthur et al. 1993). A number of 

models have been proposed by which a herbivore learns to select or avoid toxic 

foods (Provenza and Balph 1990). One model is that herbivores have an innate 

ability to taste and smell specific nutrients and toxins in plants, a type of 

"nutritional wisdom" (Westoby 1974). The "learning through foraging 

consequence" model (Provenza and Balph 1990) is based on the concept that a 

herbivore can distinguish between plants, that it can recognise positive and 

negative post-ingestional consequences, and that it can associate such 

consequences with food cues. In social mammals, the mother may be an essential 

transgenerational link in food preference (Provenza et al. 1993). 

Physiological mechanisms 

Having ingested secondary compounds, some herbivores possess physiological 

mechanisms that can reduce the effects of specific chemicals and allow them to 

feed on otherwise unpalatable items. Physiological mechanisms include 

evolutionary changes in gastro-intestinal physiology and inherently lower 

metabolic rates in some species. A herbivore may reduce the amount of 

secondary compound taken up or transported to the target site, hence reducing the 

compound's potential for harm. Secondary compounds may be inactivated by 

formation of less reactive or less readily absorbed complexes, for example, 

complexes of tannins with tannin-binding salivary proteins (Butler and Mole 
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1988, Hagerman and Robbins 1987, Mehansho et al. 1987). Alternatively, the 

internal gut environment may be modified to inhibit toxic or digestibility-

reducing reactions. For example, extreme acidity or bile salts, decreases binding 

of tannins to proteins (McArthur et al. 1991). A lower metabolic rate is an 

indirect mechanism which reduces the cost of secondary compounds, by reducing 

energetic/nutritional requirements thereby decreasing food intake (McNab 1983). 

Biochemical adaptations 

Mammals are capable of neutralising or detoxifying most kinds of chemicals 

through specific enzyme systems, or by using gut microflora (Harborne 1991, 

Lindroth 1988). Their ability to do so varies between species, individuals, sex, 

reproductive state and nutritional status (Crawley 1983, Lindroth 1988). There is 

also a limit to the extent that enzymes can be induced to catalyse such reactions 

(Harborne 1991). Microsomal enzymes function to degrade foreign chemicals to 

more hydrophilic and hence more excretable substances (Lindroth 1988). 

Universally this "detoxification" occurs in two phases (Crawley 1983). These 

reactions are not necessarily detoxification reactions per se as they sometimes 

result in increased biological activity of the ingested compound (Lindroth 1988). 

In the first phase, secondary compounds are degraded by enzymatic oxidation, 

reduction or hydrolysis. In the second phase, functional groups may be added 

that, for example, render the secondary compound inactive and/or readily 

excretable (Crawley 1983). Detoxification in the gut by mammalian and bacterial 

enzymes can aid detoxification of secondary compounds, with, or separately 

from, the microsomal enzyme system of detoxification (Freeland and Janzen 

1974). Nearly all herbivorous mammals are hindgut or foregut fermenters with 

intestines with one or more areas expanded to house microorganisms that help 

digest plant material, including plant secondary compounds (McBee 1971). 

Morphological adaptations 

Morphological adaptations of herbivores may also reduce deleterious effects of 

plant secondary compounds and allow greater selectivity. Dentition patterns or 

specialised mouthparts may allow animals to avoid toxic plant parts. For 
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example, the rat kangaroo (Dipodomys microps) has lower incisors that allow it to 

remove the hypersaline outer tissue of Atriplex leaves before eating (Kenagy 1972 

from Clarke 1989). Herbivores may also be capable of manipulating food items, 

enabling them to more easily select the higher quality leaves or avoid more toxic 

ones. For example, macropods can use their forepaws to part tussocks to grasp 

nutritionally superior forage (Clarke 1989). 

1.2.6 Plant-herbivore interactions: co-evolution or 

evolution? 

The evolution of plant defences to reduce the number and intensity of attacks by 

herbivores, and the consequent adaptations of herbivores to such defences, has 

stimulated debate regarding the possibility of step-wise co-evolution (Lindroth 

1988). Inherent in the concept of co-evolution, a term first used by Ehrlich and 

Raven (1964), was a requirement of reciprocal gene change. Although the 

scenario is simplified, if one plant species is eaten by only one specialised 

herbivore species, then selection for step-wise co-evolutionary interactions would 

be strong for both the plant and the herbivore (Fox 1981). Research by Futuyma 

and Slatkin (1983) raised the possibility of "diffuse" co-evolution, where the 

selective pressures operating between plants and herbivores are more general. 

Limited phylogenetic, chemical and biological data exists to support co-evolution, 

defined by reciprocity, in any plant-mammal system. The concept of "diffuse" 

co-evolution is so general that it is probably no different to evolution in response 

to other biotic factors (Lindroth 1988). 

1.2.7 Conclusions 

Plant-herbivore interactions are complex and can be considered from many 

perspectives: the plant's morphology, physiology, chemistry and the community 

setting within which it exists, and the herbivore's morphology, physiology, 

behaviour and the habitat within which it lives. Characteristics such as the 

accessibility of a particular plant or plant part, the cost of replacing versus the 

cost of preserving it, will influence the extent to which a plant has evolved 
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chemical and physical defences, and compensatory growth, in order to reduce the 

number and deleterious impacts of herbivore attack. 

The interaction between plants and herbivores is dynamic, as herbivores are also 

capable of modifying their physiology, biochemistry and behaviour to help 

increase their chance of survival. Although selection of diet is complicated, 

preferences can sometimes be explained in terms of plant chemistry. 

1.3 Objectives of this study 

From the preceding review of the literature, it is clear that herbivores have the 

potential to select plants, and that there are a variety of reasons why they select 

some and avoid others. The significance of this in an applied sense is that if 

herbivores prefer some plants less than others, they presumably damage them 

less. In this context, my study had two main objectives: 

1. To determine if marsupial herbivores cause more damage to, and prefer 

feeding on, some seedlots of E. nitens more than others. 

2. To evaluate the effectiveness of 1080 poison as a method of controlling 

marsupial herbivores. 

1A Hypotheses 

Based on the objectives, the following hypotheses were tested: 

1. Marsupial herbivores browsing on E. nitens can differentiate between 

seedlots, so that some seedlots are more heavily browsed than others. 

2. 1080 poison is an effective means of controlling the populations of these 

herbivores, so that in areas where 1080 poison is not used, browsing intensity 

and damage will be higher. 
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1.5 Research Approach 

In 1994 two sites were made available for study in the "Surrey Hills" Estate in 

north west Tasmania. This estate encompasses approximately 80 000 hectares of 

land that is primarily used for plantation eucalypt forest. The area is owned and 

managed by North Forests Burnie, a division of North Broken Hill Peko. A large 

scale field study, using these two plantations, was undertaken to determine 

whether browsing damage differed between seedlots of E. nitens. One site was 

poisoned using normal forestry procedures , and the other was not, to investigate 

the effectiveness of 1080 poison. Feeding trials were also conducted using a 

captive colony of Tasmanian pademelons. These trials permitted a closer 

examination of feeding, selection and the resulting damage, by removing some of 

the variables that could not be easily controlled in field studies. 

1.6 Research Questions 

Using the research approach outlined above, the hypotheses in Section 1.4 were 

investigated. The particular research questions addressed in the field studies and 

feeding trials are described below. 

Field studies 

1. Is the impact of browsing on the height of some seedlots of E. nitens greater 

than that to other seedlots? 

2. Does the severity and type of damage vary between seedlots of E. nitens? 

3. Is there a relationship between severity of damage and the growth rate of the 

seedlings? 

4. Do seedlings damaged by browsing recover with time? 

5. What herbivores are present on plantations that may be responsible for 

browsing of seedlings? 
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6. Is the abundance of certain herbivores correlated with any differential damage 

between seedlots? 

7. Are herbivore numbers reduced when 1080 poison is used? 

8. Is browsing intensity, in terms of the impact on height, and the severity and 

type of damage, less when 1080 poison is used? 

Feeding trials 

1. Is the impact of browsing by Tasmanian pademelons on the height of 

seedlings greater on some seedlots of E. nitens than others? 

2. Does the type and severity of damage inflicted on seedlings by Tasmanian 

pademelons vary between seedlots of E. nitens? 

3. Do Tasmanian pademelons display preferences for some seedlots of E. nitens 

in terms of the absolute amount of plant material eaten? 

4. Are patterns of dietary preference for and levels of damage to seedlings 

consistent with time? 
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Research procedure 

2.1 Introduction 

Many studies have been conducted on herbivory by mammals and the factors 

affecting browsing (Bryant et al. 1983a, Kimball et a/. 1995). That herbivores are 

selective in choosing particular species, individuals or parts of plants compared 

with others, compels further research into the differential damage and diet 

selection by mammals. Such knowledge can lead to improvements in eucalypt 

plantation management decisions about the species being planted and the pest 

control measures being used. 

The intention of this study was to investigate damage to seedlings and the 

herbivores involved, on two plantations in north-west Tasmania. The information 

focussed on the severity and type of damage, seedling heights and the numbers of 

native marsupial herbivores observed in the vicinity of the plantations. The 

methods and procedures used to obtain and analyse the data are discussed in the 

Chapters 3-7. In this chapter the research procedure is described in detail, as the 

planning of such a large-scale experiment was a substantial and integral part of this 

research. 

2.2 Study procedure 

To effectively address the issue of browsing by marsupial herbivores, it was 

necessary to select suitable sites and to decide upon an experimental design and 

survey method by which assessments of browsing could be made. The following 

are discussed in order of their execution in this study: 

1. Study area 

2. Study sites and the use of 1080 poison 
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3. The eucalypt species selected for study 

4. Seedlots selected for study 

5. Experimental design of the sites 

6. Animal species included in the study 

7. Design of the damage assessment scales and survey sheets 

8. Data collection and analysis 

Points 1 to 6 are discussed in this chapter. Points 7 and 8 are presented in 

Chapters 3-7. 

2.3 Study area 
The two study sites lie approximately 5km from one another, within the Guildford 

(#882321) land system (Richley 1978) (Figures 2.1 and 2.2). This land system 

extends across north-west Tasmania. It is widely used for production forestry, 

especially for the establishment of eucalypt plantations, mostly Eucalyptus nitens 

(Shining gum) and E. globulus (Blue gum). The two sites, hereafter referred to as 

Clipper West and Pearsefield, were chosen for their similarity in elevation, slope, 

surrounding vegetation type, soil type, proximity to one another and ready access. 

Clipper West is located at latitude 41 °27'30"S and longitude 145°38'E, and 

Pearsefield at latitude 41 028 .30S and longitude 145 °35E. 

Climate 

There were no weather stations near my sites which were operational during the 

time of my study. I have therefore used rainfall and temperature data from the 

closest possible sources. This data is indicative only and I have explained where 

differences in rainfall and temperature are likely to occur. The sites have a cool 

temperate maritime climate typical of much of Tasmania, with mild summers and 

wet, cold winters (Richley 1978). The mean annual rainfall at nearby Waratah t  is 
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2203.5mm, with about half of this rain falling between May and September 

(Bureau of Meteorology data, long-term climate averages) (Figure 2.3). Total 

daily rainfall at nearby Ridgley2  during the study period of 356 days (April 1995- 

March 1996) was 1475.8mm, which is below average (Figure 2.3). Daily rainfall 

was below average in every month, except for June and July 1995 (Figure 2.3), 

Rainfall was recorded on every day of my study, which was higher than the 

average of 21 rain days per month (Bureau of Meteorology data, Ridgley). 

Mean daily maximum temperature at Waratah was 12.4°C and the mean daily 

minimum temperature was 3.6°C (Bureau of Meteorology data, long-term climate 

averages, Waratah) (Figure 2.4). The highest temperatures were recorded 

between December and March (summer). Mean daily maximum temperature at 

Wynyard3 , which was the nearest operating weather-station for temperature data, 

was 19.6°C and the mean daily minimum temperature was 13.0 °C, whicl; are both 

above the average for Waratah (Bureau of Meteorology data, Wynyard). As the 

study sites are more continental and more elevated it was expected that the 

temperature regime would be cooler and that the average minimum temperatures 

would be lower (Richley 1978), than these figures given for Wynyard. 

Geology and soils 

The "Surrey Hills" Estate is mostly an undulating plateau. The soil parent 

material is tertiary basalt. Clipper West was at an elevation of 630 metres. 

Pearsefield was at an elevation of 640 metres. The area is dissected by streams and 

rivers, with forest, natural grasslands and marshes along the wetter drainage lines, 

and forest on the drier ridges and slopes. The soils are very fertile and because 

they are derived from basalt, they are very stable with good structure and 

potentially good drainage properties (Richley 1978). 

I  Waratah is approximately 8km away from my study sites, at an elevation of 612m. 

Latitude 41 °27S, longitude 145°32E. 

2  Ridgley is approximately 501cm away from my study sites, at an elevation of 277m. 

Latitude 41 °09'S, longitude 145 °50'E. 

3  Wynyard is approximately 80km away from my study sites, at an elevation of 12m. 

Latitude 41 °S, longitude 145°44'E. 
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Vegetation 

The native vegetation of the area is predominantly E. delegatensis (Mountain 

white gum) open forest and tall-open forest (Kirkpatrick and Dickinson 1984). 

The remnant eucalypt and myrtle forest types on Surrey Hills are also found 

extensively on the surrounding crown land (Richley 1978). The Pearsefield site 

was surrounded by other plantations to a greater extent than the Clipper West site. 

2.4 Study sites and the use of 1080 poison 

The research was undertaken in collaboration with North Forests Burnie. Table 

2.1 describes the operational history of both study sites. 

At the Pearsefield site 1080 poison was used, which is a standard operating 

procedure for plantation establishment in Tasmania. At Clipper West no poison 

was used. It was easier to restrict use of 1080 poison at Clipper West, as other 

areas surrounding this plantation site were not ready for planting. This use of 

1080 poison reduces mammalian browser numbers, making any investigation of 

the animals involved in browsing under "natural" conditions impossible. 

A primary concern of the company, and other forestry groups, was to examine the 

issue of using 1080 poison for pest control. Apart from examining damage to 

different seedlots on a particular plantation, a secondary objective of this research 

was to investigate the efficacy of 1080 poison in controlling herbivore numbers 

and hence reducing damage to seedlings. This was done by imposing the 

"1080/no 1080" regime over the main experimental treatment of different 

seedlots. Due to the large scale of the study and the costs involved, the 1080/no 

1080 treatments were not replicated. Therefore, it was not possible to use 

inferential statistics in comparing between the two sites (Dr. David Ratkowsky, 

pers. comm.). It should be stressed that the primary aim of this research was to 

examine differential browsing between E. nitens seedlots on a given plantation. 

This part of the design was replicated within each site, so inferential statistics are 

appropriate. 

26 



Research procedure 

2.5 The eucalypt species selected for study 

This study is confined to one species, E. nitens. Eucalyptus nitens is used by 
North Forest Products in its plantations because of its ability to yield substantial 

amounts of suitable wood-fibre and also to withstand the colder conditions 

prevailing in this area (Richley 1978). 

Eucalyptus nitens has a wide geographic range, occurring in both Victoria and 

New South Wales. It is usually confined to small, separate and often pure stands 

(Chippendale 1988). The largest continuous stand is on the Errinundra Plateau in 

East Gippsland, Victoria (see discussion below regarding E. denticulata). The 

range extends from northern New South Wales, in the Barren Mountains, to the 

central highlands of Victoria. In southern populations it is usually found to an 

elevation of about 1000 metres (Cook and Ladiges 1991). It is not native to 

Tasmania, but was introduced as a commercial plantation tree in the late 1970s 

(Tibbits 1986, Naughton 1995). 

Eucalyptus nitens occurs on mountain tops and slopes, with a tall open forest 

formation (Boland et al. 1991) in association with other trees, such as E. 

delegatensis and E. regnans (Costermans 1981, Naughton 1995). It is a fast-

growing species and the timber is of value for general construction and pulp for 

paper (Chippendale 1988, Boland et al. 1991). 

There is substantial genetic variation within the species (Pederick 1979, Pederick 

and Lennox 1979, Cook and Ladiges 1991). Pederick (1979) reported that a 

"juvenile-persistent" and "mature" form could be identified among populations. 

The former, characterised by broad, glaucous leaves for two to four years after 

planting, has adult leaves with smooth margins and fast growth rates at least to 

five years of age. The latter, from the Errinundra region, has narrow, green leaves 

for one to two years after planting, denticulate margins in the adult form and is 

comparatively slow growing. Variation in the stilbene (polyphenolic) component 

was found to complement these differences in floral morphology and growth rates 

(Pederick and Lennox 1979). Cook and Ladiges (1991) consider these two forms 

to be distinct taxa: E. nitens s. str. and E. den ticulata. The taxa are mainly 
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distinct geographically, although they co-occur on parts of the Toorongo Plateau. 

Eucalyptus denticulata occurs on the Errinundra Plateau (East Gippsland, 

Victoria), and E. nitens s. sir. occurs in disjunct stands in New South Wales and 

Victoria. Chemical investigation of the leaf oils and waxes of E. nitens by Li 

(1994) has supported this assertion of distinct taxa by Cook and Ladiges (1991). 

2.6 Seedlots selected for study 
The sites at Pearsefield and Clipper West were planted with five seedlots of E. 

nitens: Southern NSW, Toorongo, Northern NSW, Macalister and Glen Tunnel. 

These seedlots were chosen because they represented material available for 

operational plantation development Anecdotal evidence suggested that they 

would represent seedlots with a range in susceptibilities to browsing; that is, that 

some of these seedlots would be more heavily browsed than others. In previous 

years, for example, parent trees of the Northern NSW seedlot were observed to be 

heavily browsed by common brushtail possums (Trichosurus vulpecula) (pers. 

comm. Dr. David de Little). 

All seedlots originated from North Eucalypt Technology's E. nitens seed 

orchards, except for Glen Tunnel, which was from a New Zealand forestry source 

(but not native to New Zealand). 

Seed from the Southern NSW seedlot was collected from the Southern NSW trees 

in the orchard and had a preponderance of Southern NSW genes. There were also 

some genes from the Northern NSW trees present in this orchard, but there should 

be no genes from any other provenance in this seedlot. The Toorongo seedlot 

consisted of seed collected from parents from the Toorongo provenance. All were 

from E. nitens with no E. denticulata trees in the orchards. There was a 

preponderance of Toorongo genes, due to the 100% maternal contribution and 

some paternal contribution from these trees. There were also genes from other 

provenances present in the orchard via pollen. The Northern NSW seedlot 

consisted of progeny of the NIT 68 seedlot. All the MT 68 trees in the orchards 

came from seed from a single wild Northern NSW tree. Therefore the seedlings 

share the same maternal genes, and are at least half-siblings. In this case, the 
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seedlot was selected from the same family, not just provenance. This seedlot has a 

preponderance of NIT 68 genes, but also contains genes from other provenances 

in the orchards from the pollen contribution. 

The Macalister seedlot consisted of seed collected from the Macalister 

provenance. All were from E. nitens with no E. denticulata trees in the orchards. 

The main feature was dominance of the Macalister genes, due to the 100% 

maternal contribution and some paternal contribution from these trees. There 

were also genes from other provenances (pollen) present in the orchard. The Glen 

Tunnel seed was purchased from a New Zealand seed orchard. It is believed to 

have a Toorongo origin (Mount St Gwinear or Mount Erica). Again, seedlings 

show no E. denticulata characteristics (pers. comm. Dr. David de Little). 

Information on the essential oils of the provenances of E. nitens, from which four 

of the se,edlots in this study originated, were examined by Li (1994). All 

provenances from the Macalister and Toorongo regions of Victoria, and from 

Southern and Northern New South Wales (in which the adult leaf is characterised 

by entire leaf margins) produced leaf oil in which 1,8-cineole (35-56 %) and a-

pinene (14-29 %) were major components (Li 1994). 

2.7 Experimental design of the sites 

Area of the study sites 

The Pearsefield site was approximately 51 hectares in area, of which 

approximately 30 hectares were planted with seedlings 4 . The Clipper West site 

was approximately 53 hectares, of which approximately 30 hectares were planted 

out. 

Planting 

The sites were planted with seedlings as quickly as possible to minimise browse 

damage before assessments began. This was particularly important at Clipper 

4  These figures are courtesy of Mark Anderson and Christine Mann from the Surveying Department, North 
Forests Burnie. 
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West, where no poison was being used to reduce the number of browsers. 

Damage assessments began as soon as one whole seedlot was planted. Seedlings 

were planted on the usual 3 metre by 3 metre spacing. 

The seedlings were planted in plots between windrows, with a road 

approximately central dividing each area between windrows into two plots (Plates 

2.1 & 2.2). There were 29 plots at Clipper West and 25 at Pearsefield. For each 

seedlot there were 5 to 7 replicate plots. Each plot contained about 1000 

seedlings (a plot averaging about 1 hectare). Each site contained approximately 

25 000 to 29 000 seedlings. No buffer zones were planted. 

Site layout 

The design structure attempted to balance each seedlot with its neighbour both 

vertically and horizontally. This was to counteract possible interactive effects of 

certain seedlots and also to balance potential edge effects (pers. comm. Dr Bruce 

Brown). A linearly balanced array of the numbers 1 to 5 was chosen from a 

number of alternative arrangements. Each number was balanced with each other 

number (for example 1 with 2, 1 with 3, etc). This balanced array was then used 

to create a vertical balance by placing a second linear array under the first, 

creating a symmetrical grid pattern. For the Pearsefield site this grid was 

superimposed over the site as if the site itself were symmetrical. Any missing 

balances were addressed by adding extra plots at the end where the site was 

shaped so that there were only single plots. Each plot was labelled with the 

corresponding number (1 to 5). These numbers were then randomly assigned to a 

seedlot. 

The same procedure was followed for Clipper West. As the site was essentially 

symmetrical, the grid pattern was simply superimposed over the site, and seedlots 

were assigned in the same way as they were for Pearsefield (except the numerical 

symbols were re-allocated; that is, the random assignation of numbers was 

•different to that at Pearsefield). 

30 



Research procedure 

Balancing also tried to account for potential differences in exposure to browsing 

between areas on each plantation. For example, observations from preliminary 

spotlighting surveys undertaken at both sites during February to May 1994 

indicated that areas closer to forest where animals could seek refuge and grassland 

areas were frequented by animals, and were assumed to be at a higher risk from 

browsing. The above procedure incorporated these criteria. -The "risk" of 

exposure to browsing for each plot was listed in order of descending "risk". For 

example, at Clipper West the plots considered to be more at risk from browsing 

were 14 and 29 (more than 50% of their perimeter bordered dense shrub) and all 

plots to the north (back) of the site, because they were more sheltered and the 

majority bordered dense shrub. In particular, plots 21, 22, 23, 24 and 25, where 

there was open grassland close by, were considered to be at a higher risk from 

browsing. Each seedlot was represented at least once in high "risk" plots. 

Problems encountered 

Two major problems were encountered during the actual plantation establishment. 

All possible effort was made to minimise the effects of these errors, but they 

Ultimately affected the capacity to interpret some results of the study, because of 

the resulting variation between seedlots in terms of initial height. 

1. Initially seedlings were all of one grade grown under essentially identical 

conditions so that height within each seedlot was practically uniform. Due to 

1. unforeseen circumstances the Northern NSW and Glen Tunnel seedlings had 

to be transplanted to a field nursery. These seedlings were therefore of two 

grades (mixed heights), although the majority of these seedlings (70% of 

Northern NSW, 60% of Glen Tunnel) were of the same grade as the other 

three seedlots. These two grades were mixed at random prior to planting. 

2. The Glen Tunnel seedlot did not germinate well in the nursery and not enough 

seedlings were available to allow the design to be completed. The design was 

successfully planted at Clipper West, but not at Pearsefield. I was not aware 

of this setback until planting was well underway, and therefore was limited in 

alternative options. It was agreed to complete as many plots as possible and 
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to leave the rest unplanted. Hence plot 19 containing Glen Tunnel seedlings 

at Pearsefield was not completed; only 20 rows were planted at 5 metre 

intervals (I was not notified of this change in planting distance until after 

planting was finished) and the plot 22 was planted with very small Glen 

Tunnel seedlings, which would not normally have been planted. 

2.8 Animal species included in the study 

This study was concerned mainly with the Tasmanian pademelon (Thylogale 

billardierii), Bermett's wallaby (Macropus rufogriseus) and brushtail possum (T 

vulpecula), as these are commonly cited in the scientific literature, technical 

reports and observations, as contributing significantly to damage to eucalypt 

seedlings (Gilbert 1958, 1959, 1961, Cremer 1960, 1962, 1969, Mollison 1960, 

Barnett etal. 1977, Statham 1983, Gregory 1988). The Tasmanian pademelon 

and the Bennett's wallaby are members of the family Macropodidae (Strahan 

1983). They are both Australian marsupial herbivores occupying niches 

equivalent to those of the small and medium ungulates on other continents 

(Jarman and Southwell 1986). The brushtail possum is a member of the family 

Phalangeridae and is nocturnal and arboreal (Strahan 1983), although it is 

primarily a ground-feeder in Tasmania (Statham 1983). All three species are 

protected as native fauna under the National Parks and Wildlife Services Act 

1970 (NPWS 1970), but are subject to licensed control activities such as 

poisoning and shooting. 

Tasmanian pademelon, Thylogale billardierii 

The Tasmanian pademelon (Plate 2.3) is widespread and abundant in Tasmania 

and in many of its larger off-shore islands. It once occurred in South Australia 

and Victoria (Wood-Jones 1925), but it is now restricted to Tasmania (Calaby 

1971, Frith 1973). It has thick dark fur, dark brown to grey brown in colour 

above, with reddish brown underneath. The males are distinguished by size, 

weighing up to 50% more than females, and by large muscular arms and chests 

(Clarke 1989). 
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The Tasmanian pademelon is typically found in habitats with a dense 

understorey; either closed forest (rainforest) or tall open forest (Hume 1982). 

Like the Bennett's wallaby, it is most common where its natural habitat is 

adjacent to pasture. It moves short distances to feed in open areas at night 

(Calaby 1966). Its diet includes grasses, forbs, shrubs and browse (Statham 1983, 

Johnson and Rose 1983). It is considered a generalist feeder (Dawson 1989) with 

a browsing grade dentition (Sanson 1989). It is a foregut fermenter, which means 

that ingested food is subjected to microbial attack before exposure to gastric and 

intestinal enzyme action (Hume 1982). 

Reproduction in the Tasmanian pademelon conforms to the pattern reported for 

many other macropods (McCartney 1978, Rose and McCartney 1982). It is a 

seasonal breeder with most births occurring in April, May and June. There is also 

a second peak of births in October, November and December. Pouch life is 

approximately 200 days, so the young usually depart the pouch in spring when 

conditions are most favourable. The young are usually weaned about 1 month 

after departing the pouch (Johnson and Rose 1983) and mature at 14 to 15 months 

of age (Rose and McCartney 1982). 

Bennett's wallaby, Macropus rufogriseus 

Like the Tasmanian pademelon, the Bennett's wallaby (Plate 2.4) are also 

widespread and abundant in Tasmania and in many of its larger off-shore islands. 

The range of M rufogriseus extends from central Queensland to south east South 

Australia, although it has been introduced to the south island of New Zealand 

(Gilmore 1977, Tyndale-Biscoe 1973) and to some parts of Britain (Gilmore 

1977). 

The Bennett's wallaby is a medium sized, rather solitary macropod (Johnson, 

1987), although individuals may feed closely together (Watts 1987). It is active 

from a few hours before dusk to a few hours after dawn and thus is among the 

more diurnally active members of the macropod family. 
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The Bennett's wallaby may be found in a variety of habitats, from rainforest to 

open forest, heathlands and sedgelands (Statham 1983). The adults prefer open 

understorey and the forest edge, where they have easy access to the forest for 

shelter and grasslands for feeding (Southwell 1987). Johnson (1978) concluded 

from radio-tracking that they could travel up to two kilometres through dry 

sclerophyll forest to feed on improved pastures. They are primarily grazers 

(Calaby 1983, Statham 1983, Southwell 1987, Sanson 1989, Jarman and Phillips 

1989), but have been observed eating a mixture of grass and browse (Kaufmann 

1974). Their diet is reflected in their tooth morphology (Sanson 1989) and they 

are foregut fermenters (Hume 1982). 

The Bennett's wallaby is highly sexually dimorphic, with the difference in body 

size between the sexes presumably resulting from intra-sexual competition among 

males for mates (Jarman 1983). The Tasmanian subspecies differs from its 

mainland counterpart in that it is a seasonal breeder, whereas the mainland 

subspecies produces young in all months (Merchant and Calaby 1981). It has a 

polygamous mating system of male dominance hierarchies, with the alpha male 

achieving most of the matings (Johnson 1989). It is a seasonal breeder with a 

well defined period of births between late January and July, although most births 

occur in February and March. 

Reproduction in this wallaby conforms to the pattern reported for many other 

macropods, except that the pattern of reproduction, post partum oestrus and 

conception, is unusual. Birth does not occur until 16 to 29 days after the previous 

young has permanently departed the pouch, compared with other macropods 

where birth occurs 1 to 2 days after the young departs (Merchant and Calaby 

1981). As in other macropods, the young typically remain in the pouch for about 

9 months (Catt 1977, Calaby 1983, Fleming et al. 1983) and depart the pouch in 

spring. The length of time during which the young are suckled after departing the 

pouch varies from three to eight months (Calaby 1983, Merchant and Calaby 

1981). 
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Common brushtail possum, Trichosurus vulpecula 

The brushtail possum (Plate 2.5) is found in all mainland Australian states and is 

abundant throughout Tasmania (Biggins 1979, Statham 1983). It is remarkably 

adaptable, so much so that Troughton (1965) considered it to have a "continental 

distribution". It is found in agricultural and suburban areas, as well as native 

forest. It has very thick soft fur from silver-grey to black, to reddish to golden in 

colour, and has long oval ears and a bushy tail (Flannery 1994). 

Brushtail possums are arboreal, generally nesting in trees and logs, although in 

Tasmania they seem to feed primarily on the ground (Statham 1983). They are 

considered to be generalist browsers, feeding on grasses, herbaceous species, 

shrubs and trees, such as Acacia and Eucalyptus species (Fitzgerald 1976, 

Statham 1983, Freeland and Winter 1975); and they are hindgut fermenters 

(Hume 1982). Most breeding occurs between March and June, although there is a 

second breeding period between August and October. A single young is born and 

remains in the pouch for up to 6 months (Strahan 1983). 
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Clipper West 

February 1994 

September 1993 

December 1993 

August 1994 

September 1994 

April 5th- 21st 1995 

No poison used 

Pearsefield 

May 1993 

March 1993 

August 1993 

August 1994 

September 1994 

April 20th- 27th 1995 

November-December 

1994 
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Table 2.1 Plantation history 

No shooting permits were issued for either site after February 1995 (pers. comm. 

Trevor Dick, Trevor Docking and Malcolm Hatcher). 

Operation 	 Date of operation 

Post-logging slash burn 

"Lilygrass" spraying 

Cultivation 

Pre-plant spraying (herbicide) 

Anticipated planting 

Actual planting' 

First poisoning (including free-

feeding) at site and in 

surrounding areas 

Second poisoning (including 

free-feeding) at site and in 
• surrounding areas 

Third poisoning (including 

free-feeding) at site and in 

surrounding areas 

Aerial application of herbicide 

Fertiliser applied 

No poison used 
	

April 1995 

No poison used 
	

September 1995 

October 1995 
	

October 1995 

March 1996 	February 1996 

I  Planting delay due to soil moisture deficit and personal injury 
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Plate 2.1 Aerial photograph of Clipper West 

Plots (1-29) marked with (S) were planted with Southern NSW seedlings, (T) 

with Toorongo seedlings, (N) with Northern NSW seedlings, (M) with Macalister 

seedlings and (G) with Glen Tunnel seedlings; see Section 2.7 for a detailed 

description of the experimental design 
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Plate 2.3 Tasmanian pademelon, Thylogale billardierii (Desmarest 1822) 

Photograph by Dr Clare McArthur 
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Plate 2.4 Bennett's wallaby, Macropus rufogriseus (Desmarest 1817) 

Photograph by James Bulinski 
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Plate 2.5 Common brushtail possum, Trichosurus vulpecula (Kerr 1792) 
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Figure 2.1 Location of the study region in Tasmania, Australia 
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Figure 2.1 Location of Clipper West (CW) and Pearsefield (PF), in north-

west Tasmania 

Topographic Map Series, Tasmania, 1: 25 000. Map number 3840. Map name 
Pearse. 
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Rainfall (mm) 

Jul 	Aug Sep 	Oct Nov Dec Jan 

Months 

Figure 2.3 Actual rainfall (mm) during the study period April 1995 to 

Research procedure 

0 Average rainfall 
• Actual rainfall 

March 1996 compared with the average rainfall for the region 
_ 

Actual rainfall data from Ridgley weather-station; climate averages are long-term 

mean values of rainfall from the Waratah weather-station (Bureau of 

Meteorology) 
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Temperature ( C) 
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Figure 2.4 Temperature observations during the study period 

Maximum and minimum air temperatures in degrees Celsius( °C); data from the 

Bureau of Meteorology, Waratah 
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Chapter Three 

Development of the methods for assessing 

damage to seedlings 

3.1 Introduction 
The field component of this study involved a large scale experiment designed 

primarily to investigate the hypothesis that marsupial herbivores browsing on 

Eucalyptus nitens (Shining gum) seedlings can differentiate between seedlots of E. 

nitens, damaging some seedlots more than others. It was therefore important to 

develop scales for assessing damage to seedlings that reflected both the severity 

and type of damage observed in the field. Since such scales are necessarily 

subjective, to maximise their accuracy they needed to be easy to use and 

descriptive. 

3.2 Material and methods 

Developing scales for assessment of damage 

In order to investigate whether browsers cause more damage to some seedlots 

than others, assessments of damage to seedlings were undertaken monthly as the 

principal means of describing browsing by herbivores. It is necessary to describe 

both the amount and type of damage to characterise the impact of herbivory on 

seedlots, rather than just seedlot preference per se. Ultimately, two six-point 

scales were used in the surveys assessing damage; one assessing the severity of 

damage, the other assessing type of damage. This section describes the process 

involved in developing these two scales. 

In the following discussion, I use the term "severity of damage" to indicate the 

percentage of plant foliage visually estimated to have been eaten from a seedling. 

The "extent of damage" is used as an overall term, for example, the percentage of 

all of the seedlings in an area damaged by herbivores. The "type of damage" 
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describes the form of the damage to a seedling, for example, the removal of apical 

buds. Before designing the method for assessing damage, a literature review was 

conducted to examine previous studies which dealt with mammalian herbivory and 

assessment of their damage to plants. Most studies used surveys that focussed on 

the efficacy of one particular medium, generally a single scale (Meads 1976, 

Barnett et al. 1977, Fox and Morrow 1983). Most studies also aimed to achieve 

one particular management objective. This was generally investigating the extent 

of damage, usually the overall percentage of seedlings damaged. This information 

aids pest management decisions, such as whether poisoning is necessary or not, 

and can be used to quantify loss of yield due to browsing (Montague 1996, 

Wilkinson and Neilsen 1995). Literature on assessments of damage in general was 

common, but only a few studies (e.g. Montague 1996) gave the observer the 

capacity to compare two aspects of damage on separate scales and I found none 

that looked at the ability of the observer to accurately record damage. 

Studies of damage in forestry have generally utilised (1) single scales that combine 

both descriptions of the type of damage and estimates of severity, for example, the 

scale used by Australian Newsprint Mills company (pers. comm. Sandra 

Hetherington); or (2) scales that utilise just one category, for example, the type of 

damage (Barnett et al. 1977), or the severity of damage. The latter is usually 

expressed as the percentage of foliage damaged (Fox and Morrow 1983), but is 

sometimes expressed as a subjectively ranked category, such as "medium" damage 

(Meads 1976). The dispersed nature of browsing and the large size of plantation 

areas means that single scales are frequently used for practical reasons. However, 

my research has shown that the use of two scales is feasible and does not incur 

much more cost in terms of time required for surveying. Importantly, the use of 

two scales, separating the type and extent of damage, allows the problem of 

browsing to be viewed from both the perspective of the herbivore (assuming the 

severity of damage relates directly to preference) and the perspective of the plant 

(the severity and the type of damage influencing the plant's growth form). To 

forestry companies, and other industries involved in tree-growing, both 

perspectives are important. Severity of damage represents loss of leaf area, hence 

potential growth and total volume production. Type of damage also represents 

47 



Damage assessment scales 

loss of productivity. For example, when a plant's apical buds are removed 

through herbivory it may result in "forking" (bifurcation) of the plant (see Plate 

3.10) and hence future loss in terms of volume production of wood. The severity 

of damage may be related to the number of herbivores and/or the importance of 

the food item in their diet. 

Categories for assessing damage in the field on a large-scale are necessarily 

subjective, because it is impractical to use quantitative methods of assessment. I 

therefore wanted to use categories that an observer could easily recognise and/or 

estimate. I found in pre-trials that when severity of damage and type of damage 

were presented on separate scales, observers found it easier to accurately assess 

damage to seedlings. These factors, combined with the above discussion of the 

applied use of "severity" and "type" scales, made the use of two scales for 

assessing damage to seedlings the preferred method of data collection in this 

study. 

Pre-tests 

Pre-tests of the two assessment scales suggested a need for a slightly different 

form than was originally planned. The purpose of the pre-test was to check if 

categories of damage required clarification, the amount of time it took to 

complete an assessment of each seedling, and whether observers felt important 

information was not being recorded. 

The pre-tests were conducted in November and December 1993 and again in May 

and June 1994. The scales were tested by myself and a number of colleagues 

during data collection for a series of feeding trials using captive pademelons at 

the University of Tasmania. The category "seedling pulled out" was added to the 

list of potential types of damage. This was included because pademelons 

repeatedly pulled seedlings out of experimental pots. This occurred even when 

they were more securely arranged so as to reduce the chance that they were being 

accidentally knocked out. This category was defined so that the seedling pulled 

out had to be seen nearby, differentiating it from "missing" seedlings. 
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Originally it was intended that when assessing type of damage, observers would 

specify whether the area damaged on individual leaves was the tip or side. These 

two categories were changed to "foliage eaten, apical buds intact", and "foliage 

eaten, apical buds removed". These were more appropriate in terms of forestry, 

since they can affect the ultimate form of a tree. As a large number of seedlings 

sampled in the pre-tests were in the latter category, it was divided into two 

categories: one where most of the leaves had been eaten (>50%) and one where 

they had not (<50%) (see the scores in the final scale used below). 

The original scales had only five points. The suggestion was made to include an 

extra category to increase the resolution of the severity of damage scale. For the 

sake of uniformity an equal number of points was used on the scale for assessing 

type of damage. It was also suggested that a "comments" category be used to 

record any additional information that observers thought relevant, in addition to 

recording the obvious presence of animals using a series of codes. After these 

changes were made to the scale, it took an average of 2 minutes to completely 

assess each seedling. This was then used to calculate the number of seedlings 

that could plausibly be sampled in a two week field trip. 

Data sheets for the assessment of damage 

The data sheets developed for this study consisted of five sections. Data 

collected in the first section included the observer's name, date of sampling, the 

site at which sampling was occurring, the experimental plot code (a combination 

of the bay number and the seedlot) and a reference point for the seedling (column, 

row). This information was included for the purposes of accurately recording 

data, for associating results for the different seedlots with seedling location, for 

example, close to boundary tracks, and for allowing later identification of a 

seedling if necessary. 

The second section of the survey was for the assessment of the severity of 

damage. Observers were asked to rate the severity of damage on the six-point 

scale of increasing severity of damage (Table 3.1). Information collected in this 

section was used to achieve the primary objective of this project: are there 
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differences between the seedlots in terms of the severity of damage? The survey 

form showed the scale, including some notes to help visualise the score and 

photographs for reference when attempting to quantify severity of damage (see 

Plates 3.1-3.6). 

Table 3.1 The scale for assessment of severity of damage of seedlings 

Score Percentage of foliage visually estimated to have been 

eaten 

0 0 

1 1-29 

2 30-49 

3 50-69 

4 70-89 

5 90-100 

The third section was for the assessment of the type of damage. Observers were 

asked to rate the type of damage on the six-point scale, which reflected 

increasingly costly consequences to the plant. This scale was also designed to 

accomplish the project's primary objective. The responses were given a weight of 

0, 1, 2, 3, 4, or 5, with the intent of obtaining a final average score, which could 

be compared to the other seedlots of E. nitens surveyed. The survey form 

contained the list of the six scores of the scale, and as with severity of damage, 

photographs were available for reference (see Plate 3.1 and Plates 3.7-3.11). 
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Table 3.2 The scale used for assessment of type of damage for seedlings 

Score 	 Type of damage 

0 
	

No damage 

1 
	

Leaves eaten and apical buds intact 

2 
	

Apical buds removed, up to half the leaves eaten 

3 
	

Apical buds removed, but more than half the leaves eaten 

4 
	

Main stem eaten 

5 
	

Plant pulled out 

In the fourth section of the survey sheet, the seedling height was recorded in 

centimetres. This was designed to take into account differences in initial height, to 

allow comparison between heights of the seedlots each month, to compare 

estimates of damage (severity and type) with seedling height, and to study the 

recovery of seedlings after browsing, in terms of heights reached at the completion 

of the study. 

The comment section of the survey sheet was used to gather information on other 

factors operating in the field. Observers were asked to record any additional 

information that they saw as potentially useful. This included notes on the 

presence of other animals close to the seedlings in the form of scats and/or tracks, 

any insect or frost damage, signs of disease, or the presence of fertiliser near the 

seedling. The sites were extremely wet at times of the year and notes were made 

when seedlings were in or near water, or were submerged! If seedlings were dead 

or missing this was also recorded. "Dead" included only those seedlings that were 

still in the ground. 
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Reducing subjectivity in using the scales 

To reduce variation between observers in using these scales, observers assessed a 

number of seedlings together each month and communicated any problems 

concerning the scales. It became evident early in the study that some differences 

in interpretations were inevitable. To account for observer bias, therefore, the 

areas surveyed were divided into four parts and each month two parts were 

randomly assigned to each observer. There were six possible combinations and so 

over the twelve month study period each combination was used twice, but no 

observer did any one combination more than once. I also reduced the observer 

error by limiting the number of people involved in.surveying. I used only three 

observers - myself for the entire study period and two technical assistants. One 

assistant worked from April until July 1995; The other assistant began in August 

1995 and continued until the completion of the study in March 1996. . 

3.3 Evaluation of method 

A few problems were encountered with the scales used in this study, but overall 

they were considered an improvement on the simpler scales used in pre-trials and 

in some other studies. However, as the research progressed, it became apparent 

that there were a number of ways in which they could be improved. Obviously, 

these changes could not be incorporated without compromising early data, but 

these are discussed in the following sections for future benefit. 

Importance of communication 

The importance of communication between observers soon became apparent. 

Observers need to be thoroughly versed in the use of the scales. They also need to 

discuss any problems encountered whilst using the scales. It is best, where 

possible, to minimise the number of observers working on assessment. It is also 

important to design the study so that any differences between observers are 

minimised, for example, by randomly assigning observers to the parts of the survey 

areas. 
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Classification of type of damage 

It became apparent that some scores used in the scale to assess the type of damage 

need clarification. "No damage" (score "0") meant no obvious damage by 

mammals and did not include insect damage. We had few problems with the 

scores 2, 3, 4 or 6: "leaves eaten, but apical buds intact", "apical buds removed, 

few leaves eaten", "apical buds removed, most leaves eaten" and "seedling pulled 

out", respectively. However, in some instances we encountered problems with 

score "5" (i.e. main stem eaten). Firstly, in deciding if the main stem had been 

eaten and secondly, in defining the main stem. It was frequently difficult to assess 

how tall a seedling had been. We compared the seedling's height visually to any 

undamaged seedlings in the vicinity, and if it appeared to have been reduced by at 

least three centimetres then we considered it "eaten", otherwise it was placed in 

the second or third category. We defined the main stem as the tallest upright 

shoot. The problem was that after severe browsing some seedlings exhibited no 

upright shoots, except for a short stub, and new branches (leaders) that were 

prostrate but longer. In these cases the longest, upright shoot was measured. 

Where possible, the severity of browsing on the main stem should also be defined 

quantitatively, so that stem removed when the apical buds are eaten can be 

differentiated from cases where the stem itself is actually eaten. "Main stem eaten, 

more than 1/4 missing" would be more satisfactory, but such a score is only 

appropriate in trials where repeated measurements of the same seedling are taken 

at short intervals so that it is possible to estimate the proportion of the stem eaten. 

Mixed damage 

It was sometimes difficult to distinguish between insect and mammal damage. In 

terms of (1) what caused the damage in the first place and (2) what was 

subsequent, additional damage. The only real option available was to rate the 

seedling as it was at the time of assessment and to record that there was insect 

damage. However, if we were sure that there was only insect damage (for 

example, only a few "holes" in a leaf) then the plant scored "no damage". In the 

later months of the study, insect damage was severe and so damage was attributed 

to both insects and marsupial herbivores. 
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Missing seedlings 

"Missing" seedlings were those that could not be found. There are a variety of 

reasons why a seedling may be missing. It may have been pulled out, but cannot be 

seen nearby, it may be overgrown or dead (eucalypts typically drop their leaves on 

death) and hence not visible, or it may be totally eaten. As the fate of "missing" 

plants is not known definitively, they can cause errors in the damage assessments. 

For example, if all seedlings that are "missing" are assumed to be dead, mortality 

may be over-estimated. Likewise, mortality can be under-estimated, if one 

assumes that none of the "missing" seedlings are dead. 

Scales for future research 

I would recommend that the following scale be used if assessing severity of 

damage to eucalypt seedlings. A linear scale for assessment would be best and 

simplifies final analysis, since an average score converts to a particular percentage 

loss. I did not use a linear scale for assessing severity of damage because I wished 

to incorporate a larger number of categories at the upper end (>50% of foliage 

eaten) of the range for damage, to allow for greater resolution at higher damage 

levels. Higher levels of damage affect survival, growth rate and therefore final 

volume production more significantly than do lower levels of damage, and hence 

are ultimately of more significance to forestry industries. Wilkinson and Neilsen 

(1995) found, for example, that complete removal of the crown of seedlings of E. 

nitens and E. regnans resulted in a loss of volume in the order of 71-97%. When 

seedlings had over half of their crown removed, they experienced lower survival 

rates and frequently some loss of total volume production. As damage increased 

(>75% crown loss) their survival rate, growth rate and volume production was 

reduced significantly. If a researcher is attempting to quantify damage when the 

levels are expected to be very high or very low (e.g. where control measures like 

1080 poison are used to reduce damage to seedlings) then I suggest increasing the 

resolution of the scale at the appropriate end (e.g. a smaller percentage range for 

score "1" when damage is expected to be very low). 
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I would recommend that the following scale be used if assessing type damage to 

eutalypt seedlings: (0) no damage, (1) apical buds intact, but side leaves eaten, (2) 

apical buds removed, (3) main stem eaten (qualify as more than 1/4 eaten where 

possible), (4) seedling pulled out, and (5) seedling dead (can be seen to be dead). 

For some analysis, such as the impact of type of damage on growth, scores 4 and 

5 could be "pooled" as they have the same negative effect. 

3.4 Conclusions 

Using both characteristics - type and severity of damage - will give greater 

discrimination than using just one scale for assessing a herbivore species' 

preferences amongst and damage to seedlots. Two six-point scales were 

developed and tested which allowed rapid field assessment of damage. A 

comprehensive field assessment sheet was designed and used for data collection. 
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Plate 3.1 Severity and type of damage scores "0" 

An undamaged Macalister seedling 
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Plate 3.2 Severity of damage score "1" 

A Toorongo seedling, with less than one-third of its leaves eaten (also type of 

damage score "1") 
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Plate 3.3 Severity of damage score "2" 

A Toorongo seedling with more than one-third, and less than  half,  of its leaves 

eaten (also type of damage score "2") 
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Damage assessment scales 

Plate 3.4 Severity of damage score "3" 

A Glen Tunnel seedling with approximately 60% of its leaves eaten (also type of 

damage score "3") 
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Plate 3.5 Severity of damage score "4" 

A Southern NSW seedling with more than three-quarters of its  leaves  eaten ( also 

type of damage score "4") 
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Nate  3.6 Severity  of damage  score  "5" 

A  Southern  NSW seedling  with more  than  90% of its  leaves  eaten  (also  type  of 

damage  score  "4")  



Plate 3.7  Type of  damage score " 1"  
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Damage assessment scales 

Plate 3.8 Type of damage score "2" 

A Glen Tunnel seedling with apical buds removed and less than half of its leaves 

eaten (also severity of damage score "1") 
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Plate 3.9 Type of damage score "3" 

A Toorongo seedling with apical buds removed and more than half of its leaves 

eaten (also severity of damage score "5") 



Damage assessment scales 

Plate 3.10 Type of damage score "4" 

A Macalister seedling with the main stem eaten (also severity of damage score 
44391) 
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Plate 3.11 Type of damage score "5" 

A Toorongo seedling pulled out of the ground (also severity of damage score "5") 
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Chapter Four 

Assessment of damage to seedlings at 
Clipper West 

4.1 Introduction 
This chapter reports on the nature of damage to seedlings recorded at one of the 

two study sites, Clipper West. It examines the impact of browsing on seedling 

height, the severity of damage and the type of damage to the five seedlots of 

Eucalyptus nitens (Shining gum). No 1080 poison was used to control herbivore 

numbers at Clipper West, or in neighbouring plantations, and hence their numbers 

were high (see Chapter 5). As browsing intensity was high, I hypothesised that 

this plantation would be heavily browsed, and that any differential damage 

between seedlots would be more evident here, than at Pearsefield, where browsing 

intensity was lower (see Chapters 6 and 7). 

My results provide essential information for managing plantation areas and include 

the overall extent of the browsing problem; temporal patterns of browsing, which 

are relevant to the times that plantations are established; the percentage 

frequencies of severity and types of damage over time; and the impact of browsing 

on seedling height. These factors are all relevant to the ultimate production 

potential of seedlings, and hence to the overall economic value of the plantation. 

4.2 Materials and methods 

Sites 

The research procedure described in this chapter was used for the two newly-

planted forestry plantations, Clipper West and Peatsefield. The results are 

reported here for Clipper West (Section 4.3) and in Chapter 6 for Pearsefield. 
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Data collection 

I visited the sites from February 1994 to May 1994 to undertake some 

preliminary studies and to familiarise myself with the study areas. Data was then 

collected from the sites monthly from April 1995 to March 1996. Field trips 

were usually two weeks long. However, the data set is reduced for May 1995 due 

to personal circumstances and November 1995 because of exceptionally bad 

weather conditions. 

Seedlings to be sampled were located by selection of random coordinates, 

generated for both column number and row number within each experimental 

plot. Columns were counted out from the left hand side of the bay whilst facing 

in to the centre of the bay from the boundary roads. This convention was 

followed in all work. 290 permanently marked seedlings were sampled each 

month, which represented about 1% of the total. Although it is recognised that 

the sampling rate is relatively low, it was logistically impossible to sample more 

seedlings. Results from the long-term monitoring of seedlings reflect those from 

the discrete sampling of seedlings (Results not presented in this thesis), 

suggesting that this sampling rate is adequate. 

Long term monitoring of seedlings 

Ten seedlings per plot were initially marked out randomly with 2.1 metre stakes 

placed to the left of the seedlings, yellow flagging tape and a permotag (coded 

with the plot code (bay number and seedlot) and with a letter from A to J). These 

seedlings were measured each month over the entire study period. This allowed 

temporal, not just spatial, monitoring of damage. 

The height of the seedling was measured using a one-metre ruler. Height was 

measured from the ground level on the upper slope to the seedling's highest 

point, along what was deemed the main shoot. Seedlings were assessed for 

severity and type of damage, using the scales described in Chapter 3. Any animal 

scats nearby were recorded and identified where possible. Any other relevant 
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information, such as frost or insect damage and the presence of insects on the 

seedling was recorded. 

Calculations made from the data 

The overall extent of damage was calculated as a percentage, using the number of 

seedlings with any damage (severity of damage scale: scores 1-5) divided by the 

total number of seedlings sampled. Estimates of mortality were calculated as a 

percentage, using the number of seedlings recorded as dead divided by the total 

number of seedlings sampled. The percentage of missing seedlings was 

calculated by dividing the number of seedlings missing by the total number of 

seedlings sampled. The percentage frequency of the severity and type of damage 

scores was calculated using the total number of seedlings recorded with a 

particular severity or type of damage score, divided by the total number of 

seedlings sampled. Only data for June 1995 (2 months after planting), September 

1995 (5 months after planting) and March 1996 (11 months after planting, end of 

study) are presented for percentage frequency. This provides an overview of the 

temporal changes associated with damage. 

Although this study was not designed to monitor the growth rates of the seedlots 

when undamaged, and although the data are limited, they were calculated from 

seedlings which were monitored each month, and which were undamaged in each 

month between April (start of study, planting time) and September 1995 (5 

months after planting). This time-frame was used because it primarily reflects 

mammal browsing (see Section 4.3, page 71), and because after this time too few 

seedlings were undamaged. 

The mean change in seedling height for each seedlot was calculated from seedling 

heights in September 1995 less their initial heights (April 1995). 
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Statistical analysis of data 

Data for long-term (permanent) and discrete (random) assessments were analysed 

using the General Linear Modelling (GLM) procedure of the Statistical Analysis 

System (SAS) (SAS 1989). Before analysis, measurements for the ten permanent 

(or random) seedlings assessed per plot each month were averaged to a single 

value per plot. Hence, in the final analysis, a mean score for each plot per month 

was used. A mean score for height, severity of damage and type of damage per 

plot per month was calculated. 
- 

For all models, residuals of variance were plotted to see if they approximated a 

normal distribution. All data were found to be normally distributed, indicating 

that no data transformation was necessary. The dependent variables of height, 

severity of damage and type of damage were tested against the independent 

variable, seedlot. Seedlots used in this study were characterised by particular 

heights, with minimal variance, and hence height was not used in the final model 

as a covariate. A mean initial height was calculated for each seedlot using the 

heights recorded for all seedlings sampled at the start of the study (April 1995). 

The data set was unbalanced so the hypothesis tests were based on Type III Sums 

of Squares. Multiple comparisons between seedlots were performed using the 

Least Squares Mean method which accounts for unequal cell sizes (SAS 1989). 

Due to the large number of comparisons performed between seedlots, an alpha 

level of 0.005 was used to test significance. In the tables of results presented at 

the end of this chapter, seedlots bearing different superscripts are significantly 

different. For example, a seedlot with a superscript of "a" is significantly 

different to a seedlot bearing a superscript of "c", but not "ac". 
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4.3 Results 

Damage in general 

Frost damage 

Regardless of seedlot, about 51% of all seedlings sampled in September 1995 (5 

months after planting) showed evidence of frost damage. Approximately 36% of 

all seedlings were still damaged by frost at the end of the study. The percentage 

of seedlings sampled that showed evidence of frost damage in September 1995, 

after winter, was greatest for the Macalister seedlings (66%) and least for the 

Toorongo seedlings (30%) (Figure 4.1), although ranking between months varied 

considerably. 

Insect damage 

The percentage of seedlings sampled that showed evidence of insect damage 

increased rapidly between September 1995 (5 months after planting) and March 

1996 (11 months after planting, end of study) for all seedlots (Figure 4.2). This 

percentage was greatest for the Macalister seedlings (20%) and least for the Glen 

Tunnel seedlings (2%) in September 1995. By March 1996, insect damage was 

recorded most frequently on the Toorongo seedlings (70%). Damage was due to 

the scarab beetle (Heteronyx sp.) (Dr David de Little, pers. comm.) 

The potential to observe differences in the level of mammal damage between 

seedlots was reduced because of this increased insect damage over time. 

Therefore, generally only data up to and including September 1995 are discussed 

throughout this chapter to measure the impact of browsing. They are more 

representative of the mammal damage; that is, without the large and simultaneous 

effect of insect damage. Although Figure 4.2 shows that insect damage in 

October 1995 was similar to that in September 1995, only data up to September 

1995 was used for two reasons: (1) insects were seen frequently in the field in 

October 1995, and (2) at Pearsefield, insect damage in October 1995 was much 

higher than that in September 1995. Spraying for insects was not possible for 

logistical reasons at the time insects were first noticed. Furthermore, the use of 
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insecticide may have had confounding effects on the palatability of seedlings, so 

it was decided the best option was not to spray. 

Mortality 

The percentage of dead seedlings increased steadily with time (Figure 4.3a). In 

June 1995 (2 months after planting), 97% of all seedlings sampled were 

surviving, with 3% being recorded as missing and none as dead. In September 

1995 (5 months after planting), 99% had survived, 1% were recorded as dead and 

0% missing. By March 1996 (11 months after planting, end of study), 89% had 

survived, 10% were dead and 1% missing (Table 4.1). By March 1996 the 

Northern NSW (18%), Southern NSW (15%) and Glen Tunnel seedlings (15%) 

were the most frequently recorded as "dead", the Toorongo seedlings (6%) were 

intermediate and the Macalister seedlings (1%) were the least frequently recorded 

(Figure 4.3b). 

Overall extent of browsing damage 

By June 1995 (2 months after planting), 50% of the seedlings sampled, 

irrespective of seedlot, showed signs of damage (Figure 4.4a). By September 

1995 (5 months after planting), 84% of all seedlings sampled showed evidence of 

damage, and by March 1996 (11 months after planting, end of study), 99% of all 

seedlings sampled were damaged. Each month up to and including September 

1995, a lower proportion of the Southern NSW seedlings was damaged than the 

Glen Tunnel and Macalister seedlings (Figure 4.4b). The Toorongo and Northern 

NSW seedlings formed an intermediate group. From October 1995 onwards, 

damage was much higher and resulted in loss of any differentiation between 

seedlots. This was probably a result of both mammal damage and extensive 

insect damage. 

Severity and type of damage 

The severity and type of damage varied from month to month and from seedlot to 

seedlot. Damage increased over time, being most extensive from October 1995 

onwards. Figures 4.5a-c show the percentage frequency of the severity of 
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damage scores in June 1995 (2 months after planting), September 1995 (5 months 

after planting) and March 1996 (11 months after planting, end of study). In June 

1995, only 4% of the Southern NSW seedlings had between 50% and 90% of 

their foliage removed (severity of damage scale, scores 3 and 4), compared to 

17% of the Glen Tunnel seedlings. Only 5% of the Southern NSW seedlings 

were severely damage (>90% eaten, severity of damage scale, score 5), compared 

to 17% of the Glen Tunnel seedlings (Figures 4.5a). In September 1995, the 

percentage of seedlings that had between 50% and 90% of their foliage removed, 

had increased to 34% for the Southern NSW seedlings, and to 37% for the Glen 

Tunnel seedlings. However, only 9% of the Southern NSW seedlings had more 

than 90% of their foliage and stem removed, compared to 48% of the Glen 

Tunnel seedlings (Figure 4.5b). By March 1996, approximately 39% of both the 

Southern NSW and Glen Tunnel seedlings had between 50% and 90% of their 

foliage removed, but only 22% of the Southern NSW seedlings had more than 

90% of their foliage and stem removed, compared to 34% of the Glen Tunnel 

seedlings (Figure 4.5c). 

A marked feature of the browsed seedlings was the loss of apical buds (type of 

damage scale, scores 2-4). This was recorded as early on as June 1995 (Figure 

4.6a). In September 1995, 78% of damaged seedlings had their apical buds 

removed and in March 1996 approximately 70% did. By March 1996, 54% of 

the seedlings had their main stem eaten, compared with only 8% and 35% in June 

1995 and September 1995, respectively. Although the difference in percentage 

frequency of the type of damage scores between seedlots was not as great as for 

severity, the Glen Tunnel seedlings were more damaged, in terms of type of 

damage, than the other seedlots (Figures 4.6a-c). For example, the Glen Tunnel 

seedlings were the only seedlings ever pulled out of the ground (type of damage 

score 5). 
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Long-term monitoring of seedlings 

Initial heights of the seedlings 

The initial height of the seedlings obtained from permanently-marked samples of 

the five seedlots ranged from about 33cm to 42cm (Table 4.2). The Southern 

NSW seedlings were significantly taller than the Glen Tunnel and Macalister 

seedlings. 

Growth rates of undamaged seedlings 

From April 1995 to September 1995, undamaged seedlings of the five seedlots 

exhibited growth rates that ranged between 0.0 and 0.1 mm/day (Table 4.3). 

There were no significant differences between the seedlots in terms of growth • 

rate. Sample sizes for these calculations of growth rate were small as my study 

was not designed to monitor growth rates (see Section 4.2, page 69). 

Impact of browsing on seedling height 

As there were no significant differences between the seedlots in terms of growth 

rate when undamaged, any differences between seedlots in terms of change in 

height primarily reflects differences in the damage to the stem of seedlings. In 

terms of height, there was an effect of month (Wilks' lambda statistic, value = 

0.05, F9,16  = 35.8, P <0.05), but no interaction between month and seedlot 

(Wilks' lambda statistic, value = 0 .09, F36 ,62 = 1.5, P> 0.05). Table 4.4 shows 

the absolute reductions in the height of seedlings of each seedlot to September 

1995. Figure 4.7 provides the mean heights each month and the associated 

standard error, whilst Table 4.5 provides the results of statistical comparison 

between seedlots. Results have been presented this way for clarity and ease of 

reading. The seedlings of all seedlots showed negative "net growth" until 

September 1995 (i.e. measured as height when damaged exceeded growth) 

(Tables 4.4 and 4.5 and Figure 4.7). Even by the end of the study the seedlings 

were no taller than they were at the start. 
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There were generally three groups of seedlots in terms of height: the Southern 

NSW seedlings were the tallest, the Toorongo and Northern NSW seedlings 

formed an intermediate group for most of the study and the Glen Tunnel and 

Macalister seedlings were the shortest (Figure 4.7). 

The Southern NSW seedlings were significantly taller than the Glen Tunnel and 

Macalister seedlings throughout the entire study (Table 4.5). By September 

1995, the Southern NSW seedlings were on average 13.6 cm or 34% taller than 

the Glen Tunnel seedlings and 9.5cm or 24% taller than the Macalister seedlings. 

From August 1995 until December 1995, the Southern NSW seedlings were also 

significantly taller than the Toorongo seedlings. In July, August and December 

1995 the Southern NSW seedlings were also significantly taller than the Northern 

NSW seedlings. The Glen Tunnel seedlings were significantly shorter than the 

Northern NSW seedlings in October 1995 and were also significantly shorter than 

the Toorongo seedlings in January and March 1996. 

By September 1995 the Toorongo seedlings showed a significantly greater 

reduction in height than the other seedlots, with the exception of the Glen Tunnel 

seedlings (Table 4.4). That is, they were more preferred in terms of the amount 

of stem eaten. The Glen Tunnel seedlings showed the second highest reduction 

in height, suggesting that they were also preferred. 

Severity of damage 

In terms of severity of damage, there was an effect of month (Wilks' lambda 

statistic, value = 0.02, F9 , 16 = 104.3, P <0.05) and an interaction between month 

and seedlot (Wilks' lambda statistic, value = 0.04, F36 .62 = 2.3, P <0.05). Figure 

4.8 provides the mean severity of damage scores each month and the associated 

standard error, whilst Table 4.6 provides the results of statistical comparison 

between seedlots. Damage occurred immediately after planting in April 1995 and 

continued throughout the year (Figure 4.8). The incremental change in damage 

score was greatest over winter (June to August) for all seedlots. Overall damage 

was highest in December 1995 for the Glen Tunnel, Tooronuo and Macalister 

seedlings and then declined. The damage levels for the Southern NSW and 
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Northern NSW seedlings peaked in February 1996. These peaks are the result of 

insect feeding, as well as mammal browsing. 

As with height, there were generally three groups of seedlots: the Southern NSW 

seedlings were the least damaged, the Toorongo and Northern NSW seedlings 

formed an intermediate group, and the Macalister and Glen Tunnel seedlings 

were the most damaged (Table 4.6). In July 1995, the Southern NSW, Northern 

NSW and Toorongo seedlings were significantly less damaged than the Glen 

Tunnel seedlings. In August and September 1995, the Southern NSW and 

Northern NSW seedlings were still less damaged than the Glen Tunnel seedlings. 

The Southern NSW seedlings were also significantly less damaged than the 

Macalister seedlings in both these months. In December 1995, the Southern 

NSW seedlings were significantly less damaged than the Glen Tunnel seedlings. 

Type of damage 

In terms of type of damage, there was an effect of month (Wilks' lambda statistic, 

value = 0.004, F9, 16 = 489.7, P <0.05) and an interaction between month and 

seedlot (Wilks' lambda statistic, value = 0.06, F36,62  = 1.9, P < 0.05). Figure 4.9 

provides the mean type of damage scores each month and the associated standard 

error, whilst Table 4.7 provides the results of statistical comparison between 

seedlots. The Glen Tunnel and Macalister seedlings had lost their apical buds by 

July 1995, the Toorongo and Northern NSW seedlings a month later and the 

Southern NSW seedlings by October 1995 (scores 2, Figure 4.9). 

The Southern NSW seedlings were always less damaged than the Glen Tunnel, 

Macalister and Northern NSW seedlings. In July, August, September and 

December 1995, the Southern NSW seedlings were significantly less damaged 

than the Glen Tunnel seedlings (Table 4.7). In August 1995, the Southern NSW 

seedlings were also significantly less damaged than the Macalister seedlings. 

Net growth rates and severity of damage 

Net growth rate refers to net growth per day calculated for the first five months 

(to September 1995). It is the combined effect of seedling growth rate and 
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damage, not inherent growth rate per se. As expected, the net growth rate 

(mm/day) of the seedlings of all seedlots decreased as browsing damage 

increased (Figures 4.10a-e). Despite low correlation values, the relationship 

between net growth rate and severity of damage was significant for each seedlot. 

Seedlings of each seedlot exhibited negative net growth rates in September 1995, 

due to a combination of heavy browsing and slow growth rates. The equations 

from the trendlines presented in Figures 4.10a-e were used to estimate the 

following net growth rates from the mean severity of damage score in September 

1995: Southern NSW seedlings -0.13 mm/day, Northern NSW seedlings -0.14 

mm/day, Macalister seedlings -0.22 mm/day, Glen Tunnel seedlings -0.36 

mm/day and Toorongo seedlings -0.47 mm/day. The net growth rate is negative 

at zero damage for the Toorongo and Northern NSW seedlings, because a number 

of seedlings sampled had been damaged by frost, causing a change in height by 

September 1995, but there was no browsing damage. 

4.4 Discussion 

The purpose of this study was to determine if marsupial herbivores differentially 

damaged, and hence showed preference for E. nitens seedlots. The focus of the 

study was differential damage when browsing intensity was high, as a result of 

the absence of control measures to reduce herbivore numbers (ie. no 1080 

poison). 

Evaluation of method 

Growth rates of undamaged seedlings 

Calculations of growth rates of undamaged seedlings for the different seedlots 

were, from necessity, based on low sample sizes: i.e. due to the small number of 

seedlings that were undamaged. I assumed that these seedlings were 

representative of the seedlot as a whole. This assumption is probably valid since 

research comparing the growth rates of apparently undamaged E. nitens seedlings 

that were not fenced, with undamaged fenced seedlings found only minimal 

differences in growth rates (James Bulinski pers. comm.). However, it is possible 
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that these seedlings were not browsed because they were different, either 

chemically or physically, to other seedlings of that seedlot. This difference may 

have conferred browsing-resistance, but may also have resulted in a different 

growth rate. 

Confounding effect of insect damage 

The probability of damage including insect damage was minimised by 

concentrating my discussion on the results from the first five months after 

planting (to September 1995), when very few insects were observed. 

Accuracy of the severity of damage scale 

Results from the preferential feeding trials (see Chapter 9) suggest that measuring 

damage using the severity of damage scale was an appropriate and efficient 

means (cf: quantitative measurement of leaf number) of estimating damage to 

seedlings. 

Inferring preference from damage results 

In this study, I had hoped to relate the level of damage to preference based on the 

assumption that higher severity of damage scores on a seedling meant that 

herbivores were eating more, and hence preferred, that particular seedling. 

However, the initial heights and presumably leaf number of the seedlings from 

each seedlot varied, and so the interpretation of preference is confounded when 

severity of damage is used as an indicator. Because of this, absolute 

measurements of change in height may be more accurate in establishing 

preference than severity scores of leaf loss. However, some conservative 

estimates of leaf intake are made later (see Section 4.4). 

Measuring preference 

Preference for a particular food type can only be assessed in a strict-sense when 

food items are equally available, and even then it is only valid for that particular 

food assemblage (Norbury 1987). I did not measure the availability of food items 

and so the preference rankings given for the seedlots may be over-simplified. 
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However, as the eucalypt seedlings were uniformly-distributed, in terms of 

frequency of occurrence and density, the assumption of equal availability is 

probably valid.. 

Variation in preferences between the herbivore species 

Damage was the overall result of at least three different herbivore species (see 

Chapter 5). They were treated as a single group of herbivores since I had no 

information on the relative contribution of herbivore species or individuals in 

causing the damage. If these three herbivore species display different preferences 

for the seedlots, and hence damage them to different extents, the results from the 

field studies on height change and the severity and type of damage reflect the sum 

of these differences. Differences between seedlots therefore may not be as clear-

cut as if there were just one herbivore species exploiting them. 

Damage in general 

Damage to seedlings varied temporally. The rate of damage to seedlots was 

greatest over winter (June to August), which is usually associated with shortages 

in alternative feed (i.e. other than plantation eucalypt) (Coleman et al. 1997). 

This winter peak in rate of damage resulted in maximum severity of damage 

scores around October and December 1995, which is similar to the 

October/November peak reported for browsing by Swamp wallaby (Wallabia 

bicolor) in Victorian plantations (Montague 1996). Temporal variation in 

browsing damage may be the result of differences in the abundance of browsers 

(Jennings and Barker 1975, Hulme 1994) and/or the availability of plant material 

(Statham 1983). 

Impact of browsing on seedling survival 

There was a high rate (> 90%) of seedling survival at this site. This compares 

favourably to the 100% survival for the first year following planting of E. nitens 

(Upper Toorongo provenance) seedlings reported by Tumball et al. (1993). The 

survival rate Turnball et al. (1993) reported included re-planting of damaged or 
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dead seedlings a few weeks after the original planting. No re-planting of 

seedlings occurred at Clipper West. 

Wilkinson and Neilsen (1995) reported that artificial defoliation of half the crown 

of E. regnans seedlings resulted in less mortality than did complete removal of 

the crown. When more leaf tissue remains, the survival of a seedling is more 

likely (Fenner 1987, Wilkinson and Neilsen 1995). Clearly, in my study 

complete consumption of a seedling (severity of damage scale, score 5) led to 

seedling mortality, as did complete removal of the seedling (type of damage 

scale, score 5). Apart from the amount of foliage removed, mortality may also be 

influenced by the time of year when damage occurs (Cremer 1969) and by the 

frequency of damage. For example, heavy browsing of northern rata trees 

(Metrosideros robusta) by brushtail possums (Trichosurus vulpecula) for three 

successive years led to high rates of mortality (Meads 1976). Browsing may 

affect the long-term survival of seedlings by reducing growth rates and hence a 

seedling's ability to compete with other nearby plants (Anderson and Katz 1993, 

Wilkinson and Neilsen 1995). In this study, it is probable that other factors as 

well as browsing, such as waterlogging and frost damage, were responsible for 

the observed seedling mortality. 

Overall extent of browsing damage 

The overall extent of damage to seedlings at Clipper West was high. In 

September 1995, 84% of all seedlings sampled were damaged, 21% had over 

90% of their foliage removed (severity of damage scale, score 5) and 78% had 

their apical buds removed (type of damage scale, scores 2-4). By March 1996 (11 

months after planting, end of study), 100% of all seedlings sampled were 

damaged and 31% had over 90% of their foliage removed. About 70% of the 

seedlings had their apical buds removed, which was less than in September 1995, 

presumably due to new growth. However, as explained in Section 4.3, the 

damage in March 1996 includes damage by insects; 57% of seedlings sampled 

were noted as having been damaged by insects. 
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The following discussion is concerned with the first five months after planting, 

which focuses on mammal browsing and avoids the confounding effects of insect 

damage in later months. 

Seedling growth rates 

The growth rates of all the undamaged seedlings in this study were considerably 

lower than the growth rate reported for E. nitens (Upper Toorongo provenance) 

seedlings grown in Tasmanian at a similar altitude (650m) (Turnball etal. 1993). 

The growth rate in that study was 1.9mm/day for the first year after planting 

(Turnball et al. 1993). The relatively low growth rates observed in this study 

probably reflect differences in edaphic factors, such as water logging and cold 

and other site factors, such as altitude and soil type. 

In this study, the growth rates of undamaged seedlings did not vary between the 

seedlots. Variation observed in changes in height (i.e. net growth) between 

seedlots are therefore primarily the result of herbivory. 

Damage had a negative effect on the overall growth of seedlings. The probability 

of "escape-through-growth" was therefore limited for all seedlots, presumably 

because of the extremely poor growing conditions. Such plants are likely to have 

a limited capacity to regenerate after herbivory, which may exacerbate the effects 

of browsing. A damaged seedling that is further browsed will be further depleted 

of resources, and the seedling's growth rate may never exceed the rate of foliage 

removal. 

Damage to seedlots by mammals 

The seedlots were damaged to differing extents. The Southern NSW seedlings 

were the least damaged in terms of severity and type of damage. The Glen 

Tunnel and Macalister seedlings were more damaged than all other seedlings, in 

terms of severity and type of damage. The Toorongo and Northern NSW 

seedlings formed an intermediate group. Differences in the severity of damage 

are important when considering the impact of leaf loss on seedling growth. In 
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suitable conditions for growth, the Southern NSW seedlings are likely to grow 

faster than the other seedlings, since they suffered minimal proportional loss of 

leaves. Their potential to escape browsing through growth, and hence for final 

timber production, is greatest. The Glen Tunnel and Macalister seedlings, with 

such a great proportional loss in leaves, are likely to grow much slower than the 

other seedlings. In the long term, this would exacerbate any browsing problem, 

because seedlings are more susceptible to damage with repeated browsing 

(Neilsen and Pataczek 1991). The differences in type of damage are also 

important because of the impact of the loss of the apical buds on seedling form. 

The Glen Tunnel seedlings showed the greatest loss of apical buds. This 

increases the likelihood of double or multiple leaders and hence, the potential 

volume of useable timber produced is reduced in the long term. 

Preferences for seedlots by mammals 

In terms of absolute reduction in seedling height, the Southern NSW and 

Northern NSW seedlings were the least preferred (Table 4.4). The Macalister 

seedlings were intermediate and the Glen Tunnel and Toorongo seedlings were 

the most preferred. 

As discussed in the evaluation of method, preference could not be directly 

determined from the severity of damage because the seedlings from each of the 

seedlots were generally characterised by different initial heights and probably 

also leaf number (not measured). In future, I would count the number of leaves 

on seedlings,but in this study I was not aware of the potential for differences 

between seedlots in terms of seedling leaf number until I had started the feeding 

trials (Chapter 9), 6 months after the field trials had started. 

It is possible to make some estimates as to whether differences in severity of 

damage seen between the Glen Tunnel and Southern NSW seedlings, which 

represent the two extremes in damage, may reflect differences in preferences. 

The mean severity of damage score in September 1995 for the Glen Tunnel 

seedlings was 3.8 (-81% of leaves removed. see Appendix H) compared to 2.0 

(-40% of leaves removed) for the Southern NSW seedlings. For those two 
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damage scores to represent the same absolute loss in leaf number, the Glen 

Tunnel seedlings would need to have had half the number of leaves as the 

Southern NSW seedlings. I consider this unlikely. In feeding trials using these 

same seedlots (see Chapter 9), the Southern NSW seedlings had an average of 17 

leaves and the Glen Tunnel seedlings 11 leaves. In addition, the Glen Tunnel 

seedlings used in the feeding trials were about half the height of those planted at 

Clipper West. In the field then, the Glen Tunnel seedlings would presumably 

have had even more leaves than they did in the feeding trials. 

Given the estimates above, the severity to which a seedling was damaged can be 

used as a crude indicator of herbivore preference. For the purposes of this 

discussion I have made this assumption. Using the mean severity of damage 

scores in September 1995 to group these seedlots, the Southern NSW seedlings 

were the least preferred, the Toorongo, Northern NSW and Macalister seedlings 

formed an intermediate group, and the Glen Tunnel seedlings were the most 

preferred. Figure 4.4b also suggests that the Glen Tunnel seedlings were more 

preferred than the other seedlots, because a greater percentage were damaged. 

Impact of browsing on seedlings 

High levels of damage, such as those seen on the Glen Tunnel and Macalister 

seedlings, may reduce growth rates and in the long term, total volume production 

(Neilsen and Pataczek 1991). For example, complete removal of the crown of E. 

nitens and E. regnans seedlings resulted in lower growth rates and total volume 

production losses of 71-97%, although there were confounding effects of weed 

competition in this study (Wilkinson and Neilsen 1995). In a study by Montague 

(1996), E. regnans seedlings that had over 50% of their leaves removed, were on 

average 15% shorter than unbrowsed seedlings, three years after planting. In my 

study, by September 1995, 55% of all seedlings had lost over 50% of their foliage 

(Figure 4.5b, Appendix H) and so could conceivably suffer similar losses in 

height. A large percentage of the seedlings sampled, irrespective of seedlot, had 

their apical buds removed, which can lead to bifurcation of the seedling and may 
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lead to losses in the final volume of timber produced (Barnett et al. 1977, 

Montague 1996). 

Chemical and physical reasons underlying diet selection 

The Glen Tunnel seedlings were the most damaged and were probably the 

preferred seedlot. Various chemical and physical characteristics of plants have 

been investigated in relation to preferences of herbivores and/or damage by 

herbivores. Some of these characteristics will be described here in relation to 

their applicability to my study. 

My study did not investigate plant chemistry, but it is plausible that differences in 

the chemistry of the seedlots may have resulted in the different levels of 

browsing, and hence damage. The foliage of the Southern NSW seedlings, which 

were significantly less damaged than the Glen Tunnel seedlings, may have 

contained higher concentrations of plant secondary compounds that reduced the 

level of browsing and therefore, damage. 

The allocation of carbon and nitrogen resources within a plant may be effected by 

the external environment of the plant, for example, infertile soils (see Chapter 1), 

and/or it may have a genetic basis. My experimental design (see Chapter 2), with 

replicate plots of a seedlot, probably reduced site factors, such as soil fertility and 

microclimate. It is therefore more plausible that any differences in plant 

chemistry in the .seedlots were genetically-based, rather than a response to the 

external environment. 

Preference may also depend on plant morphology (Vivas and Saether 1987, 

Danell et al. 1991, Edenius 1993, Duncan et al. 1994), due to the physical 

constraints it can place on accessibility (Provenza and Malechek 1984), bite size, 

bite rate and intake rate (Bergstrom and Danell 1987, Danell et al 1991, Edenius 

1993, Hartley etal. 1997). However, the seedlings in my study were relatively 

short (<50cm in height) so arguments relating to accessibility of the plant and bite 

size may not be relevant to the herbivores in question. 
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Seedling height may correlate with palatability (Hartwell and Johnson 1983), 

although not always (Bryant et al. 1985, Haines et al. 1994). Staines and Welch 

(1984) reported that both red deer (Capreolus elaphus) and roe deer (C. 

capreolus) prefer Sitka spruce (Picea sitchensis) seedlings between 30cm and 

60cm in height, compared with trees over 80cm in height. Marsupial herbivores 

may also damage taller seedlings less than shorter seedlings. The Tasmanian 

pademelon (Thylogale billardierii), Bennett's wallaby (Macropus rufogriseus), 

brushtail possum (T vulpecula) and European rabbit (Oryctolagus cuniculus) 

may typically damage seedlings between 5cm and 30cm in height (Statham 

1983). Cremer (1969) reported that eucalypt seedlings about 27cm in height were 

completely defoliated more frequently than were 48cm seedlings. Such 

preferences could account for the higher levels of damage recorded for the Glen 

Tunnel seedlings (mean height 33cm), than for the Southern NSW seedlings 

(mean height 42cm). 

Larger seedlings, measured in terms of height, presumably also have larger stem 

diameters; and browsing can be reduced with increasing diameter of stem or 

twigs. For example, mountain beaver (Aplodontia rufa) rarely clip seedlings with 

diameters greater than 19mm (Hartwell and Johnson 1983). Reduced browsing 

on plants with large stem and/or twig diameters may account for the lower levels 

of damage recorded for the tallest seedlot -(Southern NSW seedlings), compared 

to the shortest seedlot (Glen Tunnel seedlings). However, because different 

herbivore species respond to a plant's morphology in different ways (Andren and 

Angelstam 1993, Duncan et al. 1994) it is not clear whether any differences in 

stem or twig diameter between the seedlots in my study account for differences in 

preferences and/or the levels of damaged observed. 

Management implications 

The research here has concentrated on damage to, and preferences for seedlings 

of different seedlots of E. nitens. This provides a framework for discussing 

possibilities for using seedlings from seedlots that are more resistant to browsing 

by marsupial herbivores. However, the relationship of the results to the potential 
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factors underlying preference, whether they be chemical or physical reasons, or a 

combination of these, remains hypothetical. Their relationship to the particular 

herbivores in question, the Tasmanian pademelon, Bennett's wallaby and 

brushtail possum, is discussed more fully in Chapter 5. 

Regardless of the causes, the occurrence of relatively less damage to the Southern 

NSW seedlings and more damage to the Glen Tunnel seedlings has important 

management implications. If seedlings are damaged less it may be because: 

1. their larger size to begin with results in less damage than smaller seedlings 

even if the same absolute amounts are eaten by herbivores. Planting of larger 

(taller and more leafy) seedlings may be a simple means of reducing damage. 

This could be achieved through (1) selective breeding for seedlings that are 

larger, (2) changes in nursery practices that result in larger seedlings in a 

shorter time (e.g. different nutrient solutions, growth hormones), and (3) 

changes in silvicultural practices (e.g. planting seedlings at a later stage). If 

the second option is pursued, changes in palatability should be checked 

because of the potential for reduced levels of plant secondary compounds 

(Bryant etal. 1983a). 

2. there is true preference. Variability in browsing susceptibility of plants 

(including Eucalyptus sp.) has been reported in a number of studies (e.g. 

Hood and Libby 1980, Dungey 1996, Scott 1997). This would provide an 

opportunity to plant seedlings of lower susceptibility to damage, thereby 

reducing the level of damage. Genetic manipulation of the seedlot's chemical 

and/or physical characteristics through breeding could produce more resistant 

seedlings. Manipulation of environmental conditions through silvicultural 

practices, which induce chemical and/or physical changes in the seedlings 

(e.g. fertilisers) could also be used to produce more browsing-resistant 

seedlings. 

The increase in insect damage recorded after September 1995 suggests that 

monitoring of seedlings should be on a regular basis, possibly monthly. 
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Monitoring less frequently, even half-yearly, could result in over-estimations of 

damage attributed to mammals. 

Future studies 

The observation that the Southern NSW seedlings were less damaged requires 

further examination, particularly as to whether or not this reflects a lower 

susceptibility to browsing. Growing larger seedlings does not necessarily incur 

more cost. The Southern NSW seedlings appeared to grow faster under the same 

nursery conditons than the other seedlots. Seedlings that grow faster require no 

additional time in the nursery and therefore no additional money is required. 

Whether damage levels seen in this trial would be the same in plantations of a 

single seedlot (i.e. in the more typical monoculture) should also be assessed. 

Several improvements in the trial procedures could be made in any future studies: 

1. any plants to be tested under field conditions should be screened in captive 

feeding trials using animals appropriate to the field situation. Originally I 

was to compare preferences and damage between Eucalyptus species. I had 

performed such preliminary trials early in my research with this is mind. 

However, after a change in the forestry industry's plans, I ended up testing 

differences between E. nitens seedlots, as described in this thesis. By the time 

these changes were made, and as a result of personal injury, there was no time 

to test the seedlots before they were raised for the field trials. 

2. The growth rates of seedlings under field conditions should be measured. The 

growth rates of unfenced seedlings, where browsing is possible and fenced 

plots, where no browsing is possible, could be compared. This would help 

ensure that the growth rate of undamaged seedlings reflected that of all 

seedlings. 

3. The mean initial height and the number of leaves per seedling of the seedlings 

being studied should be measured. These measurements could probably be 

restricted to fenced plots (i.e. unbrowsed seedlings). 
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4. Regular sampling should be undertaken to indicate whether damage reflects 

insect and/or mammal damage. 
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Table 4.1 Percentage survival, mortality and missing seedlings, irrespective of seedlot, each month after planting at Clipper West 

Data recorded from April 1995 to March 1996; percentages calculated as a proportion of seedlings sampled, regardless of seedlot; n (plots) = 29, 

except April 1995 where n = 28 

Seedlings April June July August September October December January February March 

% surviving 98 97 100 99 99 99 97 93 92 89 

% mortality 0 0 0 0 1 1 3 7 8 10 

% missing 2 3 0 1 0 0 0 0 0 1 
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Table 4.2 Mean initial height of the five seedlots of Eucalyptus nitens 

planted at Clipper West 

Height (cm) is a least squares estimate of the population mean, n (plots) = 28; 
seedlots bearing different superscripts are significantly different at an alpha level of 

0.005 

Seedlot 
	 Height (cm) 	Standard error 

Southern NSW 

Toorongo 

Northern NSW 

Macalister 

Glen Tunnel 

42.0 a 

394 
 al 

34.8 ab  

334
b 

330
b 

1.8 

2.0 

1.6 

2.0 

1.8 
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Table 4.3 Mean growth rate of the five seedlots of Eucalyptus nitens planted 

at Clipper West 

Growth rate is a least squares estimate of the population mean, calculated from 

April 1995 (start of study) until September 1995 (5 months after planting), using 

seedlings that were not damaged by herbivores (i.e. severity of damage score = 0 

from April 1995 to September 1995); seedlots bearing different superscripts are 

significantly different at an alpha level of 0.005 

Seedlot n (seedlings) Growth rate (nun/day) Standard error 

Southern NSW 19 0.12 a  0.02 

Toorongo 8 0.00 a  0.03 

Northern NSW • 11 0.04 a  0.03 

Macalister 6 0.09 a  0.04 

Glen Tunnel 3 0.12 a  0.06 
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Table 4.4 Reduction in mean height of the five seedlots of Eucalyptus nitens 
- planted at Clipper West 

Change in height (cm) is calculated from the least squares estimate of the 

population mean of the differences in height between September 1995 and April 

1995, n = 28; seedlots bearing different superscripts are significantly different at 

an alpha level of 0.005' 

Seedlot n (plots) Height change(cm) Standard error 

Southern NSW 6 -1.6 a  1.2 

Toorongo 5 _73  b 1.3 

Northern NSW 6 -1.6 a  1.3 

Macalister 5 -2.5 a  ' 1.1 

Glen Tunnel 6 -6.0 ab  1.2 
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Table 4.5 Mean height of the five seedlots of Eucalyptus nitens planted at Clipper West each month of the study 

Height (cm) is a least squares estimate of the population mean, n (plots) = 29, except in April 1995 where n = 28; multiple comparisons between 

seedlots are within each month, not between months; seedlots bearing different superscripts are significantly different at an alpha level of 0.005; 

note May and November 1995 not sampled 

Seedlot April June July August September October December January February March 

Southern NSW 42.0 ' 40.8 a 41.3 a  41.0 a 40.4 ' 39.5 a 39.8 a  40.0 a  41.7 a 42.6 a  

Toorongo 39.4 ab  34.0 ab  33.0 b  32.6 b  32.1 b  31.1 bc 31.2 b  35.4 ab  37.1 ab  40.9 ab  

Northern NSW 34.8 ab  34.5 ab  33.8 b  33.6 b  33.2 ab  33.1 ab  32.0 b  32.8 abc 33.2 ab  34.7 abe 

Macalister 33.4 b  31.6 b  31.2 b  31.0 b  30.9 b  29.1 k  28.7 b  29.5 bc  31.3 b  32.9 be  

Glen Tunnel 33.0 b  30.3 b  28.1 b  27.8 b  26.9 b  25.4 C 25.2 b  26.3 C  28.4 b  29.9 c 
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Table 4.6 Mean severity of damage score of the five seedlots of Eucalyptus nitens planted at Clipper West each month of the study 

Severity of damage is a least squares estimate of the population mean, n (plots) = 29, except in April 1995 where n = 28; multiple comparisons 

between seedlots are within each month, not between months; seedlots bearing different superscripts are significantly different at an alpha level of 

0.005; note May and November 1995 not sampled 

Seedlot April June July December January February March August September October 

Southern NSW 0.0 a  0.7 a 1.1 a 1.4 a 2.0 a 2 .8a 3.0 a 3 .2a 3.3 a 3.1 a 

Toorongo 	' 0.0 a  • 0.9 a 1.5 a 2.3 ab  2.4' 3.1 a 3.4 ab  2. 8a 2 .7a 2 .7a 

Northern NSW 0.0 a  0.8 a  1.4 a  2.1 a 2.7 b  3.0 a 3.5  ab 36a 3.9  a 37 a 

Macalister 0.0 a  1 . 2a 2.0 ab  2.8 b  2.7 k  3.6a 3.8 ab 35 a 34a 3.3a 

Glen Tunnel 0.0 a 1 .7a 30 b 37b 3.8 k  4.1 a 4.2 b 37 a 35 a 35a 
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Table 4.7 Mean type of damage score of the five seedlots of Eucalyptus nitens planted at Clipper West each month of the study 

Type of damage is a least squares estimate of the population mean, n (plots) = 29, except in April 1995 where n = 28; multiple comparisons 

between seedlots are within each month, not between months; seedlots bearing different superscripts are significantly different at an alpha level of 

0.005; note May and November 1995 not sampled 

Seedlot April June July August September October December January February March 

Southern NSW 0.0 a  0.7 a  1.3 a  1.5 a  2.0 a 2.7 a 3.0 a  2 .7a 2.8 a  2.8 a  

Toorongo 0.0 a  1.0 a  1.8 ab  2.3 ab  2.4 ab  3.0a 3.1 ab  2 . 6a 2 . 6a 2.4a 

Northern NSW 0.0 a  0.8 a  1.8 ab  2.2 ab  2.3 ab 2.9 a 3.2 ab  3.4 a  3.4 a  3.2 a  

Macalister 0.0 a  1.1 a 2.2 ab 28 b 2.7 ab 34a 35 ab 3.1 a  2.9a  2.9 a  

Glen Tunnel 0.0 a 1.5a 2.7 b 32b 33  b 3.6 a  3.76 3.3" 3.1 a  3.3' 
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Plate 4.1 A seedling marked out for discrete assessment of damage 
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Figure 4.1 Percentage of Eucalyptus nitens seedlings from each seedlot 

recorded with any frost damage at Clipper West from April 1995 (planting, 

start of study) to March 1996 (11 months after planting, end of study) 
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Figure 4.2 Percentage of Eucalyptus nitens seedlings from each seedlot 

recorded with any insect damage at Clipper West from April 1995 (planting, 

start of study) to March 1996 (11 months after planting, end of study) 
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Figure 4.3a Percentage of Eucalyptus nitens seedlings recorded as dead at 

Clipper West from April 1995 (planting, start of study) to March 1996 (11 

months after planting, end of study) 
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Figure 4.3b Percentage of Eucalyptus nitens seedlings from each seedlot 

recorded as dead at Clipper West from April 1995 (planting, start of study) - 

to March 1996 (11 months after planting, end of study) 

100 



Damage, Clipper West 

100 

90 

80 

70 

60 
Seedlings with damage (%) 

50 

40 - 

30 - 

20 - 

10 - 

0 	  
Apr 	May 	Jun 	Jul 	Aug 	Sep 	Oct 	Nov 	Dec 	Jan 	Feb 	Mar 

Month 

Figure 4.4a Percentage of Eucalyptus nitens seedlings recorded with any 

damage at Clipper West from April 1995 (planting, start of study) to March 

1996 (11 months after planting, end of study) 
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Figure 4.4b Percentage of Eucalyptus nitens seedlings from each seedlot 

recorded as damaged at Clipper West from April 1995 (planting, start of 

study) to March 1996 (11 months after planting, end of study) 
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Figure 4.5a Percentage frequency of severity of damage scores recorded for 

Eucalyptus nitens seedlings from each seedlot at Clipper West in June 1995 

(2 months after planting) 
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Figure 4.5b Percentage frequency of severity of damage scores recorded for 

Eucalyptus nitens seedlings from each seedlot at Clipper West in September 

1995 (5 months after planting) 
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Figure 4.5c Percentage frequency of severity of damage scores recorded for 

Eucalyptus nitens seedlings from each seedlot at Clipper West in March 1996 

(11 months after planting, end of study) 

105 



Type of 
damage score 

0 5 

• 4 

IS 3 

D2 
i 

• 0 

Frequency 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 
Southern NSW Toorongo Northern NSW 

 

Macalister 

 

Glen Tunnel 

      

Damage, Clipper West 

Seedlot 	_ 

Figure 4.6a Percentage frequency of type of damage scores recorded for 

Eucalyptus nitens seedlings from each seedlot at Clipper West in June 1995 

(2 months after planting) 
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Figure 4.6c Percentage frequency of type of damage scores recorded for 
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(11 months after planting, end of study) 
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Figure 4.7 Mean height of the five seedlots of Eucalyptus nitens planted at 

Clipper West 

Height (cm) is a least squares estimate of the population mean, n (plots) = 29, 

except in April 1995 where n = 28; error bars indicate standard errors of the mean 
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Figure 4.8 Mean severity of damage score of the five seedlots of Eucalyptus 
nitens planted at Clipper West 

Severity of damage is a least squares estimate of the population mean, n (plots) = 

29, except in April 1995 where n = 28; error bars indicate standard errors of the 
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Figure 4.9 Mean type of damage score of the five seedlots of Eucalyptus 
nitens planted at Clipper West 

Type of damage is a least squares estimate of the population mean, n (plots) = 29, 

except in April 1995 where n = 28; error bars indicate standard errors of the mean 
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Figure 4.10a Net growth rate (mm/day) versus severity of damage score for 

the Southern NSW seedlings at Clipper West from April 1995 (planting, 

start of study) to September 1995 (5 months after planting) 
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Figure 4.10b Net growth rate (mm/day) versus severity of damage score for 

the Toorongo seedlings at Clipper West from April 1995 (planting, start of 

study) to September 1995 (5 months after planting) 
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Figure 4.10c Net growth rate (mm/day) versus severity of damage score for 

the Northern NSW seedlings at Clipper West from April 1995 (planting, 

start of study) to September 1995 (5 months after planting) 
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Figure 4.10d Net growth rate (min/day) versus severity of damage for the 

Macalister seedlings at Clipper West from April 1995 (planting, start of 
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Figure 4.10e Net growth rate (mm/day) versus severity of damage for the 

Glen Tunnel seedlings at Clipper West from April 1995 (planting, start of 

study) to September 1995 (5 months after planting) 
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Chapter Five 

Herbivore counts at Clipper West 

5.1 Introduction 

The main aims of this chapter were to identify the herbivores present at Clipper 

West (unpoisoned) that could cause damage to seedlings, and to estimate the 

population density of each herbivore species on the plantation. I also examined 

whether the population density of the herbivore species was (1) higher in plots of 

particular seedlots and (2) higher in plots where the seedlings were severely 

damaged. 

A number of alternative methods thy measuring herbivore population density exist, 

such as spotlight counts, pellet counts and mark-recapture methods (Southwell 

1989). Sample counts of animals themselves by spotlighting were used in this 

study to estimate population density (hereafter density). The large size of the 

plantations precluded total counts. Since research on damage to the seedlots of 

Eucalyptus nitens was the primary aim of my study and occupied most of my time, 

I needed a method that accurately and reliably identified the herbivores present 

and estimated their density in minimal time. Therefore, vehicle spotlight surveys 

were used, as they are logistically simple and not time-consuming. Direct sample 

counts of animals are less disruptive to animal populations than total counts, and 

also reduce the chances of double-counted, or missed animals (Caughley 1977, 

Norton-Griffiths 1978). Sample counts can also be achieved indirectly using 

animal signs, such as tracks or pellets. I recorded the former, but too few tracks 

were found to warrant further analysis. Pellet counts are logistically more difficult 

and time-consuming than the spotlight method I chose. They also need to be 

undertaken during daylight, whereas I could assess seedlings for damage during 

the day and undertake spotlighting at night. Identification of pellets may also be 

difficult. For example, pellets of the Tasmanian pademelon (Thylogale 

billardierii)) and Bennett's wallaby (Macropus rufogriseus) are often hard 
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to differentiate (James Bulinski pers. comm.). Reviews by Johnson (1977) and 

Southwell (1989) provide more information on alternative methods of counting 

animals (e.g. mark-recapture, catch-effort and addition-removal methods). 

5.2 Materials and methods 

Spotlight routes 

Spotlighting surveys were conducted to estimate animal numbers and density. 

There are a number of alternative methods of spotlighting, but the spotlight 

survey method outlined in this chapter follows that used by the Parks and 

Wildlife Service in Tasmania (Driessen and Hocking 1992) and has been used in 

Tasmania, with some modifications, since 1975. Vehicular surveys were 

undertaken on five suitable nights per month. The same route around the outside 

of the plantation was followed each night (Figure 5.1). Plots were marked with 

1.2m high posts. The posts had reflective markers at the top which allowed 

identification at night by spotlight of the boundaries of the plot, the seedlot 

planted (Plate 5.1) and the plot number. Both Clipper West and Pearsefield were 

monitored each spotlighting night, but the order in which they were assessed 

alternated from night to night. Vehicle speeds were less than 5 km/h and each 

route took about 30 to 40 minutes. Two vehicles were used throughout the study 

- a Toyota Hilux and a Mitsubishi Triton. They were approximately the same 

size and colour, and both had petrol engines. Spotlighting commenced about 2 

hours after dark. The same observers were used throughout most of the study and 

used hand held spotlights (55W quartz halogen) standing on the back-tray of the 

vehicle. The driver and scribe remained the same throughout the entire study 

period. 

Survey forms 

The surveys consisted of a number of sections: name of the scribe, driver and 

spotlighters; date; vehicle used; start and finish time of the survey; information 

about the night - rain, wind, moon phase, temperature and cloud cover; and 
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comments, which included the presence of other vehicles along the route, or 

nearby forestry activities (e.g. burning). 

The responses available for the assessment of wind (Table 5.1), rain (Table 5.2) 

and moon (Table 5.3) were given a score of 0, 1, 2, 3, 4, or 5 for ease of 

surveying and with the intent of later comparing differences in the number of 

animals recorded with these variables. Temperature (in degrees Celsius) was 

recorded during the survey period on site using a maximum/minimum 

thermometer. Cloud cover was recorded as an estimate of the percentage of the 

sky covered by cloud in intervals of 10%. 

Spotlighting surveys were not conducted once rainfall or wind equalled or 

exceeded the "moderate" score. This followed suggestions from Mike Driessen 

(Parks and Wildlife Service, Tasmania). Although not recommended we did 

work in light rain, because the high annual rainfall in the area (see Chapter 2) 

meant that it was nearly impossible to have any nights free of rainfall during a 

number of the months. Heavy rain, fogs and mists were avoided. 

The section for recording the herbivores observed was designed to accomplish the 

project's primary objectives: to identify the herbivores present in the study area 

that could cause damage to seedlings, and to estimate their density. The study 

site was divided into three main regions. These were inside the plantation, 

outside it and on the road. The inside region was sub-divided into two zones. 

These were within 20 metres (m) of the road and beyond 20m of the road. The 

outside region was divided likewise. There were two spotlighters. One viewed 

outside the plantation into the surrounding bush and the road, and the other 

viewed inside the plantation. Spotlighters were consistently given the same 

position. They called out all animals as seen. Animals on the road itself were 

also distinguished, with no roadside verge included. If the sighted animal was 

not able to be identified, it was listed as "unknown". If a spotlighter could not 

distinguish a macropod as either a Tasmanian pademelon or Bennett's wallaby, 

"unidentified macropod" was recorded. 
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Preparation of data 

Marsupial herbivores present 

Results for the five nights of spotlighting per month were averaged to give a mean 

count per night for each month. The frequency with which a particular species 

was observed was calculated as a percentage, using the total number of that 

species recorded divided by the total number of all animals recorded during 

spotlighting. 

The percentage of the herbivores recorded in a particular region, for example 

inside the plantation, was calculated as a percentage using the total number of that 

species recorded in that region divided by the total number of herbivores recorded 

(i.e. inside the plantation, outside the plantation and on the road). Data for the 

Tasmanian pademelon, Bennett's wallaby and common brushtail possum - 

(Trichosurus vulpecula) are always presented since they were the most common 

herbivores present and because as a group, they are known to cause significant 

damage to seedlings (Statham 1983). Data for the European rabbit (Oryctolagus 

cuniculus) are also included because, although they were not observed frequently, 

they have the potential to cause significant browsing damage (O'Reilly and 

McArthur, unpublished results). Data for other species present are frequently 

summarised in a group termed "other", since they were seen in very low numbers. 

Relationship between herbivore density and the seedlot planted 

Data on marsupial herbivores and their relationship to the seedlot planted are 

presented in terms of their density (number of individuals observed per hectare). 

This allowed a comparison of plots, which were not always uniform in size. Only 

data for the first 20m within the plantation is compared. I used this data for two 

reasons: ( I) species identifications and counts within 20m are more accurate than 

those beyond 20m, and (2) calculations of the plot area were more accurate for 

the distance of 20m than for the entire plot area. It is recognised that animal 

- density may vary with distance into the plantation, but this was the best 

compromise which standardised the data whilst maintaining accurate identification 

of herbivore species. 
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The density of a herbivore species in a particular plot was calculated using the 

number of a particular herbivore species observed inside the plantation within a 

distance of 20m of the road divided by the area of the plot within that 20m. 

Results for plots per month were averaged to give a mean density for each . 

herbivore species per seedlot for each month. 

Herbivore density for each month from April 1995 (start of study) until September 

1995 (5 months after planting) was averaged to give a single average value per 

seedlot for these six months. Average density was calculated to September 1995, 

not March 1996 (11 months after 'planting, end of study), because this period 

represented mammal damage alone, without any simultaneous insect damage (see 

Chapter 4, Section 4.3). 

Relationship between herbivore density and severity of damage 

In order to investigate the relationship between herbivore density and severity of 

damage, the mean density for each herbivore species per plot for each month was 

calculated as described above and compared with the mean severity of damage 

scores per plot for each month (i.e. n (plots) = 29). 

The average density (for the six months from April 1995 to September 1995) for 

each seedlot was then compared with the mean severity of damage score for each 

seedlot in September 1995, which represented damage by mammals. 

Effects of month, weather and moon phase on animal counts 

All measurements (i.e. all five nights of spotlighting per month) were used in the 

analysis of the effects of month, weather and moon phase on animal counts. When 

I examined the effect of moon on counts, I excluded nights with more than 95% 

cloud cover, because very cloudy nights reduced the illumination of the moon, 

confounding results. 
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Statistical analysis of data 

Relationship between herbivore density and the seedlot planted 

Analysis using the general linear modelling (GLM) procedure of the Statistical 

Analysis System (SAS) (SAS 1989) showed that the residuals of the data 

examining the relationship between herbivore density and the seedlot planted in a 

particular plot were not normally distributed. A non-parametric test was therefore 

used. Data were analysed using a Kruskal-Wallis statistic, which is a single factor 

analysis of variance by ranks (Zar 1984). The dependent variables, the density of 

each herbivore species (Tasmanian pademelon, Bennett's wallaby and brushtail 

possum), were tested against the independent variable - seedlot. An alpha level of 

0.05 was used to test significance. 

Relationship between herbivore density and severity of damage 

Data investigating the relationship between herbivore density and severity of 

damage in each plot were analysed using the regression procedure of the SAS 

(SAS 1989). The dependent variable, severity of damage, was tested against the 

independent variables, which were the density of Tasmanian pademelons, 

Bennett's wallabies and brushtail possums. An alpha level of 0.05 was used to 

test significance. 

Effects of month, weather and moon phase on animal counts 

The effect of month and weather (wind, rain, temperature, moon and cloud cover) 

on spotlight counts was examined using the GLM procedure of SAS (SAS 1989). 

Data for cloud cover (proportional) were square-root arc sin transformed to 

normalise residuals. Residuals of variance were then plotted to see if they 

approximated a normal distribution. All data were found to be normally 

distributed, indicating that no other transformations were necessary. 

The dependent variables tested were the number of each herbivore species 

counted per night. The independent variables tested were month, wind, rain, 

temperature, moon and cloud cover. Temperature and cloud cover were found to 

be unimportant and so were omitted from the final model. The data was 
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unbalanced so the hypothesis tests were based on Type III Sums of Squares. An 

alpha level of 0.05 was used to test significance. 

5.3 Results 

Marsupial herbivores present 

In total, 2495 individual animals were observed over the 11 months of study at 

Clipper West (Table 5.4). These individuals represented 8 species of mammal. 

The marsupial herbivores seen that could cause significant damage to seedlings 

were the Tasmanian pademelon, Bennett's wallaby and brushtail possum. These 

three herbivores represented 98% of all individual animals recorded. The most 

frequently observed herbivore was the Tasmanian pademelon, about four times 

more individuals were counted than Bennett's wallaby and about five times more 

than brushtail possums by March 1996 (Table 5.4). 

From April 1995 to September 1995 two to three times as many Tasmanian 

pademelons were recorded, compared to Bennett's wallabies and brushtail 

possums (Table 5.4, Figures 5.1 and 5.2). After September 1995, up to six times 

as many Tasmanian pademelons were seen compared with Bennett's wallabies 

and brushtail possums. During the first five months, brushtail possums were 

observed more frequently than Bennett's wallabies, but this was reversed in the 

second half of the study. The European rabbit was also seen, but in much lower 

numbers. Other animal species were observed only sporadically and in very low 

numbers (Figures 5.1 and 5.2). 

A large percentage of Tasmanian pademelons (32%) and Bennett's wallabies 

(37%) were observed outside the plantation at a distance greater than 20m in 

grass plains, next to the plantation (Table 5.5). These two species were also seen 

in large numbers inside the plantation within 20m of the road. The distribution of 

brushtail possums was more even, with similar proportions (21% and 25%) found 

outside the plantation and inside the plantation beyond 20m, although fewer 

brushtail possums were seen within 20m inside the plantation (18%). 
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Relationship between herbivore density and the seedlot 

planted 

Significant relationships existed between the mean density of Tasmanian 

pademelons and the seedlot planted in May, June, September and October 1995 

and March 1996, although the ranking varied between months (Figure 5.3). 

Significant relationships also existed between seedlot and the density of both 

Bennett's wallabies (Figure 5.4) and brushtail possums (Figure 5.5) in April, May 

and August 1995, as again the ranking of each seedlot varied between months. 

The relationship between the average density of Tasmanian pademelons from 

April 1995 to September 1995 and the seedlot that was planted in a particular plot 

was not significant (Kruskal-Wallis test (Chi-square approximation (CHISQ)) = 

4.9, df = 4, P > 0.05). However, more Tasmanian pademelons tended to be 

observed in plots of Glen Tunnel seedlings (25%) than in plots of any other 

seedlot. Fewer Tasmanian pademelons (16%) were observed in plots of Northern 

NSW seedlings (Table 5.6). 

A significant relationship existed between the mean density of Bennett's 

wallabies and the seedlot that was planted in a particular plot (CHISQ = 12.1, df 

= 4, P <0.05), with more Bennett's' wallabies were observed in plots of Southern 

NSW seedlings (33%). Few Bennett's wallabies were observed in plots of 

Macalister seedlings (4%) (Table 5.6). 

A significant relationship existed between the mean density of brushtail possums 

and the seedlot that was planted in a particular plot (Kruskal-Wallis test (Chi-

square approximation (CHISQ)) = 25.8, df = 4, P <0.05). More brushtail 

possums were observed in plots of Glen Tunnel seedlings (50%) and very few 

observed in plots of Macalister (2%) or Toorongo seedlings (0%) (Table 5.6). 

Relationship between herbivore density and the severity 

of damage 

By September 1995, the mean severity of damage score for Clipper West was 2.6 

(Chapter 4, Section 4.3). This damage was associated with a mean density of 7.0 
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Tasmanian pademelons/ha (Standard error (SE) = 1.1), 1.2 Bennett's wallabies/ha 

(SE = 0.6) and 0.7 brushtail possums/ha (SE = 0.6) (calculated from Table 5.6). 

No significant relationships existed between the density of any herbivore species 

and the mean severity of damage score per plot in any month of the study. 

Overall to September 1995 there was no significant relationship between the 

mean density of Tasmanian pademelons, Bennett's wallabies or brushtail 

possums and the mean severity of damage score per plot (regression F= 0.5, df = 

3, P = 0.68, r2  = 0.06). 

Effect of weather on counts 

There was no significant effect of rainfall, wind, air temperature or cloud cover 

on counts for any herbivore species. Nor was there any significant effect of moon 

phase on counts for any herbivore species. There was a significant effect of 

month on counts of Tasmanian pademelons (month effect F10,14 = 3.4, P < 0.05), 

but not for counts of Bennett's wallabies or brushtail possums. 

5.4 Discussion 

Evaluation of method 

Spotlight counts of animals satisfactorily achieved the primary objective of 

identifying and counting herbivores present in the study area. Spotlight surveys 

assume that each herbivore species is equally visible to observers (Mooney and 

Johnson 1977), but smaller animals may be difficult to see amongst logging - 

debris and undergrowth in some places. However, as density in this study was 

only calculated from animals seen inside the plantation within 20m of the road, 

visibility problems were minimised. 

Surveys also assume that each herbivore species is present in representative 

numbers at the time of counting (Mooney and Johnson 1977, Johnson 1978). 

Surveys were consistently started two hours after sunset. This should allow 

unbiased sampling of the macropods, since Mooney and Johnson (1977) reported 

that Bennett's wallabies, and then Tasmanian pademelons, emerge to feed at 
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sunset and that their numbers remain relatively constant throughout the night until 

sunrise, when they return to the forest. The number of brushtail possums showed 

no such plateau in Mooney and Johnson's (1977) research, so they suggested a 

compromise for surveying, between 0.1 and 0.35 of night time hours, where 0.00 

= sunset and 1.00 = sunrise. This includes those parts of the nights where 

brushtail possum numbers increased and declined. The start time used in my 

surveys generally satisfies this criterion, so they should also be relatively 

unbiased with respect to counts of brushtail possums. 

Finally, spotlight surveys assume that the density of animals observed along the 

survey route bears a constant relationship to the density of animals in the whole 

plantation area (Southwell 1989). It is possible that animal density was 

heterogenous. Results from Table 5.5 suggest that the relative density of 

brushtail possums compared to the macropod species may have been somewhat 

under-estimated, if one attempts to extrapolate the data within 20m of the road to 

the whole of the plot area. However, it was necessary to make this assumption to 

make the most reliable comparisons, as' the reliability of observers in identifying 

and counting animals was greater at a distance of 20m or less. 

I assumed that the marsupial herbivores - the Tasmanian pademelon; Bennett's 

wallaby and brushtail possum - caused most of the damage observed. The 

spotlighting data supports this assumption since they were the three most 

frequently observed herbivores, but it is probable that the European rabbit 

(Oryctolagus cuniculus) is also responsible for some of the damage. The 

probability of insect damage confounding the relationship between mammal 

density and the seedlot planted or the severity of damage was minimised by 

concentrating my discussion on the results from the first five months after 

planting (to September 1995), when very few insects were observed. 

Marsupial herbivores present 

The marsupials commonly cited as "pest" species to forestry in Tasmania, the 

Tasmanian pademelon, Bennett's wallaby and common brushtail possum 

(Mollison 1960, Gilbert 1961, Cremer 1969, Statham 1983), were observed in 
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spotlighting surveys at Clipper West. They were the three most commonly seen 

species. Of the three species, about five times more Tasmanian pademelons were 

observed overall than Bennett's wallabies or brushtail possums. 

The variation in Tasmanian pademelon numbers seen between the months is 

probably due mostly to biological factors such as breeding patterns. For example, 

the higher numbers of Tasmanian pademelon seen from August to October 1995 

may be because: (1) conditions are more favourable in Spring and Tasmanian 

pademelons may move into the plantation and into nearby grass areas to feed on 

new plant growth; and (2) young born in autumn typically emerge from the pouch 

in Spring (McCartney 1978, Rose & McCartney 1982). 

About one-third of all Tasmanian pademelons observed were outside the 

plantation at a distance greater than 20m. Most appeared to be feeding on 

adjoining grassy plains. They are considered generalist feeders (Dawson 1989), 

but Statham (1983) and Sprent (1997) both reported that Tasmanian pademelons 

primarily ate soft-leaved dicotyledons and grasses when available. A larger 

percentage of those Tasmanian pademelons seen inside the plantation were within 

20m of the road i.e. close to the forest-interface. This is consistent with research 

which suggests that Tasmanian pademelons move only short distances (70-100m) 

from the forest edge into the open to feed (Calaby 1966, Statham 1983, Coleman 

et al. 1997). 

In this study 37% of all Bennett's wallabies seen were feeding beyond 20m 

outside of the plantation. These animals were mainly seen on a grass plain 

adjoining the plantation. This is consistent with expectations of feeding-patch 

choice, since they are primarily grazers (Calaby 1983, Statham 1983, Southwell 

1987, Sanson 1989, Jarman and Phillips 1989), although they may also consume 

eucalypt foliage (Statham 1983, Sprent 1997). 

Unlike Tasmanian pademelons, Bennett's wallabies will move further into a 

plantation and over greater distances to feed (Statham 1983). Johnson (1978) 

concluded from radio-tracking work that they could move up to 1.3 km into an 

open area from the forest edge and that they could travel 1-2 km through dry 
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sclerophyll forest to feed on improved pastures. In my study, they were certainly 

observed more frequently at greater distances within the plantation from the forest 

edge than Tasmanian pademelons, although more Bennett's wallabies were still 

seen within 20m of the road, than further into the plantation. 

More brushtail possums were seen inside the plantation at a distance greater than 

20m than within 20m of the road. About 90% of brushtail possum observations 

were on windrows (data not shown). Windrows, as well as hollows of dead trees 

and tree stumps, may provide brushtail possums with shelter (Statham 1983) and 

ready access to the plantation. They may therefore move further into a plantation 

than the macropods. 

Relationship between herbivore density and the seedlot 

planted 

The herbivores in this study could potentially select for plots because their home 

range sizes were likely to have been larger than the plot sizes. The mean home 

range size recorded for Tasmanian pademelons was 156ha (Johnson 1978), 100ha 

for Bennett's wallabies (Mooney and Johnson 1979) and 6ha for brushtail 

possums (Hocking 1981). 

If seedlot is important in patch choice, then I hypothesised that the choice of 

patch (i.e. plot) for feeding would be correlated with their seedlot preference. 

That is, I would expect the densities of Tasmanian pademelons, Bennett's 

wallabies and brushtail possums to be higher in plots containing the preferred 

seedlots - Glen Tunnel and Macalister - and lower in the least preferred seedlot - 

Southern NSW (see Chapter 4). The density of each herbivore species was 

significantly related to plots of a particular seedlot in only in a small number of 

months and the ranking varied between months. The mean density of brushtail 

possums from April 1995 to September 1995 was significantly related to the plots 

of a particular seedlot: more brushtail possums were seen in plots of the Glen 

Tunnel seedlings, which were also typically more damaged (Table 5.6). The 

mean density of Bennett's wallaby on the other hand, was typically highest in 

plots of Southern NSW seedlings which were less damaged. There was no clear 
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pattern for the Tasmanian pademelon. Clearly, if brushtail possums and 

Bennett's wallabies are more abundant in plots of different seedlots because they 

prefer feeding on that seedlot, then they may be exhibiting differing preferences. 

However, the patterns were weak, especially for any particular month, so in 

general the choice of feeding patch, at least for the Bennett's wallaby and 

Tasmanian pademelon, may not be based on what seedlot was present in that 

patch. Herbivores probably select a patch on the basis of other vegetation, which 

may be more important in their diet (e.g. grasses for Bennett's wallabies and soft 

dicotyledons for Tasmanian pademelons (Sprent 1997)). As the biomass of the 

eucalypt seedlings was low compared to total vegetation biomass on the plots, it 

would not be surprising if other plants as well as, or other than the eucalypt 

seedlings, were the cause of any choice of feeding patch by these herbivore 

species. In this case, no correlation between animal density and seedlot in plots 

would be expected. 

Animals may also use plantations for breeding and other social reasons; for 

refuge in undergrowth or logging-debris; or they may not be feeding at all and 

may be simply moving through a plot when seen. Again, no correlation with 

seedlot would be expected. Hence, herbivores may select a patch for a number of 

reasons. It is also possible that patch choice is multi-factored, for example, 

animals may be in an area because they are feeding and because it provides them 

with some refuge from predators. For whatever reasons animals were in a plot in 

this study, the sum of their individual effects of feeding was greatest on the Glen 

Tunnel and Macalister seedlings than on any other seedlot. 

Relationship between herbivore density and the severity 

of damage 

Apart from a seedlot effect, I also hypothesised that the density of Tasmanian 

pademelons, Bennett's wallabies or brushtail possums would be higher in plots 

where the mean severity of damage score was higher. However, the density of 

herbivores in a plot did not correlate with the mean severity of damage score for 

that plot. This result is consistent with Statham's (1983) research in E. 
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de/egatensis forestry coupes, where no correlation was found between animal 

sign (e.g. pellets) or density (animals/ha), and severity of damage. In contrast, the 

cumulative scat-density of brushtail possums has been related to the severity of 

damage in other eucalypt plantations in Tasmania (James Bulinski, pers. comm.). 

However, this latter research investigated between-site differences, not within-site 

(i.e. plot) differences, which may suggest that patch choice is on a larger scale 

(e.g. forestry plantation), than the lha plots within the Clipper West plantation. 

Herbivore species responsible for damage 

It is likely that the Tasmanian pademelon, Bennett's wallaby and brushtail 

possum are all contributing to the damage observed at Clipper West, since they 

were the three most common herbivores observed and all are known to eat E. 

nitens. This section briefly discusses the feeding ecology of these three 

herbivores, which supports my assumption that they feed on and therefore 

damage eucalypt seedlings. Other research in Tasmania also supports this 

assumption (for Tasmanian pademelons and Bennett's wallabies: Gilbert 1961, 

Mollison 1960, Cremer 1962, 1969, for brushtail possums: Mollison 1960, 

Gilbert 1961, Cremer and Mount 1965, Statham 1983). 

Tasmanian pademelons are generalist feeders (Dawson 1989), with tough-leaved 

dicotyledons such as eucalypts, forming a very small proportion of their diet 

(Statham 1983, Sprent 1997). High levels of plant secondary compounds in 

eucalypt foliage may be toxic or reduce digestibility and therefore constrain an 

animal's intake (e.g. Fox and Macauley 1977, Southwell 1978, Betts 1978) (see 

Chapter 1). However, when Tasmanian pademelons are in high numbers as they 

were at Clipper West, they probably have the potential to cause substantial 

damage to seedlings even if eucalypt foliage makes up only a small percentage of 

each individual's diet. 

Bennett's wallabies are primarily grazers (Calaby 1983, Statham 1983, Southwell 

1987, Jarman and Phillips 1989), although they do eat browse (Kaufmann 1974, 

Statham 1983, Waters 1985). Like the Tasmanian pademelon, their consumption 

of eucalypt foliage tends to be limited (Statham 1983, Sprent 1997), possibly by 
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the plant secondary compounds. However, their food requirements, by virtue of 

their larger size (body weight —16kg, compared with around —7kg for Tasmanian 

pademelons (Watts 1987)), are greater (Dawson 1989) and even if they too eat 

only small quantities of eucalypt foliage, they can probably cause large losses of 

seedlings. For example, Waters (1985) concluded that the Swamp wallaby 

(Wallabia bicolor) (mean body weight 17kg (Strahan 1983)), which also 

consumes eucalypt foliage in small quantities, could eat up to 13 E. regnans 

seedlings each a day, when eucalypt foliage was just 5% of total consumption. If 

a similar estimate is made for Bennett's wallabies, and the density of wallabies 

recorded each night in a plot was 1.2/ha, then about 16 seedlings could be eaten 

per night per hectare, representing about 1.6% of the seedlings. 

Brushtail possums are generalist browsers (Fitzgerald 1976, Meads 1976, 

Statham 1983, Freeland and Winter 1976), consuming a greater proportion of 

soft-leaved dicotyledons than tough-leaved dicotyledons (Statham 1983). In 

Tasmania, brushtail possums seem to feed primarily on the ground (Statham 

1983) and as such it is likely that they do consume eucalypt seedlings, in spite of 

the presence of high levels of secondary compounds in such foliage (Thomson 

and Owen 1964, Freeland and Winter 1975). Based on a number of arguments I 

suggest that brushtail possums may have caused substantial damage to the 

eucalypt seedlings in this study. First, feeding trials with captive brushtail 

possums have shown that they consume relatively large amounts of eucalypt 

foliage, particularly compared with the amounts consumed by individual 

Tasmanian pademelons (Dr. Clare McArthur pers. comm.). Second, damage was 

not confined to the outer edge of the plantation and brushtail possums were 

observed more frequently than Tasmanian pademelons and Bennett's wallabies 

within the plantation at a distance greater than 20m. 

The European rabbit was only seen in small numbers in this study, but it is a 

species that is difficult to see while spotlighting. Damage to seedlings caused by 

rabbits may be under-estimated. Rabbit pellets were noted within all seedlot plots 

and rabbits typically defecate at feeding sites (Statham 1983), which suggests that 

they were damaging seedlings to some extent. Rabbits are known to damage 
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eucalypt seedlings by snipping them off at the base of the stem (Julianne 

O'Reilly, pers. comm.). Finally, infra-red video-footage of damage to eucalypt 

and pine seedlings, originally thought to be caused by Swamp wallabies in 

Victoria, was found to result primarily from rabbit damage (Clive Marks, pers. 

comm.). The numbers of ringtail possums and wombats observed in this study 

were very low and it is therefore unlikely that they caused any significant damage. 

Do the herbivore species prefer different seedlots? 

As discussed, it is probable that all three herbivore are contributing to the damage 

observed at Clipper West. However, to what extent each species was feeding on, 

and damaging, the seedlings cannot be determined from this study. Tasmanian 

pademelons, Bennett's wallabies and brushtail possums may prefer different 

seedlots to one another, and so they may damage them to different extents. If so, 

the results from the field studies on the severity and type of damage to the 

different seedlots (see Chapter 4) are not as clear-cut as they would have been if 

just one herbivore species were exploiting them. 

Tasmanian pademelons display preferences for particular eucalypt species (pers. 

ohs.) or seedlots (see Chapter 9). When offered the five seedlots of E. nitens used 

in this study in a feeding trial, Tasmanian pademelons preferred the Glen Tunnel 

seedlings to the other seedlots, in terms of the amount of stem eaten. The Glen 

Tunnel and Southern NSW seedlings were preferred in terms of the number of 

leaves eaten. I am not aware of any research investigating preferences for 

eucalypts by the Bennett's wallaby. 

Preferences of brushtail possums for particular leaves of some plants compared to 

others has been demonstrated in a number of Tasmanian studies (Dungey 1986, 

McArthur and Turner 1997, Scott 1997) and New Zealand studies (Fitzgerald 

1976, Meads 1976). Feeding trials with captive brushtail possums found that they 

preferred E. nitens to E. delegatensis and E. regnans (McArthur and Turner 

1997). These preferences are the opposite to those preferences shown by captive 

Tasmanian pademelons when offered various Eucalyptus species (pers. ohs., 

McArthur and Turner 1997). This highlights the fact that the reasons behind 
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preferences appear to differ at least for Tasmanian pademelons and brushtail 

possums. Therefore, if these between-plant-species preferences reflect within-

plant-species preferences, then the three herbivore species may prefer, and hence 

damage, different seedlots to one another. 

Effects of month, weather and moon phase on animal 

counts 

As expected from Figure 5.1, the month of spotlighting affected counts of 

Tasmanian pademelons, but had no statistical effect on the counts of Bennett's 

wallabies or brushtail possums. 

There was no effect of the weather on animal counts. This was expected because 

I had restricted the nights of spotlighting to particular conditions (see Section 5.2 

and Tables 5.1-5.3) in order to minimise any effect of weather. I did this because 

high rainfall and high winds may affect counts of Tasmanian pademelons, 

Bennett's wallabies and brushtail possums in different ways (e.g. Owen and 

Thomson 1965, Southwell and Fletcher 1985, Driessen and Hocking 1992). 

The phase of the moon did not effect counts of the three herbivore species. This 

was surprising, as other studies have shown a relationship between moon phase 

and both animal activity and an observer's ability to see the animals (e.g. Coulson 

1982, Stewart and Setchell 1974, Southwell and Fletcher 1985, Driessen and 

Hocking 1992). For example, moonlit nights resulted in a decrease in both the 

counts of Tasmanian pademelons and Bennett's wallabies, but had no effect on 

counts of brushtail possums (Driessen and Hocking 1992). In contrast, Southwell 

and Fletcher (1985) found that brushtail possum counts increased on moonlit 

nights. 

Management implications 

If Tasmanian pademelons, Bennett's wallabies and brushtail possums prefer some 

seedlots more than others (i.e. feed on and damage some seedlots more than 

others), then planting of the less preferred seedlot may help to reduce damage. 

However, as discussed, (I) the extent to which each species fed on and damaged 
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the seedlings is not known from this study, and (2) the most abundant species 

(Tasmanian pademelon) was not consistently observed more in plots of any one 

seedlot; although, the Bennett's wallaby were more commonly observed in plots 

of Southern NSW seedlings and the brushtail possums in plots of Glen Tunnel 

seedlings. These two points have important implications for management. 

Firstly, if different herbivore species prefer different plants (species, seedlots, etc) 

to one another, forest managers and biologists need to consider the effect of the 

relative and absolute density of each in a given area, in relation to what plant 

(species, seedlot, etc) is being established. If the plant species or seedlot is 

preferred by an abundant herbivore species, then suitable control measures need 

to be implemented to reduce the damage caused by those herbivores. The need 

for control may be reduced, when the seedlings being planted are not preferred by 

the most abundant herbivore species. However, this is only the case if a less 

abundant species does not eat large amounts. For example one brushtail possum 

could conceivably do more damage than one Tasmanian pademelon. Consistent 

with this, James Bulinski (pers. comm.) found a between-site relationship 

between brushtail possums scats and damage, but no relationship between 

macropod scats and damage, even though brushtail possum-scat density was 

much lower than macropod-scat density. 

Secondly, although in this study the reasons why animals were in particular plots 

was not known, forest managers should consider the possible reasons behind 

patch choice in light of the particular area being planted (e.g. other vegetation 

within the plantation). Understanding the factors determining why an animal 

feeds or moves into an area would enable an assessment of herbivores, and 

therefore the probability of damage to seedlings. 

Third, the fact that most brushtail possums, and even some Tasmanian 

pademelons, were seen on windrows, suggests that minimising the use of - 

windrows, or burning them, to reduce nesting and shelter sites, may reduce access 

of these animals to those parts of the plantation which are away from the forest 

edge. Reducing access may limit the damage to seedlings to the perimeters of a 

plantation. 
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Future research 

If one seedlot is preferred by these three herbivore species, whether such 

preferences remain the same in plantations of a single seedlot (i.e. in a 

monoculture) needs to be assessed. Further research should be directed towards 

defining what plants (species, provenance or seedlot), individual plants and/or 

plant parts are preferred by the Tasmanian pademelon, Bennett's wallaby and 

brushtail possum. Feeding trials would be one means of achieving these 

objectives (see Chapter 9, for a discussion on appropriate feeding trials). If 

preferences were known, then planting could be more site-specific. For example, 

if a herbivore species was abundant in an area then planting of its non-preferred 

food may reduce damage to seedlings to levels that are acceptable, and hence 

reduce the need for control measures. 

Improved understanding of the chemical (e.g. secondary compounds in eucalypts, 

such as tannins) and physical factors (e.g. seedling height) that underly selection 

would help determine why animals choose to feed on such plants (plant parts, 

etc.). This information could be used to develop plants with characteristics which 

are not preferred by particular herbivores. Planting of such non-preferred stock 

could lead to lower levels of damage. 

The percentage frequency of a herbivore species in plots of a particular seedlot 

could be correlated with preference for that seedlot. In future studies leaf 

number, as well as height, should be recorded to aid analysis of preference (see 

Chapter 4). Further research should also examine some of the reasons why 

animals choose to feed in particular patches. For example, whether certain grass 

species, which are present in a plantation, are correlated with (1) animal presence, 

and (2) feeding on (i.e. damage to) the eucalypt seedlings planted. If certain grass 

species are strongly correlated with herbivore density then elimination of the 

grasses with herbicides may mean that fewer animals feed in the patch. Hence, 

damage levels to seedlings within the patch may be reduced. 
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Table 5.1 Scores used to assess wind in spotlight surveys 

Surveys were not conducted during conditions marked * 

• Description Criterion Wind score 

No wind 

1 Breeze Air moving, no visual 

signs 

2 Light wind Small branches moving 

3 Moderate wind Major branches moving 

4 * Strong wind Small trees moving 

5 * Gale Large trees moving 
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Table 5.2 Scores used to assess rain in spotlight surveys 

Surveys were not conducted during conditions marked * 

Rain score 	 Description 	 Criterion 

0 
	

No rain 

1 

3* 

Very light rain 

Light rain 

Moderate rain 

Heavy rain 

Windscreen wipers 

intermittent 

Windscreen wipers 

intermittent/slow 

Windscreen wipers slow 

Windscreen wipers fasi: 

5 
	

Torrential downpour 
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Table 5.3 Scores used to assess the phase of the moon in spotlight surveys 

Moon phase 

1 

2 

3 

4 

5 

Description 

New moon 

5 Quarter moon 

5 Half moon 

5 Three quarter moon 

5 Full moon 

Moon phase not known or moon not risen 
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Table 5.4 Total number of individuals of each species observed spotlighting 

at Clipper West from April 1995 to September 1995 and to March 1996 

Animal Species Total count 

(September 

1995) 

Total count 

(March 

1996) 

Tasmanian pademelon (Thylogale billardierii) 670 1695 

Bennett's wallaby (Macropus rufogriseus) 224 393 

Unidentified macropod 5 8 

Common brushtail possum (Trichosurus vulpecula) 232 341 

European rabbit (Oryctolagus cuniculus) 6 25 

Common wombat (Vombatus ursinus) 11 25 

Ringtail possum (Pseudocheirus peregrinus) 3 5 

Tasmanian devil (Sarcophilus harrisii) 0 2 

Eastern quoll (Dasyurus viverrinus) 1 1 
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Table 5.5 Distribution of Tasmanian pademelons, Bennett's wallabies and 

common brushtail possums at Clipper West 

Distribution (%) of each herbivore species in relation to the five regions of the 

spotlight survey area: inside the plantation within 20 metres (In < 20m); inside the 

plantation beyond 20 metres (In > 20m); outside the plantation within 20 metres 

(Out < 20m); outside the plantation beyond 20 metres (Out > 20m); on the road 

(Road) 

Herbivore species In <20m In >20m Out <20m Out >20m Road 

Tasmanian pademelon 30 9 18 32 11 

Bennett's wallaby 33 15 	. 11 37 4 

Brushtail possum 18 25 25 21 11 
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Table 5.6 The mean density and standard error (SE) and percentage 

distribution of each herbivore species from April to September 1995 inside 

the plantation within 20 metres of the road for each seedlot of Eucalyptus 

nitens at Clipper West 

Seedlot 
	 Tasmanian 	Bennett's 	Brushtail possum 

	

(plots) pademelon 	wallaby 

Southern NSW 6 6.9 (1.0) 20 2.0 (0.6) 33 1.0 (0.1) 30 

Toorongo 5 6.1 (0.7) 17 1.4 (0.1) 23 0.0 (0.0) 0 

Northern NSW 5 5.6 (1.0) 16 1.2(01) 20 0.6 (0.1) 18 

Macalister 7 7.5 (0.7) 22 0.2 (0.1) 4 0.1 (0.1) 2 

Glen Tunnel 6 8.7 (1.3) 25 1.2 (0.5) 20 1.7 (0.1) 50 
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Figure 5.1 Mean number of animals observed spotlighting per night each 

month at Clipper West 
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Figure 5.2 Percentage frequency of animals observed per night each month 

whilst spotlighting at Clipper West 

"Other" includes the common wombat, ringtail possum, Tasmanian devil and 

Eastern quoll 
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Figure 5.3 Mean density of Tasmanian pademelon (individuals/hectare) seen 

each month inside the plantation within 20 metres of the road for each 

seedlot of Eucalyptus nitens at Clipper West 
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Figure 5.4 Mean density of Bennett's wallaby (individuals/hectare) seen 

each month inside the plantation within 20 metres of the road for each 

seedlot of Eucalyptus nitens at Clipper West 
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Chapter Six 

Assessment of damage to seedlings at 

Pearsefield 

6.1 Introduction 

This chapter reports on the nature of any damage to seedlings recorded at 

Pearsefield. It examines the impact of browsing on seedling height, the severity 

of damage and type of damage to five seedlots of Eucalyptus nitens. 1080 poison 

was used at this site and in the surrounding plantations, to control herbivore 

numbers. Poison was laid in April and September 1995 following normal 

forestry operations (Chapter 2, Table 2.1). Information relating to the 

management of plantations with low browsing intensities is discussed in this 

chapter in regard to the effectiveness of 1080 poison in minimising browsing 

damage. 

6.2 Materials and methods 

The materials and methods follows that used at the other site, Clipper West 

(Chapter 4, Section 4.2). Two hundred and fifty permanently-marked seedlings 

were monitored each month, which, as at Clipper West, represented a sampling 

rate of 1% per plot. 

As noted in Chapter 4, because of the large number of comparisons performed 

between seedlots, an alpha level of 0.005 was used to test significance. In the 

tables of results presented at the end of this chapter, seedlots bearing different 

superscripts are significantly different. For example, a seedlot with a superscript 

of "a" is significantly different to a seedlot bearing a superscript of "c", but not 

"ac". 
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6.3 Results 

Damage in general 

Frost damage 

About 49% of all seedlings sampled in September 1995 (5 months after planting), 

regardless of seedlot, showed evidence of frost damage. Approximately 38% of 

all seedlings, regardless of seedlot, were still damaged by frost in March 1996 (11 

months after planting, end of the study). The percentage of seedlings sampled that 

showed evidence of frost damage in September 1995, after winter, was greatest 

for the Southern NSW and Northern NSW seedlings (Figure 6.1). 

Insect damage 

The percentage of seedlings sampled that showed evidence of insect damage 

increased rapidly between September 1995 (5 months after planting) and March 

1996 (11 months after planting, end of study) for all seedlots (Figure 6.2). By 

March 1996, the Glen Tunnel seedlings were the least damaged by insects. 

As at Clipper West, the potential to observe differences in the level of mammal 

damage between seedlots was reduced because of this increased insect damage. 

Therefore, generally only data up to and including September 1995 are presented 

throughout this chapter to measure the impact of browsing, as they are more 

representative of mammal damage (see Chapter 4, Section 4.3). 

Mortality 

In June 1995 (2 months after planting), 94% of all seedlings sampled were 

surviving, only 6% were recorded as missing and none as dead. By September 

1995 (5 months after planting), 96% had survived, 4% were recorded as dead and 

none as missing. By March 1996, (11 months after planting, end of study), 93% 

had survived, 5% were dead and 2% missing (Table 6.1). The percentage of 

seedlings sampled that were dead increased with time (Figure 6.3a). By March 

1996 the Glen Tunnel (16%) seedlings were most frequently recorded as "dead" 

(Figure 6.3b). 
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Overall extent of browsing damage 

By June 1995 (2 months after planting), only 10% of the seedlings sampled 

showed signs of damage. In September 1995 (5 months after planting), 58% of all 

seedlings sampled showed evidence of damage (Figure 6.4a). Up to and including 

September 1995, the Southern NSW seedlings were consistently less damaged 

than the Glen Tunnel and Toorongo seedlings (Figure 6.4b). After October 1995, 

damage was higher and resulted in loss of any differentiation between seedlots. 

This was probably because of extensive insect damage (Figure 6.2), as well as 

mammal damage. 

Severity and type of damage 

The severity and type of damage increased over time and varied between seedlots 

(Figures 6.5a-c and 6.6a-c). In June 1995 (2 months after planting), less than 5% 

of the Southern NSW, Northern NSW and Macalister seedlings had between 50% 

and 90% of their foliage and stem removed (severity of damage scale, scores 3 

and 4), compared to 8% of the Glen Tunnel seedlings and 15% of the Toorongo 

seedlings (Figure 6.5a). None of the Southern NSW, Northern NSW and 

Macalister seedlings had over 90% of their foliage and stem removed (severity of 

damage scale, score 5), compared to 2% of the Glen Tunnel seedlings and 9% of 

the Toorongo seedlings. In September 1995 (5 months after planting) only 4% of 

the Southern NSW seedlings had between 50% and 90% of their foliage and stem 

removed, compared to 24% of both the Glen Tunnel and Toorongo seedlings 

(Figure 6.5b). Approximately 6% of the Southern NSW seedlings had over 90% 

of their foliage and stem removed, compared to 33% of the Glen Tunnel seedlings 

and 23% of the Toorongo seedlings. In March 1996 (11 months after planting, 

end of study), 18% of the Southern NSW seedlings had between 50% and 90% of 

their foliage and stem removed, but only 2% had more than 90% of their foliage 

and stem removed (Figure 6.5c). 25% of the Glen Tunnel seedlings and 17% of 

the Toorongo seedlings had between 50% and 90% of their foliage and stem 

removed. 21% of the Glen Tunnel seedlings and 6% of the Toorongo seedlings 

had more than 90% of their foliage and stem removed. 
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Less than 1% of the seedlings in any month were recorded as pulled out of the 

ground (type of damage scale, score 5) (Figures 6.6a-c). Seedlings frequently lost 

their apical buds once browsed (type of damage scale, scores 2-4). In June 1995, 

only 8% of the damaged seedlings had their apical buds removed (from Figure 

6.6a). In September 1995, 50% of damaged seedlings had their apical buds 

removed (from Figure 6.6h) and in March 1996, approximately 26% did (from 

Figure 6.6c). 

Long-term monitoring of seedlings 

Initial heights of the seedlings 

The seedlots used in this field trial were characterised by different initial heights 

(Table 6.2). The Southern NSW seedlings were significantly taller initially than 

the Macalister and Glen Tunnel seedlings and the Glen Tunnel seedlings were 

initially significantly shorter than all other seedlings. 

Growth rates of undamaged seedlings 

Seedlings of the five seedlots which were undamaged from April 1995 until 

September 1995, had growth rates that ranged between 0.04 and 0.06 mm/day 

(Table 6.3). There were no significant differences between the seedlots in terms 

of growth rate. The growth rates are indicative only as the sample size for each 

seedlot is relatively low, particularly for the Glen Tunnel seedlings. 

Impact of browsing on seedling height 

As there were no significant differences between the seedlots in terms of growth 

rate when undamaged, any differences between seedlots in terms of change in 

height primarily reflects differences in the severity and type of damage to 

seedlings. In terms of height, there was an effect of month (Willcs' lambda 

statistic, value = 0.02, F9,12 = 58.0, P < 0.05), but no interaction between month 

and seedlot (Willcs' lambda statistic, value = 0.06, F36,47 = 1.5, P> 0.05). Table 

6.4 shows the absolute reductions in -the height of seedlings of each seedlot to 

September 1995. Figure 6.7 provides the mean heights each month and the 
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associated standard error, whilst Table 6.5 provides the results of statistical 

comparison between seedlots. The seedlings of all seedlots, showed negative "net 

growth" until September 1995, except the Southern NSW seedlings (Table 6.4, 

Figure 6.7). Net growth is used here to mean seedling growth less damage, 

measured as height. 

There were three distinct groups throughout the study in terms of height, which 

reflected initial seedling heights: the Southern NSW seedlings were the tallest, the 

Toorongo, Macalister and Northern NSW seedlings formed an intermediate group 

and the Glen Tunnel seedlings were the shortest (Table 6.5, Figure 6.7). 

The Toorongo and Glen Tunnel seedlings showed the greatest reduction in height 

(Table 6.4). Significantly more stem from the Toorongo seedlings was eaten 

compared to that from the Southern NSW seedlings. 

Severity of damage 

Figure 6.8 provides the mean severity of damage score of the five seedlots each 

month and the associated standard error, whilst Table 6.6 provides the results of 

statistical comparison between seedlots. In terms of severity of damage there was 

an effect of month (Wilks' lambda statistic, value = 0.03, F9, 12 = 38.4, P <0.05), 

but no interaction between month and seedlot (Wilks' lambda statistic, value = 

0.07, F36,47 = 1.2, P > 0.05). 

Damage occurred immediately after planting in April 1995 and continued 

throughout the year (Figure 6.8). Damage score was highest in October 1995 for 

the Glen Tunnel and Toorongo seedlings and in December 1995 for the other 

three seedlots. There were generally two groups in terms of severity of damage: 

the Southern NSW, Macalister and Northern NSW seedlings were the least 

damaged and the Toorongo and Glen Tunnel seedlings were the most damaged. 

In July, September and October 1995 and January 1996, the Southern NSW 

seedlings were significantly less damaged than the Glen Tunnel seedlings (Table 

6.6). In September and October 1995, the Northern NSW seedlings were 

significantly less damaged than the Glen Tunnel seedlings. In October 1995 and 
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January 1996 the Macalister seedlings were significantly less damaged than the 

Glen Tunnel seedlings. 

Type of damage 

Figure 6.9 provides the mean type of damage score of the five seedlots each 

month and the associated standard error, whilst Table 6.7 provides the results of 

statistical comparison between seedlots. In terms of type of damage, there was an 

effect of month (Wilks' lambda statistic, value = 0.02, F9,12 = 60.4, P <0.05) and 

an interaction between month and seedlot (Wilks' lambda statistic, value = 0.04, 

F36,47 = 1.8, P > 0.05). 

The seedlots generally formed two distinct groups: the Southern NSW, Northern 

NSW and Macalister seedlings were the least damaged and the Glen Tunnel and 

Toorongo seedlings were the most damaged (Figure 6.9). The Glen Tunnel and 

Toorongo seedlings had generally lost their apical buds by September 1995 

(scores 2), and the other three seedlots by December 1995. In September and 

October 1995, the Southern NSW seedlings were significantly less damaged than 

both the Glen Tunnel and Toorongo seedlings (Table 6.7). The Macalister 

seedlings were significantly less damaged than the Glen Tunnel seedlings in 

January 1996. 

Net growth rates and severity of damage 

Net growth rate (combined effect of seedling growth and damage) of the seedlings 

of all seedlots decreased as browsing damage increased (Figures 6.10a-e). 

Although the correlation values are low, the relationship between growth rate and 

severity of damage was significant for each seedlot, with the exception of the 

Southern NSW seedlings. Seedlings of each seedlot exhibited negative net growth 

rates from April 1995 to September 1995, due to both heavy browsing and slow 

growth rates. The equations presented in Figures 6.10a-e were used to estimate 

the following growth rates of each seedlot using their mean severity of damage 

score in September 1995: Southern NSW seedlings 0.0mm/day, Northern NSW 
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seedlings -0.1 mm/day, Glen Tunnel seedlings -0.1 mm/day, Macalister seedlings - 

0.1mm/day and Toorongo seedlings -0.2mm/day. 

6.4 Discussion 

At Pearsefield, the study focussed on differential damage when the intensity of 

browsing was low, presumably as a result of the use of 1080 poison. This 

assessed the impact of browsing on height and the severity and type of damage to 

seedlings. An investigation into the species and number of potential herbivores 

present in the area is presented in Chapter 7. As this study was identical to that at 

Clipper West, except that the level of damage was lower, the reader should refer 

to Chapter 4.4, for an evaluation of the method used in this study and for a 

discussion of the possible directions of future research. 

Damage in general 

Damage to seedlings varied temporally. Damage levels peaked from October to 

December 1995 and then declined, as it did at Clipper West. As at Clipper West, 

the greatest increase in the amount of damage occurred over winter (June-

August), with the exception of the Southern NSW seedlings. The Southern NSW 

seedlings showed the greatest increment from October to December 1995, when 

insect damage became increasingly important. 

Impact of browsing on seedling survival 

As at Clipper West, there was a high rate of seedling survival at Pearsefield. At 

this plantation, waterlogging was probably responsible for most seedling 

mortality observed. There was a relatively higher rate of mortality for the Glen 

Tunnel seedlings, which was probably also a result of their smaller size (Ian 

Blanden pers. comm.) and high levels of herbivory (Cremer 1969, Mead 1976, 

Wilkinson and Neilsen 1995). 
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Overall extent of browsing damage 

The overall extent of damage to seedlings at Pearsefield was relatively low. In 

September 1995 only 50% of all seedlings sampled showed any sign of damage, 

and 30% had less than half of their foliage removed (severity of damage scale, 

scores 1 and 2). At this time 50% of all seedlings, irrespective of seedlot, had 

their apical buds removed (type of damage scale , scores 2-4). As explained in 

Chapter 4, damage to seedlings from October 1995 onwards included both 

mammal and insect damage. The latter was relatively substantial: by March 1996 

about 81% of seedlings assessed had been damaged by insects. Hence, this 

discussion focuses on the damage recorded in the first five months after planting, 

for which mammalian herbivores are largely responsible. 

Growth rates of undamaged seedlings 

The growth rates of these undamaged seedlings did not vary significantly 

between seedlots and differences in their change in height (i.e. net growth) 

therefore reflect differences in the level of damage to seedlings. Damage had a 

negative effect on the overall growth of seedlings, except for the Southern NSW 

seedlings until December 1995 (Table 6.4, Figure 6.7). Therefore the probability 

of the seedlings escaping damage through growth would have been limited: i.e. 

by their inherently slow growth rates, the effects of herbivory and poor growing 

conditions (e.g. cold resulting in extensive frost damage, see Figure 6.1). 

Damage to seedlots by mammals 

Seedlots were damaged to different extents. The Southern NSW, Northern NSW 

and Macalister seedlings formed a group that were less damaged than the other 

two seedlots. The Southern NSW seedlings were generally the least damaged, in 

terms of severity and type of damage, and this was reflected in the fact that there 

was no reduction in the mean seedling height; that is, the Southern NSW 

seedlings showed positive net growth (i.e. growth rate > damage) from April to 

September 1995. The Glen Tunnel and Toorongo seedlings were the most 

damaged and showed the greatest reductions in height. As the estimated growth 
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rates of all the undamaged seedlings from all seedlots were similar (Table 6.3), 

these differences in the severity of damage will affect the net growth of the 

seedlings. For example, the Southern NSW seedlings lost minimal leaves and 

hence, had the greatest potential to escape browsing through growth. The Glen 

Tunnel and Toorongo seedlings suffered a greater proportional losses of leaves, 

and exhibited negative net growth (i.e. damage > growth rate), indicating that 

their potential to escape browsing through growth at this site is limited. Seedling 

mortality of these two seedlots was also relatively high, and in the long term, the 

volume of timber produced would probably be less. 

The differences in type of damage are also important when considering the 

impact on seedling form. The Glen Tunnel and Toorongo seedlings showed the 

greatest loss of apical buds, which increases the likelihood of double or multiple 

leaders and therefore, additionally reduces the long term timber yield. 

Preferences for seedlots by mammals 

As discussed in Chapter 4, I initially assumed that differences in preferences 

would be reflected as differences in the level of damage to seedlings. In terms of 

the absolute change in seedling height (in cm) from April to September 1995 

(Table 6.4), there are two groups of seedlots: (1) the Toorongo and Glen Tunnel 

seedlings were more preferred, and (2) the Southern NSW, Northern NSW and 

Macalister seedlings were less preferred. As the initial heights of the seedlots 

differed significantly at this site, and so presumably the leaf biomass, it is 

difficult to infer preference from the levels of damage recorded. 

Factors relating to Tasmanian pademelon, Bennett's wallaby and brushtail 

possum feeding on eucalypt seedlings and their selection of particular seedlots 

were discussed in Chapters 4 and 5. However, the results at Pearsefield suggest 

that damage and preference were not simply a function of seedling height, since 

the more preferred Toorongo and Glen Tunnel seedlings had significantly 

different heights throughout the study: the Toorongo seedlings were almost 

double the height of the Glen Tunnel seedlings throughout the study (Table 6.5), 

yet they had the highest mean severity of damage score. 
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Impact of browsing on seedlings 

Damage levels reported at this site were relatively low. Even in September 1995, 

the most damaged seedlings had more than 40% of their leaves remaining, and 

the least damaged seedlings had about 80% of their leaves remaining. The 

Southern NSW, Northern NSW and Macalister seedlings had a mean severity of 

damage score less than 1.1 at Pearsefield up until September 1995, after which 

insect damage increased. The relatively low level of damage probably means 

that, in the long term, the impact of damage, for example in terms of timber yield, 

would be minimal. A mean browsing score of less than 1.3 has been shown to 

have minimal impact on the growth rates of E. nitens seedlings (James Bulinski, 

pers. comm.). 

Management implications 

The implications for this research on damage to, and hence preference for, 

seedlings of different seedlots of E. nitens was discussed more fully in Chapters 4 

and 8. The low levels of damage to seedlings at Pearsefield until September 1995 

are probably "acceptable" to forest managers, since the impact of such damage in 

the long term is probably minimal (see above discussion). After September 1995 

insect damage increased and the levels of damage to seedlings were 

"unacceptable" (i.e. probable long-term impact). This highlights the importance 

of regular monitoring for, and rapid response to, insect damage. 
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Table 6.1 Percentage survival, mortality and missing seedlings, irrespective of seedlot, each month after planting at Pearsefleld 

Data recorded from April 1995 to March 1996; percentages calculated as a proportion of seedlings sampled, regardless of seedlot; n (plots) = 22 

Seedlings April June July August September October December January February March 

% surviving 99 94 100 99 96 97 95 95 93 93 

% mortality 0 0 0 1 4 3 4 4 6 5 

% missing 1 6 0 0 0 1 1 1 2 
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Table 6.2 Mean initial height of the five seedlots of Eucalyptus nitens 
planted at Pearsefield 

Height (cm) is a least squares estimate of the population mean, n (plots) = 25; 

seedlots bearing different superscripts are significantly different at an alpha level of 

0.005 

Seedlot 	 Height (cm) 	Standard error 

Southern NSW 	 46.6 a 	 2.1 

Toorongo 	 38.1 ab 	 2.1 

Northern NSW 	 40.1 ab 	 2.1 

Macalister 	 36.2 b 	 2.1 

Glen Tunnel 	 20.9 ' 	 2.1 
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Table 6.3 Mean growth rate of undamaged seedlings of the five seedlots of 

Eucalyptus nitens planted at Pearsefield 

Growth rate is a least squares estimate of the population mean, n (plots) = 25, 

calculated from seedlings that were not damaged by herbivores from April 1995 

(planting, start of study) until September 1995 (5 months after planting); seedlots 

bearing different superscripts are significantly different at an alpha level of 0.005 

Seedlot n (seedlings) Growth rate (nun/day) Standard error 

Southern NSW 19 0.06 a  0.02 

Toorongo 8 0.05 a  0.05 

Northern NSW 11 0.04 a  0.01 

Macalister 6 0.05 a  0.02 

Glen Tunnel 3 0.04 a  0.01 
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Table 6.4 Change in mean height of the five seedlots of Eucalyptus nitens 
planted at Pearsefield 

Change in height (cm) is calculated from the least squares estimate of the 

population mean of the differences in height between September and April - 1995, n 

(plots) = 25; se,edlots bearing different superscripts are significantly different at an 

alpha level of 0.005 

Seedlot 	n (plots) Change in height (cm) Standard error 

Southern NSW 5 

Toorongo 5 

Northern NSW 5 

Macalister 5 

Glen Tunnel 

+0.2 a  

b 

-1.2 ab  

-1.8 ab  

-2.2 ab  

0.8 

0.8 

0.8 

0.8 

0.8 
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Table 6.5 Mean height of the five seedlots of Eucalyptus nitens planted at Pearsefield each month of the study 

Height (cm) is a least squares estimate of the population mean, n (plots) = 25; seedlings were monitored each month; multiple comparisons 

between seedlots are within each month, not between months; seedlots bearing different superscripts are significantly different at an alpha level of 
0.005 

Seedlot April June July August September October December January February March 

Southern NSW 46.6 a 47.1 a  46.6 a  46.9 a  46.8 a  47.4 a 47.0 a  49.7 a  51.4 a  57.1 a  

Toorongo 38.1 ab  36.6 b  40.6 a  34.7 b  34.4 b  33.8 b  33.9 b  37.6 a  39.8 a  45.6 a  

Northern NSW 40.1 ab  40.2 ab  38.8 a 39.0 ab  38.9 at  ab  38.3 ab  41.3 a 43.2 a 47.7 a  

Macalister 36.2 b  36.5 b  35.1 ab  35.0 b  34.4 b  34.6 b  34.5 b  38.7 a  42.3 a  47.7 a  

Glen Tunnel 20.9 ' 20.1 ' 19.1 b  19.1 ' 18.7 ' 18.3 ' 19.4 ' 22.7 b  24.6 b  27.7 b  
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Table 6.6 Mean severity of damage score of the five seedlots of Eucalyptus nitens planted at Pearsefield each month of the study 

Severity of damage is a least squares estimate of the population mean, n (plots) = 25; multiple comparisons between seedlots are within each 

month, not between months; se,edlots bearing different superscripts are significantly different at an alpha level of 0.005. 

Seedlot April June July August September October December January February March 

Southern NSW 0.0 a  0.1 a  0.4' 0.6 a  0.7 a 1 . 1 a 2.0' 1.5 a 1 .7a 1.8 a 

Toorongo 0.0 a  1.0' 1.5 a  2.0" 2.4 ab  2.8 bc 2 .9 a  20 th  1.9 a  2.0' 

Northern NSW 0.0 a 0.1 a Ø3 a Ø5a 1.1 a 1.7a 2.0' 1.7 ab  1.6" 1.6' 

Macalister 0.0 a 0.0 a  0.5 a 0.8 a Li  ab 1.6 ab  1.8 a  1 . 1 a  1.5 1.4 a  

Glen Tunnel 0.0' 0.4 a  1.7 ab  2.0 a  2.9 " 34c 3.1 a 25 b 2.0' 2.3 a 
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Table 6.7 Mean type of damage score of the five seedlots of Eucalyptus nitens planted at Pearsefield each month of the study 

Type of damage is a least squares estimate of the population mean, n (plots) = 25; multiple comparisons between seedlots are within each month, 

not between months; seedlots bearing different superscripts are significantly different at an alpha level of 0.005 

Seedlot April June July August September October December January February March 

Southern NSW 0.0 a  0.1 a Ø4a 0.7 a  0.8 a 13a 22a 13 a  1.6 a  1.5 a  

Toorongo 0.8 a 15a 1.9' 2.3 bc  2.8 bc  2.9' 2.2 ab  1.9 a 17a 

Northern NSW 0.0 a  0.1 a  0.6 a Ø7a 1.0 abe  1.9 abc  2.3' 1.7 ab 15 a  16 a  

Macalister 0.0 a  0.0 a  0.7 a  1.0 a  1.4 abc  

0.0 a 

 1.8abc 24a 1.3 a  1.5 a 13a 

Glen Tunnel 0 .4k 1.7a 2.0 a  2.6 c  2.9c 2 . 8a 2.6b 2.3a 2.1 a 
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Figure 6.1 Percentage of Eucalyptus nitens seedlings from each seedlot 

recorded with frost damage at Pearsefield from April 1995 (planting, start of 

study) to March 1996 (11 months after planting, end of study) 
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Figure 6.3a Percentage of Eucalyptus nitens seedlings recorded as dead at 

Pearsefield from April 1995 (planting, start of study) to March 1996 (11 

months after planting, end of study) 
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Figure 6.3b Percentage of Eucalyptus nitens seedlings from each seedlot 

recorded as dead at Pearsefield from April 1995 (planting, start of study) to 

March 1996 (11 months after planting, end of study) 
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Figure 6.4a Percentage of Eucalyptus nitens seedlings recorded with any 

damage -at Pearsaeld from April 1995 (planting, start of study) to March 

1996 (11 months after planting, end of study) 

169 



_ Damage, Pearsefield 

1080 poison ..............i.e..7.:211t. , - ...,. ,. 

Ilr 	.. 7 . -. - -- 	, /A  . 
• / 	

.. . 	./ 

er • 
f, I • \ 

/ • 
/ • 

100 

70 

Seedlings with damage (%) 

30 

20 
I 

/7 
10 

. Aft 

0 
Apr 	May 	Jun 	Jul 	Aug 

/ 	A 	: 

/ 	i 	• 

— 	— Southern NSW 
*- -Toorongo 

— 	- Northern NSW 
— 	— Macalister 

Glen —a-- 	Tunnel 

Sep Oct Nov Dec 	Jan 	Feb 	Mar 

Month 

Figure 6.4b Percentage of Eucalyptus nitens seedlings from each seedlot 

recorded with any damage at Pearsefield from-April 1995 (planting, start of 

study) to March 1996 (11 months after planting, end of study) 

/ / • 
• / 
I / 
./ i 

60 

; ■ 

i 

170 



     

     

      

 

1311111111110111111111 

  

    

naininmunn 

Damage, Pearsefield 

100% - 

90% - 

80% 

Severity of 
damage score 

05 
• 4 
II 3 
02 
01 
• 0 

70% 

60% - 

Frequency 	50% - 

40% - 

30% - 

Southern NSW 	Toorongo Northern NSW 	Macalister 	Glen Tunnel 

20% - 

10% - 

0% 

Seedlot 
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Figure 6.5b Percentage frequency of severity of damage scores recorded for 

Eucalyptus nitens seedlings from each seedlot at Pearsefield in September 

1995 (5 months after planting) 
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Figure 6.6c Percentage frequency of type of damage scores recorded for 

Eucalyptus nitens seedlings from each seedlot at Pearsefield in March 1996 

(11 months after planting, end of study) 
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Figure 6.8 Mean severity of damage score of the five seedlots of Eucalyptus 
nitens planted at Pearsefield 

Severity of damage is a least squares estimate of the population mean, n (plots) = 

25; error bars indicate standard errors of the mean 
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Figure 6.9 Mean type of damage score of the five seedlots of Eucalyptus 
nitens planted at Pearsefield 

Type of damage is a least squares estimate of the population mean, n (plots) = 25; 

error bars indicate standard errors of the mean 
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Figure 6.10a Net growth rate (mm/day) versus severity of damage score for 

the Southern NSW seedlings at Pearsefield from April 1995 (planting, start 

of study) to September 1995 (5 months after planting) 
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Figure 6.10b Net growth rate (mm/day) versus severity of damage score for 

the Toorongo seedlings at Pearsefield from April 1995 (planting, start of 

study) to September 1995 (5 months after planting) 
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Figure 6.10c Net growth rate (mu/day) versus severity of damage score for 

the Northern NSW seedlings at Pearsefield from April 1995 (planting, start 

of study) to September 1995 (5 months after planting) 
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Figure 6.10d Net growth rate (nun/day) versus severity of damage for the 

Macalister seedlings at Pearsefield from April 1995 (planting, start of study) 

to September 1995 (5 months after planting) 

183 



y = -0.046x + 0.020 
R2  =0.279 

Net growth rate -0.20 
(nun/day) 

Damage, Pearsefield 

Severity of damage score 

Figure 6.10e Net growth rate (nun/day) versus severity of damage for the 

Glen Tunnel seedlings at Clipper West from April 1995 (planting, start of 

study) to September 1995 (5 months after planting) 
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Chapter Seven 

Herbivore counts at Pearsefield 

7.1 Introduction 

In Tasmania, 1080 poison is used to control the numbers of Tasmanian pademelon 

(Thylogale billardierii), Bennett's wallaby (Macropus rufogriseus) and common 
brushtail possum (Trichosurus vulpecula). The use of 1080 poison is 

controversial for social and environmental reasons, some of which are discussed in 

the following section on wildlife management. The future for 1080 poison as a 

control measure is uncertain. It has already been banned in some Australian 

states, and hence research into its effectiveness under field conditions and into. 

alternative control methods is necessary. 

The primary purpose of this part of the study was to identify the marsupials 

present in the study area (Pearsefield) that could cause damage to seedlings, and 

to estimate their density when 1080 poison was used in the plantation and in the 

surrounding plantations. I expected that the use of 1080 poison would decrease 

the numbers of herbivores present (i.e. at Pearsefield pre- and post-poisoning and 

at Pearsefield compared with Clipper West), but that its effect would not be long 

lasting. That is, repeated applications of poison would be needed to maintain low 

levels of herbivores, since new individuals could move into an area. I 

hypothesised that the density of marsupial herbivores, although low, would be 

greater in those seedlots that were more severely damaged. 1080 poison was not 

used at Clipper West and the results from that plantation were presented in 

Chapter 5. A comparison of these two plantations can be found in Chapter 8. 

Before describing this study, I briefly discuss the management of "pest" wildlife, 

with a focus on 1080 poison, since it is important in the context of this study. 
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Management of "pest" species and 1080 poison 

A vertebrate pest is defined as any native or introduced species of vertebrate 

animal that is currently "troublesome", either on a local or wider scale, to one or 

more persons, by either being a health hazard, a general nuisance or by destroying 

food, fibre or natural resources (Howard 1976). However, the definition of what 

constitutes a "pest species" is both context-specific and subjective (Braysher 

1993). Pest animals cause problems through competition, habitat modification, 

predation and spread of endemic and exotic diseases (Howard 1976). 

There are two major approaches to control of vertebrate pests and the damage 

they cause, which are usually integrated in combined management: (1) population 

manipulation, which includes culling (e.g. poisoning, shooting), biological 

control (e.g. viruses, diseases, predators) and fertility control (e.g. anti-fertility 

agents, chemosterilants), and (2) habitat manipulation, which includes the use of 

sacrificial plots and/or exclusion measures. The latter includes fencing, 

exclosures, sleeves, caps and olfactory repellents. This section is restricted to 

1080 poison since it is most relevant to this research. 

1080 (sodium monofluoroacetate) is a chemically stable, highly water soluble, 

white powder, that is odourless and generally tasteless (Atzert 1971). It is 

currently used in agricultural and forestry areas in Tasmania to poison the 

Tasmanian pademelon, Bennett's wallaby and brushtail possum, as well as the 

introduced European rabbit (Oryctolagus cuniculus). These native and 

introduced species are known as target species. In Tasmania, native non-target 

mammals are generally protected from poisoning by their size, food preferences, 

poison tolerance and preferred habitat (Guiler et al. 1990). 

The toxicity of 1080 poison is related to inhibition of the energy-producing citrate 

and succinate cycles (Peters 1952, Fanshier et al. 1964). It is converted in vivo 

into fluoroacetate which inhibits the Krebs cycle and other lesser energy-

producing processes. These blockages reduce energy to the point of cell death 

(Atzert 1971). Death of the organism may manifest itself by cardiac or 
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respiratory failure. Death in herbivorous species is generally the result of cardiac 

disorders (Chenoweth 1949). 

Poisoning is characterised by a latency period between administration of the drug 

and development of the symptoms (Chenoweth 1949). This period varies, but is 

usually greater than 2 hours. 

The usual way of expressing toxicity of a poison to a particular species is by 

means of a median lethal dose (LD50) value. The LD50 is a statistical estimate of 

the dosage that would be lethal to 50% of a very large population of the test 

species. The LD50 value for a particular compound varies from animal species to 

species. The LD50 for 1080 poison is 0.15 mg/kg for the Tasmanian pademelon 

(Guiler et al. 1990). In Tasmania, the concentration of 1080 used in bait is 

0.014% (Guiler etal. 1990, Coleman etal. 1997) and therefore a "standard" 

Tasmanian pademelon would need to eat 6g of poisoned bait for a lethal dose. 

For the brushtail possum and Bennett's wallaby, a lethal dose is about 20g each. 

These two species require the same amount of bait for a lethal dose, despite 

differing so much in size, because brushtail possums have a much higher 

tolerance (Guiler etal. 1990). 

1080 poison laid in carrot is used because it is a cost-effective, relatively target-

specific control, that has low application rates, minimal non-target effects and is 

arguably humane (Anon 1991). The availability of the poison is tightly 

controlled, being restricted to licensed or trained operators (Coleman etal. 1997). 

In Tasmanian forestry, the procedure for use of 1080 poison consists of an 

assessment of the risk of damage, preparation for poisoning, including free-

feeding, and poisoning (Smith 1994, Coleman et al. 1997). Bait placement varies 

from location to location, but the free-feeds and poison baits are frequently placed 

along roads and tracks bordering coupes and plantations. Currently, chopped 

carrot bait is used in most operations and the aim is to kill pest species by 

ingestion of the required weight of carrot, rather than by ingestion of just one bait 

piece (Coleman et al. 1997). 
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7.2 Materials and methods 

The method used for this research follows that outlined in Chapter 5.2. As at 

Clipper West, the spotlighting route was around the outside of the plantation. 

Poisoning (including free-feeding) occurred in April 1995 (towards the end of 

planting) and again in September 1995 (see Chapter 2, Table 2.1). 

The statistical analysis of data also follows that of Chapter'5.2, except that the 

effect of weather was not determined. This was omitted, firstly, because the use 

of 1080 poison meant that animal numbers were very low and secondly, because I 

assumed that the effect of weather would be the same at either site since 

spotlighting was undertaken on the same nights. 

Only two nights of pre-poisoning spotlighting surveys were possible before the 

April 1995 1080 poison program, rather than the planned five nights of surveys. 

This was because of personal injury, which delayed the first spotlighting. It was 

not possible to delay planting of seedlings and laying of poison bait, so that when I 

was finally able to commence spotlighting, there was only one week available for 

surveys, and the weather was only suitable for two of these nights. 

7.3 Results 

Marsupial herbivores present 

In total, 396 individual animals from 7 species of mammal were sighted at 

Pearsefield from April 1995 to March 1996 (Table 7.1). The Tasmanian 

pademelon, Bennett's wallaby and brushtail possum represented 90% of all 

individual animals recorded. The most frequently observed herbivores were the 

bnishtail possums. The numbers of all animal species observed spotlighting were 

consistently low, but did vary from month to month (Figures 7.1 & 7.2). A few 

other animals were observed; the common wombat (Vombatus ursinus), ringtail 

possum (Pseudocheirus peregrinus) and Tasmanian devil (Sarcophilus harrisii). 

The relationship between 1080 poisoning and herbivore numbers is shown in 

Figures 7.1 and 7.2. For the following estimations of percentage reduction (i.e. 
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kill rates from the use of 1080 poison) I have assumed that the reduction in animal 

numbers observed the month following poisoning was due to the use of 1080 

poison. I made this assumption because the short time between survey periods 

and the relatively homogenous environmental conditions precluded any other 

obvious explanation. However, I did not recover carcasses post-poisoning, so it is 

possible that the declines observed were due to normal population fluctuations, or 

sampling errors, as the absolute numbers were low each night. The number of 

Tasmanian pademelons and Bennett's wallabies declined rapidly after poisoning, 

but the number of brushtail possums was relatively unaffected. Even though 

Tasmanian pademelon numbers were reduced by 70% after the April 1995 

poisoning and 100% after the September 1995 poisoning, individuals were seen 

again soon after, presumably having moved into the region from adjacent areas. 

By July 1995, numbers of Tasmanian pademelons had already reached over twice 

those immediately after poisoning. The Bennett's wallaby number'; were reduced 

by 70% after the April 1995 poisoning and 40% after the September 1995 

poisoning. The brushtail possum numbers were not reduced by the April 1995 

poisoning, but were reduced by 50% by the September 1995 poisoning. 

More Tasmanian pademelons and Bennett's wallabies were observed outside the 

plantation beyond 20m of the road, than outside the plantation within 20m of the 

road (Table 7.2). The distribution of brushtail possums differed in that more were 

seen closer to the road. More Tasmanian pademelons and Bennett's wallabies 

were observed inside the plantation within 20m of the road, than inside the 

plantation beyond 20m of the road. This pattern was different for brushtail 

possums where the number of sightings was similar inside the plantation within 

20m of the road and beyond 20m of the road. Very few (<5%) of the animals 

were seen on the road. 
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Relationship between herbivore density and the seedlot 

planted 

No significant relationship existed between the mean density from April 1995 to 

September 1995 of Tasmanian pademelons (Kruskal-Wallis test (Chi-square 

approximation (CHISQ)) = 2.1, df = 4, P > 0.05), Bennett's wallabies (CHISQ = 

5.4, df =4, P > 0.05), or brushtail possums (CHISQ = 4.5, df =4, P > 0.05) and 

the seedlot that was planted in a particular plot (Table 7.3). 

Relationship between herbivore density and the severity of 

damage 

By September 1995, the mean severity of damage score at Pearsefield was 1.6 

(Standard error (SE) = 0.9) (Chapter 6, Section 6.3). This was associated with an 

average density of 0.2 (SE = 0.1) Tasmanian pademelons/ha, 0.3 (SE = 0.2) 

Bennett's wallabies/ha and 0.4 (SE 0.2) brushtail possums/ha (calculated from 

Table 7.3). 

No significant relationship existed between the density of Tasmanian pademelons, 

Bennett's wallabies, or brushtail possums and the mean severity of damage score 

per plot in any month of the study. Similarly, by September 1995 the relationship 

between mean density per night of any herbivore species and the mean severity of 

damage score per plot was not significant (Regression F = 0.97, df = 3, P = 0.43, 

r2  = 0.1). 

7.4 Discussion 

The primary objective of this chapter was to investigate the species, number and 

density of potential herbivores present at Pearsefield. A secondary objective was 

to examine the effectiveness of 1080 poison in reducing herbivore numbers by 

comparing pre- and post-poisoning numbers. 
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Method evaluation 

The spotlighting method used in this study was evaluated in Chapter 5.4. The 

main problem encountered at Pearsefield was that the time available for 

spotlighting before the April 1995 poisoning was limited, and so there were only 

two nights of pre-poisoning surveys. Animal numbers for this pre-poisoning 

period are therefore probably only indicative. 

Marsupial herbivores present 

The Tasmanian pademelon, Bennett's wallaby and bnishtail possum were all 

observed in spotlighting surveys at Pearsefield, although they were in very low 

numbers. The brushtail possum was the most frequently observed herbivore. The 

numbers of all three herbivores in April 1995 appears to have been relatively low 

even before poisoning (compared to the numbers seen at Clipper West, see 

Chapters 5 and 8). It is likely that the number of animals is low because of 

relatively frequent 1080 poison and culling programs in the Pearsefield area over a 

number of years. For example, 1080 poison was laid at this coupe and in the 

surrounding areas in November and December 1994, and regular shooting had 

occurred over a number of years (Trevor Dick, pers. comm.). The small sample 

size of pre-poisoning data may also be relatively unreliable. The variation in 

animal counts, especially Tasmanian pademelon and Bennett's wallaby, that was 

observed between months was probably due to the two poison operations (April 

1995 and September 1995), as well as to biological factors (see Chapter 5, Section 

5.4). 

Most Tasmanian pademelons and Bennett's wallabies observed outside the 

plantation were at a distance greater than 20m from the road. A larger percentage 

of both species observed inside the plantation were within 20m of the road than 

beyond 20m. This is consistent with research that suggests they remain close to 

the forest-interface when feeding in open areas (Calaby 1966, Statham 1983, 

Coleman et al. 1997). 
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Relationship between herbivore density and the seedlot 

planted 

The density of herbivores did not differ significantly between plots of particular 

seedlots. This is not surprising given that very few animals were even observed. 

However, it may also indicate a lack of feeding patch choice on the basis of 

seedlot. 

Relationship between herbivore density and the severity of 

damage 

The density of herbivores did not correlate significantly with mean severity of 

damage scores. Again this result is not unexpected because very few animals were 

observed. This result is similar to that at Clipper West (see Chapter 5, Section 5.4 

for a more detailed discussion). 

Is 1080 poison effective in reducing herbivore numbers? 

1080 poison on carrot baits was laid on the trails around the plantation edge in 

April 1995 and in September 1995. Poisoning appeared to reduce herbivore 

numbers, particularly those of the macropods. The Tasmanian pademelon 

appeared to be the most susceptible to 1080 poison, probably because of its habit 

of feeding at the forest edge (Calaby 1966, Statham 1983, Coleman et al. 1997), 

which increases its probability of encountering the poison baits. This reduction in 

numbers of the Tasmanian pademelon is consistent with research in the Florentine 

Valley, Tasmania, where 1080 poison significantly reduced Tasmanian pademelon 

numbers, especially numbers of young animals (Driessen 1992). 

Even though the numbers of Tasmanian pademelons were estimated to be reduced 

by over 70% after each poisoning in this study, individuals presumably moved into 

the area soon after from adjacent areas. Bennett's wallaby numbers were reduced 

by over 40% after each poisoning. If the differences in percentage reduction is 

reliable, there are a number of reasons why this may occur: (1) Bennett's wallabies 

typically feed further away from the plantation-forest interface than Tasmanian 

pademelons (Statham 1983, Coleman et al. 1997), thereby reducing its chance of 
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encountering poison bait; (2) Bennett's wallabies may vary where they feed from 

night to night (Mooney and Johnson 1979), and therefore, may not always 

encounter the poison bait; (3) they are primarily grass-eaters (Calaby 1983, 

Southwell 1987), and so the carrot bait may not be as palatable as it is to the other 

herbivore species (Statham 1983). The percentage reductions reported here for 

the Tasmanian pademelon and Bennett's wallaby are similar to those reported by 

Statham (1983). However, Figure 7.1 shows similar reductions in numbers in 

periods when there was no 1080 poisoning, for Tasmanian pademelons from July 

to August 1995 and for Bennett's wallabies from June to July 1995. These may 

be the result of normal population fluctuations. A comparison of the population 

fluctuations observed with those in unpoisoned areas may help differentiate natural 

effects from those of poison (see Chapter 8). 

Overall, the numbers of brushtail possums seemed to be less affected by poison 

than the macropods, similar to findings in a Tasmanian-wide survey (Driessen and 

Hocking 1992). However, the actual reduction in numbers of brushtail possums 

(0-50%) is lower than those reported by Statham (1983) (60-70% in eucalypt 

forest) and Johnson (1978) (83-93% in pine forest). This may be a consequence 

of the already low numbers at Pearsefield, or possibly to differences in bait-laying 

technique which may account for the higher kill-rates in Statham's (1983) study 

than in mine. As well, the sample size use to calculate the percentage reductions 

in Statham's (1983) research was very low ("at least two spotlight nights per 

month") and it was also difficult to differentiate those changes in population 

numbers due to poisoning from normal populations fluctuations. 

The lower apparent effectiveness of 1080 poison against brushtail possums, 

compared to the macropods, may be because about 95% of the possums recorded 

were within the plantation, usually on windrows, or in the bush, and are less likely 

to encounter any poison bait. 

The reduction in bmshtail possum numbers in September 1995 from August 1995 

suggests that some individuals may come into contact with the poison bait. 

However, brushtail possum numbers were declining steadily from July anyway, so 
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it is difficult to know whether the post-poisoning decrease is due to 1080 

poisoning or to a continuation of this trend. Variation in the effectiveness of 1080 

poison in reducing numbers may aLso be related to the feeding behaviour of 

individual brushtail possums. Individuals typically feed in similar areas each night 

(Statham 1983), and so if the bait distribution is patchy, some brushtail possums 

may frequently encounter bait, while others may rarely encounter it. 

That 1080 poison can be effective in reducing herbivore numbers is supported by 

numerous studies (Johnson 1978, Mooney and Johnson, Statham 1983, Gregory 

1988, Driessen 1990), but is not clear-cut from the results of this within-site, 

temporal study. However, as the number of animals at nearby Clipper West was 

substantially higher than at this plantation, it is probable that 1080 poisoning does 

reduce animal numbers (see Chapter 8). In addition, this and other studies 

(Johnson 1978, Mooney and Johnson, Statham 1983, Gregory 1988, Driessen 

1992) suggest that (1) 1080 poison provides only a temporary solution to the 

browsing problem and (2) 1080 poison may be species-specific in its effectiveness 

(e.g. targets Tasmanian pademelons more than brushtail possums). 

Is 1080 poison effective in reducing damage to seedlings? 

Browsing damage did not stop after the poisonings (see Chapter 6). However, the 

rates of damage recorded at Pearsefield were low, so 1080 poisoning, through its 

effect on herbivore numbers was apparently effective in reducing damage (see 

Chapter 8 for a more detailed discussion). The damage observed over time in my 

study is probably the result of a combination of three factors which may allow 

damage to continue: (1) the number of brushtail possums observed was not 

reduced by the first poisoning, (2) some Tasmanian pademelons and Bennett's 

wallabies may survive poisoning, and (3) some new individuals may move into the 

plantation area (e.g. Statham 1983, Waters 1985). If the first factor is true, it may 

mean that poison needs to be laid so that it better targets brushtail possums. The 

last two factors may mean that repeated applications of poison are required to 

maintain low numbers of herbivores. However, as poisoning is disruptive to 

population dynamics, repeated poisonings could conceivably result in increased 

194 



Spotlighting, Pearsefield 

numbers of herbivores, through higher rates of recruitment (Putman 1987, 1988), 

or anomalies, such as increased rates of reproduction (Statham 1983, Driessen _ 

1992). Furthermore, research from New Zealand suggests that brushtail possums 

can detect sub-lethal doses of 1080 poison (Thomas and Hickling 1995). 

Repeated poisonings may therefore be ineffective (i.e. lower kill-rates) because 

brushtail possums may avoid baits after experiencing the effects of a sub-lethal 

dose. 

The species responsible for browsing damage 

The Tasmanian pademelon, Bennett's wallaby and brushtail possums were all 

observed at Pearsefield and all three species probably contribute to the observed 

damage. The typical diet requirements and preferences of each herbivore species 

was discussed in Chapter 5, Section 5.4. Even though the between-plot variation 

in damage was not significantly related to the density of brushtail possums-in these 

plots, they may be responsible for more of the damage seen at Pearsefield than the 

two macropod species. There are a number of points which support this 

suggestion: 

1. brushtail possums are primarily ground-feeders in Tasmania, so it is probable 

that in a plantation they would encounter and exploit eucalypt seedlings 

frequently; 

2. bnishtail possums typically increase their consumption of tough-leaved 

dicotyledons over winter (Statham 1983), and observed damage did increase 

during this period; 

3. brushtail possums can consume relatively large amounts of eucalypt seedlings 

compared to Tasmanian pademelons (Dr Clare McArthur pers. comm.); 

4. E. nitens is more preferred by brushtail possums than Tasmanian pademelons 

(McArthur and Turner 1997); 
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5. brushtail possums shelter in windrows, hollows of dead trees and tree stumps 

within the plantation (this study, Statham 1983), and therefore seem to have 

greater access to the eucalypt seedlings than the macropods. 

6. 1080 poisoning seemed to have affected the numbers of brushtail possums less 

than the macropods, and they were the most commonly seen herbivore; and 

7. the cumulative scat-density of brushtail possums has been related to the 

severity of browsing damage in between-site comparisons of eucalypt 

plantations in Tasmania (James Bulinski, pers. comm.). 

Management implications 

Whilst poisoning may not be a socially desirable control measure because it is 

lethal, it is cost-effective (Smith 1994, Coleman et al. 1997) and is therefore an 

important management tool. However, its current efficiency could be improved. 

While it probably reduced the number of herbivores observed post-poisoning at 

Pearsefield and relative to the numbers seen at Clipper West, some damage to 

seedlings still occurred. If poison operations were more effective, then damage 

may have been further reduced. This may be particularly important in forestry 

plantations established for saw-logs because any damage can apparently affect the 

long-term productivity of a seedling (pers. comm. Paul Dredge). 

The effectiveness of 1080 poison in reducing damage could probably be increased 

by laying it just before planting, to protect seedlings whilst they establish. This is 

particularly pertinent for autumn plantings, where damage typically leads to high 

levels of mortality (Cremer 1969). In this study the greatest increment in damage 

for most seedlots was over winter (see Chapter 6). This probably correlates with 

a lack in the availability of alternative food (Statham 1983). My study also 

showed (see Chapters 4 and 6) that seedlings grow very little over winter at some 

sites, and hence are more vulnerable to browsing damage throughout this period. 

I suggest that the best approach might be a combination of direct control of _ 

herbivore numbers with damage control techniques such as 1080 poison, and 
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adjustment in silvicultural practices (e.g. minimising the number and size of 

windrows and/or choice of seedling to be planted (see Chapter 10)). 

Future research 

As brushtail possums probably do damage E. nitens seedlings and appear to be 

less affected by poison operations, then research could be directed towards 

improving current 1080 poisoning practices. For example, more effective ways to 

deliver poison to target species could be investigated. Bait stations, where non-

target species are physically prevented from obtaining access to the pesticide, 

could target certain herbivore species (Waters 1985). 

Research into the effectiveness of 1080 poison programs could also focus on (1) 

the timing of bait-laying, and (2) the spatial distribution of bait-laying. For 

example, bait-laying on the roads around a plantation may be more effective 

against macropods, which move across them, when they move from the forest to 

feed in the plantation. Bait-laying within the plantation environment may be more 

effective against possums, since they appear, from this study at least, to remain 

within the plantation environment. 

Assessment of the risk of damage to seedlings before planting commences could 

also eliminate the need for 1080 poison in some areas, for example in those areas 

where there are few animals, or where the seedlings planted are not the preferred 

food. For example, at Pearsefield few animals were observed to begin with, which 

may have meant that further poisoning was unnecessary. 

Research could also be directed towards quantifying the reductions in herbivore 

numbers (i.e. kill rates) achieved with 1080 poison, and the rates of re-

colonisation of an area. Information on the kill rates associated with 1080 poison 

may be achieved through determining the pre- and post-poisoning density of 

herbivores, by pellet counts and/or walking spotlight transects. One problem 

associated with determining such kill rates is the difficulty in fmding the carcasses 

of the target species, in order to confirm that the reductions in numbers are the 

result of poisoning (Mooney and Johnson 1977, Statham 1983). Surveys of pre- 
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and post-poisoning densities should be done in conjunction with monitoring the 

effect on damage, since reducing damage to an "acceptable" level is the main 

objective. 
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Table 7.1 Total number of individuals of each species observed spotlighting 

at Pearsefield from April 1995 to September 1995 and to March 1996 

Animal Species Total count 

September 

1995 

Total count 

March 

1996 

Tasmania pademelon (Thylogale billardierii) 72 114 

Bennett's wallaby (Macropus rufogriseus) 56 93 

Unidentified macropod 2 3 

Common brushtail possum (Trichosurus vulpecula) 86 146 

European rabbit (Oryctolagus cuniculus) 2 5 

Common wombat (Vombatus ursinus) 7 16 

Ringtail possum (Pseudocheirus peregrinus) 4 13 

Tasmanian devil (Sarcophilus harrisii) 4 6 
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Spotlighting, Pearsefield 

Table 7.2 Distribution of Tasmanian pademelons, Bennett's wallabies and 

common brushtail possums at Pearsefield 

Distribution (%) of each herbivore species in relation to the five regions of the 

spotlight survey area: inside the plantation within 20 metres (In < 20m); inside the 

plantation beyond 20 metres (In > 20m); outside the plantation within 20 metres 

(Out < 20m); outside the plantation beyond 20 metres (Out > 20m); on the road 

(Road) 

Herbivore species In <20m In >20m Out <20m Out >20m Road 

Tasmanian pademelon 22 14 32 28 

Bennett's wallaby 28 14 28 27 3 

Brushtail possum 22 22 20 31 5 
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Spotlighting, Pearsefield 

Table 7.3 The mean density and standard error (SE) and the percentage 

distribution of each herbivore species from April to September 1995 inside 

the plantation within 20 metres of the road for each seedlot of Eucalyptus 
nitens at Pearsefield 

Seedlot n (plots) Tasmanian 

pademelon 

Bennett's 

wallaby 

Brushtail 

possum 

/ha % /ha /ha % 

Southern NSW 5 0.2 (0.2) 17 0.2 (0.2) 12 0.3 (0.3) 14 

Toorongo 5 0.0 (0) 0 0.0 (0) 0 0.7 (0.3) 33 

Northern NSW 5 0.3 (0.3) 32 0.2 (0.2) 19 0.5 (0.3) 25 

Macalister 5 0.3 (0.2) .28 0.2 (0.2) 14 0.1 (0.2) 6 

Glen Tunnel 5 0.2 (0.2) 23 0.7 (0.3) 55 0.5 (0.3) 22 
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Figure 7.1 Mean number of animals observed spotlighting per night each 

Month at Pearsefield 

April 1995 data is pre-poisoning, n (nights of spotlighting) = 2; May 1995 data is 

post-poisoning, and includes consecutive nights in April and May 1995 , n = 9; n 

= 5 for all other months 
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Figure 7.2 Percentage frequency of animals observed per night each month 

whilst spotlighting at Pearsefield 

"Other" includes the common wombat, ringtail possum and Tasmanian devil 
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Chapter Eight 

Synthesis of field studies 

8.1 Introduction 

This chapter compares the findings of my field studies at Clipper West and 

Pearsefield (Chapters 4-7), with respect to (1) seedling survival and damage, (2) 

damage to the five seedlots of Eucalyptus nitens, and (3) the numbers and 

densities of marsupial herbivores present at each plantation. 

As discussed in Chapter 2, there was no replication of the "1080/no 1080" regime 

over the main experimental treatment of the different seedlots. This discussion 

therefore compares the two plantations in relation to the main objectives of this 

study, but cannot use inferential statistics. It is assumed that any difference in 

results of and related to animal numbers reported at each plantation is due mainly 

to the use of 1080 poison at Pearsefield before and during my study. Both 

plantations lie approximately 5krn from one another, within Region 3 of the Land 

systems of Tasmania (Richley 1978). This means that the environment between 

them is similar; for example, similar soil types both derived from tertiary basalt 

parent material and similar vegetation as described in Appendix A. This similarity 

makes other factors less likely as explanations of the differences between the two 

plantations. 

8.2 Seedling survival and damage at Clipper West 

and Pearsefield 

Seedling survival 

There was a high rate of seedling survival at both plantations, although by March 

1996 (11 months after planting, end of study) the percentage of dead seedlings 

was higher at Clipper West than at Pearsefield (Figure 8.1). In September 1995 (5 

months after planting) over 96% the seedlings sampled were surviving at both 
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plantations, whereas by March 1996 89% had survived at Clipper West, compared 

to 93% survival at Pearsefield. Browsing damage, waterlogging and frost damage 

were probably responsible for the observed seedling mortality at both plantations. 

At Clipper West, high levels of damage probably contributed to a larger 

proportion of the mortality observed after September 1995 than at Pearsefield. • 

Insect damage 

The percentage of seedlings sampled that showed evidence of insect damage 

increased rapidly between September 1995 (5 months after planting) and March 

1996 (11 months after planting, end of study) at both Clipper West and Pearsefield 

(Figure 8.2). The potential to observe differences in the level of mammal damage 

between seedlots was reduced because of this increased insect damage over time. 

Therefore, in the next section generally only data up to and including September 

1995 are discussed. These data are more representative of the mammal damage, 

without any effect of insect damage. 

Overall extent of damage 

The overall extent of damage to seedlings in September 1995 (5 months after 

planting) was higher at Clipper West where 84% of seedlings were damaged, than 

at Pearsefield, where 58% of the seedlings were damaged (Figure 8.3). By March 

1996 (11 months after planting, end of study) almost 100% of seedlings sampled 

at both plantations were damaged, but this figure includes seedlings damaged by 

insects. 

Severity and type of damage 

The severity of damage varied between the plantations, with more damage at 

Clipper West (Figure 8.4). Damage to seedlings began immediately after planting 

in April 1995, then varied temporally at both plantations. The rate of damage to 

most of the seedlings was greatest over winter (June to August), but maximum 

severity of damage scores were in December 1995. At Clipper West there was a 

peak mean severity of damage score of 3.6, compared with 2.4 at Pearsefield. 
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The type of damage was less variable than severity of damage, removal of the 

apical buds being a common feature of damaged seedlings at both plantations. 

However, the percentage of seedlings with their apical buds removed when (type 

of damage scale, scores 2- 4) was greater at Clipper West (78%), than at 

Pearsefield (50%). 

8.3 Damage to seedlots by mammals 

Growth rates of undamaged seedlings 

The growth rates of undamaged E. nitens seedlings, irrespective of seedlot, 

planted at both Clipper West and at Pearsefield were very low (< 0.1mm/day) 

probably as a result of edaphic factors, such as cold and waterlogging. This 

compares poorly with growth rates in other Tasmanian regions, which can be up 

to 4.3mm/day for E. nitens on plantations (James Bulinski, pers. comm.). 

The growth rates of all E. nitens seedlots at Pearsefield, except for the Northern 

NSW seedlot, calculated from undamaged seedlings from April until September 

1995, are lower than those reported for the same seedlots at Clipper West. These 

lower growth rates are probably the result of edaphic factors, such as water 

logging, which were worse at Pearsefield than at Clipper West. In addition to 

this, the Glen Tunnel seedlings did not germinate well in the nursery and 

seedlings that were smaller in height and of inferior form (height, branch number, 

leaf number) were planted at Pearsefield (Ian Blanden pers. comm.), which may 

partially explain their slower growth rate at this site. 

Impact of browsing on change in height 

At both plantations, with the exception of the Southern NSW seedlings at 

Pearsefield, the seedlings of all seedlots showed negative "net growth"; that is, 

they did not grow because damage exceeded growth. At both Clipper West and 

Pearsefield the Toorongo and Glen Tunnel seedlings showed greater reductions in 

height (i.e. more stem eaten) than the seedlings of the other three seedlots (Figure 

8.5). The Southern NSW and Northern NSW seedlings showed the smallest 
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reduction in seedling height at Clipper West. At Pearsefield, the Southern NSW 

seedlings showed positive net growth (i.e. they grew) and the Northern NSW 

seedlings showed the smallest reduction in seedling height 

Severity and type of damage 

The severity and type of damage to some seedlots of E. nitens was greater than 

that to others seedlots (Figures 8.6 and 8.7). At both plantations the Glen Tunnel 

seedlings were the most damaged in terms of severity and type of damage. The 

Southern NSW seedlings were the least damaged. The Toorongo seedlings had 

similar mean severity and type of damage scores at both plantations. If common 

brushtail possums (Trichosurus vulpecula), which were in similar densities 

between the two plantations (Figure 8.8), prefer the Toorongo seedlings (as well 

as the Glen Tunnel seedlings) then this may explain the similar damage scores for 

these seedlings at each plantation. Hence, at Pearsefield, where the bnishtail 

possums were the most abundant herbivore species, the Glen Tunnel and 

Toorongo seedlings were more damaged. Preferences displayed by the brushtail 

possum may be different to those displayed by other herbivore species. For 

example, the Glen Tunnel and Macalister seedlings were more damaged at Clipper 

West, where there were significantly more Tasmanian pademelons (Thylogale 

billardierii) than brushtail possums (Figure 8.8), possibly because the Macalister 

seedlings (as well as the Glen Tunnel seedlings) are preferred by the former. My 

study did not investigate the preferences of each herbivore species so further 

research is needed to examine the above hypothesis of preference; although 

feeding trials with captive Tasmanian pademelons only support the hypothesis in 

that the Glen Tunnel seedlings were more preferred. 

8.4 Marsupial herbivores present 

The Tasmanian pademelon, Bennett's wallaby (Macropus rufogriseus) and 

brushtail possum were all observed in spotlighting surveys at Clipper West and 

Pearsefield. It is likely that they all contributed to the damage observed at both 

plantations, because they were the three most common herbivores observed and 

all are known to eat E. nitens. 
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The relative density of the three species differed between the two plantations. The 

densities of the two macropod species, particularly the Tasmanian pademelon, 

were much lower at Pearsefield, compared to Clipper West (Figure 8.8). The . 

density of brushtail possums was similar at each plantation. The relative density of 

the three species varied between the two plantations. Tasmanian pademelons 

were the most abundant herbivore observed at Clipper West and brushtail 

possums were the most abundant at Pearsefield. This difference between sites 

may reflect the relative effectiveness of 1080 poison in targeting each species. 

8.5 Herbivore density and the seedlot planted 
The lack of a general relationship between the density of Tasmanian pademelons 

and the seedlot in each plot at both plantations indicates that choice of feeding-

patch was not based on what eucalypt seedlings were present in that patch (i.e. 

plot). The relationships for Bennett's wallabies and brushtail possums were also 

reasonably weak at Clipper West and non-existent at Pearsefield, indicating that 

for these two species too, other factors are more important in determining where 

an individual is observed. 

8.6 Herbivore density and damage 
At Pearsefield damage levels were low, compared to Clipper West (Table 8.1). 

The density of herbivores was also relatively low (Figure 8.8). These lower levels 

of damage recorded at Pearsefield suggest that 1080 poisoning, through its effect 

on herbivore numbers, was effective in reducing damage. 

Figure 8.8 shows a large relative difference in the density of Tasmanian 

pademelons between Clipper West and Pearsefield (i.e. 35 times as many 

Tasmanian pademelons at Clipper West than at Pearsefield), but no similar relative 

difference in damage scores between the plantations (i.e. mean damage score at 

Clipper West was only 1.5 times that at Pearsefield). This suggests that 

Tasmanian pademelons may not be the main cause of the observed damage, 

although they do cause some damage; so that if their numbers decrease there is no 

simultaneous decrease in damage levels of the same magnitude. An alternative 
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explanation is that as numbers of Tasmanian pademelon decrease, individuals eat 

relatively more of the available seedlings, but this seems unlikely. 

8.7 Conclusions 

The present study shows that herbivores can have considerable impact on 

seedlings of E. nitens and has confirmed that the establishment of eucalypt 

plantations can be affected by damage from herbivores. The main effect is to 

decrease the overall net growth of the seedlings and this may have long-term 

effects on growth rates and the final volume and quality of timber produced 

(Wilkinson and Neilsen 1995). It should be stressed that the conclusions reached 

relate to damage sustained in the first five months to a year after planting and that 

the effectof this damage in the long-term was not studied. Nonetheless, the high 

levels of damage sustained by the Glen Tunnel and Macalister seedlings at Clipper 

West by September 1995 (5 months after planting) indicate that the growth rate 

will be reduced, the number of leaders on seedlings will be higher, as will the rate 

of seedling death, and hence, a considerable loss in the quality and quantity of 

timber will probably result. The lower levels of damage recorded at Pearsefield 

probably mean that long-term impact, particularly on the Southern NSW, 

Northern NSW and Macalister seedlings would be minimal. 

209 



Synthesis 

Table 8.1 Comparison of browsing damage on seedlings (means and 

standard errors (SE)), irrespective of seedlot, and the mean densities of 

herbivore species (and SE) at Clipper West and Pearsefield from April 1995 

by September 1995 

Category Clipper West Pearsefield 

Seedlings damaged (%) 84 58 

Mean seedling height (cm) 32.7 (4.4) 31.7 (13.7) 

Mean height reduction (cm) 3.8 (2.4) 1.7 (1.3) 

Mean severity of damage score 2.6 (0.6) 1.6 (0.9) 

Mean type of damage score 2.5 (0.4) 1.6 (0.7) 

Tasmanian pademelons/ha 7.0 (1.1) 0.2 (0.1) 

Bennett's wallabies/ha 1.2 (0.6) 0.3 (0.2) 

Brushtail possums/ha 0.7 (0.6) 0.4 (0.2) 
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Figure 8.1 Percentage of Eucalyptus nitens seedlings recorded as dead at 

Clipper West and Pearsefield . from April 1995 (planting, start of study) to 

March 1996 (11 months after planting, end of study) 
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Figure 8.2 Percentage of Eucalyptus nitens seedlings recorded with any 

insect damage at Clipper West and Pearsefield from April 1995 (planting, 

start of study) to March 1996 (11 months after planting, end of study) 
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Figure 8.3 Percentage of Eucalyptus nitens seedlings recorded with any 

damage at Clipper West and Pearsefield from April 1995 (planting, start of 

study) to March 1996 (11 months after planting, end of study) 
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Eucalyptus nitens seedlings at Clipper West and Pearsefield from April 1995 

(planting, start of study) to March 1996 (11 months after planting, end of 

study) 
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seedlings of each seedlot of Eucalyptus nitens recorded at Clipper West and 

Pearsefield from April 1995 (planting, start of study) to September 1995 (5 

months after planting) 
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Chapter Nine 

Feeding trials testing dietary preference of 

Tasmanian pademelons and resulting 

damage to Eucalytpus nitens seedlots 

9.1 Introduction 

Feeding trials were conducted with captive Tasmanian pademelon (Thylogale 

billardierii) and the different seedlots of Eucalyptus nitens to provide a 

comparison of: (1) the impact of browsing on seedling height, (2) the severity and 

type of damage to seedlings, and (3) the Tasmanian pademelons' ability to 

discriminate between the seedlots, with the field studies at Clipper West (Chapters 

4 and 5) and Pearsefield (Chapters 6 and 7). 

Dietary preference exists when a plant (or plant part) is eaten significantly more 

than one would predict on the basis of its availability in the herbivore's 

environment (Cock 1978, Belovsky 1981, Rodgers 1990). A plant (or plant part) 

is avoided/rejected if it makes up a lower proportion of the herbivore's diet than it 

represents in the environment (Crawley 1983). 

Preference trials provide an opportunity to investigate and describe the processes 

of diet selection in more detail than can be accomplished in the field, because 

many of the variables that potentially affect selection and preference can be 

controlled (Rodgers 1990). Captive trials are also important in understanding 

individual variation in foraging behaviour. Preference trials can help predict the 

ecological consequences of diet preference and selection (Crawley 1983, Peterson 

and Renaud 1989), although this should be done cautiously (see Section 9.4). 

In preference trials, typically two or more food types are simultaneously offered in 

equal amounts to a consumer to assess the herbivore's preference. The 
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processes of diet selection are recorded (e.g. consumption measured as frequency 

of food consumed (Rodgers 1990)) and a comparison of the intakes of each plant 

type made. 

A knowledge of any dietary preference displayed by a herbivore is crucial to 

assessing its impact on a plant (plant population, etc.). In these feeding trials, I 

investigated both:the dietary preference of Tasmanian pademelons and the damage 

caused to seedlings through this feeding. Preference was measured by comparison 

of absolute intake (the number of leaves and amount of stem eaten) and damage 

by calculating relative intake (e.g. the percentage of leaves eaten). The latter is of 

particular interest for forestry management due to its impact on growth. 

This work was designed to compliment the field trials (presented in Chapters 2-8). 

Both the preference trials and field work aimed to establish diet preferences and 

investigate the diet selection process(es) of herbivores, but were applied under 

very different circumstances. 

Objectives 

The main objective was to quantitatively assess the feeding responses of 

Tasmanian pademelons under captive, experimental conditions to the five seedlots 

of E. nitens used in the field trial. The seedlots used in this study were described 

in Chapter 2. The seedlots were ranked in terms of: 

1. preference, and 

2. damage 

in a 24 hour period (a daily time frame is frequently used in studies (for example, 

Roa 1992)). I could then compare these results to, and help explain those from, 

the field study. 

I assumed that if dietary preferences did exist, they would be more apparent in 

trials where confounding environmental variables, such as proxiniity to cover and 

risk of predation, were absent. The hypothesis was that the Tasmanian 

pademelons would display a preference for one (or more) of the five seedlots of E. 
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nitens offered when they were equally available, and the null hypothesis was "no 
selection". 

A secondary objective of this research was to examine preferences of Tasmanian 

pademelons and damage to seedlings over time. I measured preference for and 

damage to seedlings offered for 24 hours and repeated this over a five day period. 

Within 24 hours, preferences 'for and damage to seedlings were examined at 8, 16 

and 24 hours because I was interested in determining whether dietary preferences 

or levels of damage remained the same. This was done because it is plausible that 

field results are an accumulation of short-term preferences, especially since the 

herbivores typically feed during the night, not during the day. 

This design provided a framework that was logistically possible in terms of labour 

and time, but the short nature of the trials, together with the use of single, penned 

Tasmanian pademelons, means that care must be taken when attempting to 

extrapolate these results to the natural situation. 

I intended to undertake these dietary preference trials before field work 

commenced. Unfortunately, this was not possible and they were conducted 

approximately six months after field work had begun. 

9.2 Materials and methods 
From September to November 1995, two cafeteria feeding trials were used to test 

the dietary preferences of Tasmanian pademelons offered five seedlots of E. 

nitens. Tasmanian pademelons were used in the feeding trials as they were 

observed in high numbers at the Clipper West field site, and they were considered 

by the forestry industry to be a major contributor to damage in many areas. The 

Tasmanian pademelons were part of a resident population kept in the Department 

of Zoology Animal Reserve, at the University of Tasmania, Hobart. During the 

trials they were housed separately in open-roofed pens (4m x 7m). In each pen, a 

pile of branches and a shelter shed provided suitable resting places. Before and 

after trials, the animals were free-ranging in the Animal Reserve. The Tasmanian 
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pademelons were penned for approximately 13 days before each trial began to 

enable them to adapt to their trial conditions. 

Ten Tasmanian pademelons varying in sex and body weight, were used in each 

trial (Table 9.1). The same Tasmanian pademelons were not used in both trials. 

Animals were weighed at the start and end of a trial. In Trial 1, there were five 

males of mean body weight 9.7 kg (standard error (SE) = 2.9) and five females of 

mean body weight 6.9 kg (SE = 0.6). In Trial 2 there were 7 males of mean body 

weight 6.6 kg (SE = 2.0) and three females of mean body weight 4.5 kg (SE = 

1.0). The Tasmanian pademelons showed some gains or losses in weight during 

the experiment (mean change in body weight = -3% for Trial 1, and -5% for Trial 

2). 

Tasmanian pademelons were supplied with a maintenance diet of "wallaby" pellets 

(Roberts Ltd., Hobart) (22g fresh weight.kg"°35 .day4 ) and lucerne (33g fresh 

weight.kg -°35 .day-1 ). The amount was estimated as the quantity required for a 

positive nitrogen balance, using maintenance nitrogen requirements of 600mg N 

kg -0.75  for Thylogale thetis (Hume 1977). As Tasmanian pademelons do not 

consume a diet solely of eucalypt, use of a maintenance diet in addition to the test 

food, was a valid approach. 

For each 5-day trial, Tasmanian pademelons were offered fresh seedlings of E. 

nitens and the basal diet daily. Each day any uneaten food was removed. Some 

individuals were also able to consume grass growing within their enclosures. 

Water was always available. 

Trial 1: testing five seedlots 

This 5-day trial used the 5 seedlots of E. nitens described in Chapter 2: Southern 

NSW, Toorongo, Northern NSW, Macalister and Glen Tunnel. The seedlings 

were grown at North Forest Products' nursery at Ridgley at the same time and 

under the same conditions as those seedlings used in the field trial. They were 

approximately 18 months old at the time of the trial. The Glen Tunnel seedlings 

were shorter than those used in the field studies and were characterised by few 
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leaves and branches. This was a result of the fact that these Glen Tunnel 

seedlings were all that remained after my field trials were planted. 

Tasmanian pademelons were offered all five seedlots at one time. Three 

seedlings each of the 5 seedlots were wired randomly in individual pots (15 in 

total), onto the front fence of each pen (Plate 9.1). The seedlings were located 

within the pens so animals were able to reach all of the leaves. 

The initial height and number of leaves was recorded for each seedling. 

Individual seedlings were then assessed at 8, 16 and 24 hours for: 

1. the number of leaves eaten 

2. the change in height of a seedling (the length (cm) of stem eaten at 24 hours 

only) 

3. the severity of damage, scored from 0-5 and based on estimates of the 

percentage of leaves eaten (see Chapter 3) 

4. type of damage, scored from 0-5 (see Chapter 3) 

The mean number of leaves per seedling eaten by Tasmanian pademelons and the 

mean change in height (stem eaten (cm)) of seedlings are indicative of an 

animal's intake. A comparison of these variables between seedlots indicates any 

preference. These variables represent the value of the seedling to the herbivore as 

a food resource, rather than reflecting any cost to the plant. The mean percentage 

of leaves eaten, severity of damage, percentage change in height of seedlings and 

the type of damage, give a damage ranking for the five seedlots of E. nitens eaten 

by Tasmanian pademelons. These values represent the relative cost to the 

seedling itself in terms of overall resource (leaf area or height) loss. The mean 

percentage of leaves eaten and the severity of damage measure the same thing 

(i.e. leaves missing), but the former is a quantitative measure and the latter a 

visual, qualitative measure. I used both indicators in order to compare the results 

and hence assess the effectiveness of the severity of damage scale, which was 

being used in the field trials. 
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Trial 2: testing four seedlots 

A second 5-day trial was conducted using only 4 of the 5 seedlots of E. nitens 

previously described, excluding the most severely damaged seedlings in Trial 1; 

that is, the Glen Tunnel seedlings. The aim of this trial was again to determine the 

relative preference for and damage to different seedlots, without the potentially 

dominating effect of the Glen Tunnel seedlings. The method followed Trial 1. 

Three seedlings of each seedlot were offered to each individual. I did not increase 

the number of seedlings of each seedlot offered because the animals were smaller 

in size, and therefore consumed less. 

Preparation of data for analysis 

I aimed to supply enough seedlings so that the Tasmanian pademelons did not 

completely eat all of the seedlings provided. Despite pre-trial work, which 

indicated that 15 seedlings would be sufficient, this was not always successful. 

The main aim of the trials was to test for differences between seedlots, in terms of 

preference and damage. This relies on animals being able to choose from all 

available test foods. I, therefore, excluded data from animals which frequently ate 

all, or which ate little or none of the seedlings of any seedlot offered. I excluded 

animals eating too much to effectively determine preference, if, on three or more 

days of the 5-day trial, three or more of the 5 seedlots offered were rated as a "5" 

on the severity of damage scale. I excluded results from the animals that, if, on 

three or more days of the 5-day of the trial, three or more of the 5 seedlots offered 

were rated as a "1" or less on the severity of damage scale. 

• As a result of these criteria, four animals were excluded and six individuals were 

used in all analyses (8, 16 and 24 hours) in both Trial 1 and 2. 

Statistical analysis of data 

Data were analysed using the General Linear Modelling (GLM) procedure of the 

Statistical Analysis System (SAS) (SAS 1989). Before analysis, measurements for 

the three individual seedlings of a seedlot offered to each animal were averaged to 

a single value per seedlot. Preliminary analysis indicated no effect due to the day 
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of the trial, so data from the five days of each trial were averaged. Hence, in the 

final analysis, a mean score for each seedlot per animal was used. At the start of 

each 24 hour period (0 hours) all seedlings were undamaged. The dependent 

variables were the damage and preference variables. 

The independent variables used included both animal and plant effects. I tested for 

the effect of sex, because an animal's sex can influence its food requirements and 

selection strategies (Ginnett & Demment 1997). Likewise, I tested for body 

weight due to its influence on intake. No "seedlot by sex" interaction was found 

so this was omitted from further analyses. The final model used the seedlot, and 

the sex and body weight of the Tasmanian pademelon. 

Residuals were plotted to see if they approximated a normal distribution. All data 

were found to be normally distributed, indicating that no transformation of the 

original data was needed. 

Multiple comparisons between seedlots were performed using the Least Squares 

Mean method which accounts for unequal cell sizes (SAS 1989). Due to the large 

number of comparisons performed between seedlots, an alpha level of 0.005 was 

used to test significance, unless otherwise stated in the text In the tables of 

results presented at the end of this chapter, seedlots bearing different superscripts 

are significantly different. For example, a seedlot with a superscript of "a" is 

significantly different to a seedlot bearing a superscript of "c", but not "ac". 

• Statistical comparisons between seedlots were made within each of the time 

intervals, but not between, since consumption increased over time. 

9.3 Results 

Observational results 

The animals were most active in the evening, typically beginning feeding about an 

hour after sunset. They browsed by grasping and pulling a leaf towards them and 

then smelling it They then frequently tore a large part of the leaf off with their 

teeth. They also consumed stem material, but there was no evidence of root 
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ingestion, even when seedlings were pulled out of their containers before feeding 

on them. 

Results from Trial 1 

Initial heights the seedlings 

Initial height of the five different seedlots used in this trial differed (Table 9.2). 

The Southern NSW seedlings were significantly taller than all the other seedlings. 

The Toorongo, Northern NSW and Macalister seedlings were intermediate in 

height. The Glen Tunnel seedlings were significantly shorter than the other four 

seedlots, being approximately half the height of the Southern NSW seedlings. 

Initial numbers of leaves of the seedlings 

The seedlots also varied in terms of the initial number of leaves (Table 9.3). The 

five seedlots fell into three categories. The Southern NSW seedlings had 

significantly more leaves than all other seedlings. The Glen Tunnel seedlings 

were intermediate in the mean number of leaves per seedling, with significantly 

more leaves than the Toorongo, Macalister and Northern NSW seedlots. 

Results of GLM analysis 

The seedlot effect was significant (a=0.05) at each time interval for the 

preference indicators, except at 8 hours for the actual number for leaves eaten. It 

was also significant (a=0.05) at each time interval for all measures of damage, 

except for the percentage of leaves eaten at 8, 16 and 24 hours and the type of 

damage at 8 and 24 hours (Tables 9.4-9.6). 

Effect of sex of the animal was the next most important effect (Tables 9.4-9.6). It 

was significant (a = 0.05) at all time intervals for preference indicators, except 

for the amount of stem eaten at 24 hours. Sex of the animal was significant at all 

time intervals for the indicators of damage measured, except for the percentage of 

leaves eaten 8 hours, the severity of damage at 8 and 24 hours, and the percentage 

change in height at 24 hours. Males consumed more plant material than females 

(Table 9.7) and hence caused more damage to seedlings. 
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In contrast, there was no consistent effect of body weight. It was more important 

at 16 and 24 hours, when differences between the seedlots are first observed, for 

aspects of intake (e.g. number or percentage of leaves eaten), but not for the type 

of damage (Tables 9.4-9.6). 

Preference ranking at 24 hours 

Figure 9.1 shows that at 24 hours more leaves per seedling were eaten from the 

Glen Tunnel and Southern NSW seedlings, than from seedlings of the other three 

seedlots. Using the number of leaves eaten, the only significant difference was 

between the Southern NSW seedlings and the Macalister seedlings (Figure 9.1). 

Considering the amount of stem eaten, Tasmanian pademelons significantly 

preferred the Glen Tunnel seedlings over any other seedlot (Figure 9.2). 

Damage ranking at 24 hours 

The mean percentage of leaves eaten per seedling from the Glen Tunnel seedlings 

was 70% at 24 hours, which tended to be higher than that for the other seedlots, 

but not significantly higher (Figure 9.3). The mean percentage of leaves eaten per 

seedling has a similar pattern to that seen in scores for severity of damage for 

each seedlot (Figure 9.4). The Glen Tunnel seedlings were significantly more 

damaged, in terms of the severity of damage score, than the Southern NSW, 

Toorongo, and Macalister seedlings. 

The Glen Tunnel seedlings were significantly more reduced in height than all the 

other seedlings (Figure 9.5). All seedlings were "topped" (apical buds missing) 

by 24 hours, although the type of damage to the Glen Tunnel seedlings was 

significantly greater than that to the Toorongo seedlings (Figure 9.6). 

Preference ranking at 8 and 16 hours 

At both 8 and 16 hours, the Tasmanian pademelons did not prefer anyone seedlot 

in terms of the actual number of leaves eaten (Figure 9. I). As mentioned, no 

stem measurements were taken for analysis. 
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Damage ranking at 8 and 16 hours 

At both 8 and 16 hours, the mean percentage of leaves eaten from the seedlings of 

any one seedlot did not differ significantly, although the Glen Tunnel seedlings 

tended to have a higher percentage of leaves eaten than any other seedlings at both 

times (Figure 9.3). In terms of severity of damage, at 8 and 16 hours the Glen 

Tunnel seedlings were significantly more damaged than the other seedlings except 

the Northern NSW seedlings (Figure 9.4). 

At 16 hours, all seedlings were "topped" (apical buds missing), but the type of 

damage to the Glen Tunnel seedlings was significantly different than that to the 

Toorongo seedlings (Figure 9.6). In terms of type of damage at 8 hours, seedlings 

of the Glen Tunnel seedlings had their apical buds removed, but no significant 

differences existed between seedlots (Figure 9.6). 

Summary of Trial 1 

At 24 hours, Tasmanian pademelons ate significantly more stem of the Glen 

Tunnel seedlings than any others. In terms of the actual number of leaves eaten at 

any time interval, more leaves tended to be eaten from the Glen Tunnel and 

Southern NSW seedlings than from the others. From the data indicating damage, 

it is apparent that the five seedlots fell into three categories. The Glen Tunnel 

seedlings stood apart as the most consistently damaged seedlot. The Toorongo, 

Macalister and Northern NSW seedlings were sometimes damaged to a 

comparable extent, but invited a much more varied response. The Southern NSW 

seedlings were clearly the least damaged, although they were occasionally 

damaged to some degree. Results at 8 and 16 hours generally reflected the results 

at 24 hours, but the amounts eaten and damaged were lower, and the separation of 

seedlots less distinct. 

Results from Trial 2 

Initial heights of the seedlings 

The initial heights of the seedlings from each seedlot varied (Table 9.8). The 

Southern NSW seedlings were significantly taller than all the other seedlings. The 
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Northern NSW seedlings were not significantly different in terms of height from 

the Macalister or Toorongo seedlings. The Macalister seedlings were significantly 

shorter than the Toorongo seedlings. 

Initial numbers of leaves of the seedlings 

The Southern NSW seedlings were also distinguished by having significantly more 

leaves than the other seedlings (Table 9.9). The other seedlots were not 

significantly different from one another. 

Results of GLM analysis 

The seedlot effect was not significant for any measure of preference or damage, at 

any time interval (Tables 9.10-9.12). 

Sex of the animal was the most important effect detected at 16 apd.24 hours (a = 
0.05) (Tables 9.10-9.12). It was less important at 8 hours, being detected only for 

the measures of damage, severity and type. Males consumed more plant material 

than females (Table 9.13) and caused more damage to seedlings. 

As in Trial 1, there was no consistent effect of body weight (Tables 9.10-9.12), 

although it was significant (a = 0.05) at 8 and 16 hours for type of damage. 

Preference ranking at 24 hours 

At 24 hours the Tasmanian pademelons did not significantly prefer any one seedlot 

in terms of number of leaves eaten (Figure 9.7), or amount of stem eaten (Figure 

9.8) as indicated by the lack of a seedlot effect (Table 9.10), although more stem 

tended to be eaten from Toorongo seedlings than from the others. 

Damage ranking at 24 hours 

The level of damage to seedlings did not differ significantly between seedlots in 

terms of the percentage of leaves eaten (Figure 9.9). The Tasmanian pademelons 

also did not cause significantly more damage to any one seedlot in terms of the 

severity of damage, although it was estimated that approximately 20% less foliage 

was removed from the Southern NSW seedlot than the other seedlots (Figure 
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9.10). There was no significant difference between seedlots in terms of the 

percentage change in seedling height (Figure 9.11), or in terms of type of damage 

(Figure 9.12). 

Preference ranking at 8 and 16 hours 

At 8 and 16 hours the Tasmanian pademelons did not significantly prefer any one 

seedlot (Figure 9.7), again as indicated in Tables 9.11 and 9.12. 

Damage ranking at 8 and 16 hours 

The level of damage to seedlings did not differ significantly between seedlots at 8 

or 16 hours, except for the percentage of leaves eaten at 16 hours. The Macalister 

and Northern NSW seedlings were more damaged than the Southern NSW 

seedlings. 

Summary of Trial 2 

Tasmanian pademelons did not prefer any one seedlot in Trial 2. The Southern 

NSW seedlings tended to be the least damaged in terms of percentage of leaves 

eaten. 

9.4 Discussion 

The primary objective of this study was to determine if the Tasmanian pademelon 

showed any preferences for, and hence, differentially damaged the seedlots of E. 

nitens used in the field studies. 

I had initially hypothesised that the rankings for preference and damage would be 

the same; that is, that preference would be reflected as differences recorded in the 

levels of damage to seedlings. However, although the rankings were similar, 

preference (measured as absolute intake) did not always reflect damage level 

because the seedlots were characterised by different initial heights and numbers of 

leaves. A relationship between preference and damage does exist, but needs to be 

described in terms of a seedling's initial size: for example, when seedlings are 

small (like the Glen Tunnel seedlings) a small amount of leaf or stem eaten by an 

230 



Feeding trials 

animal is frequently a large percentage of a seedling in terms of damage. This has 

important implications for management, as discussed later. 

Preference for the leaves of the Toorongo, Macalister and Northern NSW 

seedlings, however, may be directly reflected in damage levels, because they had 

similar numbers of leaves to begin with. In terms of stem, the starting heights of 

these three seedlots were also reasonably similar. 

Secondary objectives of this research were to evaluate the time frame used in 

these trials, and the severity of damage scale used in the field studies. The latter 

was achieved by comparison of the percentage loss estimated from the scale 

(qualitative severity score), with the actual percentage loss of leaves (quantitative 

number of leaves eaten). 

This discussion does not consider the results at 8 hours. With few exceptions, 

they were not significant, probably because the Tasmanian pademelons had eaten 

only small quantities of any of the seedlings. 

Before discussing the implications of the results in terms of the objectives, I 

evaluate the methods used for the trials. 

Evaluation of method 

Results from captive trials should be interpreted with caution because animals held 

in captivity may behave differently from those in the wild. This may occur, for 

example, as a result of differences in their genetics and/or past experiences 

(Provenza et al. 1993). However, results can reflect those in the field. For 

example, trials with captive bnishtail possums fed Eucalyptus sp. and Acacia sp. 

foliage reflected field results (McArthur and Turner 1997, Scott 1997). 

Restricting the diet of an animal in terms of breadth of diet and quantity before 

testing may also alter its behaviour (Newman et al. 1994). The Tasmanian 

pademelons in these feeding trials were given a range of food, a basal diet of 

wallaby pellets and lucerne and the seedlots of E. nitens, so that their responses 

would be based primarily on preference. 
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The experimental situation differed from the field in that individual Tasmanian 

pademelons were feeding on only 12 to 15 seedlings of four or five different 

seedlots every night. The potential browsing pressure on individual seedlings was 

therefore higher than in natural environments. 

The experimental situation necessarily differed in a number of ways from the 

conditions experienced by free-living Tasmanian pademelons. The use of single, 

isolated animals may not always be appropriate (Penning et al. 1993), but as the 
Tasmanian pademelon is relatively solitary in its feeding habits, these trials are 

considered suitable. 

In feeding trials, the absolute and relative availability of food may alter during the 

course of a trial, as an animal consumes more of some of the test foods than it 

does of others (Cock 1978, Rodgers 1988, Roa 1992). If it is replaced 

periodically, or if there is enough food so that an animal never fully consumes one 

particular choice, then the animal can fully express its preference. If not, it may 

alter its behaviour and eat otherwise less preferred foods. Although I tried to 

provide sufficient food so that preference was fully expressed, this was not always 

successful. Hence, I excluded animals from the data analysis which consumed all 

the test food offered. I also excluded animals that consumed little or none. 

The pattern of preference and damage was generally the same at each time interval 

(8, 16, 24 hours), although at 8 hours differences were harder to detect, because 

the animals had only just begun feeding. Results at 16 and 24 hours were similar, 

but there were more significant differences between the seedlots at 24 hours, than 

at 16 hours. If undertaking feeding trials with Tasmanian pademelons, I would 

suggest sampling at 24 hours, since starting time is therefore unimportant, and 

preference is adequately detected. 

Whether or not a longer time frame than 24 hours is necessary depends on the 

research question being asked. I found no day effect over 5 days. Furthermore, 

results were similar, but more differentiated from 8 to 16 to 24 hours within a 

single day. This suggests that a feeding period of a day is appropriate and yet also 

reflects longer-term preference (i.e. at least for 5 days). 
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The severity of damage scale used in these trials appears to be a relatively effective 

means of assessing damage, because quantitative estimation made for the 

percentage of leaves eaten was similar to the qualitative estimation made in the 

assessment of severity of damage. However, the scale provides less resolution for 

low levels of damage, and this should be modified when damage levels are 

expected to be low. 

Trial 1: Preference for the five seedlots 

Using the number of leaves eaten at 24 hours (Figure 9.1) to group the seedlots 

into less preferred and more preferred seedlots respectively results in two groups: 

(1) Toorongo, Northern NSW and Macalister seedlings, and (2) Glen Tunnel, and 

Southern NSW seedlings. The results at 16 hours give a similar grouping. 

Using the amount of stem eaten (i.e. height reduction) at 24 hours (Figure 9.2) to 

group the seedlots into less preferred and more preferred seedlots results in two 

groups: (1) Southern NSW, Toorongo, Northern NSW and Macalister seedlings, 

and (2) Glen Tunnel seedlings. 

It appears that the preferences for leaf versus stem are not identical. I had 

hypothesised that the amount of stem eaten would be related to the number of 

leaves eaten; that is, that as more stem was consumed, more leaves would also be 

consumed. However my results do not support this, although it may be that the 

differences arise from a different leaf/stem architecture between seedlots. The 

Glen Tunnel seedlings may have had more leaves towards the bottom, than at the• 

top of the stem, compared with the Southern NSW seedlings for example, 

although this was not looked at during the experiment. If so, a Tasmanian 

pademelon could eat more stem, without simultaneously eating more leaves. 

Trial 1: Damage to the five seedlots 

Using the percentage of leaves eaten, or the type of damage, at 16 or 24 hours 

(Figures 9.3 and 9.6) to group the seedlots into less damaged and more damaged 

seedlots also results in two groups: (1) Southern NSW, Toorongo, Northern 

NSW and Macalister seedlings, and (2) Glen Tunnel seedlings. 

233 



Feeding trials 

Using the percentage change in height at 24 hours (Figures 9.5) to group the 

seedlots into less damaged and more damaged seedlots results in three groups: (1) 

Southern NSW and Toorongo seedlings, (2) Northern NSW and Macalister 

seedlings, and (3) Glen Tunnel seedlings. 

Regardless of the measure of damage used, the Glen Tunnel seedlings were 

frequently significantly more damaged than seedlings from the other four seedlots. 

This is an important finding with respect to plantation establishment. 

Trial 2: Preference for the four seedlots 

In Trial 2, only seedlings from four of the E. nitens seedlots were tested. The 

Glen Tunnel seedlings were excluded to investigate preference and damage when 

the most damaged seedlot was not available. There were no significant results for 

between-seedlot comparisons of the actual number of leaves eaten at 16 or 24 

hours (Figure 9.7). 

Using the amount of stem eaten (i.e. height reduction) at 24 hours (Figure 9.8) to 

group the seedlots into less preferred and more preferred seedlots results in two 

groups: (1) Northern NSW, Macalister and Southern NSW seedlings, and (2) 

Toorongo seedlings. 

Trial 2: Damage to the four seedlots 

Using the percentage of leaves eaten, or the mean type of damage scores, at 16 

hours, to group these four seedlots into less damaged and most damaged seedlot 

gives: (1) Southern NSW seedlings, (2) Toorongo seedlings, and (3) Northern 

NSW and Macalister seedlings. At 24 hours there were only two groups: (1) 

Southern NSW seedlings and (2) Toorongo, Northern NSW and Macalister 

seedlings. 

There were no significant results for between-seedlot comparisons of the 

percentage change in height at 24 hours. 
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Factors influencing preferential feeding by Tasmanian 

pademelons 

There are a number of factors which influence the feeding on eucalypt seedlings by 

Tasmanian pademelons. These factors include those specific to the herbivore, 

such as its sex. For example, in this study, male Tasmanian pademelons always 

ate more than females (Tables 9.7 and 9.13), and hence caused more damage to 

seedlings. Males may eat more for a number of reasons. In Trial 1 my results 

often showed sex effects without a body weight effect, so the explanation appears 

to be not simply that males were bigger. Males and females may exhibit different 

foraging strategies (Ginnett and Demment 1997). 

The possible influences of chemical defences and/or the physical characteristics of 

seedlings on the feeding patterns of herbivores (including the Tasmanian 

pademelon) were discussed in detail in Chapter 4, Section 4.4. 

Management implications 

The research here has concentrated on preference and damage by Tasmanian 

pademelons to seedlings of different seedlots of E. nitens. The seedlots used in 

these trials varied in initial height and leaf number. This variation means that the 

results relating to damage and preference should be interpreted with these 

differences in mind. When a seedling is small, a small amount of leaf or stem eaten 

by an animal will be a large percentage of it in terms of damage. If there was less 

damage on the Southern NSW seedlings, and more damage on the Glen Tunnel 

seedlings, this may have important implications for management. It would provide 

the opportunity to plant seedlings on which the impact of damage was less. 

Planting of taller seedlings may be a simple means of reducing damage levels. 

Larger (taller and more leafy) seedlings for planting could be achieved through a 

number of means, which do not necessarily involve increased costs. These were 

discussed in Chapter 4, Section 4.4. 
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Future research 

Based on these results the importance of information on the seedling's size (its 

initial height and number of leaves) cannot be understated, since results of 

preference and damage need to be interpreted with size in mind. The importance 

of a seedling's initial size and its inherent growth rate, with respect to its ability to 

escape damage through growth would be a promising line of research to pursue. 

Unfenced studies, where animals can feed at will and on other vegetation may be 

useful for determining herbivore preferences under more natural conditions. 

However, the variables affecting diet preference and selection are not as well 

controlled in such a design. 

As discussed in Chapter 5, further research into the preferences of different 

herbivore species, including differences related to an animal's sex, would be a 

useful line of research. The Tasmanian pademelon was studied in these feeding 

trials, but it would be useful to examine any preferences for these seedlots 

displayed by the Bennett's wallaby and brushtail possum under similar 

experimental conditions. 
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Table 9.1 The sex, number (n) and mean body weight (BW) with standard 

error (SE) of the Tasmanian pademelons used in Feeding Trials 

Trial Sex n Mean BW(kg) SE 

Trial 1 Male 5 9.7 2.9 

Female 5 6.9 0.6 

Trial 2 Male 7 6.6 2.0 

Female 3 4.5 1.0 
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Table 9.2 Mean height of the seedlings of the five seedlots of Eucalyptus 
nitens used in Trial 1 

Height (cm) is a least squares estimate of the population mean, n (per seedlot) = 

150; seedlots bearing different superscripts are significantly different at an alpha 

level of 0.005 

Seedlot Height (cm) Standard error 

Southern NSW 31.0 a  0.4 

Toorongo 22.9 b  0.4 

Northern NSW 21.1 C  0.4 

Macalister 22.1 bc  0.4 

Glen Tunnel 15.1 d  0.4 
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Table 9.3 Mean number of leaves per seedling of the five seedlots of 

Eucalyptus nitens used in Trial 1 

Leaf number is a least squares estimate of the population mean, n (per seedlot) = 

150; seedlots bearing different superscripts are significantly different at an alpha 

level of 0.005 

Seedlot Leaf number Standard error 

Southern NSW 16.7a 0.5 

Toorongo 8.5b  0.5 

Northern NSW 8 • 8b 0.5 

Macalister 8.5b  0.5 

Glen Tunnel 10.8' 0.5 
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Table 9.4 Results of general linear modelling (GLM) analysis at 24 hours for 

Trial 1 using five seallots of Eucalyptus nitens 	• 

Models tested the dependent variable as a function of seedlot, and sex and body 

weight (BW) of the Tasmanian pademelons, n (individuals) = 6, df (error) =23 

Independent 

variable 

df F values Probability 

Seedlot 4 4.1 0.0120 

Sex 1 6.2 0.0209 

BW 1 9.7 0.0051 

Seedlot 4 7.7 0.0005 

Sex 1 2.9 0.1013 

BW 1 3.7 0.0663 

Seedlot 4 1.8 0.1637 

Sex 1 11.6 0.0026 

BW 1 9.2 0.0060 

Seedlot 4 7.8 0.0004 

Sex 1 3.1 0.0927 

BW 1 3.6 0.0713 

Seedlot 4 17.7 0.0001 

Sex 1 2.0 0.1697 

BW 1 4.1 0.0551 

Seedlot 4 2.3 0.0734 

Sex 1 29.5 0.0001 

BW 1 1.2 0.2835 

Indicator 	Dependent 

variable 

Preference Number of leaves 

eaten 

Stem eaten (cm) 

Damage 	% of leaves eaten 

Severity of 

damage score 

% change in 

height 

Type of damage 

score 
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Table 9.5 Results of general linear modelling (GLM) analysis at 16 hours for 

Trial 1 using five seedlots of Eucalyptus nitens 

Models tested the dependent variable as a function of seedlot, and sex and body 

weight (BW) of the Tasmanian pademelons, n (individuals) = 6, df (error) = 23 

Independent 

variable 

df . F values Probability 

Seedlot 4 3.6 0.0211 

Sex 1 5.7 0.0259 

BW 1 9.3 0.0057 

Seedlot 4 1.5 0.2462 

Sex 1 9.2 0.0059 

BW 1 8.2 0.0087 

Seedlot 4 7.1 0.0007 

Sex 1 5.3 0.0311 

BW 1 3.8 0.0628 

Seedlot 4 3.0 0.0274 

Sex 1 30.0 0.0001 

BW 1 1.1 0.2995 

Indicator 	Dependent 

variable 

Preference Number of leaves 

eaten 

Damage 	% of leaves eaten 

Severity of 

damage score 

Type of damage 

score 
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Table 9.6 Results of general linear modelling (GLM) analysis at 8 hours for 

Trial 1 using five seedlots of Eucalyptus nitens 

Models tested the dependent variable as a function of seedlot, and sex and body 

weight (BW) of the Tasmanian pademelons, n (individuals) = 6, df (error) = 23 

Independent 

variable 

df F values Probability 

Seedlot 4 1.1 0.3862 

Sex 1 1.1 0.3095 

BW 1 3.4 0.0799 

Seedlot 4 0.9 0.4708 

Sex 1 1.8 0.1999 

BW 1 3.7 0.0661 

Seedlot 4 3.7 0.0176 

Sex 1 1.7 0.2083 

BW 1 2.0 0.1733 

Seedlot 4 1.6 0.1943 

Sex 1 7.9 0.0075 

BW 1 2.7 0.1088 

Indicator 	Dependent 

variable 

Preference Number of leaves 

eaten 

Damage 	% of leaves eaten 

Severity of 

damage score 

Type of damage 

score 
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Table 9.7 Results of analysis in feeding Trial 1 of consumption of all seedlots 

by sex of Tasmanian pademelon (Thylogale bilkwdierii) 

Results are least squares estimates of the population mean, n (individuals) =6; 

number of leaves eaten and amount of stem eaten is per seedling on average 

Indicator Measure Time(11) Male Female Probability 

Preference No.leaves eaten 24 6.7 4.0 0.0209 

No.leaves eaten 16 6.1 3.5 0.0259 

No.leaves eaten 8 1.6 0.6 0.3095 

Stem eaten 24 3.0 2.3 0.1013 

Damage % leaves eaten 24 68 38 0.0026 

% leaves eaten 16 61 32 0.0059 

% leaves eaten 8 18 5 0.1999 

Severity 24 3.0 2.7 0.0927 

Severity 16 2.9 2.3 0.0311 

Severity 8 0.6 0.4 0.2083 

% change height 24 15 12 0.1697 

Type 24 3.3 1.9 0.0001 

Type 16 3.1 1.6 0.0001 

Type 8 1.1 0.4 0.0075 
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Table 9.8 Mean height of the seedlings of the four seedlots of Eucalyptus 
nitens used in Trial 2 - 

Height (cm) is a least squares estimate of the population mean, n (per seedlot) = 

150; seedlots bearing different superscripts are significantly different at an alpha 

level of 0.005 - 

Seedlot 
	

Height (cm) 	Standard error 

Southern NSW 
	

34.4 a 
	

0.4 

Toorongo 	 25.9 b 
	

0.4 

Northern NSW 
	

25.1 be 
	

0.4 

Macalister 	 23.6 
	

0.4 
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Table 9.9 Mean number of leaves per seedling of the four seedlots of 

Eucalyptus nitens used in Trial 2 

Leaf number is a least squares estimate of the population mean, n (per seedlot) = 

150; seedlots bearing different superscripts are significantly different at an alpha 

level of 0.005 

Seedlot 
	

Leaf number 	Standard error 

Southern NSW 
	

17.2 a 
	

0.4 

To orong o 	 11.1 b 
	

0.4 

Northern NSW 
	100b 	 0.4 

Macalister 	 10.1 b 
	

0.4 
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Table 9.10 Results of general linear modelling (GLM) analysis at 24 hours 

for Trial 2 using four seedlots of Eucalyptus nitens 

Models tested the dependent variable as a function of seedlot, and sex and body 

weight (BW) of the Tasmanian pademelons, n (individuals) = 6, df (error) = 18 

Independent 

variable 

dl F values Probability 

Seedlot 3 0.4 0.7830 

Sex 1 11.7 0.0031 

BW 1 2.3 0.1513 

Seedlot 3 3.0 0.0578 

Sex 1 12.5 0.0023 

BW 1 2.0 0.1719 

Seedlot 3 2.6 0.0858 

Sex 1 12.4 0.0024 

BW 1 0.0 0.8689 

Seedlot 3 2.2 0.2111 

Sex 1 12.7 0.0023 

BW 1 0.9 0.3519 

Seedlot 3 1.1 0.3784 

Sex 1 7.2 0.1511 

BW 1 0.0 0.8349 

Seedlot 3 1.1 0.3858 

Sex 1 19.1 0.0004 

BW 1 3.9 0.0634 

Indicator 	Dependent 

variable 

Preference Number of leaves 

eaten 

Stem eaten (cm) 

Damage 	% of leaves eaten 

Severity of 

damage score 

% change in 

height 

Type of damage 

score 
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Table 9.11 Results of general linear modelling (GLM) analysis at 16 hours 

for Trial 2 using four seedlots of Eucalyptus nitens 

Models tested the dependent variable as a function of seedlot, and sex and body 

weight (BW) of the Tasmanian pademelons, n (individuals) = . 6, df (error) = 18 

Independent 

variable 

df F values Probability 

Seedlot 3 0.4 0.7887 

Sex 1 14.9 0.0011 

BW 1 4.7 0.0443 

Seedlot 3 2.8 0.0691 

Sex 1 17.2 0.0006 

BW 1 3.4 0.0801 

Seedlot 3 2.3 0.1064 

Sex 1 13.6 0.0017 

BW 1 2.7 0.1155 

Seedlot 3 2.5 0.0904 

Sex 1 22.0 0.0002 

BW 1 5.4 0.0318 

Indicator 	Dependent 

variable 

Preference Number of leaves 

eaten 

Damage 	% of leaves eaten 

Severity of 

damage score 

Type of damage 

score 
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Table 9.12 Results of general linear modelling (GLM) analysis at 8 hours for 

Trial 2 using four seedlots of Eucalyptus nitens 

Models tested the dependent variable as a function of seedlot, and sex and body 

weight (BW) of the Tasmanian pademelons, n (individuals) = 6, df (error) = 18 

Indicator 	Dependent 

variable 

Preference Number of leaves 

eaten 

Damage 	% of leaves eaten 

Severity of 

damage score 

Type of damage 

score 

Independent 

variable 

df F values Probability 

Seedlot 3 0.3 0.8627 

Sex 1 3.5 0.0776 

BW 1 4.3 0.0529 

Seedlot 3 0.9 0.4456 

Sex 1 3.9 0.0637 

BW 1 4.2 0.0561 

Seedlot 3 0.7 0.5711 

Sex 1 4.6 0.0465 

BW 1 3.9 0.0626 

Seedlot 3 0.7 0.5468 

Sex 1 7.4 0.0141 

BW 1 4.8 0.0416 
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Table 9.13 Results of analysis in feeding Trial 2 of consumption of all 

seedlots by sex of Tasmanian pademelon (Thylogale 

Results are least squares estimates of the population mean, n (individuals) =6; 

number of leaves eaten and amount of stem eaten is per seedling on average 

Indicator Measure Time (h) Male Female Probability 

Preference No.leaves eaten 24 6.1 3.7 0.0031 

No.leaves eaten 16 5.4 2.9 0.0011 

No.leaves eaten 8 2.4 1.3 0.0776 

Stem eaten 24 4.9 1.9 0.0023 

Damage % leaves eaten 24 54 	. 32 0.0013 

% leaves eaten 16 48 26 0.0006 

% leaves eaten 8 22 11 0.0637 

Severity 24 2.9 1.8 0.0023 

Severity 16 2.6 1.5 0.0017 

Severity 8 1.3 0.7 0.0465 

change height •% 	 24 8.9 5.0 0.0151 

Type 24 2.8 1.6 0.0080 

Type 16 2.4 1.2 0.0002 

Type 8 1.4 0.7 0.0141 
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Plate 9.1 The pens in which animals were kept during the trials, showing 

seedlings from the five seedlots of Eucalyptus nitens 
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Figure 9.1 Mean number of leaves eaten per seedling of the five seedlots of 

Eucalyptus nitens by Tasmanian pademelons (Thylogale billardierii) at 8, 16 

and 24 hours in Trial 1 

Leaf number is a least squares estimate of the population mean, n (per seedlot) = 

6; error bars indicate standard errors of the mean; seedlots bearing different 

superscripts at 24 hours are significantly different at an alpha level of 0.005; there 

were no significant differences between seedlots at any 8 or 16 hours 
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Figure 9.2 Mean reduction in height of seedlings of the five seedlots of 

Eucalyptus nitens due to Tasmanian pademelons (Thylogale billardierii) after 

24 hours in Trial 1 

Reduction in height (cm) is a least squares estimate of the population mean, n (per 

seedlot) = 6; error bars indicate standard errors of the mean; seedlots bearing 

different superscripts are significantly different at an alpha level of 0.005 
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Figure 9.3 Percentage of leaves eaten per seedling of the five seedlots of 

Eucalyptus nitens by Tasmanian pademelons (Thylogale billardierii) at 8, 16 

and 24 hours in Trial 1 

Percentage of leaves eaten is a least squares estimate of the population mean, n 

(per seedlot) = 6; error bars indicate standard errors of the mean; there were no 

significant differences between seedlots at any time interval 
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Figure 9.4 Mean severity of damage score of seedlings of the five seedlots of 

Eucalyptus nitens caused by Tasmanian pademelons (Thylogale billardierii) 

at 8, 16 and 24 hours in Trial 1 

Severity of damage score is a least squares estimate of the population mean, n (per 

seedlot) = 6; error bars indicate standard errors of the mean; seedlots bearing 

different superscripts are significantly different at an alpha level of 0.005 
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Figure 9.5 Mean percentage reduction in height of seedlings of the five 

seedlots of Eucalyptus nitens due to Tasmanian pademelons (Thylogale 
billardierii) after 24 hours in Trial 1 

Percentage reduction in height is a least squares estimate of the population mean, 

n (per seedlot) =6; error bars indicate standard errors of the mean; seedlots 

bearing different superscripts are significantly different at an alpha level of 0.005 
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Figure 9.6 Mean type of damage score of seedling of the five seedlots of 

Eucalyptus nitens caused by Tasmanian pademelons (Thylogale billardierii) 
at 8, 16 and 24 hours in Trial 1 

Type of damage score is a least squares estimate of the population mean, n (per 

seedlot) = 6; error bars indicate standard errors of the mean; seedlots bearing 

different superscripts at 24 hours are significantly different at an alpha level of 

0.005; there were no significant differences between seedlots at any 8 or 16 hours 
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Figure 9.7 Mean number of leaves eaten per seedling of the four seedlots of 

Eucalyptus nitens by Tasmanian pademelons (Thylogale billardierii) at 8, 16 

and 24 hours in Trial 2 

Leaf number is a least squares estimate of the population mean, n (per seedlot) = 

6; error bars indicate standard errors of the mean; there were no significant 

differences between seedlots at any time interval 
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Figure 9.8 Mean reduction in height of seedlings of the four seedlots of 

Eucalyptus nitens due to Tasmanian pademelons (Thylogale billardierii) after 

24 hours in Trial 2 

Reduction in height (cm) is a least squares estimate of the population mean, n (per 

seedlot) =6; error bars indicate standard errors of the mean; there were no 
significant differences between seedlots at any time interval 

_ 

258 



Feeding trials 

100 — 	— Southern NSW 
- -*- -Toorongo 

90 --a- - Northern NSW 
— •— Macalister 

80 

70 

60 
Leaves eaten (%) 

50 - a 

40- Oro. 

••• 
_aiitlr •••• 

.... 	........... 

•• 
30 - •-• • • 

• 

20 - 
• 

- . ••• 

•••• 

10 • ja.  • 	• ••• 
•ir  

0 	 8 
	

16 	 24 

Time (hours) 

Figure 9.9 Percentage of leaves eaten per seedling of the four seedlots of 

Eucalyptus nitens by Tasmanian pademelons (Thylogale billardierii) at 8, 16 

and 24 hours in Trial 2 

Percentage of leaves eaten is a least squares estimate of the population mean, n 

(per seedlot) = 6; error bars indicate standard errors of the mean; there were no 

significant differences between seallots at any time interval 
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Figure 9.10 Mean severity of damage score of seedlings of the four seedlots 

of Eucalyptus nitens caused by Tasmanian pademelons (Thylogale 
billardierii) at 8, 16 and 24 hours in Trial 2 

Severity of damage score is a least squares estimate of the population mean, n (per 

seedlot) = 6; error bars indicate standard errors of the mean; there were no 
significant differences between seedlots at any time interval 
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Figure 9.11 Mean percentage reduction in height of seedlings of the four 

seedlots of Eucalyptus nitens.due to Tasmanian pademelons (Thylogale 
billardierii) after 24 hours in Trial 2 

Percentage reduction in height is a least squares estimate of the population mean, 

n (per seedlot) = 6; error bars indicate standard errors of the mean; there were no 

significant differences between seedlots at any time interval 

261 



Feeding trials 

5 

4 

- - Southern NSW 
- -* - Toorongo 
- -a- - Northern NSW 
- -40 - Macalister 

3 
Type of damage score 

2 

o 	  or 
8 	 16 	 24 

Time (hours) 

Figure 9.12 Mean type of damage score of seedling of the four seedlots of 

Eucalyptus nitens caused by Tasmanian pademelons (Thylogale 
at 8, 16 and 24 hours in Trial 2 

Type of damage score is a least squares estimate of the population mean, n (per 

seedlot) = 6; error bars indicate standard errors of the mean; there were no 

significant differences between seedlots at any time interval 
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Chapter Ten 

General discussion 

In this final chapter I summarise the main results from the field and feeding trials, 

and briefly recap the possible causes of any differences between seedlots (ie. 

preferences). I conclude with a discussion of the major implications for 

management and some directions for future research. 

10.1 Damage in general 

The field study at Clipper West confirms reports that establishment of eucalypt 

plantations can be hampered by damage from herbivores (McNally 1955, 

Mollison 1960, Statham 1983, Coleman et al. 1997). The successful 

establishment and subsequent growth of seedlings at this site was hindered by 

damage caused by Tasmanian pademelon, Bennett's wallaby and brushtail 

possum, not only during the time of my study, but for several years afterwards 

(David de Little, pers. comm. 1998). 

The Tasmanian pademelon, Bennett's wallaby and common brushtail possum, 

species commonly cited as "pests" to forestry in Tasmania (Mollison 1960, 

Gilbert 1961, Cremer 1962, 1969, Statham 1983, Coleman et al. 1997), were all 

observed in spotlighting surveys at Clipper West and Pearsefield. They were the 

three most commonly seen species and all eat E. nitens, thus lending support to 

my contention that the damage observed was the overall result of at least these 

three herbivore species. In this study they were treated as a single group of 

herbivores since I had no information on the relative contribution of herbivore 

species or individuals in causing the damage. 

Tasmanian pademelons, Bennett's wallabies and brushtail possum cause various 

forms of damage on eucalypt plantations, the majority of which occurs when 

plants are very young (< 1 year) (Statham 1983, Coleman et al. 1997). 
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Most damage can be categorised as the loss of apical buds and/or foliage, 

although when damage is more severe the bark stripped may be stripped, or the 

seedling clipped off at the base. This study confirmed that browsing by mammals 

can have considerable impact on individual seedlings. Severe and sustained 

damage may lead to seedling death (e.g. Mattson and Haack 1987), but at my 

sites there was a high rate (>90%) of seedling survival to 12 months. 

Damage to seedlings varied temporally. The rate of damage to seedlots was 

greatest over winter (June to August) and resulted in maximum severity 

damage scores around October and December. This peak is similar to that 

reported by Montague (1996) for browsing by Swamp wallaby (Wallabia bicolor) 

in Victorian plantations. Heavy winter browsing by red and roe deer in Sitka 

spruce plantations has also been reported in the northern hemisphere (Staines and 

Welch 1982). Temporal variation in browsing damage may be the result of 

differences in the abundance of browsers (Jennings and Barker 1975, Hulme 

1994) and/or the availability of plant material (Statham 1983, Coleman et al. 

1997). 

The main effect of damage at my sites was to decrease the overall net growth of 

the seedlings, thereby reducing the probability of "escape-through-growth" for all 

seedlots. The relatively high levels of damage sustained by seedlings at Clipper 

West probably mean that growth rates were reduced, the number of leaders on 

individual seedlings was probably higher, and in the long term there may be 

losses in the quality and quantity of timber (Neilsen and Pataczek 1991, 

Wilkinson and Neilsen 1995). 

The majority of seedlings assessed at Pearsefield had a mean severity of damage 

score of less than 1.1 at 12 months. Such a low level of damage has been shown 

to have a minimal impact on the growth rates of E. nitens seedlings (Bulinski and 

McArthur 1998). In the long term, therefore, the impact of damage, for example 

in terms of timber yield, would probably be minimal. 

264 



General discussion 

10.2 Damage to the five seedlots of Eucalyptus 

nitens 

The seedlots of E. nitens were damaged to different extents, but there was a 

similar damage ranking at both field sites and in the feeding trial. The Southern 

NSW seedlings were the least damaged in terms of severity and type of damage. 

The Glen Tunnel seedlings were the most damaged seedlot. The other three 

seedlots formed an intermediate group; although their ranking varied between 

both field sites and the feeding trials. 

10.3 Preferences for the five seedlots of 
Eucalyptus nitens 

The Glen Tunnel seedlings were the most damaged and were probably the 

preferred seedlot. This contention is supported if the absolute change in seedling 

height (in cm) is used as an indicator of preference. At both Clipper West and 

Pearsefield, the Toorongo and Glen Tunnel seedlings were more preferred in that 

more stem was eaten. The Southern NSW, Northern NSW and Macalister 

seedlings were less preferred. 

My study did not investigate plant chemistry, but it is plausible that differences in 

the chemistry of the seedlots may have resulted in the different levels of 

browsing, and hence damage. The foliage of the Southern NSW seedlings, which 

were significantly less damaged than the Glen Tunnel seedlings, may have 

contained higher concentrations of plant secondary compounds that reduced the 

level of browsing and therefore, damage. Synder (1992) found that Abert's 

squirrels preferred feeding on the inner bark of Ponderosa pine and that there was 

a chemical basis to such preference. The inner bark contained higher 

concentrations of non-structural carbohydrates and sodium, as well as 

significantly lower concentrations of iron and mercury. There are many other 

examples in the scientific literature where various chemical characteristics of 

plants have been related to preferences of herbivores and/or damage by 

herbivores (van Dyne and Heady 1965, Fitzgerald and Wardle 1979, Schwartz et 

al. 1980a, 1980b, Calvert 1985). In the northern hemisphere, Duncan et al. 
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(1994) reported that terpene concentration in Sitka spruce was correlated with red 

deer preference. Many studies on moose correlate their feeding preferences with 

concentration of plant secondary compounds and/or nutritional content. For 

example, moose prefer feeding on twigs of birch species that contained higher 

amounts of magnesium and potassium (Bergstrom and Danell 1987). 

Physical characteristics of plants may influence preference and/or damage. For 

example, seedling height may correlate with palatability (Hartwell and Johnson 

1983, Staines and Welch 1984). Marsupial herbivores may damage taller 

seedlings less than shorter seedlings. The Tasmanian pademelon, Bennett's 

wallaby, brushtail possum typically damage seedlings between 5cm and 30cm in 

height (Statham 1983) and seedlings about 27cm in height are frequently more 

severely defoliated than 48cm seedlings (Cremer 1969). In my study, such 

preferences for particular heights could account for the higher levels of damage 

recorded for the Glen Tunnel seedlings (mean height 33cm), than for the 

Southern NSW seedlings (mean height 42cm). 

10.4 Preferences for the five seedlots by 
Tasmanian pademelons 

The captive feeding trials allowed the processes of preference and diet selection 

to be monitored more closely and in the absence of the environmental variables 

present in the field. The information on preference and damage in relation to 

feeding by Tasmanian pademelons confirmed that the Southern NSW seedlings 

were the least damaged and that the Glen Tunnel seedlings were the most 

damaged seediot tested. That is, taller, more leafy seedlings were less damaged. 

Tasmanian pademelons preferred the Glen Tunnel seedlings to the other seedlots, 

in terms of the amount of stem eaten, although the Glen Tunnel and Southern 

NSW seedlings (least damaged) were preferred in terms of the number of leaves 

eaten. 
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10.5 Preferential feeding by the brushtail possum 

and Bennett's wallaby 

As my feeding trials only examined the preferences of Tasmanian pademelons, 

the relationship between the field results and possible differences in feeding by 

Bennett's wallabies or brushtail possums is not known. Preferences of brushtail 

possums for particular leaves of some plants compared to others has been 

demonstrated in a number of Tasmanian studies (Dungey 1986, McArthur and 

Turner 1997, Scott 1997). Feeding trials with captive brushtail possums found 

that they preferred E. nitens to E. delegatensis and E. regnans (McArthur and 

Turner 1997). Preference has also been demonstrated in a number of New 

Zealand studies (e.g. Fitzgerald 1976, Meads 1976). The brushtail possum 

preferred E. morrisbyi and E. gunnii, and E. nitens x E. globulus F 1  hybridsmore 

than E. globulus, in a Tasmanian study (Dungey 1996). 

I am not aware of any research investigating preferences for eucalypts by the 

Bennett's wallaby. Although, preference has been demonstrated in a similar 

sized species. Swamp wallaby (Wallabia bicolor) preferred Eucalyptus 

tereticornis and E. paniculata in a field study which compared thirty-seven 

Eucalyptus species (Montague et al. 1989). 

10.6 The herbivores and damage 

It is probable that all three herbivore species are contributed to the damage 

observed at both field sites. To what extent each species fed on, and damaged, 

the seedlings could not be determined from this study. As discussed, Tasmanian 

pademelons, Bennett's wallabies and brushtail possums exhibit preferences for 

different plant species. If these preferences reflect different within-plant-species 

preference, then the thee herbivore species may prefer, and hence damage, 

different seedlots to one another. If so, the results from the field studies on the 

severity and type of damage to the different seedlots are not as clear-cut as they 

would have been if just one herbivore species were exploiting them. 

Consistent with Statham's (1983) research in E. delegatensis forestry coupes, I 

found no correlation between animal density (estimated animals/ha) and severity 
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of damage within plantations. In contrast Bulinski (pers. comm.) found that the 

cumulative scat-density of brushtail possums was related to the severity of 

damage between E. nitens plantations around Tasmania. 

Based on a number of arguments (described in detail in Chapters 4-8) I suggested 

that brushtail possums may have caused substantial damage to the eucalypt 

seedlings in this study. These arguments include the fact that brushtail possums 

are primarily ground-feeders and shelter in windrows and hollows of dead trees 

within the plantation (this study, Statham 1983), and therefore would have access 

to the eucalypt seedlings. Brushtail possums also prefer E. nitens more than 

Tasmanian pademelons (McArthur and Turner 1997) and individual possums can 

consume relatively large amounts of eucalypt seedlings compared to Tasmanian 

pademelons (Procter 1998, McArthur C, Marsh N, Jenni A and Paterson S 1998 

Unpublished data). 

10.7 Effectiveness of 1080 poisoning 

The overall extent of damage to seedlings at Pearsefield was relatively low, 

presumably because of the use of 1080 poisoning. In September 1995 only 58% 

of all seedlings sampled showed any sign of damage, and 14% had over 90% of 

their foliage removed (severity of damage scale, score 5). In comparison, the 

overall extent of damage to seedlings at Clipper West (not poisoned) was high. 

In September 1995, 84% of all seedlings sampled were damaged and 21% had 

over 90% of their foliage removed (severity of damage scale, score 5). Although 

removal of the apical buds was a common feature of damaged seedlings at both 

plantations, the percentage of seedlings with their apical buds removed when 

(type of damage scale, scores 2- 4) was much greater at Clipper West (78%), than 

at Pearsefield (50%). 

Hence, even though browsing damage did not stop after 1080 poisoning, the rate 

of damage recorded at Pearsefield was comparatively low. The number of 

animals seen at nearby Clipper West was substantially higher than at this 

plantation. Hence, it is plausible that 1080 poisoning reduced animal numbers at 

Pearsefield and consequently reduced damage. That 1080 poison is effective in 
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reducing herbivore numbers is supported by numerous studies (Johnson 1978, 

Mooney and Johnson, Statham 1983, Gregory 1988, Driessen 1990). 

The Tasmanian pademelon appeared to be the most susceptible to 1080 poison, 

which is consistent with other research in Tasmanian forests (Statham 1983, 

Driessen 1992). The numbers of brushtail possums appeared to be less affected 

by poison than the macropods, similar to findings in a Tasmanian-wide survey 

(Driessen and Hocking 1992). The lower apparent effectiveness of 1080 poison 

against brushtail possums, compared to the macropods, may be because about 

95% of the possums recorded were within the plantation, usually on windrows, or 

in the bush, and are less likely to encounter any poison bait. Furthermore, 

research from New Zealand suggests that brushtail possums can detect sub-lethal 

doses of 1080 poison (Thomas and Hickling 1995). 

10.8 Management implications 

Plantations need to be managed so that there is both effective and simultaneous 

evaluation of the herbivores responsible for browsing and protection of the trees. 

Management in Tasmania of the damage caused by Tasmanian pademelon, 

Bennett's wallaby and brushtail possum is generally achieved through control of 

their populations by destructive means, such as 1080 poisoning. Although this 

study supports the contention that 1080 poison is a valuable tool for controlling 

herbivore numbers and hence reducing damage to seedlings (see Chapters 6-8), it 

has also provided a framework for discussing non-destructive methods of 

reducing damage. Based on the data presented, large seedlings seem to be a 

promising means for alleviating the impact of native marsupial browsing on E. 

nitens seedlings in plantations. 

The occurrence of relatively less damage to the taller Southern NSW seedlings 

and more damage to the smaller Glen Tunnel seedlings may be because their 

larger initial size results in less damage than smaller seedlings even if the same 

absolute amounts are eaten by herbivores. Planting of larger (taller and more 

leafy) seedlings on which the impact of any browsing is less than that on 

equivalent but smaller seedlings may be a simple means of reducing damage. 

Planting of larger seedlings could be achieved through: 
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1. use of plants with inherently faster growth rates 

2. selective breeding for seedlings that are larger 

3. changes in nursery practices that result in larger seedlings in a shorter time 

(e.g. different nutrient solutions, growth hormones) 

4. changes in silvicultural practices (e.g. planting seedlings at a later stage). 

These options are only feasible if there is not a concomitant effect on palatability 

leading to increased browsing. The use of larger seedlings on a sound operational 

basis, however, is dependent on availability of large seedlings at an appropriate 

cost. Option 1 requires no extra cost for forest managers, provided that other 

characteristics are met adequately (e.g. wood quality). Option 2 requires cost 

only in terms of outlay for the initial research. The costs related to options 3 and 

4 could potentially be offset against the subsequent lower cost of "pest" 

management. 

Alternatively, there may be true preference between seedlots. Variability in 

browsing susceptibility of plants (including Eucalyptus sp.) has been reported in a 

number of studies (e.g. Hood and Libby 1980, Dungey 1996, Scott 1997). This 

would provide an opportunity to plant seedlings of lower susceptibility to damage 

(e.g. Southern NSW seedlings), thereby reducing the level of damage. Genetic 

and/or environmental manipulation of the seedlot's chemical and/or physical 

characteristics through breeding could produce more resistant seedlings. 

10.9 Future research 

The observation that the Southern NSW seedlings were less damaged is an 

important finding that requires further examination, particularly as to whether or 

not this reflects a lower susceptibility to browsing. For example, the Southern 

NSW seedlings appeared to grow faster under the same nursery conditions than 

the other four seedlots. 

If one seedlot is preferred by these three herbivore species, whether such 

preferences remain the same in plantations of a single seedlot (ie. in a 

monoculture) needs to be assessed. Dungey (1996) found that the susceptibility 
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of eucalypt hybrids was dependent on the availability of other food, which would 

suggest otherwise. Scott (1997) also found that when brushtail possums were not 

offered a choice of food, they would increase consumption of previously less 

preferred food. Further research should be directed towards defining what 

seedlot(s) are preferred by the Tasmanian pademelon, Bennett's wallaby and 

brushtail possum and what the effects are of other plants on susceptibility. 

As noted, if different herbivore species do prefer different plants (species, 

seedlots, etc) to one another, forest managers and biologists need to consider the 

effect of the relative and absolute density of each in a given area, in relation to 

what plant (species, seedlot, etc) is being established. If the plant species or 

seedlot is preferred by an abundant herbivore species, then suitable control 

measures need to be implemented to reduce the damage caused by those 

herbivores. 

10.10 Conclusions 

This study was the first large-scale attempt to investigate levels of damage (both 

severity and type) and to monitor the effect of damage on seedling height in 

Tasmania's commercial eucalypt plantations. It provided a method for 

satisfactorily assessing damage in plantations, which existing methods did not. 

The severity of damage scale used was an effective means of assessing damage, 

because quantitative estimation made for the percentage of leaves eaten was 

similar to the qualitative estimation made in the assessment of severity of 

damage. 

This study also looked at the animal species responsible for the damage and 

provided valuable information on the use of 1080 poison as a management tool. 

Results from this study suggest that non-destructive means of reducing damage to 

seedlings in plantations may be possible through planting of larger seedlings, on 

which the effects of damage are minimised. My work also provided necessary 

information towards the isolation of a seedlot of E. nitens that is potentially less 
damaged. 
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