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Frontispiece. The brush-tailed possum, Trichorsurus vul~ecula 
with offspring approximately ZOO days old. 
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THE POPULATION ECOLOGY OF THE BRUSH-TAIL POSSUM, 

TRICHOSURUS VULPECULA 

Abstract 

Selected characteristics of possum populations occurring in 

different habitats were examined in a live-trapping study conducted 

in the commercial hardwood forests of southern Tasmania between August 

1976 and September 1979. All habitats originated following the 

destruction of mature forest by fire. Th~y were selected so as to 

represent the different stages of regeneration in the post-fire suc

cession from bare ground to forest of Eucalyptus spp. with a rainforest 

understorey at 60 to 80 years after the fire. Three aspects of the 

populations were considered: breeding, population dynamics, and growth 

in body size. 

Fecundity varied markedly among populations and resulted from 

differences in age at maturity, incidence of breeding, and survival 

of dependent young. Reproductive maturity in both males and females 

was attained at a significantly later age in older habitats and once 

attained, the incidence of breeding was maintained at a lower level 

than in recently burnt habitats. The effect of this reduction in 

fecundity was reinforced by a reduced rate of survival of dependent 

young. The potential effect of this reduction in fecundity on 

populatiQn dynamics was assessed and found to amount to a 40% reduction 

i 

in the intrinsic rate of increase. This range of variation constituted 

over 70% of the total variation previously recorded over the entire 

geographic range of the species. 

Mark-recapture methods were applied to study the dynamics of 

the populations. Relative density increased rapidly from a minimum 



ii 

during the first 6 months following the fire to reach a maximum 

by 4-6 years following which density stabilised and later declined 

bet,~een 40 and 60 years after the fire. Parallel with this was a 

change in the sex/age composition of the population. The represent-

ation of young age-classes in the total population was highest in 4 

year old habitat, that is just prior to peak density. Males pre-

domina~ed in habitats up to 4 years old after which the sex ratio 

shifted towards equality~ These differences in population structure 

were explained in terms of the pattern of survival and recruitment 

of the subadult and juvenile age classes. Survival between the ages 

of 12 and 24 months was critical in determining the rate of recruitment 

to the adult population. Age-specific survival was combined Witll 

information on fecundity to derive estimates of the rate of increase. 

The latter were found to be consistent with the observed pattern of 

change in density. Moreover, although fecundity varied among habitats 

the majo.r component of variation in the rate of increase was the rate 

of survival. 

Growth in body size varied among populations. Both growth 

rates and mature size were highest in habitats between 2 and 6 years 

old following which there was a stea~y decline in both statistics 

with the age of the habitat. An index of fat reserves was also 

derived using a body weight - length relationship. 

varied markedly among populations. 

This index also 

The observed characteristics of these populations were correlated 

both with one another and with the quality of their habitat. This was 

considered to be due to all population parameters responding to variation 

in a common environmental factor, namely food quality. 
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CHAPTER ONE 

1.1 Introduction 

The brush-tailed possum, Trichosurus vulpecula (Kerr 1792), 

is an arboreal marsupial that occurs throughout most of Tasmania 

and has an extensive distribution through the wooded parts of the 

Australian mainland (Ride 1970). Within this range it is found in 

a variety of habitats from urban areas to forest and woodland communit

ies. Moreover, it was successfully introduced to New Zealand last 

century (Pracy 1974) where it is now widely distributed and abundant. 

Over its range the species shows a considerable amount of 

morphological variation. Body size ranges from about 1 kg in northern 

Australia to more than 4 kg in Tasmania, whilst pelage ranges from 

grey in the north to black in the south. Similarly some characteristics 

of the blood have been found to vary regionally (Hope and Finnegan 1970) . 

This variation has lead to a number of subspecies being recognised. 

Iredale and Troughton (1934) proposed a total of eight subspecies 

including one T. v. fuliginosus, comprising the Tasmanian population and 

this arrangement was followed by Hope and Finnegan. Troughton (1967) 

later recognised the Tasmanian popUlation as a distinct species, 

T. fuliginosus. Current authorities (Ride 1970, Kirsch and Calaby 

1977) place the population in T. vulpecula. This popUlation shows two 

distinct colour phpses, 'black' and 'grey'. with distributions that 

are associated with vegetation types (Guiler and Banks 1958). 

ion, a rare 'cream' phase is known together with albinos. 

T. vulpecula is of considerable economic importance. 

In addit-

It has boen 

harvested as a fur-bearing species since the beginning of European settle

ment of Australia (Gould 1863) and was introduced to New Zealand with 

the expressed intention of establishing a fur industry (Wodzicki 1950). 

In Tasmania the harvest of possum pelts has developed into a substantial 

Between 1923 and 1955 the catch varied from 50,000 to 160,000 
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durtng the annual 2 to 3 month open season. There was no evidence 

to suggest that the population was being over-exploited by this level 

of exploitation (Guiler 1959). Numbers harvested in recent years _ 

include 236,338 in 1976 (Johnson 1977) and approximately 300,000 in 

1979 (Tasmanian N.P.W.S. 1980). The New Zealand possum skin trade 

has grm~n steadily from only 25,000 skins being exported in 1921 to 

more than 400,000 in 1945 (Wodzicki 1950) . The current crop of skins 

. 
exceeds 3 million and is valued in excess of $N.Z. 23 million a year 

(N.Z. Dept. Trade and Industry, 1979/80). 

The brush-tailed possum is also of considerable pest value in 

forestry and agriculture. serious possum damage to exotic pine plant-

ations in Australia was reported as long ago as 1919 (Gill in Wodzicki 

1950) . since then possums have been repeatedly implicated in damage 

to pine plantations in both Australia and New Zealand (McNally 1955, 

Pracy 1974, How 1972, Clout 1977, Barnett et al. 1977). In Australia 

damage caused by possums to native forest is apparently restricted to 

areas of recently regenerated forest (Mollison 1960, Johnson 1978) . 

However, in New Zealand the destruction caused by this species in 

mature indigenous forests is reSUlting in massive soil erosion problems 

(Holloway 1973) and widespread changes in the nature of the forest 

vegetation (Howard 1964) • Where cleared agricultural land forms a 

mosaic vlith wooded land possums have been found to move out to feed on 

pastures at night;'whilst seeking refuge in the forest by day (Johnson 

1977, Jolly 1976). The problems caused by this have been compounded, 

at least,in New Zealand, with the finding that the possum is a carrier 

of bovine tuberculosis and can reinfect cattle with this disease (Miers 

1973) . As a consequence of its role as a pest species/the brush-tailed 

possum has been subject to various control programmes including shooting, 

poisoning and trapping (Mollison 1960, Batcheler et al. 1967). However I 

-- in spite of this, little more than short-term control is achieved over a 

limited area, and the species remains of considerable economic importance. 



1.2 Review of Previous worlt on T. vulpecula 

The brush-tailed possum has been the subject of a considerable 

amount of research, to the extent that it is arguably one of the best 

known species of marsupial. However, until recently most of this 

work has been focussed upon the physiology of the animal to the neglect 

of its ecology and behaviour. Boliger (1960) described the virtues 

of this, readily obtainable, and easily maintained species as an experi

mental animal. Physiological studies will not be reviewed here as 

they are outside the scope of this work but appropriate papers will be 

referred to when necessary. 

Most information on the ecology of the brush-tailed possum derives 

from studies relating to its role as a pest species. On this basis it 

is not surprising that most such work has been performed in New Zealand 

where the species is regarded as a much more serious pest than in 

Australia. The brush-tailed possum was introduced into New Zealand 

about 18AD (Pracy 1974) and has since become well established there. 

wodzicki (1950) provided a comprehensive review of the work done upto 

that time which was directed almost entirely towards resolving the 

controversy over whether possums had a detrimental effect on the native 

3 

flora and fauna of New Zealand. By the late 1940's it was becoming evid-

ent that possums were in fact having a profound impact on native forests 

(Zotov 1949, Prac,Y and Kean 1949). This led to the announcement, in 

1953, of systematic research on the possum by the New Zealand Forest 

Service (Kean 1959) . This work has been primarily concerned with the 

development and evaluation of control methods. Consequently much effort 

has gone into developing methods for assessing the impact of control 

operations on possum populations (Batcheler et ai. 1967, Bamford 1968a, 

1968b, 1970a, Martin 1973). Connected with this were attempts to 

produce a means of predicting the success of a control operation under 

a particular set of conditions (Bamford and Martin 1971, Martin 1973, 
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DO'crsma 19711) • This led to the development of methods for assessing 

the condition (Bamford 1970) and age (pekelharing 1970) of individual 

possums. Other areas of work have included studies of feeding habits 

(Hason 1958), reproduction (Kean et ai. 1964, Kean 1971) and growth 

(Kean 1975). tiith the recent finding that populations of this species 

act as a reservoir of bovine tuberculosis (Miers 1973) there has been 

some further intensification of this work directed towards control. 

Perhaps the most comprehensive research done to date on possum 

ecology is that conducted by the Eoo!ogy Division of New Zealand's 

Department of Scientific and I ndustrial Research . since 1966 a popul-

ation of possums has. been studied in indigenous forest habitat in the 

Orongorongo Valley, near Wellington. Commencing with the work of 

Crawley (1973) the population has been studied by live-trapping to give 

information on population structure and dynamics, movements and breeding. 

Hore recently studies of diet (Fitzgerald 1975, 1976) and radio-telemetry 

work on movements and activity (Ward 1972, 1978) have been integrated 

into the original live-trapping study. This study is continuing with 

the intention of acquiring sufficient data on long-term population 

fluctuations in order to identify those factors that regulate possum 

populations (Brockie, pers. comm . ) . The population statis tics from 

the first 13 years of this study have recently been summarised by 

Brockie et al. (1979). 

In addition ' to these major programmes of possum research there 

have been a number of significant contributions made by independent 

workers ';n New Zealand. The reproductive biology of the species was 

examined by Tyndale-Biscoe (1955) and Gilmore (1969). Feeding habits 

have been studied by Gilmore (1967) in native forest whilst Warburton 

(1978) has recently studied diet in exotic pine plantations. The work .. 
\. of Jolly' (1973, 1976) and Winter (1963) provided information on movements 

.~? 
'-: and range use. Clout (1977) obtained comprehensive data on the ecology 

'I 
.' ~:<,.of the species in pine plantations ..... here the species is responsible for 

.~-
~: 
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causing much damage. Using a combination of live-trapping, radio-

telemetry and data from control operations he was able to describe 

the feeding habits, movement patterns, breeding and population dyn-

amics of possum populations inhabiting managed pine forests. 

Pield studies on the brush-tailed possum in its native habitat, 

in Australia, began with the work of Dunnet (1956, 1964) in woodland, 

near Canberra. Live-trapping yielded information on movements, breed-

ing and the composition of the population. Growth and development of 

the pouch young were also studied by Dunnct, and later by Lyne and 

Verhagen (1957). This latter work has been widely used as a basis 

for age determination in pouch young. Breeding has been studied by 

Pilton and Sharman (1962) and Smith et al. (1969). Winter (1976) 

studied the behaviour of a small population of free-ranging possums 

using direct observation. This study has provided a very valuable 

body of observations by which other studies based on indirect methods, 

such as trapping, may be interpreted. 

As ~l1as the case in New Zealand, the pest value of the possum has 

motivated much of the research conducted on the species in Australia. 

Mollison (1960) gave evidence that the brush-tailed possum caused con-

siderable damage by browsing seedling Eucalyptus regnans in regenerating 

forest in Tasmania. Although most of Mollison's work was directed towards 

developing control methods, a considerable body of data was accumulated 

. 
on the biology of this species. This data has not been published, but 

was made available for use in the present work. More recently Johnson 

(1977), obtained information on population density, movements and activity 

of possums) , whilst working on methods for censusing Tasmanian game 

species in forestry and agricultural situations. Damage inflicted by 

possums (including the mountain possum, T.caninus) on pine plantations 

in north~eastern New South Wales prompted an ecological study of the 

culprit species (HOW 1969, 1972a, 1972b). Although this work concentrated 
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priinarily on the ecology of T. caninus, much information was also 

gained on the brush-tailed possum. This information on population 

structure and function was contrasted with that obtained for T. caninus 

in an attempt to account for the observed patterns of damage to the' 

plantations. 

1.3 Aims and Approach of, the Present study 

Following the clea~felling and burning of a forest, a process of 

succession begins. Associated with this is a continuous change in the 

nature of the habitat available to animals. Initially these changes 

may be very profound and quite rapid, but they become more gradual with 

time. A population of animals may be expected to respond to these 

successional changes in habitat. This response will be expressed through 

changes in the abundance and condition of animals in the population in 
, 

a way that reflects their changing relationship with their environment. 

The object of the present study was to examine selected aspects 

of the ecology of the brush-tailed possum in relation to the forestry 

management practices of clearfelling and burning of its forest habitat. 

As such this study provides a basis on which to interpret the consequences 

of various forestry management procedures. However, in more general 

terms, the study provides an opportunity to investigate the demographic 

response of possum populations to a changing environment. 

Populations of brush-tailed possums were studied in the fore3ts 

of southern Tasmania where the species is responsible for damage to 

regenerating forest (Mollison 1960). The problem was then approached 

by examining the dynamics and condition of populations of possums in a 

series of habitats, these habitats being chosen so as to represent 

different stages in the process of regeneration of forest following its 

destruction by fire. The parameters upon which the study focussed were 
'~ I. 

S\. (1) population structure and dynamics, (2) breeding and (3) growth and 
"-,\ " 

;';f~ 
i
l
" : condition. 

I .... ~' 
'1';'~1 , .• L, 
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CHAPTER TWO 

DESCRIPTION OF STUDY AREAS AND GENERAL METHODS 

, 
2 .1. 1 

Field studies were conducted in the commercial hardwood forests of 

Southern Tasmania (Fig. 2.1) . Within this region are extensive tracts of 

tall, open-forest of Eucalyptus spp. with an understorey of either rain-

forest or .wet sc1erophyll trees or shrubs (Gilbert, 1959). l-bst of these 

forests are presently gazetted as State Forests under the. jurisidic: tion of 

the Forestry Commission 0 f Tasmania. Consequently forestry activities 

associated with the sawn timber and pulpwood industries are the principal 

forms 0 f land-use in the region. This has a number of consequences for 

the present study~ the most important being that it has produced a mo saic: 

of forests at different stages of regeneration after fire. In addition 

good access to the region is provided by an extensive network of all wea-

ther roads. Control over hunting within the region is also exercised by 

the Forestr:.y Commission . 

Field WJrk was carried out from two population centres within the re-

gion: the towns of Geeveston and Maydena (See Fig. 2.1). These towns gave 

access to different parts of what was essentially a continuous tract of 

forest . with Geeveston giving access to the forests of the Arve and Picton 

Valleys and Maydena access to the Tyenna and Florentine Valleys. 

During the periqd from 1958 to 1961 the Tyenna and Florentine Val l eys 

were the scene of an investigation into the control, by poisoning, of sev-

eral species of marsupial, among them T.vulpecula (Molliso n, 1960). As 

part o f this study a large sample of animals was trapped and poisoned 

throughout the region, including some localities used in the present 

study . Various measurements and observations were made on this sample 

, 
';~i. (Mollison, unpubl . data) and were available for comparison in the present 
~: 
,.-
~~s_tUdY , 

·;"'.;i~~ 

'~1. 
'{;';'. 
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Figure 2.1. Location of study region (inset) showing the distribution of 
study areas (0) within a tract of essentially continuous forest 
,(stippled) • 

The study areas were: 

A) Arve 34a 

B) Arve 34/11 

C) Arve 48/50 

D) Edward I s Road Regeneration 

E) Keog h's Road 

F) Blue Hill Road 

G) Arve Loop Road 

H) Edward's Road Regrowth Forest 

I) Penny Road 

J) Felix Curtain 1 s Road 

K) Eleven Road 

L) Eight Road 

M) R±Sby Basin 

N) Maynes Road 

0) Bill Hanlan J s Road 
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" Description of the region 

The commercial hardt'lOod forests of southern Tasmania comprise 8 _ 20-30 

km Hide belt of essentially continuous forest. To the north and east lie 

the drier, largely agricultural regions of the lower Huon and Derwent 

Valleys, whilst to the west the develofrnent of forest is limited by infer-

tile soils (Jackson, 1965) . Wi thin the region forest cover extends to 

. 
approximately lOODm., above which elevation are the shrubberies and moor-

lands of the austral-montane vegetation (Jackson, 1968). 

a. Geology 

The topography of the region is hilly to mountainous with elevations 

ranging from sea level to over 1,400m. Over much of the region the geol-

ogy consists of Permian mudstones and sandstones into which dolerite has 

been intruded (Davies, 1965). The erosion-resistant dolerite dominates 

the landscape, capping the tops of most of the higher ridges and mountains 

of the region. Thus, Mount Field West (1434 m) and Hartz Mountain (1255 

m), both dolerite capped mountains, were among the prominent features of 

the landscape of this region. A noteworthy departure from this pattern 

occurs in the Florentine Valley, where the valley floor, part of the Flor-

entine synclinorium, consists of Ordovician limestone (Corbett and Banks, 

1974). The soils on which forest communities develop are generally deep, 

well structured loam~ derived from dolerite, mudstone or limestone (Kraz-

nozems and yellow podsols). Small areas of siliceous rock produce skele-

tal soils t,hat are strongly acid and leached of nutrients. These areas 

do not normally support forests of commercial value. 

b. Climate 

The region lies within the zone of the~evailing westerly winds. This 

:~<J. " 
" (,'1948) 

"" ., 
is. 

\ ): 

factor in determining a climate that is, by Thornwaite! s 

classification, cool-mesothermal, insular and super-humid. 

8 



Climatic records arc available for stations within the study region. The 

Bureau of Heterology maintains stations in the Arve, Picton and Florentine 

Valleys) GOC!V8ston and Naydena. These stations provide comprehensive 

data on precipitation with some data on temperature. The pattern of rain-

fall reflects the influence of the prevailing winds and topography with a 

gradient of increasing rainfall to the west of the region and local maxima 

on the Ne~tern flanks of the major mountains. Average annual rainfall 

figures of 1,400 mm and 1,300 mm are recorded for the Florentine and Pic-

ton valleys respectively. Rainfall is both reliable and abundant in all 

months. A slight peak in rainfall occurs during winter and spring. YeLlr 

to year variation in rainfall over a 30 year period is less than 15%. 

SnO\V'falls can be expected in all parts of the region each winter. It is, 

hO\V'ever, rare for snow to lie for more than 48 hours at a time at eleva-

tions \~here forest occurs. 

Temperatures in the region are indicative of the insular nature of 

Tasmania with mild \vinters and cool summers (Langford, 1965). In Haydena 

the mean maximtun and mean minimum ai r tempera tures range, respec ti vel y, 

from 10° to 10 C in July to 22 0 to 8°c in January. Cremer (l 975) , 

Horking near Naydena found that this temperature regime limi ted growth of 

the major forest tree species, Eucalyptus regnans, to the period from Sep-

tember to April. Rainfall was not considered to be limiting to gTol,<,'th. 

Rainfall and tempera~ure data for the period of the study are given in Ap-

pendix B. They indicate alxlve average rainfall and below average lemper-

a tures. 

c) Vegetation 

Temperate rainforest is considered by Jackson (1965) to be the climax 

vegetation type in those regions wi th an annual rainfall exceeding 1,250 

~., ~m, or more importantly, where the Summer rainfall is in excess of 50 mm a 
,~ .. 

~ month . 
";:" 

On this basis it can be said that temperate rainforest is the 

·"'.i~~rf. 
, .. ~ 
" ~:<, 

9 
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climax v~getation type throughout most of the study region. However, a 

number of factors, namely soil fertility, aspect and fire, have operated 

to produce a complex mosaic of disclimax communities. These communities 

vary in their species dominance, age structure, physiognomy and stability 

(Jackson, 1968). Moreover, it has been suggested that each vegetation 

type tends to have an inherent fire frequency because of its own charact-

eristics !(f flammability (MJunt, 1964; Jackson, 1968). 

Gilbert (1959) has described the ecology of this vegetation mosaic in 

the Florentine Valley and his conclusions can be extended to the rest of 

" the study region. The dominant vegetation of the region is f'I.W:l>!Jt tor-

est. However, areas that are topographically protected from firc' supp\)rt 

rainforest. A feature of the latter foresl type is its floristic rtnd 

structural simplicity. Thus, on soils of high fertility Nothofagus cun-

ninghamil in association with Atherosperma moschata predominates. Ho l h 

species form a closed canopy at a height of about 20 m that restr ic ts the. 

development of an understorey by its shading effect. Other tree SPE.'CiI'5 

including Eucryphia lucida, Phyllocladus aspleniifolius arid AnodopetCllllm 

bigland ulosum become increasingly important on poorer soil s. ArciJs in 

which the average interval between fires is between ISO arid 200 years, 

carry what Gilbert termed 'mixed forest', (Plate 1). This consists of: ,lTl 

emergent stratum of Euc alyptus spp. upto 100 m tall over a rairltotl'st L1n-

derstorey. E.regnans and E.obligua are the major speciL's, wilh F..dele-. ----
gatensis predominating at elevations above 600 m. The eucalypt srralllm 

in this forest type is essentially even-aged, having originated immcdiate-

ly after the last five. Between fires there is no regeneration of eucal-

ypts. Although large quantities of seed may be released each year no 

seedlings survive the low light intensities of the forest floor . Should 

fire be excluded from this forest for a period exceeding the life span of 

t r e Eucalyptus spp . (about 300 years) then pure rainforest will result. 
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.. 
By c.omparison, a further increase in fire frequency results in a 

change in the under storey composition towards that of wet sclerophyll for-

est in which the characteristic species are Pomaderris apetala, Olearia 

argophylla , Phebalium squameum, Bedfordia salicina and Acacia dealbata. 

Small trees and shrubs, uncommon in mixed forest, are common. Depending 

upon the density of the under storey a [ern stratum 1-2 m high and of vary-

ing densi~y and continuity is usually present. Common species of fern 

include Blechnum wattsii, Rypo l e pi s rugos ula, Polystichum proliferum and 

the tree fern Dicksonia antarctica. Where rainforest species are reprl'-

sen ted in this forest the exclusion of fire would result in the eventual 

development of mixed forest. 

Dry sclerophyll forest occurs in very limited ar e as where soil s of 

low fertility and aspects exposed to the prevail ing north- westerly winos 

results in a greatly increased fire frequency. Eucalyptus nitida, or 

where soil fertility is greater, E . obligua, occurs over the characteristic 

understore~ of sclerophyll shrubs in which the f amilies Epacr i daceac and 

Proteaceae are well represented . 

Non-forest communities occur as isolated pockets within the forests 

of the region. Apart from the austral-montane vegetation o f the higher 

mountains non-forest areas are confined to the areas of poor, 3cid suils 

developed from silicious rocks. lhe sedge Gymnoschoenns sphaero C" epl\"lu ,:; 

is the main compone!1t of these communities. Because of the f req u enc y 

with which they can be burnt, these areas are often the source s o t firE's 

which damage adjoining forest (Gilbert, 1959). 

d) Impact of forestry activities 

Superimposed upon these patterns and processes are those reJ ating to 

the operation of those forest based industries that draw timber from the 

" :~ 
~: . r t gion for either sawmilling or pulping. lhe eucalypt dominated L'OmmUll-
'.'1. 

ili ties of wet sclerophyll forest and mixed forest provide the resource h,1.se 
.\~.'~\: I 

1. I 

:; <; 
.. > 
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,. Prior to the turn of the century the forests along the eastern marg-in 

0'£ the region were the centre of a major sawmilling industry • This in-

dustry has persisted to the present day with timber currently being ex

tracted from the more westerly and less accessible parts of the region. 

The use of the region's forests for pulpwood production began in 1939 with 

Australian' Newsprint Mills (A.N.M.) in the Tyenna, and later the Floren-

tine Valleys. In 1962 Australian Paper Manuafacturers (A. P.M.) began to 

take pulpwood from its forest concession which includes lhe CeevC'ston for-

ests. The developnent of this pulpwood market facilitated the widespre<td 

implementation of a programme of forest regeneration and managC'menl (For-

estry Comm., 1976). 

Deliberate management to establish eucalypt regenC'ration after log-

ging operations only began in the rC'gion in the late 1950's. Pr~vious to 

this time wildfires in areas cut over for sawlogs had resulled :in f~xtC'n-

sive stands of even-aged regeneration. The introduction of this manage-

ment policy followed the oork of Cilbert (1959) in the florentinE' Valley 

on the natural processes of forest regeneration in wetter forests. This 

work was prompted by a failure to successfully regenerate many cul-over 

areas (Korven-Korpinen & White, 1972) as a result of an cffC'ctiv(> po]jcy 

of fire protection (Felton, 1976). At the present time the state's [or-

est service is resp,onsible for regeneration of State forest, w:i th the ex-

ception of that within the A.N.M. Concession where the company itself un-

dertakes the regeneration. 

The system of forest regeneration following logging is deSigned to 

simulate the natural processes, thereby providing the catastrophic Jistur-

.... bance required for eucalypt regeneration. In Tasmania, burning after 

clearfelling is generally USed to achieve this. Gilbert & Cunningham 

,5 1972) and Korven-Korpinen & White (1972) have reviewed this procedure .. 
whi c h is briefly outlined on the next page. 

" • 



The system of clear felling involves the cutting of all merchantable 

trees in a predefined area otherwise known as a coupe". Trees tha tare 

unsui table for ei ther sawmilling or pulping are left standing. The un-

derstorey is then felled to provide additional fuel for an intense burn. 

The resulting logging debris is then burnt, usually in e,!-rly autumn, at 

which time the fire has the characteristics of being intense yet control

led and i~ followed by conditions suitable for seed germination. 

The range of coupe sizes in the study region was appeoximately 50-200 

hectares. This was dependent upon such factors as the productivity of 

the forest and the disposition of suitable cutting boundaries. 

A 'successful' fire will create an 'ash-bed' very favourable [or tlte 

germination and survival of seedlings, as well as remove much of the log

ging debris which would otherwise inhibit seedling growth through shading 

and pose a potential fire hazard. The exten t to which this debris is re-

moved depends greatly on the forest type, thus in the wet forests of the 

study regi~n much remains after the fire. 

Few standing trees will survive such a fire and most of the seed con-

tained in the heads of felled trees will be destroyed. Therefor" soon 

after burning pelletted seed containing a mixture of eucalypt species sim

ilar to that originally occurring on the coupe is sown from all aircraft. 

In general no attempt is made to ensure the regeneration of the under

storey species. 

The early succession after fire of mixed forests in the Florentine 

Valley has been described by Gilbert (959), Cremer and Hount (1965) <lnd 

Cunningham and Cremer (1965). The main factors that influence the compo-

sition of the developing vegetation are the abundance of specjes that can 

sprout after fire, the availability of seed and the conditions which af

fect the germination and survival of seedlings. This interplay of factors 
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can produce a species composition that is markedly different from that in 

the previous vegetation (Cunningham & Cremer, 1965). In general the wet 

sclerophyll species whose seeds are stored in the ground are favoured as 

an understorey by present forestry practices at the expense of the rain

forest species such as No thofagus cunningham!! . 

Cremer and Mount (1965) found that most of the woody species present 

in the subsequent forest community established very soon after the fire . 

Because most species required open conditions in order to regenerate later 

germi~ ations were much reduced with the r esult that an ess entia l ly even-

aged forest developed. The subsequent succession of the veget(ltion WlS 

determined largely by the relative competitive ability, height growth and 

longevity of the available species. Although this process of succession 

is both continuous and gradual, it is useful to consider it broken up into 

the following series of stages: 

1 ) An initial period when herbaceous plants predominate. The large 

areas of mineral soil present following the fir e are colonised by 

species which are able to grow and reproduce rapidly on burrrt soil 

from wind-blown spores and seeds or from underground organs. lnclud

ed in this category are an array of hryophytes and the liverwort 

Marchantia sp •• as well as. the fire lNeed, Senecio s pp . • the ferns 

Hypolepis r ugof>ula and H1stio pt e ri s incisa, and the sedge Guhnia 

psi t tac.hor um . These latter, taller herbs suppress the bryophytes 

and Marchantia after approximately 3 years. The open cOlld ttions 

that prevail towards the beginning of this period also <1110'oIIS the 

woody species of the forest vegetation become establi8hed, (Plate s 2, 

3, and 4). 
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2) "After approximately 4 years the herbaceous plants are beginning to be 

suppressed by the development of the woody species. At this stage 

woody regrowth is generally about 1 to 2 metres high and very dense. 

Cunningham and Cremer (1965) have recorded densities in the order and 

several hundred thousand stems per acre. Eucalypt species are con-

spicuous together with the wet sc1erophyll forest species Acacia 

dealbata, Pomaderris apetala, Zieria arborescens, Phebalium 

meum. The latter species, although ahsent from mixed forest, regen-

erate prolifically from seed that is long lived in the soil (Cremer & 

Mount, 1965). The rainforest components, Nothofagus and Atheros pe r-

rna are relatively insignificant on recently logged sites, (Plate 5). 

3) In ten to fifteen year old regenerations the eucalypt component of 

the forest has formed dense overstorey J to 6 m in he ight that shuts 

out much of the available light. The development of an understorey 

is therefore much reduced. The density of stems per acre has 

declined substantially by this time through the effects of intense 

competition (Jackson, 1968), (Plate 6). 

4) After 30 to 40 years the eucalypt overstorey has thinned out further 

an may contain dominants up to 40 m in height. The understorey is 

increasing in importance because of improved light conditions. It 

is still predominately wet sc1erophyll in nature with any rainforest 

elements present being insignificant, (Plate 7). 

5) After 80 years, provided that fire is excluded, any rainforest compo-

nents of the under storey will become increasingly prominent wi th the 

death' of the short-lived wet sc1erophyll elements of the understorey. 

This is the beginning of the mixed-forest community (Gilbert> 1959) > 

(Plate 8) . 



Plate 1 

Hature mixed fo r est, Arve 
t o a height of 90 m was 
Nothofagus cunninghamii . 
proximately 300 years. 

Plate 2 

Valley . On this s it e Eucalyptus obligua 
emergent over a rain fores t und e rstorey of 

This forest had r ema ined unhurnt for ap-

Area of cut over mixed fo r es t i n forestry coupe Arve 34/11 withi n 3 
months- of r egene r a ti on fire . Little r egene r at i on was evident by 
this time, b r yophyt es we r e beg i nni ng to colonise burnt soil and seed
lings of woody species, including Eucalyptus s pp., have germinated. 
No t e the l a r ge quantities of unburnt timbe r on the g r ound. 



Plate 1. 

Plale 2. 



Cau,I") .\rve 3!I/ll 12 IlOLltlw after fire. Bryophytes have attained 
L:o:.1ph:t~ cover of burnt ~oll L'lhilst Io;oody species have achieved only 
~lral"~(! c:o~~r. Ferns a.nd other species able to reg~nerate from rhi
:.:o:';,,}:; ''':Io!rc con~picuous. 

Plate I. 

Clo!;c-up of 12 month old regrowth . 



Plate 3. 

P late l~. 



COUIIO .\rVC 3'd11 2/1 mon ths after fire. DOlllinance of herb~ceO \J s 
Dp.:::ciuo including Senecio spp. was at a maximum. From this time on
u.lrd:) thc , \.:oody species, already conspicuous, suppre ssed the de ve lop
acnt of herbs. 

Plate 6 

Regrowth stand, Blue HUI, 11 years after fire. Eucalypt r e gruwth 
has fOrmed a de nse overstorey a bove Acac ia dealba ta and r il info r es t 
spt2cies including Eucryphia lucida. Note that better light t:ondi
tions along a r oad ' clearing, ha ve f ac ilit a t e d the deve l o pmen t of a 
!Jore conspicuous understorey. An understorey was only poorly devel
oped vithln the st a nd. 



Plate 5. 

Plate 6. 



Plate 7 

Regrowth in Risby Basin approximately 30 years after fire. The euc
alypt overstorey has thinned out appreciably allowing the understorey 
to develop. The latter consisted of both the wet sclerophyll spec
ies, such as Phebalium, ang Pomaderris, as well as rainforest species 
including Nothofagus and Atherosperma. 

Plate 8 

Seventy year old regrowth Penny Road. 
attained a height of over 50 m. The 
rainforest in speci~s composition. 

The eucalypt overstorey has 
understorey was essentially 



Plate 7. 

Plate 8. 
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J :;). 2.2 r r Study Areas 

The net result of the long history of forestry operations conducted 

in the study region was the creation of a mosaic of forest stands each at 

a different stage of regeneration after fire. Thus, it was possible to 

select a series of study areas, each of known age and fire history, that 

t~ere representative of the stages in the life of a regenerating forest. 

This appproach has the advantage that a substantial amount of information 

can be gathered relatively quickly with all stages in the regeneration of 

a forest being sampled virtually at the same time. In this way a picture 

of how a population responds to its changing habitat should emerge in 

relatively few years. To compensate for the considerable variation which 

can occur from one area of a given age to the next, several samples from 

each age of regeneration should be chosen for study. 

The alternative approach involves the protracted study of a single 

area from the time it is burnt. In effect this uses the one area as its 

own control. The advantage of this approach is that it allows the re-

searcher to know exactly what the area was like prior to regeneration and 

may allow individual animals or populations be follm'led through the stages 

of regeneration. The obvious disadvantage of such an approach is the 

very long time that it takes for a forest community to regenerate to' mat-

ur~ forest; pres~!"lt forest management policy proposes an 80 year cycle 

of harvesting or sawlogs in the study region. Moreover, replicates are 

still required as the area chosen may not be typical of its forest type. 

This approach has been successfully adopted by a number of ~rkers includ-

ing Tyndale-Biscoe and Smith (1969) studying the fate of gliders, Schoino-

ba t es volans, in clear felled forest, and Friend (1979) in his study of 

\ t small mammals in native forest cleared for pine plantations • 

. ~ . 
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Fig . 2 . 2 The distribution of study areas in relation to the process 

of forest regeneration following fire_ Refer to text for an 

explanation of regrowth stages. 



°A ul}JIlber of factors were considered in the selection of study areas. 

First, an attempt was made to sample the entire range of habitats from the 

time of burning a cut-over forest to the time when the forest is "'matur,e • 

Second, because the characteristics of the habitat are changing more rap-

&-_ idly during the earlier stages of succession, it was thought desirable to 
f .' " , , 
0' 
ij 
'i" , 
~ , 
~>o , 
f 

sample the earlier stages more intensively. Therefore more study areas 

Here local;ed in young regrowth. Third, where possible, contrasting habi-

tats were selec ted so as to be adjacent to each other. In this way it 

was intended to control for any geographic variation wi thin the region. 

" ~ Finally, only habitats derived from the mixed forest / wet sclerophyll , 
, , , type were chosen. In view of these criteria the final choice of study 

\ ., areas was severely limited by the availability of suitable sites. 
t 
I 
{~ By the conclusion of preliminary site examination a total of 15 study 
! 

, 
1 
, , 
i, 
f. 
, 
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,j 
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areas had been selec ted. They consisted of 9 in the Geeveston region and 

6 in the Maydena region (see rig. 2.1) _ It should be noted tha t several of 

the study ~reas were contiguous with one another. 

The distribution of the study areas relative to the process of forest 

regeneration is shown in figure 2.2. The concentration of effort during 

the first 20 years of regeneration is evident. 

All study areas are described below, giving details of the history of 

timber extraction, regeneration treatment, and mammal control operations 

as well as the vege~ation at the time of the study. 

I) Study Areas of the Geeveston Reg i on 

a) Arve 34/11. Cut-over for sawlogs and pulpwood prior to 1975 and 

burnt for regeneration 'n "-reh 1977. This', sf' .L l"Je. va an area 0 approxlm-

ately 74 ha and was situated at an elevation of between 440 £. 500 m 

on the western watershed of the Arve Valley. The original vegetation 

.O':-'i: of this area was of the mixed forest type, with Euc. de l egatensis 
'~ ., 

J", 
;~/ ' 
o.o.il: '.' 

" '1::0'~ ... .oc:. 



emergent over a rainforest understorey. , This area was surrounded on 

all sides by uncut forest of this type. lfuen trapping began in this 

area in October 1976 felling of the understorey was underway in prep-

aration for the regeneration burn the follovling March. Trapping con-

tinued until August 1979 by which time the cover of ,bryophytes and 

fireweeds that had colonised the area soon after the fi re was being 

suppressed by a vigorous growth of E . delega t e nsis seedlings • Many . 
standing trees remained and was a considerable ground layer of fallen 

trunks and branches. n1e Forestry Commission laid 1080 (Sodium mon-

ofluoroacetate) poison bails for mammal control in July 1978. 

b) Arve 34a. Sawlogs and pulpwood were extracted from this area 

prior to 1975, and the regeneration burn was in March 1976. This 

area of approximately 40 ha was si tuated 500 m north of Arve 34/11 

and derived from a similar stand of mixed forest. The lower eleva-

tion (200 m) meant that Eucalyptus o bliqua and E. regna ns replaced 

E. delegatens is as the overstorey. Work commenced in this area in 

June 1976, 3 months after the regeneration fire, and continued until 

August 1979, 3+ years after the fire. The area was bordered to the 

south-east by an area of 1969 regrowth and elsewhere by mixed forest. 

The regeneration burn in this area was regarded by Forestry Commis-

sion personel as not being sufficiently ~ ho~ • This was reflected 

in the vast amounts of vegetation that survived the fire and the rel-

atively greater importance in subsequent succession of the herbaceous 

layer "of ferns and Gahnia. 
~';- Note also Arve 34/ex which 

Eucalypt regrowth was sparse . 
includes sites peripheral to the main 

Arve 34 study areas. It includes both mixed forest and 1969 regrowt h. 
c) Arve l oop Rd. Sawlogs only were taken from this area about 1963, 

no regeneration burn has been carried out. Thi s area extended for 

approximately 1.5 km for the south of Arve 34. To the south it 

abutted the 1967 regrowth stands of Keoghs Road. With the exception 
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;-.;' of s,ome sparse Euc~regnans regroVlth that resulted from the 1963 log-
" 

ging .:Ie ti vites. This area was essentially mixed forest. Euc. 

re~nans to 80 m formed a sparse over storey above a rainforest of 

Nothofa~us, Atherosperma and Eucryphia. A dense ground cover of 

ferns was present. 

d) KeogH s Road. Cut-over for sawlogs and pulpwood prior to 1963, 

then subject to a regeneration burn in March, 1963 which was followed 

by a wildfire in ~arch 1967. This area was part of a vast region of 

regrowth resulting from the 1967 wildfire. It was situated within 

km of the Arve 34/11 and Arve 34 study areas. Work was carried out 

in this area from July 1976 to December 1978, during which time the 

vegetation consisted of a very dense stand of Euc .obligua and Euc . 

regnans to,ith a poorly developed understorey of Pomaderris apetala, 

Phebalium squameum, Acacia dealbata and Nothofagus c unninghamii. 

Ferns·were locally abundant. A programme of mammal control using 

1080 poisoned baits was carried out during 1964. 

e) Arve 48/50. Cut-over for sa.",logs and pulpwood prior to 1975 and 

regenerated in March 1976. This study area of about 80 ha. was sit-

ed at an elevation of 350 m within a region of mixed-forest and wet 

sclerophyll for~st. The area to the north had been burnt by wild-

fire in 1966. When work commenced here in December 1976 most of the 

mineral soil had been colonised by bryophytes and herbs. By the 

time work ceased in August 1979 the dense eucalypt over storey was up 

to 3 m tall and suppressing any understorey development. Trunks and 

branches were abundant as were standing remnants of the original 

forest. 

., 

1 
I 
,! 



20 '1 
.. 
f) Blue Hill Road. Cut-over for sawlogs prior to 1966, and burnt in 

H'lldfire in November 1966. This area was part of an extensive stand 

of regrowth resulting from the 1966 wildfire. Arve 48/50 was situ-

ated 1 km. to the south. The vegetation of this area was essenti-

ally the same as that in the Keoghs Road area in which a dense stand 

of eucalypts, (in this case E . ob l iq ua and E .de l eg a t en s i s) formed an 

over~torey above Pomaderris a pe tala and Acacia dealbata. 

g) Edwards Road Regene r a t i on Area. Cut-over for sawlogs and pulp-

wood prior to 1970 and regenerated in sections between March 1969 and 

Narch 1971. This was an extensive area of young regrowth located in 

the Picton Valley at an elevation of 80 m. Prior to burning the 

site supported wet sclerophyll forest with some pockets of mixed-

forest. By the time work began in December 1976 most of the area 

had a dense covering of Gahnia psi t tachorum and ferns through which a 

broke:t overstorey of E .o bliqua and a variety of wet sclerophyll spec-

ies was emerging. Poison was laid in the area for mammal control 

from 1970 up until 1971. 

h) Edwards Road Forest Area. An area of mixed forest of which small 

patches were burnt by wildfire in 1906 . The a r ea was also subj ect 

to some sawlog.extraction around 1970. This area adjoins the north-

ern end of the Edwards Road Regenera tion Area, and is bounded to the 

west and north by non-forest communities. The fire of 1906 estab-

lished both the eucalypt regeneration that is now upto 50 m tall and 

the wet sc1erophyl1 understorey of Acacia melanoxylon, Olearia argo

phylla, Acacia dealbata and Pomaderris ape t a l a . Ferns were prom in-

ent and included to tree fern Dicksonia antarctica, and Blechnum 

'c wattsii. Some remnant rainforest elements were also present. 



Penny Road Area. Cut-over for sawlogs prior to 1914 and burnt in 

a ~rlldfire in 1914. This area was part of an area of several thous-

and hectares that was burnt in the Kermandie watershed in 1914. To 

the south and west were extensive areas of uncut, mature mixed-forest 

which were probably representative of those in the study area prior 

to felling and burning. When work commenced in the area in December 

1976 . the forest comprised Euc.regnans and Euc . obliqua (to 60 m ) with 

an understorey in which the rainforest species Nothofagus was promin-

ent and the wet sclerophyll species, mainly Acacia dealbata, and ~-

aderris apetala, were dying out. Ferns and rotting logs were abund-

ant on the forest floor. 

2) Study Areas of the Maydena Region 

a) Felix Curtaid s Road Area. Cut-over for pulpwood prior to 1974 

and r~generated by burning in 1975. The area of about 150 ha com-

prised forestry coupe Westfield 86. Situated on the floor of the 

Florentine Valley at an elevation of 400 m the area was boardered to 

the west by the Florentine River and elsewhere by older regrowth. 

Prior to felling and burning the area supported mixed-forest wi th an 

under storey of almost pure Nothofagus cunninghamii . IV-hen trapping 

commenced here in April 1978 the herbaceous understorey of ferns, 

fireweeds was dec1ing and woody species, notably Eucalypt us obliQua / 

regnans . Acacia dealbata and Phebalium squameum were upto 2 m tall 

and beginning to form a closed canopy. Remnants of the original 

forest were still standing and many trunks remained unburnt on the 

ground. 
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Felled for pulpwood from 1970 to 1973 and 

burnt for regeneration in March 1974. This area was immediately to 

the south of the previous area and consists of forestry coupe West-

field 80. The previous forest consisted of Euc.regnans over an un-

derstorey of Nothofagus and Atherosperma. Work began in the area in 

November of 1977 when the vegeta tioo was predominantly Acacia deal-

bata and Pomaderris apetala with sparse emergent Eucalyptus r egna ns . - . 
No standing timber remained but there was an abundance of trunks and 

branches on the ground. 

e) Bill Hanlans Road Area. Mature mixed forest aged in excess of 

200 years. This was an area of several hundred hectares of mature 

forest that bordered the Florentine River. To the north was the 

Eleven Road area and to the south and east the Eight road regrowth 

area. Work began in November 1978 in front of Elie. regnafl& I obl iqua 

(to 70 m) with a rainforest understorey of No thofagus , Atherosperma 

and Phyllocladus. Very little except mosses grew under the 

rain forest canopy. 

f) Eight Road Area. Cut-over prior to 1960 for pulpwood and t hen 

regenerated by burning in 1961. This area was part of on extensive 

tract of regrowth established in this part of the Fl oren tine Valley 

in 1961. The original forest of the area was E . r egnans I obliqua 

mixed-'forest. When work began in October 1977 the vegetation con-

sisted of a closed stand of eucalypts to 5 m tall over a sparse 

understorey of ferns, Acacia dealbata, Phebalium squameum, Pomaderris 

a pe t a l a with some No thofagus c un ninghamii . Mammal control using 

poison baits was undertaken in 1961. 
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g l. _ Risby Basin lArea. Cut-over in part for sawlogs prior to 1946 

~nd i· burnt' in 1934 and again in part during 1946 and 1948. Risby 

..... Ba~fn' (altitude = 300 m) is part of a large area of mixed forest that 

:"" :.was burnt by wildfire in the Tyenna Valley during 1934. Slash burns 

-were carried out in 1946 and 1948 on a relatively small proportion of 

the total area. By October 1977 when work commenced in the area 

there was a well de- vel oped wet sclerophyll under storey of Acacia 

dealbata, Phebalium squame um, Pomaderris apetala and Olearia argo-

phylla with emergent Euc.obliqua and Euc .regnans to 15 m. There was 

very little development of vegetation near ground level. 

h) Maynes Road Area. Burnt in part at sometime between 1900 and 

1920 and then again in 1934. Some logging was conducted in 1946-50. 

This area was 1.5 km from the Risby Basin area and had essentially 

the same history and composition when trapping began :in Fehruary 

1978 • . 

2.3 

Field Methods 

The following description of field methods deals with the routine 

processing of captured possums. More detailed descriptions of the meth-

ods employed, including analysis, are given in the relevant chapters. The 

habits of T .vulpecuJ..a pose problems for a study of this type. 
• 

The spec-

ies is neither large, nor conspicuous, it is primarily nocturnal and in-

habits dense vegetation. This considerably limits the number of suitable 

techniques. 

Population phenomena were monitored in each study area using live-

trapping techniques. A number of studies (Dunnet, 1956, 1964; Crawley, 

197,3; How, 1972; Clout, 1975) have demonstrated the us{dulness of this 

method in the study of this species. It is readily caught repeatedly in 
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V·· live-trap.s and there is little evidence to suggest the development of trap 
{' , 

avoidance responses in any of the populations studied. A1 though this 

method is expensive in terms of time and equipment it has the advantage of 

being non-destructive of the population and yields a considerable amount 

of data on population parameters such as breeding that are difficult if 

not impossible to study by less direct methods. 

2.3. 1 

The Trapping Programme 

Trapping commenced in July 1976 in the Geeveston district. Each 

study area was trapped over 2 consecutive nights every second week. In 

October of 1977 this work was supplemented by field work in the Maydena 

distric t. To accommodate this increase the frequency of visits to each 

study area was halved. Thus, 2 nights trapping was conducted in each 

study area every fourth week, with visits to each district being a1 ter-

nated with one another. This pattern of trapping was continued until 

July 1978 when the frequency of visits to each study area was reduced to 

one every ttro months. All trapping ceased in August 1979. 

Trapping was carried out using wire cage traps (Mascot Wire Works, 

Sydney). Two sizes of trap were used; the larger being 12" x 12" at the 

entrance and 24" long, whilst the corresponding measurements of the smal-

ler trap were 8" x 8" and 24". In the field the two trap sizes were alt-

ernated with one al~other so as to minimise any bias in their relative 

efficiencies. 

Each trap was baited with a segment of apple; the cheape st and most 

consistently available bait. Baits were replaced daily. 

Traps were visited daily when in position in the field and any ani-

mais captur.ed were recorded. At the completion of each trapping session . 
' . . ~, in a particular study area all traps were removed. 
",/.~. 
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. Risby Basin Area. Cut-over 1n part for sawlogs prior to 1946 

and burn t in 1934 and again in part during 1946 and 1948. Risby 

Basin (altitude P 300 m) is part of a large area of mixed forest that 

was burnt by wildfire in the Tyenna Valley during 1934. Slash burns 

were carried out in 1946 and 1948 on a relatively small pcoport i on of 

the total area . By October 1977 when work commenced in the area 

there was a well de- veloped wet sclerophyl l under s t orey of Acacia 

dealbata, Pheba lium squameum, Pomaderris apetala and Olear ia argo-

phylla with emergent Euc.obliqua and Euc . regnans to 15 m. There WilS 

very little development of vegetation near ground level. 

h) Maynes Road Area . Burnt in part at sometime between 1900 and 

1920 and then again in 193[~. Some logging was conducted in 19[.6-50 . 

This area was 1.5 km from the Risby Basin area and had essentially 

t he same histor y and composi tion when tr"apping began in February 

1978. 

2. 3 

Fie ld Methods 

The following desc r ipt i on of field methods deal s wi th the routine 

processi ng of captured possums . More detailed descriptions o f the meth-

ods employed, including analysis, are given in the relevant chapte r .:; . The 

habits of T . vulpecula pose problems for a study of this type. 
• The spec-

ies is neither large, nor consp i cuous , it is primarily nocturnal and in-

habits dense vegetation. Th i s considerably l im i ts the number of suitable 

techni ques . 

Population phenomena were monitored in each study area using live-

trapping techniques. A number of studies (Dunnet , 1956, 1964; Crawley, 

1973; How, 1972; Clout , 1975) have demonstrated the usefulness of this 

rn~thod in the study of this species . It is readily caugh t repeatedly in 
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and there is little evidence to suggest the development of trap 

:~ .. ' a~,91~ance responses in any of the populations studied. A1 though this 

I"~ 
method is expensive in terms of time and equipment it has the advantage of 

[ .. 
being non-destructive of the population and yields a considerable amount 

of data on population parameters such as breeding that are difficult if 

not impossible to study by less direct methods. 

2.3.1 

The Trapping Programme 

Trapping commenced in July 1976 in the Geeveston district. Each 

study area was trapped over 2 consecutive nights every second week. In 

October of 1977 this work was supplemented by field work in the Maydena 

district. To accommodate this increase the frequency of visits to each 

study area was halved. Thus, 2 nights trapping was conducted in each 

study area every fourth week, with visits to each district being a1 ter-

nated with one another. This pattern of trapping was continued until 

July 1978 when the frequency of visits to each study area was reduced to 

one every t\olO months. A1l trapping ceased in August 1979. 

Trapping was carried out using wire cage traps (Mascot Wire Works, 

Sydney) • Two sizes of trap were used; the larger being 12" x 12" at the 

entrance and 24" long, whilst the corresponding measurements of the smal-

ler trap were 8" x 8" and 24". In the field the two trap sizes were al t-

ernated with one another so as to minimise any bias in their relative 

efficiencies. 

Each trap was baited with a segment of apple; the cheapest and most 

consistently available bait . Baits were replaced daily. 

':,,). Traps were visited daily when in position in the field and any aoi-

-'" 
r~ mals captur:ed were recorded. At the completion of each trapping session 

r' 
' in a particular study area all traps were removed • . \ " , 
." ' .. -',.' ,. 

", 
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These traps proved to be , very effective with little maintenance being 

required over the study period of 3 years. Their light weight allowed 

them to be carried over considerable distances into each study area. The 

total of 72 such traps used in the study was readily transported on the 

tray of a Holden Utility. 

Traps were placed singly each in the vicinity of a pegged site. The 

arrangement of sites was limited by the nature of the vegetation and topo-

graphy which precluded easy access. Thus, trap sites were not arranged 

in either a grid or random pattern, both of which would be desirable from 

the point of view of analysis of the trappir:-g results (Stenseth~. _a 1. , 

1974) • Instead, use was made of what roads and tracks were present with 

the result that the pattern of trap sites approximated a series of trans-

ects throughout the study area (Appendix A.). Trap sites were spaced at 

50 m intervals along these transects. 

2. 3.2 

Handling and Measurements 

Possums were examined, marked and released at the point of capture. 

Handling was performed using gloves whilst the animal was restraineci i,1 a 

sturdy hessian sack. Those animals trapped for the first time were, how-

ever, ~ightly anaesthetised with ether prior to being examined. Recovery 

from this precedure ,was usually rapid, although one animal d-Led. 

Adult and juvenile possums were marked for individual indefltification 

by tattooing by which up to 2 digit numbers could be applied to the ear of 

an animal. 
j(l1posed. ~ 

This~imitation to numbers between study areas. This was 

not, however, allowed to occur in adjacent study areas. Tattooing proved 

to be both a convenient and long-lasting method of marking animals under 

field conditions. No instances were recorded of animal s having lost i,,-

dentifi:;"able tattoos. Both ears were tattooed with the same number so as 

minimise any uncertainty in indentification. In addition, reference 



ther' characteristics of the individual animal, such as sex, coat col

our and location of capture, enabled all marked animals to be identified 

upon capture. 

Pouch young were marked by the age of 5 months using a single digit 

ear tattoo. This enabled these individuals to be identified later when 

independent juveniles. Growth 0 f the ear pinna eventually distorted the 

tattoo making it difficult to read. 

sible, re-tattooed at an o1der age. 

Hence such animals ~;rere, where pos-

The routine field processing of all possums involved recording 

weight, various body measurments, coat colour, tooth-wear, sex and repro

ductive status: 

Height. Animals were weighed to the nearest 500 g using a I Sal ter 5 

kg spring balance. This was performed at every opportunity as signifi-

cant differences in weight were observed from day to day due to such fact-

ors as stomach contents, and wet fur. The balance was periodically 

checked for accuracy against a known standard. 

Body Measurements. a) Total head-body length was measured dorsally wi th 

a tape measure to the nearest 5 rum. This measurement was only occasion-

ally done on each animal as it was difficult to obtain accurately from 

non-anaesthetised animals. 

b) Head length was taken regularly as it was more readily measured and 

~lith less error. In this measurement the distance from the tip of the 

snout to the occiput, at the base of the skull, was meflsured to the near

est 1 rum using vernier calipers. 

c) Pes length was similarly made to the nearest 1 mID using calipers) 

measuring from the base of the claw to the point of the heel. 
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c'~l~uL The colour of the pe lage o f a ll po ssum s was r eadily clas sed 

'-
., il~ "etther grey (agouti) or black, a fact o r that aided in the iden ti fica-
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;.,~. ~'i~n ~f individual possums. In addition, animals were occasionally re-
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i'! -, -
;.~ corded as having rufous pelage and in several instances white hair on 
~ , 

their feet or on the tip of their tail. 

Tooth Hear. Teeth were examined and on the basis of the pattern of ex-

posed .dentine in the molariform teeth assigned to one of seven toothwear 

classes. This classification was that used by Kean (1975) in his con sid-

eration of ageing criteria for a New Zealand population (see Table 5.1 in 

Chapter 5). The use of toothwear as a criterion for ageing animals in 

the present study is dealt with in Chapter ~5. Briefly however, it en-

abled 4 age classes to be reliably distinguished. 

Reproductive Characteristics 

The testes of male possums were measured externally through the scro-

tum. Both the length and breadth of the right testis were taken. 

Observations were made on the condition of the pouch and nipples of 

female possums. The degree of invagination of the pouch was noted along 

with the condition of the skin lining the pouch. The latter was classi-

fied as either dry and scaly or moist with a waxy secretion. The nipples 

were examined and re"corded as being either everted or inverted. When 

everted the relative size of each nipple was noted. Lactation was indi-

cated by expressing milk from the teat using gentle palpation. 

Measurements of pouch young '.Jere made following Lyne and Verhagen 

(1957). ,- - These measurements included head length, pes length with crowo-

i .~~ 
rump length being taken on young up to an age of about 80 days. Fur de-

\·._,y elopment was also noted. No at tempt was made to forcibly remove young 

from the nipple, and consequently body weights were only obtained from 

y6ting older than about 150 days. 
,. ·l 

The position of the nipple (possum's 

lef'~, o~:: right) being suckled was also recorded. 
, -• 
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Definition of Terms 

Possums from different study areas >lill be refered to as coming from 

different populations. This use of the term population is intended to 

apply only in the statistical sense of the >lord. There is no necessary 

implication of a lack of interbreeding bet>leen animals from different 

areas. 
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The breeding performance of a population determines, in part, its po

tential for increase. Thus, Bamford (1972) found that changes in fecundity 

among possums were, at least partly. responsible for changes in the numer-

ieal trend of a population. Moreover, breeding performance is critical 

in determining the ability of a population to recover from a reduction in 

numbers as may result from a destruction of habitat or other environ

mental disturbance. 

The pattern of reproduction in T.vulpecula is typical of phalangeroid 

marsupials. The gestation period is generally shorter than the length 

length of the oestrus cycle and lactation-controlled delayed irnplan tation 

does not occur as it does in many macropod marsupials (Sharman ~. ~., 

1966) • The species is polyoestrus and monovular. The oestrus cycle 

lasts apprQximately 26 days, and pregnancy 17.5 days (Pi tton and Sharman, 

1962 ) • A single young weighing less than 1 g. at birth i R produced and 

remains in the pouch for approximately 150 days (Dunnet, 1956). Removal 

of the pouch young during the early stages of lactation results in a re

currence of oestrus approximately 8 days later (Pil ton and Sharman, 1962). 

There have been a number of studies of breeding in wild populatlons 

of the brush-tailed ,possum. These include work on populations occupying Ii 

range of habitats from open eucalupt forest (Dunnet, 1956, 1964; Smith 

et.~., 1969; How, 1972) in Australia to rainforest (Bell, 1977; Crawl-

ey, 1967; Bamford, 1972; Fraser, 1979; Boersma, 1974) in New Zealand. 

The range of latitude covered by these areas is considerable, extending 

from 28 0 to 45° south. Taken together these studies indicate marked 

variations in the breeding pattern among different populations of this 
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species :. Such variations have been shown to markedly affect the product-

ivity of the populations (Brockie~. al., 1979). 

The reproductive rate of this species is affected by variation in a 

number of breeding parameters. These include the number of breeding sea-

sons per year, the age at which reproductive maturity is achieve and the 

breeding success of mature females. 

factor in" determining productivity. 

Varia t ion in lit ter si ze is not a 

Al though there are two nipples in 

the pouch, females normally give birth to only one young at a time. Kean 

(1971) recorded only 1 case of twins in 8000 females. 

T . vulpecula displays a seasonal pattern of breeding. 8i r ths occur 

predominantly in the autumn months of April and Hay, however tlti s period 

is commonly supplemented by another during spring. The relative contri-

bution of the latter period to the total varies from place to place, rang

ing from about 30% (Dunnet, 1964) to near zero (Crawley, 1973). 

The age at which females first breed will also affect th" repruduct

ive rate, with the productivity of a population being highest when females 

give birth at a younger age. Female possums have been found to first 

bear young at either one year of age (Tyndale-Biscoe, 1955; Dunnet, 1964) 

or two years of age (Gilmore, 1969; Crawley, 1973). However Cr a wl e y 

notes a delay in breeding in some animals to three years of age. ThE'. 

proporkion of females first breeding at a given age varies among jlopula-

tions. How (l972)',found that almost all females were breeding by the> age 

of 2 years. By comparison Crawley (1973) found that most females did no t 

breed until at least 2 years, whilst some were 3 years old before doing 

so. 

The fecundity of reproductively mature females is generally hi gh wi th 

more than 80% of females giving birth each year. Horeover females breed-

i.ng twice per year are uncommon even where there is a pr,)nounced spr ing 

ing period (Kean, 1971). 
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Young possums are dependent upon their mothers for a t least 6 months 

(Dunnet, 1956), the first 4 of which they are c.arried within the pouc.h. 

Survival of young du ring this period of depend ence is generally high,_ be-

ing in exc.ess of 80% . In c.ontrast Broc.kie et. !!l., (1979) report a New 

Zealand population in which survival o f pouch yo ung, a veraged ov er a 10 

year period, was only 55%, Hith survival during some years being as low a s 

30%. 

By contrast wi th f emales, the amount of informa tlon available f o r 

males is scant y. Gilmo re (1969) reported a population in whic.h males at-

tained maturity during their sec.ond year, that is , approximatel y 6 month s 

after females. Other studies ha ve confirmed this (Smith et . ~1_. ) 1969; 

Fraser, 1979) and suggest that within a particul ar po pula t ion the czge at 

maturity of males is correlated with that o f fe ma les. 

As noted by Brockie ~. ~., (1979 ) measures of reproductilJf:' eff o r-t 

are correlated with one ano ther. Th us there are hi gh productivit y Pl)PU-

lations such as those descri bed by Gilmore (1966) in which sp r ing bir th s 

are prominent, maturity is a ttained a t an earlier a ge , and fe mfl les have a 

high rate of breedi ng success. These conlrast with others in whi c h thE?' 

converse applies (for example, Crawl ey , 1973) . The f ac tors thAt ~ffr('t 

reproductive variation a re o bscure . HOt1eVer it appears that fluct ua tion s 

in l ocal envi r onments playa more s ig ni ficant role t han either lat t tude o r 

d aylength. Thus both Boer sma (1974) and Fraser (1979) fDund ,11m ost a s 

much variation in reproductive effort among populations in t he Hn kit ik (l 

and Copland Valleys o f Ne w Zealand as has been recorded ove r the entie e 

range of the species. Bo th authors we re able to correlate t he repef)ducx -

ive parameters o f a population wi th its status a nd trend in a c yc le o f 

eruptive fluctatio n. The present section examines va r i ation in hreed tng 

parameters .among the southern Tasmanian populations. ,1;1:, 
.1' .~ 
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J. 3 . 2 Methods , 

The routine field processing of live-trapped possums has been descri-

bed in Chapter 2. A number of external characteristics were examined. 

These included testicluar measurements of males and pouch and nipple con-

clition in females. Pouch young present were measured and aged following 

Lyne & Verhagen (1957). On the basis of this information a number of de-

ductions were made regarding reproductive status. 

The reproductive status of males was assessed using the meA.surements 

of maximum length and breadth of the right testis. Assuming the Lestis to 

be an ellipsoid body of length ..!.. and width w. then it follows tbat an jn-

dex of testis volume is given by the following: 2 1. w. • If in addition 

it is assumed that testi s weight is reflec ted by volume, then the use of 

te~tis volume as an index of sexual maturity is justified on the basis nf 

the finding by Tyndale-Biscoe (1955) and Gilmore (1969) that there \-k,S n 

close correlation between testis weight and the presence of spermatozoa. 

Much of the recent breeding history of a female possum could be de-

duced from pouch examination. Following Sharman (1962) fer.;illes ';,'f're 

placed in one of the following groups: 

a. Immature animals in which the pouch was unformed and the nipple 

inverted. 

b. Reproductively mature animals having fully formed, invagindted 

pouches and everted nipples. This group was further sub-divided 

into; i) mature animals in a oestrus condition as evidenced by 

the pouch becoming clean and moist with a waxy secretion, togeth-

er with a slight reddening of the area around the ni ppl es, i i) 

mature animals carrying pouch young, iii) mature animals with-

OlJt pouch young but lactating and, iv) mature animals in anoes-

trus in which the pouch became noticeably drier. T11e mamrn il r y 
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glari'd and nipple began to regress and the pouch epi theluim eventually be-

came coated in a brown waxy accumulation. The latter condition was taken 

to indicate weaning of dependent young. 

In addition the pattern of nipple usage was of value in deduc"'ing the 
'V 

breeding history of a female. Two features of this pattern were used. 

First, the use of alternate nipples during successive lactations. This 

has previously been noted in T.caninus by How (1976), although Hope (1972) 

was unable to show a similar trend in T.vulpecula. In the pre sen t study 

out of a total of 73 instances in which successive lactations were observ-

ed, in 63 cases alternate nipples were used. This was significantly 

different from equality of teat choice by successive pouch younr: (xl"" 

38.5, P·O. 000). In 3 out of the 10 instances where the same teat was 

used the previous young had been lost at an age of less than 30 days. By 

assuming this sequence of lactations it was possible to infer the breeding 

performance of females \rith incomplete trapping records. The most re-

cent1y suckled nipple shQll1ed the greatest development, hence a change in 

the position of this nipple during an intervening season indicated the 

production of pouch young during that season. The second feature of 

nipple usage concerned primiparous lactations. Forty first- lac tations 

were recorded, with 32 being found on the right nipple and 8 on the left. 

This was significantly different from equality of usage (x2 "" 14.4, 

p·o. 000). 

Body measurements of pouch young collected were recorded and their 

birth dates calculated from the nomogram of Lyne and Verhagen. The latter 

could be validly applied in the present stlldy to animals younger than 120 

"days. Beyond that age there were deviations in growth rate away from that 

assumed their model. Corrections were therefore made to all birth date 

estimates made for all older than 120 days in order to allow for this 
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Age assessments of older animals were made following the methods out-

lined in Chapter 5, based primarily on toothwear and head length. The 

follot~ing age classes were distinguished: 

o - 1 year, 1 - 2 years, 2-3years 

3 - 4 years, 4 + years 

It was assumed for the purposes of this analysis that all animals 

older than 12 months were born on the 1st May. The error involved in 

making this assumption is -considered to be of minor significance. 

Statistical Methods 

Of the statistical methods used in the analysis of breeding data one 

warrants special note. This was the method of problt analysis as de-

scribed by Finney (1952). This method is used to advantage in situations 

where the response being measured in quantal, that is, an all or nothing 

response. The data obtained in this case are in the form of proportions 

taken at various 'doses':- 'doses' being an artifact of the development 

of the method in toxicology and bio-assay work. Examples in the present 

study of such situations were maturity, lactation and emergence from the 

pouch. All were responses that could not be conveniently quantified. In 

each such case time or age was equa ted wi th 'dose'. 

The method of probit analysis has been applied in similar si tuations 

to the present by a number of authors. Caughley (1971) used it in exam-

ining the season of births of ungulates, and later refined the technique 
hd. 

(Caughley and Caughley. 1974). HOHever, the method~~een widely used in 

fisheries research for many years (Fleming, 1960) where itl),p·k.n used to 

s4udy maturity patterns. 
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'Briefly, probit analysis estimates the parameters of a frequency dis

tribution (in the case of maturity the frequency of animals maturing per 

time interval) from a cumulative frequency distribution (proportion of an-

imals mature). When the frequencies are normally distributed, transform-

ation of the cumulative frequencies to pro bits changes the sigmoidal trend 

of the cumulative distribution to a straight line, thus allowing linear 

regression techniques to be employed. 

The tedious nature o£ the calculations involved in probit analysis 

makes the use of a computer desirable. For this reason a programme was 

written to perform this analysis on a Hewlett-Packard desk-top computer. 



Results 

3.3. 1 

Breeding Season 

The pattern of breeding in the present study was examined using data 

on birth dates extrapolated back from the estimated ages of pouch yOllng. 

It should be borne in mind. that birth dates calculated in this mcmner are 

subject to an error that increases with the time since birth. I,1h1 1 st 

this is not expected to bias the results it will affect the ~stim"t.es of 

variance. 

From June 1976 to September 1979, a total of 199 individual pouch 

young were examined and assessed for age. The dist.ribution uf births 

after pooling data from all study areas and years is given in n~llrC 3. I. 

Not included in this figure are two births recorded for Oc tohel-; weI 1 Ollt-

side the main season which occurrs between the beginning of April and the 

end of June with 65% of all births occurring during ~!ay. The ITI('<ln nate 

of all births was the 17th of May. 

In pooling the data, any variation in breeding season among ye<lrs IJ:lS 

obscured. Such variation Il1aS, therefore, exnmined using datil from :l S,-f-

ies of study areas in which tl110 criteria were fulfilled, namely that a) 

each had been traRped during all years from 1976 to 1979 and b) during 

that time there had been no noticable change in the cOnditio'l of thl:' hilhi-

tat, that is the area was not recently burnt. Four SLudy al"l:'<1S sati sfied 

these conditions; Keoghs Rd., Arve 33, Ed';.lards regrowth, rtnG Blu£' lli11. 

Applying a one-way analysis of variance to the data regroup;·d ac:eunl li1g to 

year indicated that there was no statistically signi.ficant d1fferen(~e in 

the timing of breeding from year to year (F"'O.51, P"'O.60). 

l: :'t0oling of data from different years was justified. 
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Next the combined data were partitioned according to study areas. A 

preliminary analysis suggested that different study areas exhibited dif

ferences in the timing of breeding. This was in fact substantiated by 

analysis of variance (F=5.62, p=O.OOO). Closer examination revealed that 

these differences were attributable to animals from the more recently 

burnt areas breeding at an earlier date than those from other areas. In 

this way births in Felix Curtains Road (4-5 years post-fire) occurred, on 

average, 34 days earlier t han those in Penny Road (80 years post-fire). 

This trend is depicted in figure 3.2 in which the distributions of bi.rths 

in different habitats are given following the grouping of study areas ac-

cording to time since burning. Births took place at an earlier than 

average date between and 6 years after the fire. By 8 to 16 years, 

births were occurring at a markedly later date, a trend that continued to 

60 to 80 year old habitat. Variation among habitats was statistically 

significant (F"'8.95, fP"O.OOO). 

There was considerable variation in the timing of breeding among in-

dividual females, even within the same habitat (rig. 3.2). Some 0 f th i s 

variation was due to the presence of primiparous individuals which consis-

tently gave birth at a later than average date (25th May). However, the 

bimodal distribution of births evident in figure 3.2, in particular 8-16, 

30-40, and 60-80 year old habitats, suggests an additionaJ factor, the 

failure to conceive at the first oestrus. If a female failed to conceive 

during the first oestrus, and assuming that she conceived during the fol

lowing cycle, the birth date would be delayed by 3 to 4 weeks, that iB th~ 

length of one oestrus cycle (26 days, Pilton and Sharman, 1962). Hence, 

much of the variation in the timing of births could be due to a failure to 

conce ive at the first oestrus. Further, it appeared that the failure to 

conceive on the first cycle accounted for from 30 to 50% (8-16 and 30-40 

old habitats respectively) of all females. 
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Tnc.vuriunce in birth dates provided an index of the duration of the 

breedinG period. By applying Bartlett' s chi-square test it wai? shown 

tlwt: the. vuri.:mce in birth dates \>lithin habitats did not vary significant

ly among habitats (x2=7.01, P"O.S). In other Imrds the duration of the 

breeding period did not differ among different habitats. 

As noted previously two births only were recorded outside of the main 

April to June breeding period. Both l0)8re estimated to have occurred in 

October; any greater precision \olaS not possible using young such as these 

at the advanced age of approximately 200 days. The contribution, there-

fore, of spring births to the total reproduc,tive effort of the population 

~"as small, being approximately 1%. However, viewed in the context of the 

study area in which both of these births were recorded, that is the Felix 

Curtain's Road area, then 2 out of a total of 17 births represented a more 

substantial 12% of births. It is note worthy that this area consisted of 

4-5 year old habitat in which births occurred, on average, at an earlier 

date than in any other area. 
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3.3.2 

Sex Ratio of Pouch Young 

The sex ratio of all dependant young is given for each habitat in 

table 3 . 1. With the exception of 0-4 year habitat, individual habitats 

did not have signficantly biased sex ratio s. However, pooling the results 

from all habitats indicated a significant bias in sex ratio towards males 

The l ow significance of the heterogenei.ty fac.tor 

(x2=7.3S, P=O.36) indicateJs that the deviatio ns fr om parity torere gener

ally i~ the same direction in different habitats and not slgnificantly 

dif fe rent from one another. 

Table 3.1: Sex Ratios of Dependant Young 

Habitat 

0 -4 years 

4-6 y ears 

8-16 years 

30-40 years 

60-80 years 

A 34 (ex) 

TOTAL 

Total Number 
of Young 

42 

30 

49 

18 

28 

16 

183 

Proper tion 
of Males 

0. 71 

0 . 43 

0.55 

0.50 

0 .6 8 

0.56 

0.58 

Chi-Square 

7.71** 

0.54 

0.52 

0.00 

3.58 

0.25 

5.25* 

Heterogeneity 7.35 

A comparison of the sex ratio s of young at different ages showed that t he 

preponderance of males was held at a constant leve l throughout the per i od 

of pouch dependence (Table 3.2) thereby indicating that there was n o sex-

differential mortality during this period. Applying chi-square contin-

gency te s t to these re sults revealed that the proportion of males did not 

vary significantly between different age classes (x2=O.1 7, P=O.99). 
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Table 3.2: Sex Ratios of Dependent Young of Different Ages 

Age 
(Days) 

0-40 

40-80 

80-120 

120,,160 

160-200 

3.3.3 

Number of 
Young 

86 

80 

70 

47 

26 

. Onset of Reproductive Maturity: 

a) Males 

Percen tage 
of Males 

57% 

59% 

60% 

57% 

58% 

The approach of reproductive maturity in the male possum is marked by 

a series of behavioural and physiological changes, (Gilmore. 1969). How-

ever, only two of these were conside~ed to be of value in the field situa-

tion; an~ increase in the extent of the sternal gland secretions, and an 

increase in the size of the testes. In the immature male there is little 

increase in testis size relative to body weight as the animal grows, how-

ever, the testes increase vary rapidly in size at puberty with up to a 

300% increase in volume being recorded over a period of 2 months. Sever-

al studies (Gilmore, 1969; Tyndale-B,iscoe, 1955; Smith e t. al,., 1969) 

have correlated this period of change with the first occurrence of sperm-

atozoa> in the epididymides and hence sexual maturity. The' rapidity of 

this change provided a convenient means of unambiguously ascertaining the 

onset of reproductive maturity. 

Testi$ volume was plotted against body weight revealing the rapid in-

crease in testis size relative to body weight observed by previo1t« '.nrkers 

(Fig. 3.3). Reference to the studies of Gilmore (1969, rig. 5) and Smith 

~. a1. (1969, f'ig. 7) reveals little overlap between mature and immature 

>~. animals with regard to testis ~veight. This division occurred at approx-

"''' -':.~ <-
'lZ. ! ma tely 50% of mature testis weight. On this basis a value for the index . , 

w: , 
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possums sa~led in the Arve Valley during June 1976 to May 
1977. The trend line was f itted by eye. 
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of t'estis volume of 7 cm3 was taken as the threshold for animals to be 

classed as reproductively mature in the present study. Those animals 

with ~ testis index of less than this threshold were classed as reproduct-

.ively immature. It should be noted that this assumes a direct relation-

ship between testis volume and testis weight. 

Figure 3.4 shows the proportion of possums in each age class that 

were considered to have achieved reproductive maturity. The youngest age 

at which males were considered to be mature Has 12 months, however, this 

consisted of only one animal out of a sample of 46. By the end of second 

year of life the percentage of mature animals had risen to 70% of the 50 

males examined and by the end of the third year all males sampled were 

classed as mature. The pattern of attaining reproductive maturity was 

markedly seasonal, with the majority of animals becoming mature in the 

period January to February. Out of a total of 51 animals for which ade-

quate records exist indicating the approximate date of puberty. 22 or 43% 

did so in January/February. 

April. 

Forty-two or 84% did so between November and 

Comparing age-specific maturity patterns from different study areas 

revealed marked differences. This was particularly so for the 22-24 

months age class (x2=24.28, P=0.04). However further c.onsideration of 

this variation will be deferred, to be treated along with maturity in 

females in sec tion c. 

b) Females 

The reproductive maturity of female possums was assessed according to 

two criteria: a) the invagination of the pouch and eversion of the nip

ples which mayor may not be followed by b) the production of a pouch 

young. 



Pouch formation and the development of the mammary glands in T .vul-

pecula has been correlated with the oestrus cycle (Sharman, 1962) ,. More-

over, it is a markedly seasonal phenomenon with the beginnings of pouch 

development being noted up to 120 days prior to parturition. If no young 

was conceived then the pouch was found to regress to its original condi-

tion within a further 90 days. This sequence of development and regres-

sian is shown in figure 3.5 from which it was determined that the median 

date on which pouch development was first noted was approximately 70 days 

prior to parturition. Similarly the median time for pouch regression in 

the absence of conception was determined as 45 days. These two median 

dates were therefore taken as limits between which the proportions of nul-

liparous females with developed pouches was determined. For each study 

area only the mean date of birth relevant to that area used. These pro-

portions, grouped according to age, are presented in Table 3 . 3. The per-

centage of females showing pouch development varied with age, increasing 

from 17.5% at 12 months of age to 81.5% at 24 months and 100% at 36 

months. However this pattern was not constant across all study areas, a 

fact that was confirmed by applying a chi-square test to the data for 12 

month old animals (X2=31.8, P=0.004). 

Table 3.3: Percentage of nulliparous females at different ages showing: 
a) pouch development, b) production of pouch young. Samples 
for assessing pouch development were taken from 70 days prior 
to the mean birth date until 45 days after this date. 

Age 

% Of Females 
a) Wi th Pouch 

Developed 

N 

% Of Females 
b) Producing 

Pouch Young 

N 

12 Months 

17.5% 

40 

4.3% 

69 

24 Months 36 Month 

81.5% 100% 

54 16 

75.4% 83.3% 

61 18 
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Fig. 3.5: Sequence of pouch formation and regression in sample of anlm8ls 
from the Arve Valley 1976-197B. 1 he ~haded parl of cach ben' is 
the proportion of nulliparolls females with developed pouches. 

(Timing of sequence is given relative to the mean date at which 
births \!lore found to occur). The sample si7e is given at the' 
head of each collumn. 
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'"The trends exhibited in pouch development were also found in pouch 

young production. The develop,nent of a pouch did not, however, invari-

ably culminate in the birth and further growth in the pouch by the young. 

In fact young were subsequently observed in only 67% out of the total of 

110 instances where females underwent pouch development (Table 3.3). More

over, the magnitude of this difference varied according to the age of the 

individual animal (x2=lO.5, P=O.OOS). Thus, only 30% of 12 month old 

females in which pouches developed produced young, whilst 76.3% of 24 

month old animals and 83.3% of 36 month old animals did so. 

c) Probit Analysis 

Several trends were identified in regard to the onset of reproductive 

maturity in both males and females. Among these was the tendency for age 

at maturity to vary among different study areas. However, further analy-

sis of this pattern was made difficult by the nature of the data. Thus 

precise dates at which animals matured could not be obtained, and instead 

the proportion of mature to immature animals was determined at a number of 

times. Hence it was not possible to use conventional methods employing 

means and variances. Instead it l"ras necess,JrY to employ the methorl of 

probit analysis, the mathematics of which w;)s outlined previously. 

Probit analysis has previously been used in this context by fisheries 

biologists (Bowering, 1976). In cases such as these, the Clnimals are 

'dosed' with time and the analysis is used to determine the age at which 

50% (ie. the median age) of the animals have become reproductively mature. 

Median age at maturity can then be compared among areas. Some grolJping 

of data was considered necessary because of small sample sizes. 

performed on the basis of the time since the area was burnt. 

This WAS 

Hales and 

females were considered separately with females being asses5ed by both 
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pouch development and the production of pouch young. A Iogar i thmic 

transformation was applied to age as it was consistently found to improve 

the fit of the regression line. The chi-square test was employed to as-

certain how well the observations fitted the computed line. Where the 

deviation from the fitted line was significant at the P"'O.05 level the 

data was not used in further analyses. Finally the regression lines ob-

tained were compared with regard to both their slope and position (ie. 

median) using the method developed by Bliss (1935) and subsequently em-

played by Leslie.!.!. ~., (1945). 

It must be pointed out, however , that the figures derived by this 

method for median age at maturity do not necessarily coincide \"i th the 

actual ages at which any individuals matured. This is to be expected tn 

view of the previously described seasonal nature of breeding. The fig-

ures are never the less considered useful as a means of allowing compari-

sons to be made. 

Table 3.4 presents the results of the probit analysis for each habi-

tat grouping. It should be noted that only in the case of the data for all , 

females combined does the observed data depart significantly from the com-

puted line. Several trends are apparent from these results. These 

trends in both the estimates of slope and the median age at maturity will 

be considered in relation to the sex of the animal and the habitat it 

occupies. 

For males the median age at maturity as assessed by testis growth 

ranged from 17.7 months in 3 to 6 year old regrowth to 25.1 months in re-

growth ove~ 60 years old. Within this range the values for median age 

at maturity were, broadly speaking, related to the age of their regrowth 

habita t. Males from the most recently burnt habitats (0 to 3 years) 

became mature at a median age of 21.0 months. Thi s figure contrasten 

itt markedly wi th 
~. l 

~~~"forest, for 
,','~ , , -.,.1 
~':)\, 

,. ;( , 
,.g 

t~: 

that for Arve 34 (ex), an adjacent area of older, unlogged 

which the figure was 27.0 months (P'=0.003). !1oreover, 



. 
~ 

,'" 

Table 3.4: The med ian age (in months) at Which ma tur ity is a tt ained. 

Males 

Females 
(P. Y. 
produced) 

Females 
(Pouch 
formed) 

t 
';. :\ 

.••• J' 

'.'1 .. , . . , 
t . • 

i- .. -, 

Habi tat 
Age 

All 

A 34 (ex) 

0-3 years 

0-1 years 

2-3 years 

3-6 yea r s 

8-16 years 

30- 40 ye a rs 

f>O + years 

All 

0- 3 yea r s 

3-6 years 

8 -1 6 years 

30- 40 years 

60 + year s 

All 

0- 6 yea rs 

8-16 years 

30- 40 yea r s 

Median Age 
At Ha t urity 
( I.S.E. ) 

22. 17 + I. 031 

27. 00 + 2.1 60 

21.02 + 0 . 706 

23.99 + I. 919 

18.89 + 0 . 835 

17. 69 + 1. 0 32 

24.99 + 1. 243 

24. 45 + I. 109 

25.13 + 1. 262 

22.82 + 1.267 

17. 43 + 3 . 015 

19 . 39 + 2 . 801 

26 . 29 + 2.1 52 

24 .76 + 3.099 

29.67 + 3.440 

16. 96 + 1.545 

10 . 29 + 2.163 

17. 43 + 2 . 051 

21.17 + 2 .1 08 

Slope of 
Fit ted Line 

(± S.E.) 

8 . 055 + 0 . 8 72 

6. 557 + 2.526 

7.658 + 0 . 872 

5. 385 + 1.552 

7.776 + 1. 389 

9.806 + 2.047 

10.788 + 2. 804 

14 . 330 + 3.847 

11.758 + 3. 416 

4 . 069 + 0 . 353 

4.783 + 1. 065 

4 . 508 + 0 . 939 

4. 667 + 0.705 

4.382 + 0 . 939 

4. 003 + 1.1 48 

6 .675 + 0 . 809 

4.735 + I. 603 

9 . 665 + 2 . 345 

7. 016 + 1. 523 

" Fit Of Line " 

x 2 df P (X) 

9.786 6 0 .1 34 

3 . 246 6 0.777 

9 .• 357 12 0 . 672 

2.738 6 0. 84 1 

1.809 6 0.936 

1.754 6 0 . 94 1 

6 .257 6 0.395 

J. 698 6 0 . 945 

2. 788 6 0. 835 

18. 046 2 0 . 000 

0 . 868 2 O. 64B 

1.410 2 0.067 

4 . 119 2 O. 125 

3.368 2 0 . 186 

I. 307 2 0. 120 

0 .91 5 2 0.633 

0 .156 2 0 . 161 

0 . 004 2 0.998 

1.187 2 0 . 452 

45 
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examining the 0 -1 y ear old habitat separately fr om the 2 to 3 year old 

habitat revealed a significant difference (P=0.007) between the two, with 

figures of 24.0 mo. and 18.9 mo. respectively. The latter figure for the 

2-3 y ear o ld habitat was not significantl y different fro m that of 17. 7 mo. 

for 3 to 6 year old regrowth (P=0 .429). In all other habitats , that is, 

those created by fire, 8 or more years previousl y , males attained maturity 

at a significantly later age (P'::::::0.05). In 8 t o 16 ye ar old habitat the 

medium age was 25 .0 mo., and 60 ye ar s and older habitat, 25.1 mo. 

The range o f age over which sexual maturity took place in animals 

from a given class of habita t is represented by the slope of the computed 

line for these habitats. For males there were no statistically signifi-

cant differences (PC: 0.05) between slopes. 

In summar y, for males the median age at vAlich reproductive maturity 

was attained was lowest in habitats most recently created by fire. Ha bi-

tats between 2 and 6 years old had males maturing at the youngest ag es. 

By the time habitat is 8 to 16 year s old animals wer e maturing some 6 

months later. This pattern was then maintained into the older habitats. 

In females the limitations o f a small sample size made necessary add-

iUo nal grouping of data according to age of habitat. Ne vertheless it 

was apparent that the trend s as shown by pouch yo ung produc tion a nd pouch 

develoiment in fe males, paralleled that found for te sti s gro wth L":. males. 

Maturity, as evidenced by pouch yo ung produc tion, was a tta ined a l il medi.an 

age o f between 17.4 months and 29.7 months. Animals ma t ured at the 

youngest age (17.4 mo .) in 0 -3 year old hab ita t, whil s t mat ur it y was 

reached marginally later at 19. 4 mo., in 3 - 6 year old habitat. There WflS 

a significant difference between the latt~r and the fig ure of 26.3 mo. for 

8-16 year old habitats (P=0. 029). A similar f igure o f 24.5 mo. was ob-

~~,.tained f or' the 30-40 year o ld habitat, with 29.7 mo. beinb determined for 
,~{( ; 

69+ year o ld habitats . None of the figures were statisticall y different 
',~ 

t,> , , 
"'<"" 

, .' 
:~.t . 
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from"those obtained for males from the same habitats (P=O.222). However 

the slopes of the computed lines, and therefore the ranges of age over 

which maturity took place, were significantly different (P"'O.037), with 

males maturing over a shorter period than females. 

Reproductive maturity in females, judged on the basis of pouch devel

opment, was attained between 10.3 mo., the figure for 0-6 year old habitat 

and 21.2 mo., the figure for 30 + year old habitat. The median age of 

17.4 mo. for 8-16 year old habitat was intermediate between these. As 

was expected pouch development took place at a significantly earlier age 

than did pouch young production (P""O. 0001). 

the computed lines were different (P==O. 003). 

In addition the slopes of 

More noteworthy, though, 

was the fact that pouch developmen t in females occurred at an earl ier age 

than did testis development in males (P'=O.OOOOl). A comparison of the 

slopes of the fitted lines revealed no significant differences (P'"'O.188). 

The median ages at maturity for each class of habitat and sex are 

depicted in figure 3.6. 

ent from this. 

3.3.4 

The similar trends in both scxei"; nrc very Rppar-

Incidence of Br eed ing in Females 

The fecllildity of females within a population is the product of the 

incidence of breeding and the number of offspring produced at each partur-

i tion. The process of determining the fecllildity of T . vulpccuJ.1 was 

therefore simplified by the fact that, in the present study, this species 

was found' to have only one breeding period during which time only one 

yOllilg is produced. Consequently it was necessary only to derive an esti-

mate of the incidence of breeding per year in order to obtain an estimate 

of feClmd it y. 
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-'Data on the incidence of breeding were obtained from the repeated ex-

amination of 240 females captured periodically througoout the study. The 

proportion of females breeding could be determined provided that they were 

examined several times throughout the year. Even when females were first 

caught late in the year, that is between October and December, the earlier 

presence or absence of pouch young could be established by the condition 

of the teats and pouch. Only where the pouch young was lost soon after 

birth was there likely to be any uncertainty in this regard. In prac tice 

all females caught between 1st June and 31st December would show signs of 

breeding if it had occurred. Further, the breeding status of some ani-

mals was assessed by the occurrence 0 f an al terna tion in ni pple usage be-

tween successive lactations. Thus a change in the position of the most 

recently suckled teat during a season for which no observations wert' a-

vailable indicated the production of a pouch young during that season. 

Altogether 374 female-breeding seasons in females older thafl 12 

months were tabulated for breeding success. Animals youflr,cr than 12 

months were not included in view of the seasonal nature of breeding which 

precluded their breeding at a younger age. This yielded ~~ figure for the 

overall fecundity rate in females of 70.6%. Subdividing this figure ac-

cording to years gave the following results. In 1976 79.5% of the 39 

females examined were carrying pouch young, compared with 71.0% out of 145 
o~l: oj ,56 in 19'5 , a."1d- 13·-.:t oj k 3.y.. ;1\ I'l''). -rho'::, \/''' .. , ..... tl'O .... 

in 1977, 65.4~among, years was not significant (x2==3.51, P""0.3), thereby 

allowing the data from different years to be pooled for further aflalysis. 

The overall figure for fecundity presented previously compounded the 

effects of'variations in the age at maturity wi th the breeding rate in 

parous females. Including animals aged 24 months or less would tend to 

lOwer the estimate of fecundity which would, therefore, be unduly affect-

ed by variation in the age structure of the population. Consequently, the 
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data'derived from animals less than 3 years old were rem o ved, giving an 

o verall fecundity of 88.1 % out of 244 observations. Bearing in mind that 

some of those females classed as not producing young, may have in fac t 

lost them during the earl y part of pouch 1 He, then this figure may be re-

garded as a min imum val ue. 

The fecundity o f parous females varied markedly amo ng study areas 

(x2=24 .62, P=O.04), with a strong inverse association being evident be-

tween the incidence of breeding in females and the time elapsed since 

their habitat was fired (r s =0.846, P=O. 00 08). Table 3 • .'5 presents th i s 

d ata for stud y areas grouped on the basis of the age of the hab f tat. Of 

particular note is the slight dec.line in fecundit y d uring lite f irst year 

after the fire relati ve to that during the foll o wing 3 years (x2=6.98, 

P=O.Ol ). This was fo llo wed by a period of high fecundity in which all 

mature females were found to breed. Then followed a steady d ecline in 

fecundity t o a level of 77.5% in 60 to 80 year o ld habitat. 

Table 3.5:· Percentage of parous females breeding in different habitClts. 

Age Of % Of Females Sample Size 
Habitat Breeding 

0-1 years 80 % 5 

1-2 years 100 % 15 

2-3 y ears 100 % 12 

3-4 years 100 % 7 

4-6 years 91.2% 34 

8-16 years 87.8% 74 

30-40 years 85.0% 40 

60-80 years 77 .5 % 40 

A 34 (ex) 94.1 % 17 

,. TOTAL 88.1% 244 " . 
·{l~~ 
.,," -:1,% .. ' ( 
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3. 3. 5 

Emergence from the Pouch and Weaning of the Young 

Two events were considered to be of major significance in the early 

development of the young. They were; a) emergence from the pouch, and 

b) weaning. Both are likely to be critical times in relation to the sur-

vival of the young. 

Observations were made on the association between females and their 

offspring. Three suc h associa tions were recognised; a) pouc h dependen t 

young, (b) dependent young in ,"hic h the young was trapped with its mother, 

but outside of the pouch, and (c) young taken independent1y of their moth-

er, although an association between the two may still persist. It should 

be noted that young were regarded as independent of the pouch from the 

first instance of being recorded outside the pouch. This was the case 

despite any subsequent captures within the pouch. 

Figure 3.7 depicts for different age-classes the proportions of young 

in each of the three types of maternal association. No juveni l e younger 

than 170 days was taken other than in its mother's pouch, although it v.as 

possible that some of these animals spend some time o ut of the pouch pri or 

to this age. The oldest juvenile captured wi thin the pouch was 198 days 

old. "Beyond this age juveniles were taken only as either dependent young 

outside the pouch or' independent young. The latter class o f yo ung in-

creased in proportion steadily up to the age of 240 days subsequent to 

which the '!'lajority of juveniles were taken independent of their mothers. 

However, it was noteworthy that one juvenile, a female, was trapped with 

its mother at an age of 330 days. The mother ",'as not lac tating at the 

time. 

'.' 
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Applying probit analysis to this data gave the following results: 

Young were found to have first emerged from the pouch at a median age of 

180 . 7 + 6.85 days, which corresponded approximately to the period October 

to Novem her. The range of ages over which young were estimated to have 

left the pouch was from 166.9 days to 195.7 days (these figures correspond 

to the 5% and 95% effective doses of Finney (1952). 

consistent with the observations. 

These figures were 

Young were found to be independent of their mothers at a median age 

of 207.1 + 8.12 days, whilst the range of ages over which they were found 

to do so was from 176,.6 days to 237.5 days. This wide range may have 

been due, in part, to error in the observed association reflecting the 

actual association between mother and young. A more satisfactory index 

of the transition from maternal dependence is considered to be represented 

by the age at weaning, to be examined below. 

Weaning is a gradual process involving a reduction in the physiolog-

ical and. behavioural dependence of the young on the female. Because of 

the gradual nature of the process it is often difficult to measure. 

Ideally an estimate .of the age at weaning should be derived from obser-

vations made on the suckling behaviour of the young. However, this was 

not feasible in the present study. An alternative approach is to con

sider the cessation of lactation in the female as an upper limit to an 

estimate of the age at weaning. 
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Animals Here judged to have ceased lac ta ting vlhen difficul ty was en
. / 

countered in expressing milk from the nipple by gentle palpation. This 

criterion Has applied to the mothers of those 38 juveniles that were known 

to have survived to independence, that is, to at least an age of 300 days. 

No other females could be used in view of the possibility that they ceased 

to lactate at a premature date due tu the loss of their young. 

The proportion of females lactating at successive times after part-

urition are shown in figure 3.8. No female that successfully raised a 

young to independence was observed to have ceased lac ta ting before the 

young was 207 days old. Conversely, no female of this type \oas found to 

be lactating beyond 250 days since giving birth. Between these limits 

there is a sharp decline in the proportion of females lac ta ting. These 

limits corresponded to the period from late November to early January. 

Based on the limited data available it did not appear that the period 

of lactation to the time of weaning varied between study areas. 

The median time for the period of lactation was calculated using pro-

bit analysis as 225.1 days with approximate 95% confidence limits of + 

8.01 days. The range of times over which lactation ceased was similarly 

determined as being from 198.7 days to 251. 6 days. These figures were 

consistent with the distribution of figure 3.8. 

Comparing these figures for weaning with those obtained for young 

being taken independently of their mothers revealed the latter to have 

occurred approximately 19 days pr ior to "hen lac ta tion ceased. This in-

dicates th,t the latter is, in fact, an underestimate of the true age at 

independence since Sharman (1962) found that lactation in T.vulpecula 

ceased within 8 days of the suckling stimulus being removed. 
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3.3 . 6 

Survival of Dependent Young 

The investi gati on of s urviva l in dependent young is difficult. This 

is particularl y so du ring the period foll owing emergence f r om the po och 

when dispersal movemen ts make it difficult t o accoun t fo r man y yo ung. 

Direct estimatio n of mortality was n o t adequate. No pouch y o ung were 

found dead in the pouch, a nd on only one oc casion was a pouch young found 

in such a n emac iate d condit i on that its s ub sequent disappearance could be 

attri buted to mortality. Instead, f i gure s on the surviva l of depend ent 

y oung had t o be dete rmined indi r ectl y by a pr ocess of infer ence. 

The probable fate of dependen t young was inferred on the bas is o f the 

condition of the pouc h of the female. Fr om an examinati o n o f the ag e of 

young at weaning it was established that their surviv al t o i ndepende ncE! 

was associated with their being suppor ted by l actation t o an ?g e of i'lt 

least 198. 7 + 18 .54 da ys ( refer to secti on 3.3.5 ) . That is, no ?n i mals 

known to ha ve been s uccessfull y reared to i nde pe ndenc e we r e weaned prio r 

to this ag e. It i s therefore a ssumed, f or the fol lowing a nal ys i s, that 

any f emale that ceased t o lactate pr i o r to 180 days had l o st he r young. 

Furthermore, ba s ed on Sharman's (1962) finding that the remo val o f the 

suckling young resulted in lactation c easing after a f urthe r 6 to 8 d Cl ys, 

the yo ung was a s sumed to have been lost at least 7 da ys prio r t o the oh-

served end of lactation. 

Figure 3. 9 depic ts the pro po rtion s of fema l es i n each of th re E! po uc h 

classe s at successive time s du r i ng the dev elopmen t o f the yo ung. The s e 

classes we r e: with dependent yo ung ~ withou t de pende n t young bu t s ti11 

lacta ting, and non-lactating . The data for thi s fig ur e we r e obtained un-

der several ass um pti o ns . Namel y that i) the pouch condit ion of a female 

;:'./ on t wo successive occasions ind icated its c ondition at all time s in be-
.q. 
"~~)::teen, ii ) the presence o f a dependen t young was reco rded as such on ly 

li;';: . 

• '1.;. 
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until the last occasion the young was observed with its mother, iii) lac-

tation was taken to apply until the first time it was observed in a non-

lacting condition. Consequently the proportions of females with depend-

ent young were expected to be underestimated, whilst those lactating were 

considered to be overestimated. Thus, mortality among young, being based 

upon the cessa tion of lac ta tion, was regarded as betng underestimated. 

Moreover, this estimate of~mortality does not include that associated with 

the death of the mother. 

Before proceeding with a detailed consideration of Figure 3.9 it was 

necessary to first consider mortality of pouch young soon after birth. 

Due to the limitations of the trapping programme pouch young ,vere not gen-

erally detected at, or even soon after birth. As a result any losses 

experienced during this period could not be readily estimated. However, 

Pilton and Sharman (1962) found that young lost during the early stages of 

pouch life were always replaced within about 25 days. Consequently it 

was considered that any losses during this period would be of minimal 

significance in terms of the productivity of the population. 

From figure 3.9 it is evident that females with dependent yOUrlg com-

prised a steadily declining proportion of the population. This decline 

was most rapid after 100 days of pouch life. The marked increase at this 

time in the proportion of females taken without young but still lactating 

did, however, sugges't that this decline was at least partly a result of 

females being captured separately from their dependent young. Previous 

to 1 00 day~ the latter class of females contributed a small, though sign-

ificant proportion to the total. This proportion of non-lactating fe-

~ales increased steadily to 25% at an age of approximately 200 days after 

~, . which time the proportion increased rapidly as the young were weaned. 
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Assuming that an independent existence was not possible at an age of 

l ess than 180 days then the proportion of non-lactating females present 

prior to this time represented the mortality rate of dependent young. On 

this basis the survival rate of young to independence was estimated to 

have a maximum possible value of 77.6%. Any additional mortality in de-

pendent young older than 180 days would lower this percentage. Prior to 

the age of 100 days the survival of young outside of the pouch was consid-

ered unl ikely. Therefore females without young, but still lactating 

prior to 100 days were equated with the loss of pouch young. Estimates 

of mortality were derived on the basis of these two assumptions and the 

results presented in the form of a life table (£ahle 3.6). 

Table 3.6: 

Age Class 
(Days) 

0-70 

41-60 

81-100 

121-140 

141-160 

161-180 

181-200 

200 + 

Survival of dependent 
Ix is the proportion 
particular age class. 
an age interval. 

Males 

young. 
of the original cohort surv1vlng to 
dx is the percentage mortality within 

Females Total* 
Sample 1, dx% Sample 1, d % x ' Sample 1x d % x 

Size Size Size 

107 1.000 1.6 77 1.000 0.7 200 1.000 1 • 1 

98 0.969 0.8 68 0.985 1.6 182 0.978 0.9 

70 0.957 2.9 43 0.954 3.9 125 0.960 3.4 

50 0.900 5.0 32 0.875 3.5 93 0.892 5.0 

40 0.850 3.8 25 0.840 6.2 76 0.842 4.6 

32 0.812 1.9 18 0.778 5.6 61 0.803 2.7 

29 0.793 2.4 18 0.722 5.5 58 0.776 3.5 

0.769 0.662 0.741 

~.~~' 
tr: ., ' . f • 

'~~ .. :-1ncludes a number of animals of unknown sex. 
'11 
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The mortality rate of males and females combined was very low during 

the first two months of pouch life. Hortality increased substantially be-

tween 80 and 100 days and remained at that elevated level for the period 

of maternal dependence. Taking the mortality rates of males and females 

separately reveals essentially the same pattern and confirms the conclus-

ion arrived at when sex-ratios Here considered (Section 3.3.2), that is, 

that there was no indication of sex-biased mortality prior to the time of 

weaning . 

The survival of the dependent young varied substantially among dif-

ferent study areas. This can be seen clearly in T~ble 3.7 where study ar-

eas have been grouped according to habitat. Although sample sizes were 

small, thereby precluding any statistical evaluation of the data, a trend 

was evident with the highest survival rates occurring in 2 to 3 year old 

habitat. This was followed by decline i~ survival in the older habitats. 

Table 3.7: Survival of dependent young to an age of 180 days in different 
habitats, including A 34 (ex) - the area surrounging the re
cently burnt areas A 34 and A 34/11. 

Habitat Percentage Sample 
(Year s) Survival Size 

0-1 66.6% 6 

2-3 100.0% 12 

4-6 85.7% 7 

8-16 80.0% 10 

30-40 66.6% 9 

60-80 72.7% 11 

A 34 ( ex) 83.3% 6 

Total 80.3% 61 
-\!"l;' c 
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3.3.7 

Correlations among Breeding Parameters 

The information on the breeding perfonnance of populations from dif-

ferent habitats is summarised in Table 3.8. It is clear from this tha t 

there was considerable cross correlation among the different measures of 

breeding performance. Thus, the following parameters were associated 

with one ~nother; an earlier age at maturity in both males and females, a 

higher incidence of breeding in females, a higher rate of survival in de-

pendent young and a higher probabilit y of spring breeding. 

Brockie~. a1. (1979), suggested that variations in reproductive ef-

fort among different populations were correlated with the timing of the 

main autumn breeding season. This approach was followed in the present 

study, the results of which are shown in fi gure 3.10. The average da te of 

births was positively correlated with age at maturity in males (~0.8 17 . P 

<0. 05) , and females (~ 0. 800 , p <0.0:;). whilst being negatively corre l ated 

to the incidence of breeding in mature females (r-0.758, P< 0.05) and the 

survival rate of dependent yo ung (r-0.836, P<0.05). These assoc ia t i o ns 

were all strong. In addition, age of maturity in males was strongly c or-

related the corresponding value fo r females (r-0.922, P< 0 . 05) whic h was 

in turn strongly correlated with the incidence of breeding in parous f e-

males (r=0. 938, P<0.05). The degree of associat i on among t hese repro-

ductive parameters s~ggested a response to a common factor; the nature of 

the habita t. 

The effect of the association among the different measures of repro-

ductive effort was to reinforc e each other in producing populations of 

differing productivity. This was investigated by modelling population 

processes so as to predict the population consequenc.es of variations in 

';~~. life history phenomena foll owing the approach of Cole (1954). 
';.I, 

t' 

~ :'0;: 0t. 
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Table 3.8: Summary of the reproductive performance of populations of possums from different habitats. 
Variance, where gi~en, is in the form of standard error. The sample size is given is parentheses. 

Mean % Median Age At Maturit~ (Months) Incidence of Survival of 
Habitat Date of Births (N) Spring Breeding in Pouch Young 
(Years) Births Males Females Mat ure Females 

0-1 19th May ±. 3.1 days (6) 0.00 23.99 + 1.92 ) 80.%(5) 66 % (6) 
) 

1-2 4th May + 3.4 days (16) 0.00 ) 100 % (15) 100 % (8) 
) 17 • 43 ±. 3.02 

2-3 8th May + 4.9 days (14) 0.00 18.89 + 0.84 ) 100 % (12) 100 % (4) 
) 

3-4 1st May + 4.2 days (9) 0.00 ) 100 % (7) 

4-6 5th May + 3.2 days (30) 6.00 17.69 + 1.03 19.39 + 2.08 91.2% (34) 86 % (7) 

8-16 21st May ±. 2.0 days (55) 0.00 24.99 + 1.24 26.29 + 2.15 87.8% (74) 80 % (10) 

30-40 1st June + 3.6 days (20) 0.00 24.45 + 1.11 24.76 + 3.01 85 % (40) 66 % (9) 

60-80 24th May + 2.7 days (31) 0.00 25.13 + 1.26 29.67 + 3.44 77 .5% (40) 73 % (II) 

A 34 (ex) 20th May ±. 3 . 6 days (18) 0.00 27.0 + 2.16 94.1% (17) 83 % (6) 

TOTAL 17th May ±. 1. 2 days (199) I. 00 22 . 17 + 1.03 22 . 82 + 1.27 88.1% (244) 77.6% (61) 

(F~8.95, P~O.OOO) 
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A statistic, the intrinsic rate of increase (commonly designated by 

the letter 'r'), was used as the basis for comparing the effects of vari-

ations in the measures of breeding effort. The intrinsic rate of in-

crease describes the potential for a population to expand in a given en-

vironment. It is the maximum attainable rate of increase for a particu-

lar population living under 'optimum' conditions. Consequen tly) it is 

regarded as being of fundamental ecological significance (Cole, 1954) as 

Hell as having implication~ in the management of animal JX)pnlations (Bam-

ford, 1973) . 

One major assumption was necessary in order to develop a workable 

model, namely that mortality during the reproductive part of the life span 

is reduced to a negligable value. Thus, the resul ts obtained in this way 

will indicate the maximum gain which a population might realise by alter-

ing its life-history features. 

The equation: ~ e-r + berx : relates the rate of increase 

(r) to the age at reproductive maturity (x), and the effective birth rate 

(b) • This equation was solved by an iterative process to yield at sel-

ected values of 'b', values of 'r' for all values of 'x' between 1 and 4 

years. The results we-re then plotted to give figure 3. 11. From this it 

can be seen for several birth rates, how the rate increase of a population 

responds to a change in the age at the onset of maturity. The birth rate 

referred to here is the effective birth rate, that is the number of female 

offspring capable of maturing. It, therefore, gives a maximum value for 

the potential of the population to increase. Thus a doubling of the 

birth rate' from 0.5 to 1.0 in a population in which maturity occurs at 2 

years of age would resu1 t in a 50% increase in the potential rate of in-

t crease. It is also clear from :figure 3.11 that for a given birth rate 

~ ~ 

' .~.~·t the rate of increase could be raised by shortening the period of matura-
,\, 
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tion. Halving the age at maturity from 2 years to one year in a 

population with an effective birth rate of 1.0 results in a 42% increase 

in the rate of increase. 

independently of the other. 

However neither of these variables operates 

The effect of an increase in birth rate on 

the rate , of increase will increase as the age at maturity decreases. 

Similarly the effect of a decrease in age at maturity will increase as the 

birth rate increases. 

These results were applied to the observations made in the present 

study (See table 3.9). One to four year old habitat ~"as considered first. 

An~mals from this habitat first produced young at a median age of 17.4 

months, both the incidence of breeding in females and the survival of de

pendent young was 100%, which, on the assumption of sex ratio of 42% 

females, yielded an effective birth rate of 42%. These figures gave a 

potential rate of increase of 0.34. By contrast 60-80 year old habita t 

had a median age at maturity of 29.7 months, yielded an effective birth 

24% and consequently had a potential rate of increase of 0.16. The cot'-

responding figures for the other habitats are given in Table 3.9. It can 

be seen from these figures that there was a marked decline in the intrin-

sic rate of increase as the habitat became older. There was a 53% de-

cline in the rate of increase between 1-4 year old habitat and 60-80 year 

old habitat. From this it is clear· that although individual measures of 

reproductive effort may show only relatively little variation, the combin

ed effect of these variations can have major implications for iXlPulation 

processes. 
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Table 3.9: Instrinsic rate of increase of po pulations of T.vulpecula from 
different habitats. This f igure is derived from f igure using 
the median age at maturity in females, and the e ff ective birth 
rate. The latter is the product of the incidenc.e o f breeding, 
the survival of breeding, the survival rate of young, and the 
percentage of females. 

Habitat Age .At Ef fe ctive Intrin sic Ra te 
Maturity Birth Rate of I ncrease 

1-4 years 17.4 mo. 42% 0.3 4 

4-6 years 19.4 mo. 33% 0 .28 

8-16 years 26.3 mo. 29% O. 21 

30-40 years 24.8 mo. 24% 0 .18 

60-80 years 29.7 mo. 24% 0 .1 6 

TOTAL 22.8 mo . 29% 0.23 
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DISCUSSION 

The reproductive parameters presented here will be d-Lscussed in com-

.parison with similar parameters in other populations of T. vulpecula. 

This is done, firstly, in order to place the productivity of this populat-

ion in the context of variation found over the geographic range of the 

species and, secondly, to relate this variation in breeding to differ-

ences in habitat. 

The seasonal distribution of births is consistent wi th the findings 

of previous studies of T ovulpecula (see review by Brockie ~. ~ •• 1979). 

Births occurred during a restricted period from early ArrD to the end of 

June with the average date being the 17th of }1ay. This date is later 

than most recorded for Australian populations in which the median birth 

date falls in AprU (How, 1972; Dunnet, 1956; Smith~. ~., 1969). In-

stead, this date coincides with the later dates recorded for mnny New 

Zealand po pula tions. 

<-The occurl\ence of a secondary, spring, breedi.ng period hns been noted 

in a number of populations where it may contribute up to 30'% of tolal 

births (Dunnet, 1964; Gilmore, 1969; Clout, 1977). In some populat-

ions, however, spring breeding is almost totally absent (CravJley, 1973). 

In the present study the later timing of the autumn breeding period coup-

led with the extended period of lactation apparently preeludcd the onset 

of oestrus and subsequent births in spring. Other populati..ons In whic.h 

spring breeding was well developed were characterised by earlier breeding 

during autlliTln (Gilmore, 1969; Dunnet, 1956). However this does not ex-

plain the absence of spring breeding in females that fa iled to produce 

young in autumn. 



It has been suggested tha t the ttl timare cause of the timing of the 

breeding season is the change in abtmdanc e or quality o f foo d througoout 

the year. Sharman et. 2l .. (1 966 ) consi dered that tho se spe cies o f mar-

supial living in the co as tal a rea s of southern Au st ral ia are ad apted to 

breed at a time that will ensure t ha t mo st of t he yo ung become semi-inde-

penden t in spring \oJhen there is usual ly a flush of green feed . On this 

basis the ,l ater breeding period recorded in t he present ' study ind i c ates a 

delay in the onset of favo~rable spring cond ition s. In forma H an avai 1-

able on the s easona l pattern of plant growth does not , however, provid e 

any support for this conclusion. Thus , Cremer (19 75 ) records a seasuna l 

pattern of s hoot growth in Euca lyptus regna ns growi ng at Maydena wi th in 

the present s t udy re g i on t hat is es s entially the same as tha t rec o rded for 

various Eu calyptus spp. on the ma inl and of Australi a ( Ashton 197 5, Specht 

and Brouwer 1975 ) where br eedi ng is earlier. 

Hi thin a sing l e populat ion in the Oro ngorongo Vall e y. Ne w Zealand , 

the med ian date of bi rth has varied by a s muc h as 4 6 days over a pe rio d of 

13 years (Brockie et. aI. , 1 979). Data fr om o ther studi es indicates con-

siderable var iati on among populatio n s from differen t habita ts . Thus Cloul 

( 1977) found median bi r t h da t es t o vary by a s much as 15 days bet ween 

young and old stand s of a pine plant a tion in New Ze al an d . Similar l y 

Boersma (1974 ) fo und considerable var i a ti on in the t im ing of br eed i ng a-

mong populations in the Ho k i tika Ca t chment. Thi s varia tio n wa s, in t u rn , 

re lated to a cycle of eruptive fluc tuat ions in density. Variation in the 

timing of breeding ~"as evident among habitats in the present study. Those 

populations occupying recently burnt habitat tended t.o breed during ea l'ly 

May, whil st those from the old est habi ta t s we r e breeding lm.Ja r ds t.he end 

o f Na y . This d i s parity in t iming av eraged 31 days , compared wi th a r a nge 

of approximately 37 days f o und over the geograph ic range of the spec i es . 
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The failure to prdtJ"e.~ o.:.Ji;"U~-ill1"JtjOtlfl.9 in the first oestrus cycle is 

offered as an explanation for the length of the period during which births 

occur. It is suggested on this basis that between 30% and 50% of females 

conceived on the second oestrus cycle. These figures are markedly above 

the figure of 18% of 66 animals that was recorded by Smith~. a1. (1969). 

Possible reasons for a failure to successfully conceive range from the 

failure to mate, to the loss of the developing embryo during pregnancy and 

loss of the young at or soon after birth. Following Pilton and Sharman 

(1962) any of these three events can be expected to initiate oestrus ap

proximately 25 days after the beginning of the first cycle. 

Both Dunnet (1956), and Caughley and Kean (1964) fOlmd some evidence 

of an excess of males among pouch young in T.vulpecula. Hope (1972) com-

bining data from all available sources was able to show, as has the pres-

ent study, a significant bias to males. This disparity was evident near 

the time of birth and, in the present study, was maintained lliltil the end 

of the period of maternal dependence. In this way no evidence was fOllild 

to support the conclusion of Hope that the bias in favour of males de

creases with age through pouch life. 

Sex ratios favouring males at birth have been reported in many euth-

erian mammals (Crew, 1952). However, among the marsupials studied, only 

the grey kangaroo, Macropus gigan tea, is reported as having a higher pro

portion of males at birth (Caughley and Kean, 1964), although subsequent 

samples of this species have failed to detect any bias in sex ratio 

(Poole, 1975). The absence of a biased sex ratio in the quokka, Setonix 

brachyurusj prompted Shield (1962) to suggest tha t mar supial species are 

"released from the major male-biased causes of intra-uterine death in 

". eutherians" and do not, therefore, have a high secondary sex ratio. 
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...... ::,~~ .. ,.) Cole '.(1954) pointed out the importance of the age at first breeding 

in' determining the intrinsic rate of increase of population. Po,'g sums 

have been recorded as giving birth at an age of 9 months (Pilton and Shar-

man, 1962), but typically do not breed until an age of at least 12 months, 

and more generally 24 months (Smith~. ~., 1969). In the present study 

females only rarely became mature, producing young, by the age of 12 

months. The majority matured by 24 months, but some djd not produce 

young until 36 months. By comparison with other populations, that of the 

present study was characterised by late maturing. In this respect it was 

similar to the population studied by Crawley (1973) in Orongorongo Valley, 

New Zealand. 

Males displayed the same pattern of achieving maturity as did fe-

males. That is, the majority were mature by 24 months with a small per-

centage not maturing until 36 months. This differs from the findings of 

both Gilmore (1969) and Smith et. al., (1969), that males mature up to 6 

months afte.r females . 

Several studies have established the presence of an association be-

tween the age at maturity and the condition of the habitat occupied by the 

population. Bamford (1972) examined the fecundity of possum populations 

at various stages of an eruptive fluctation and found an increase in 8ge 

at matur~ty as a population approached peak densities and the condition of 

the habitat declined. · , Both Boersma (1974) and Fraser (1979) have con-

firmed this trend. In the present study significant differences were 

found between different populations with regard to the pattern of the on-

set of reproductive maturity. The median age at maturity varied from ap-

prOXimately 18 months in recently burnt areas to 28 months in 60 to 80 

,:' year old habita t. 
, > Converting these figures to a form comparable with 

in other studies it is found that 12% of females were producing 

'.' , 



young at .12 months of age in the former habitats, whilst [lone were found 

to do so in the latter . Hence, even in the fo!;'mer habita t breeding in 

one-year-old animals \ .. a8 much reduced by comparison wi th other Australian 

(Dunnet, 1964; Smith et. a1., 1969; How, 1972) and some New Zealand pop

ulations (Gilmore, 1969; Boersma, 1974) where more than 80% of such ani

mals breed. 

If ipstead of births, the development of the pouch is considered, it 

is found that 64% of one year old females from recently burnt habitats 

showed signs of reproductive activity. Thus, l e ss than 20% of females 

that formed pouches produc ed young. This c ontrast e d with the fj gure of 

at least 80% in the other studies cited . Assuming that pouch formation 

in nulliparous young is indicative of oestrus (Pilton and Sharman, 1962), 

then the low rate of pouch young production in these animals suggests that 

they hav e either a low inc idenc e o f mating, or a high r a te oL loss of the 

developing embryo during pregnancy or a t birth. In either case the re-

suIt is co.nsistent with previous indications that the present population 

has a low successful conception rate. 

Most studies of T. vulp e cula indicate a survival rate am ongst d e pe nd-

ent young of more than 90% (Tyndale-Biscoe, 1955; Dunnet, 1964; How, 

1972 ; Clout, 1977). Ooly in the Orongoroogo Valley of NeN Zealand 

(Brockie et. ..§1.., 197~) have survival rates of l e ss than 80% been record-

e d. Over a 10 year period the survival of d e pendent young ther e averaged 

55%. By comparison with other Australian populations survivJ.I of young 

in the present study was low, with less than 77% of all young born stlrviv

ing to independence . 

66 



, 
'. 
f 

Tyndate-Biscoe (1955) suggested that the critical period for survival 

is the period of movement of the new-born young to the pouch. He did 

not, however, present any evidence to support this conclusion . Poole 

(1973), concluded that once the young is attached to the teat mechanical 

loss is low during the first 40-60 days of life, bUl may increase when it 

has sufficient mass to be dropped from the pouch . This period cor rcs-

ponded to ,the time just prior to emergence from the pouch . In f ac t thi s 

coincided with the period of peak mortality in the present study, that is, 

the period form 120 to 160 days. However, a consideration of growth 

rates in pouch young (Chapter 5) indicated that this period also coincided 

Hith the first major deviations from the standard growth curves uf Lyne 

and Verhagen (1957). This suggests that from this time on outside envir-

onmental influences are being exerted on the developing young, and its 

growth is no longer effectively buffered by the maternal environmenl. If 

so, then this would explain the temporal pattern of mortality. 

Two events punctuate the period of maternal dependence in the young. 

They are the first exit from the pouch and weaning. Young halle previolis-

ly been recorded as first leaving the pouch at an age of 112 days, wi th 

the oldest young recorded in the pouch at 170 days (Dunnet, 1956; Smith 

et • .'!l. , 1969). Following this the young continues to associate wi th the 

female I .continuing suckle from outside the pouch. Weaning occurs a t an 

age of about 200 days, (Smith~. ~., 1969), although Kenn (1971) cites 

some New Zealand populations in which the young were suckled for at Least 

240 days. The results for the southern Tasmanian study indicate, hy com-

parison, a more protracted period of development . Fmergence from the 

pouch was noted at around 180 days, whilst weaning occurred at about 225 
i . 

~t t;l.ays. Noreover, by reference to Chapter 5 it is evident that this delay 

'~:~: in weaning is not associated with slower growth rates I heno' young are 
\~ . 

i ~·t 
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.oil. do-at a larger size. Kean suggested that a long period of maternal 
,'~.I- ' weane . 

>' 
~: dependence" is associated with low reproductive rates of .populations found 

in si tua tions where food resources are limiting. Other measures of 

breeding effort reported here support the conclusion that the populations 

of the present study. taken as a whole, also have low reproductive rates. 

The rate of breeding in mature females is generally high, with most 

populations having more than 80% of mature females breeding each year. 

The two Australian populations for which figures are availnble indicate 

that at least 90% of mature females breed each year (Dunnet, 1964; Smi th 

.".!c, ~" 1969), In New Zealand the available figures are more varl<1oll'., 

however, most are in excess of 80% (Tyndale-Biscoe, 1955; Jolly. 1961; 

Gilmore, 1969; Boersma, 1974; Clout, 1977). By contrast the Orongoron-

go Valley study showed substantial temporal variation in the Tcl.le of je-

males breeding each year, ranging from 73% (Crawley. 1973) to nearly 100/0 

over a period of 10 years (Brockie et. at., 1979). It is noteworthy tint 

these high rates of breeding occur even in those populations where the on-

set of reproductive maturity is delayed. 

The resul ts of the present study are in accord wi th these pn-vioU.'; 

studies. Approximately 88% of mature females produced young each YL'ar. 

This figure is slightly less than the other Australian populatiuns. but is 

well wifhin the range of the New Zealand populations. 11lt, vdriation a-

mong habitats is more' significant. The inride-nce of href'dil1g ,1pprO;1~~1lf'd 

100% in those areas recently burnt. whilst those llahttals hurnt 60 to 80 

years prev~ously had breeding rates averaging 77%. Hence. the range of 

breeding rates exhibited by this series of populatIons drawl1 trom :! very 

restricted geographic area approached the total range of v"ciati.oI1 (!(H):i' -

10%) for the species. Similarly. botb Bocrsm,l (1974) .-md Bamfurd (1912) 

" ~1 <found a wide range of variation in tlle incidence of brcedin~ i-lmon~ loed 

'~t:;~'p~lat1ons of posswns. This variation was apparently rpL.:::lt~d to the 
' ,,1,\. \ ' ' 

"" density of the population and the condition of the habit .H . 
", r ... -.' 

.... ,' 
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li;;. The fQregoing discussion indicated tha t, when viewed as a single ooi t, 

it 
,~;: .t h. e 
~ 

population of the present study has a relatively low 

12-- All measures 
\' .. 

of breeding performance examined suggested that this popu-

t(:, , 
lation had a low potential for increase. This was particularly so in 

'" , 
r 

those comparisons involving Australian populations. 

<: 
Table 3.10 illustrates this by a comparison of the Tasmanian populat-

ion with a high productivity population; the Canberra population of Dun-

r, et (1964); and low productivity population; the Orongorongo Valley popula-

tion (Brockie, et. ~., 1979). The procedure employed in determining tht' 

value of the potential rate of increase was described in Section 3.3.7. 

The e ffective birth rate was deriv ed using a figure of 1. 4 for the birlh 

rate of the Canberra populalion. The corr e sponding value for the 

Orongorongo Valley was 0.81. The birth rate was then multlpl ied by lhe 

survival rate of dependent young (0.9 and 0.55 respective l y). Thl' hir,h 

productivity, Canberra, population has a potential rate of increase well 

above that of the low productivity, OrongorongD, population. 

Table 3.10: Potential rate of increase in populations of T.\'ulpeculd 

Population Ag e At Eff ec tive Rate Of 
Maturity Birth Rate I ncreasp 

Canberra (Dunnet, 1964 ) 11 months 0.63 (). 119 

Orongorango, N. Z . 
( Brockie et. al. , 1979) 24 months 0.22 O. 17 

Ta smania (Present Study) 22.8 months 0.29 D.n 

'. S. 
Another species of possum, the mo unt<:!in possum, T. c <1n i nus. hdS been 

studied in some detail by How (1972,1976). Several features o [ lhe 

t, ecology of this related species are considered to be of relevance in the .. , 
,,;'1 
\:, p ~esent c ontext . First, this species occurs in the wet sclerophyll for-
(:~,~, 

~'~R~? and rainforests of the south-east of mainland Australia. It does not 
'" , .. 

," ~'u' 

oC..f.ur in Ta smania • 
",J{ , 

~"." :; :\ \~, 

':t' :.,. 
'fi-{;~ • 



SeCOTI?, this species was characterised by its low reproductive poten-

tiaL By comparison with adjacent populations. of T.vulpecula, this species 

matures at a later age, has a long period of maternal dependence, low sur-

vival rates in dependent young and a lower incidence of breeding. The 

absence of this species from Tasmania has meant that habftat otherwise 

occupied by T.caninus is available to T.vulpecula. That T.vulpecula has 

in fact, !poved into this habitat is evidenced by the present study con-

due ted in wet sclerophyll forest transitional to rainforest. It is sug-

gested, therefore, that in addition to occupying the habitat of T.caninus, 

T.vulpecula has also moved towards adopting the reproductive strategy of 

this species with its lower productivity. 

It has been shown here that reproductive characteristics of a popu-

lation are correlated with its habitat. Variation between populations 

occupying different habitats was found to approach in extent the tolnl 

range of variation found over the entire geographic range of the spec ies. 

Other stud1-es have found consistent differences in breeding p:Jll'ntial bc-

tween adjacent populations. Bamford (1972), Boersma (1974) and Fraser 

(1979) found marked differences in the fecundity, age at m8tHrity, and 

timing of the breeding season among possum populations in New (;ei1l8nd in-

digenous fore st. Similarly, Clout (1977) observed differences in the 

timing ~f the breeding season and the occurrence of the secondary, spring, 

breeding period betwe~n 4 year-old and 15 year-old pine plantations. The 

former studies by Boersma, Bamford and Fraser correlated breeding poten-

tial with the cycle of colonisation, expansion and eventual decline in a 

population. This process is similar to that previously described in m-

gulate populations following their introduction to previously unoccupied 

range CWoodgoerd, 19M; Klein, 1968; Caughley, 1970; Leader-Williams, 

"1980) . In all of these studie s over-gra zing led to a reduc tion in the 

i~~a~rYing capacity of the range that in turn resulted in a pronounced 

.. 
• 
'!?, 

('--
~ .", 
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I~'\~ qecline fr.om peak po pu la ti o n densi ti es . The period of dec line was char -
, 
I, a cteris ed by both inc rease d mortality l evel s a nd lowered re prod uct ive 

potentials . The pres en t situat ion is considered to sha re with these 

stud ies an assoc iati o n between c ha nge s in r eproducti ve po t ential and 

c hanges i n habitat conditi on. 

The habitats of this study fo rm a se r i e s of stages in the po st- f ire 

s uc cessio q o f the mixed f ores t vege t atio n type . The early st ages of suc-

c ession f ollowing fir e are widely reg ard ed as pr ov iding br owse of superio r 

quality a nd fo r quantity (Kl ein, 1970~ Cowan ~. al.. 1 950 ; TAbe.r nn d 

Dasma fi[~, 1958). Ind ee d the n u trient content of vegetat iOIl ava i lable 

a fter f or est fire has been fo und to be higher than in that avail a b l c., prio r 

to the fire (Ah lg ren and Ah l gren. 1 %0) . Further, Att iwi ll (1 980 ) pres -

ents informa ti on that s uggest s a de c l ine with ag e of a stand in t he nutr i-

ent co ncen trati o n in the leaves o f E.ucalyptus o bliqua . E. obl iqua i;:; a 

major c om ponent o f the die t of T.vulpecula in the stud y region. There 

is, the re fqre , ev idence to sugg est t hat the varia t ion ob serv ed in brc.'cding 

poten t ia l among possum population s is associated with changes in nu-

t riti on . The level of nu trit io n of a pop ulat io n ha s oft en bee n in vo ked i n 

explaining d ifferences in the re productive po te ntial of popul aU o ns . 

However very li ttl e effort has been d irected towa rds quant i f yi ng the nu -

t riti ona l st atu s of any popul at ion, and most stud ies re sorl lD gf'o tO'rill 

d es cr ipti on . Dee r hav e rec ei ved consider a ble att en tio n i ll this rt- ~.-1["d, 

partic ularly i n North Americ a (Kl ei n . 1970) . Ot eatum amI Sr>vet"ing lk'lu'j 

( 1950) f o un d st rong co rrelat ion s between the fe cundi ty or deer and rang ~ 

quality . Similarly Verme ( 1965) using ca pt ive an im als wa s a bl e to d ~mon-

strate the effect of d iet on fertil it y . Jnf onn a lion on othe r m.:1mmdl s h;ls 

been re viewed by Sadleir, ( 1969 ) . Fr om this it is ap par ent t hat nutrition 
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:ft.!; .is important in determining 

r many species. This effect is 

the reproductive potential of populations of 

expre ssed in terms of the timing of the 
c 

breeding season, the onset of puberty, the fecundity of the female and the 

survival of the young. 

There is little direct evidence on the role of fire in breeding po~ 

tential. A number o f studies have found increases in population density 

following fire, but have attributed this to immigration rather than births 

(for example Redfield ~. ~., 1971) . Taber and Dasmann (1957) werE', 

however, able to find a rapid, al though brief, breeding responsE' to fire 

in deer. The primary effec t was seen i.n the ovulation ra te. Similddy 

Dunsmore (197-4) found the productivity of a rahbit, Oryc t o lagus cuniclllu~, 

popul ation declined with the cess a tion of regular firing of their ho.bjtat. 
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CHAPTER FOUR 

POPULATION DYNAMICS 

Introduction 

The dynamics of a population consist of: 

1. Changes in the total size of the population 

2. Changes in composition, that is the sex and age structure 

3. Changes in recruitment and survival. 

Fluctuations in the size of the population are invariably assoc

iated with changes in population structure. Both result from changes 

in the pattern of recruitment and survival. This, in turn, Cdn be 

related to changes in the condition of the environment. The latter 

may include social factors such as would produce intra-specific 

competition. 

The purpose of this chapter is to examine long-term trends in the 

dynamics of possum populations following the burning of their forest 

73 

habitat. These trends will later be interpreted in telms of the changes 

in the environment. 

The population dynamics of possums have been examined in a number 

of o~er studies. Several 0 f these have considered the numer ical :r-e s-

ponse of possum populations to some form of environmental fluctuation. 

Thus populations have been studied in relation to (a) normal control 

operations using poison baits (Bamford 1972, Clout 1977), (b) an eruptive 

fluctuation following the colonisation of previously unoccupied hdbitat 

(Boersma 1974, Fraser 1979). The results of this work have provid~d 

much information on the potential of this species to increase under 

favourable conditions. Clout (1977) also examined the dynamics of 

populations of possums occurring in pine plantations, finding that changes 

occur associated with the development of the plantation. 



Other studies have looked at the dynamics of populations under 

apparently stable conditions in both the native eucalypt forest of 

mainland Australia (Dunnet 1956, 1964; How 1972, 1981) and lowland 
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New Zealand forest (Crawley 1973) . Brockie et al. (1979) do, however, 

report a long-term decline in density in the latter New Zealand pop

ulation first studied by Crawley. They found an 85% decrease in 

density over a 10 year period. The causes of this were obscure 

although weather conditions were suggested as a possible cause. 



4.1 Trap Response 

4.1.1 Introduction 

A knowledge of the trap response of a species is necessary for 

the valid interpretation of population statistics derived from trapping 

data. One of the basic assumptions of all estimates of population size 

is that the probability of capture is constant within the population 

(Seber 1973 ) . However, very often the probability of capture will 

vary between various subgroups defined by age, sex, or reproductive 

status (Kikkawa 1964, Tanton 1965). If this is so then it is possible 

to partition the population into subclasses containing equally trap

prone animals. 

In addition, a knowledge of the trapping response is valuable in 

terms of the information it provides on those aspects of the animal's 

biology that determine trap-response. They include such factors as 

movements which determine the probability of encountering a trap, and 
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a complex of behavioural factors that determine the probability of entering 

a trap once it is encountered (Eberhardt 1969). 

4.1.2 Results 

A total of 4000 captures were made in the 15,000 trap-nights of 

this study giving an overall trap success of 27%. There was, however, 

considerable variat'ion in trap success both through time and between areas. 

Thus, total trap success ranged from a low of 1.0% per night to a maximum 

of 50.0% per night, whilst trap success for individual study areas ranged 

from 0.0% per night to 65% per night. Since the percentage of traps 

set off wIthout capturing an animal was generally less than 50% of those 

traps without captures it was considered that competition for traps was 

minimal. 
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Shdrt-term response to trapping 

During each trapping period it became clear that fewer animals 

were caught on the second night than on the first which suggested a 

short-term response to trapping. 

Capture records were compiled for each animal, scoring '+' for 

each occasion when the animal was trapped and '0' for each occasion when 

not caught, although traps were set. The chains of trapped/not trapped 

records were subdivided according to trapping periods in which traps were 

set in a particular location for 2 to 3 successive nights. The data 

were then tested on the hypothesis that the chance of capture on the 

second night of trapping was independent of whether or not the animal 

was captured on the first night. The first capture period of an animal 

was not included in this analysis. Applying a chi-square contingency 

test to the data revealed that for both males and females there was a 

significant departure from independence (Table 4.1). Animals that were 

taken on the first night of a two night trapping period were less likely 

as a result of this to be taken on the second night. In males this 

reduction in the likelihood of capture amounted to 28%, whilst in 

females it was 43%. 

The capture records dealing with successive bimonthly trapping 

periods were then examined. Similar methods to the above were used to 

t~st the hypothesis ,that the probability of capture during one trapping 

period was independent of being captured during the preceding period. 

By contrast with the previous results the observed departure from 

independ~nce (males X' = 27.17, p = 0.000; females X' = 16.58, P = 0.000) 

was in the opposite direction. Thus, being captured in one trapping 

period increased the probability of being taken in the following period. 

There was therefore, no suggestion of there being any trap-avoidance 

response 2 weeks after capture. 
L 
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TABLE 4.1 Chi-square test for independence of trapping response 
from night 1 to night 2. + = trapped, 0 = not trapped. 

o 

o 506 

Night + 421 
2 

Males 

Night 1 

+ 

601 

204 

x2 = 75.28 

Night 
2 

Females 

Night 1 

o + 

o 354 436 

+ 305 lOB 

x2 = 92.96 

It was, therefore, concluded from these results that individual 

possums display a short term response to trapping. This response took 

the form of trap avoidance which, however, diminished within a period 
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of two weeks. Moreover, from a comparison of this response at different 

times in the trapping record of various individuals it was apparent that 

it remained essentially constant and did not alter with continued exposure 

to trapping. 

The existence of a trap avoidance response indicates that it is 

not valid to use capture-recapture data collected within a particular 

trapping period to estimate parameters of the possum popUlations. To 

do so would result in substantial overestimations of population size. 

The first capture of an animal was considered to warrant separate 

attention since it was suspected that the trap response at this time was 

not typical of that at subsequent trap encounters. The percentage of 

males recaptured on the night following that on which they were first 

taken (7% out of 108 animals) was significantly less than the corresponding 

figure (25%, N = 805) for all subsequent parts of their trapping record 

(X 2 = 17.2, P = 0.000). By comparison this trend in females was less 

pronounced, with 15% (N = 89) being retrapped on the night following 

their first capture compared with an overall recapture rate of 20% 
L 

544) • It was, however, clear that possums undergo a marked decline 
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in their probability of recapture subsequent to their initial capture 

and further it was apparent that this response was more pronounced 

following the first capture than any later capture. 

The marked short term response to first capture suggested that 

this effect may extend to subsequent trapping periods. This was 

investigated using a sample of 50 animals from the Arve Valley, all of 

which were captured over the period of at least a year. The percentage 

of these animals being recaptured during the first bimonthly trapping 

period following their first capture was determined and then compared 

with the corresponding figures derived from the sob.-;'"'1,OI;.'l...t trapping record 

of these individuals. The results of this are presented in Table 4.2, 

where it can be seen that there was no significant difference between the 

percentages for either situation. Animals were just as vulnerable to 

recapture in the first trapping period following their first capture as 

they were at any later date. Thus the lowered likelihood of recapture 

so evident immediately following first capture had declined to normal 

levels after a fUrther 2 weeks. 

TABLE 4.2 Likelihood of recapture for a sample of 50 animals from 
the Arve Valley. 

First Recapture All Trapping 
Period Periods 

Captured 34 108 

Not captured 16 45 

% 32% 42 % 

Chi-square = 0 . 12, P = 0.7 

Variability 0 f the trap response 

Preliminary analysis suggested that spme animals entered traps 

frequently than others. In order to investigate this variability 



an index of trappability was used. The trappability of a population 

has been defined by Krebs et al. (1976) as the number of animals caught 

at a given time expressed as a proportion of the number known to be 

present at that time. The presence of an animal was inferred from its 

capture both before and after the time in question. 

This trappability index was determined for the total population 

subdivided on the basis of sex and age. Data for the first and last 

3 months of trapping in an area have not been used due to a gross 

underestimation of the number of animals actually present at these times. 

Despite this precaution it was considered that the estimates of trappabil

ity were maximum estimates since it was likely that some animals were 

not taken at all. 

Trappability estimates for males and females in each month of the 

year are shown in Figure 4.1. Adult males and females showed a similar 

pattern of seasonal variation in trap response. This response was at a 

maximum during the period April to August and was lowest from October to 

December. There were, however, consistent differences in the overall 

level of trappability between the sexes, with males being more readily 

trapped than females. Juveniles by contrast, showed no clear seasonal 

trends in trap response. The trappability of those animals captured 

was similar to that of adults. However, it is considered that this 

method substantially over-estimates the trappability of juveniles by 

underestimating their number present in the trappable population. This 

was due to the low probability of capture during the period following 

weaning ~t an age of approximately 10 months. This is illustrated by 

the fact that although 147 young were estimated to have been present at 

weaning (age = 10 months) only 75 were trapped during the following 5 

months, giving a capture rate of approximately 50%. Dunnet (1956) also 

noted the low vulnerability of young animals to trapping. 
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Long-term changes in trap response 

In addition to short-term changes in trap response~animals may 

exhibit more gradual changes in their behaviour to trapping. In order 

to detect any tendencies for the pattern of trap response to change with 

time, a sample was made of 80 adult animals from the Arve Valley, all 

known to have survived through 3 consecutive 6 month periods following 

their original capture. The distribution of trappability indices wus 

then derived for both the first and the third six month periods. Com

parison of these two distributions using a chi-square contingency test 

showed there was no significant difference in the distribution of trap

pabilities of animals at different times of their trapping history 

(chi-square = 8.42, d.L = 7, P = 0.5). Therefore there was no reason 

to suspect that animals were undergoing a long-term change in their 

behaviour in response to continued trapping. 

The recapture response 

The outcome of the above processes is to produce a pattern of 

captures against a background of time. This pattern is now examined. 

Following the procedure of Dunnet (1964) the data were examined 

to determine the distribution of times between recaptures with time 

being ~xpressed in terms of trapping periods. Multiple captures 

within a trapping period were ignored. The data for a sample of 282 

males and 194 females are presented in Table 4.3. Subadults and adults 

have been treated separately. There were no differences in the dis-

tributions between males and females. This was equally true for both 

adults (X 2 = 5.08, p = 0.5) and subadults (X2 = 3.19, P = 0.5). Con-

sequently the data for both sexes was combined and the age classes compared. 

They to~ were found to have similar distributions (X2 = 2.83, P = 0.6) 

and were pooled. The resulting distribution of times between recaptures 
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indicated that 95% of all captures were separated by less than 4 

trapping periods, and that 68% of all captures were made in successive 

trapping periods. The longest interval between recaptures was thirteen 

trapping periods spread over a period of 13 months. 

This distribution of recapture intervals can, in theory, be used 

to estimate the probability of an animal uncaptured for a particular 

period of time eventually being caught. In this wayan animal untrapped 

for 7 trapping periods could be assigned a probability of only 1% of sub-

sequently being caught. It would, therefore, be reasonable to assume 

this animal as lost to the population. However as Dunnet (1964) has 

noted, the confidence with which this probability can be stated depends 

upon the variability of recapture frequencies both between and within 

individual animals. Although variation in recapture frequencies is 

evident it is nevertheless considered that the use of recapture intervals 

provides unbiased estimates of losses from the population, and will be 

used for this reason. 

TABLE 4.3 Distribution of times between successive recaptures. 

Number of 
Individuals 0 1 

No. Trapping 
2 3 

Periods Between Captures 
4 5 6 7 8+ 
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The ~esponse of un trapped animals to traps 

The assessment of the trap response prior to first capture arid 

marking is made difficult by the effects of gains and losses to and from 

the trappable population. Data suitable for this analysis were however, 

provided by a sample of 248 animals, all aged at 4 years or over. The 

latter characteristic of the sample coupled with the assumption that 

animals. of this age were resident and sedentary within a circumscribed 

home range (Dunnet 1964) meant that all animals in the sample were potent-

ially trappable at the commencement of trapping. Thus, the pattern of 

recruitment of these animals to the marked population is determined only 

by the trappability of the animals within the potentially trappable pop-

ulation and not by recruitment to this latter population. Plotting the 

proportion of the trappable population captured (y) against time since 

the commencement of trapping (x) is therefore expected to give a relation

ship of the form; 

y = 1 -
-kx 

e 

in which k is a constant, the value of which is determined by the trapping 

response of animals prior to capture. That is, the number of animals 

in the marked population will increase at an exponentially decreasing 

rate, since the number of animals taken during a trapping period for the 

first time is directly proportional to the size of the untrapped part 

of the population. 

Figure 4.3 depicts the rate of which adult possums were observed to 

be recru~ted over a period of 12 months to the marked population. Males 

(sample size = 136) and females (sample size = 112) are treated separately. 

It appears from the form of this curve that the above relationship holds 

with animals entering the marked population at an ever decreasing rate. 

By 10 months after the commencement of trapping an area most animals were 

accounted for. A more rigorous testing of this hypothesis was performed 
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by f-itting a curve of the fonn; 

y = A (1 - e -kx) 

where A an estimate of the value of y to which the curve approaches . 

This was done by an iterative procedure using the method of least 

sq ares . The results of this are given in 'fable 4 . 4. 

TABLE 4.4 Rate of capture of previously untrapped animals. 

A k Capture rate t 

Males 1.1l5±O .1101 O.151±O.O74 17.9% r } 
Females 1.275!.O.2605 O.196±O.O57 19.8% 

Total 1.194±O.1086 O.173±O.O62 18.9% 0.40 

A comparison of the observed figures for captures versus time with 

those derived from the fitted curve indicated a very close agreement 

between ,the two (t = 0.40, d.f. = 11, P = 0.6). This being the case 

then it was possible to determine from the fitted curve the percentage 

of previously untrapped animals that is captured during each monthly 

trapping period. This percentage is constant over the 8ntire 12 month 

sampling period and is defined as the capture rate in Table 4.4. Capture 

rates for both sexes were similar, with untrapped males being captured 

at a slightly higher'rate than untrapped temales. 

The capture rate of previously untrapped animals was then compared 

with the rate at which these same animals, when marked, were recaptured. 

The latter being the average number of individuals trapped during each 

monthly trapping period expressed as a percentage of the size of the 

trappable population. In this way recapture rates of 30.8% and 30.3% 

were obtained fOr males and females respectively. First capture rates 
r, 
• 
t~.~ were therefore markedly less than the corresponding recapture rates, 

. - ~~- thereby indicating that animals became more trap-prone after their first 
"tQ;'( 

'ci~,flture • 
"1/;.,. 

'~if£ 
'I!,~" . 
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Evidence suggested that the probability of capturing an indiv-

idual was related to its subsequent recapture rate. Based on a sub

sample of 50 animals from the above sample it was found that within a 

study area, the position of a particular animal in the sequence of 

first captures was correlated with its subsequent trappability 

(r = 0.28; P<O.05). 
s 

Thus, those animals first captured at an earlier 

date tended to h ave higher recapture rates than those first captured at 

a later date. This illustrates the importance of fnherent trappability 

in determining trap response. 

4.1.3 Discussion 

The trap response of T. vulpecula 

Cormack (1966) classified possible causes of variation in trap 

response into 3 categories: 
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1. A property inherent in the individual, being expressed by behaviour 

in the immediate presence of a trap. 

2. A property depending upon the relative opportunity of capture. 

3. The result of a learning process in which being captured alters 

the probability of subsequent recapture. 

The trap response of T. vulpecula has been analysed by considering 

the total response as consisting of a succession of short-term responses 

of the type included in category 3 of Cormack. The series began with 

that response culminating in the first capture and marking of an animal. 

This was followed by an immediate, but short-term, lowering of the like-

lihood of recapture. Nevertheless, by 2 weeks after the first capture 

the probability of recapture had risen to a level above that exhibited 

just prior to the first capture. Subsequent recaptures followed this 

r 
~~ ~ame pattern with an immediate short-term reduction in the likelihood 

~{ ....... 
• ~ing recaught after capture followed by a recovery to previous levels 

l""·~ . '" . 



of trappability during the interval between trapping periods. This 

pattern is depicted in Figure 4.4. There was no evidence of a long-

term change in trap response as may result from the trapping programme 

inducing changes in the behaviour of the members of the trapped 

population. 

Learning may have played a role in two aspects of the above process. 

It may have been the prime cause of an overall increase in the likelihood 

of recapture following the first capture of an animal. If this process 

had continued beyond first capture it would have led to the phenomenon 

termed 'trap-addiction' (Crowcroft and Jeffers 1961) in which trappability 

increases with time. In addition the learning process may have produced 

the immediate short-term decline in trappability observed a,fter an animal 

was trapped. This trap avoidance response was similar to that described 

by Calhoun (1963) in Rattus norvegicus . Calhoun found that these rats 

avoided traps for upto 100 days after capture. This response resulted 

from a reduction in the probability of an animal entering any trap 

encountered. 

Superimposed upon this short-term cycle of fluctuations in trap 

response was a seasonal cycle of variation. This resulted in higher 

probabili ties of capture during the months from April to July, and a 

decline in December-January (Figure 4.1). The timing of this cycle 

suggests that it is associated with breeding condition, in that the 

period of highest trappabili ty corresponded to the main period of llirths . 

Tanton (1965) found that the likelihood of Apodemus sylvaticus entering 

any trap. encountered was increased during the winter period of food 

shortage. This explanation does not appear to apply in the present study 

since it has been found (Chapter 6) that food is likely to be at il. minimum 

during late winter - early spring (August - September); a time when trap-

} pabil ity· is 

". r; , '. 
£.,:.. two ways. 
i!~. 

~Chances of 
1.'14, 

<" 'f ... 

declining. Breeding condition may affect trappability in 

It may alter patterns of movement and in doing so alter the 

an animal encountering a trap, or it may alter the tendency for 
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an a"nimal to enter a trap. Support for the former is provided by 

the observation made during this study that possums, particularly 

males, are often captured well outside their normal range during the 

breeding period. 

In addition there was that variation in trap response that was 

~ 
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inherent in the individual and not determined by experienc2 of trapping. 

Variation in inherent trappability is almost universal among those 

mammal species examined (Edwards and Eberhardt 1967, Kikkawa 1964, Tanton 

1965) although, Keith and Meslow (1968) considered captures of snowshoe 

hares to be essentially random. 

In the present study much of the inherent heterogeneity of trap 

response was associated with sex/age differences. There wa s, in 

addition, a pool of residual variation not attributable to such differences. 

Two explanations have been proposed to account for inherent variatioll 

in trap response. The first, put forward by Calhoun (1963) suggests that 

the wide variation in the trap response of Norway rats, Rattus norvcg.lcus, 

results from the social structure of the population. Variation in social 

stresses were regarded as determining the probability of an animal enter-

ing a trap. This variation was related, in part, to the sex/age class 

of the individual. Given that previous work has shown the existence in 

T. vulpecula of a dominance hierarchy related to sex and age (Winter 

1976, Biggins and Overstreet 1978), it is likely that a similar explanation 

applies in this species. 

Eberhardt (1969) put forward an alternative by attributing variation 

in trap response to variation in patterns of movement. Thus, movements 

affect the probability of an animal encountering a trap, as distinct from 

affecting the probability of entering the trap once it is encountered, 

as suggested by Calhoun. Movement patterns are expressed in two ways; 

first iri the size of the home range, and second in the amount of activity 
( .. ', 

~ within the range; both of which vary in the present species, with sex and .. ,~ 
')~: '- 1;' < ~ 

~.~~1 

'~. , 
~~ . .. '. 
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, 
age ." (refer to Section 4.2). This will tend to reinforce the effect 

of any variation in trap response due to social factors . 

A similar effect is found in variation in the distance from 

the centre of the home range to the trap line. In this way animals 

further away from the trap line would tend to encounter traps less 

frequently than those closer at hand. It is expected that this variation 

accounts for much of the residual variation in trap response. 

In addition to these- factors, experience suggested that weather also 

played a part in determining trap response. High rates of trap success 

were generally obtained on mild, calm nights. Rain, wind and un seasonally 

low temperatures all contributed to low trap success. However it was 

considered that the weather conditions on a particular night had to be 

viewed in the context of previous conditions . Thus, a mild, dry night 

after a period of cold wet weather produced a very high trap success. 

Bamford (1969) examined statistically the influence of weather on possum 

activity but could conclude little more than the suggestion that rain and 

cold inhibit activity. This diffIculty was attributed to the need to 

consider the weather on a particular night in the context of (a) seasonal 

conditions, and (b) weather during the preceding few days. More recently 

Ward (1978) used the technique of radiotelemetry to study activity in 

possums and found that the influence of rainfall is determined by its 

occurrence in relation to the normal nightly cycle of activity. 

4.2 Patterns of Movement 

4.2.1 Introduction 

A study of movement patterns is of importance for the following 

reasons. First, it is necessary to consider the area being effectively 

trapped in any attempt at estimation of density, including relative 

;'. dEilnsity (Stenseth et ai., 1974). Changes in movement patterns can 
~~ Ii , 
~.fp'roduce changes in the numbers of animals trapped without there necessarily \ .. 
~1r 

II'!·~ ." ~":;'1i. -
<." • 
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being any accompanying change in abundance. Second, differences in 

movement patterns may reflect differences in habitat condition and 

therefore be of use in interpreting other population parameters. 

Finally, a knowledge of movement patterns is also of use in understanding 

the nature of damage to forest regeneration. 

The spatial pattern of an animal's movements determine its horne 

range. This concept was first stated by Burt (1943) who defined home 

range as the area used by an individual in its normal activities of 

food gathering, mating and caring for young. Occasional sallies outside 

the area were specifically excluded, which consequently excludes dispersal 

movements. Within the horne range some parts of the area may be suLject 

to more intensive use than others (Hayne 1949) . This has ths effect of 

making precise boundaries difficult to determine. For this reason 

stochastic models have been developed which assume that the intensity of 

use of the horne range decreases as the distdnce from the centre of activity 

of the range increases (Hayne 1949; Dice and Clark 1953; Jennrich and. 

Turner 1969) . In addition the pattern of movements may change with lime 

so as to make the centre of activity itself difficult to define. To 

these difficulties must be added those inherent in the use of trapping 

to study movements. As pointed out by Crawley (1973) the use of capture 

sites gives only an estimate of the minimum distilnce moved, dnd consequentl y 

horne range sizes derived in this way must be viewed as minimum estimates. 

Work using radiotelemetry has confirmed this, showing lhat. traIrl."Cve,iled 

horne ranges are consistently underestimating the actual home-range size 

(Jolly 1?73; Clout 1977). 

The various methods used in estimating home range size have bCf.:!n 

reviewed by Stickel (1954), Southwood (1966), Sanderson (1966) dnu lIr-own 

(1966) . The majority of these methods involved the use of data derived 

from grid trapping. The use of line trapping in the present study, 

therefore, precluded the use of many of these methods . Instead it was 

~, . 
. liiJ; ( 
\i,. 

' •. ",., . 
'1tl.V)" 
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necessary to use what were essentially indices of movements with 

the assu'mption that these did in fact reflect the overall 3-dimensional 

pattern of movements. 

4.2 . 2 Methods 

Kikkawa (1964) identified four potential sources of error in 

estimations of the sizes of home ranges by trapping. They were (i) 

trap spacing, (ii) the overall size of the trapping area, (iii) the 

duration of the trapping period and (iv) the number of captures of a 

particular animal. It was therefore necessary that the trapping pro-

gramme should be designed so as to minimise these possible biases. 

Employing a uniform spacing between traps, together with the regular 

occurrence and duration of trapping were considered to have minimised 

the effects of sources of error (i) and (iii). Error (ii) was regarded 

as being of minor importance in view of the large size of the study areas 

relative to the known size of the home range of this species. Error 

source (iv) was controlled upon analysis of the data. It will re con-

sidered more fully later. 

The layout of traps is given for each study areil in Appendix I. 

From this it can be seen that the programme consisted of what was essent-

ially line trapping. In some study areas (Arve 34, A34/11 and A48/50) 

'asses'sment' lines were placed at right angles to the main lines in an 

attempt to determine the effective trapping area of the main line . In 

all cases traps were spaced at 50 metre intervals along the lines. 

During the routine trapping procedure (Chapter 2) the position of 

capture of each individual was recorded. From the first reCdpture onwards 

a picture of the movement pattern could be constructed. Distances LetweL!n 

consecutive captures within a trapping period were determined together 

with the. length along the trap line that an individual was takr"n. The 

~~f l ';tter parameter was used as an index of home range size. 
l;\
'~h 

''\.-" 
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4.2.3 Results 

A total of 2552 movement records were obtained from 336 adult, 

and 148 subadults. Males (1381 records) were represented in the sample 

of adults more frequently than were females (895 records). The records 

for individual animals covered a period of upto 3 years and contained upto 

58 captures, but most had less than 30 captures . From such records it 

was clear that adult possums of both sexes were sedentary. Of males, 

95% of all captures were made within 175 m of the centre of their range 

of movements. Females were more sedentary with 95% of captures being 

made within 130 m of the centre of their range. Subadults were more 

sedentary than adults of either sex, but again males moved further than 

females. Ninety-five percent of the captures of subadult males were 

made within 137 m of the centre of their range, compared with 75 m for 

females. 

(a) Activity 

Brown (1966) used the distance moved between consecutive captures 

as an indication of activity . The distance moved by adult animals be-

tween consecutive captures within a trapping period was determin~d accord-

ing to sex and season (Table 4.5). The average distance moved between 

consecutive captures was consistently greater in males than females . 

Seasonal differences were also evident (F = 4.92, P ~ 0.001) . This 

variation was due mainly to the pattern of seasonal variation in males 

which, on average, moved almost twice as far between captures during 

March/April than at other times (F = 4.70, P = 0.001). The former months 

corresponded with the period prior to main peak of births. Seasonal 

differences were less well marked in females (F = 0.28, P = 0.8) . 

Nevertheless, there was a peak in the distance moved during summer/autumn 

and a decline during winter and spring. 
" 
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These r es ults were consistent with those rel ating t o 'long 

distance movements'. The latter movements were r ecor ded when an 

. anima l was captured a t a distance greater than 200 m beyond both its 

p r evious and subsequent range (the forme r specified by a t l eas t 6 

captures) . Out o f a t o tal of 31 such movements, 25 were r ecorded for 

adult males against 6 for adult females. Moreover 21 o f these long 

distance movemen ts were recorded in April and May , coin c iding appro x-

imately with the peak in mean distance moved between consecutive cdptures. 

The magnitude o f long distance movements va ried considerably. Whilst 

the majority (81%) were between 200 m and 300 m beyond the previous r,mqe 

limits, 3 were in e xcess of 500 m. These movements were t"du~n ilS Dc: i nq 

synonymous with the ' occa sional sallies outside t he norm')l r unge ilrca' 

r e f e rred t o by Burt (1943). They wer e , the r efore , not included in 

subsequent ca l c ulations o f range size . 

TABLE 4.5 Seasonal variation in t he distance between con~ecutive 
captures . Values are means with st,mdard errors, dnd 

sample size in brackets. Distances in metres. 

----------------------. 
Jan/Feb Mar/Apr May/June July/Aug Sept/Or:.: i; Nov/Dec 

All . 
Adults 

1 36.9±l9.3 180.1±16.6 124.2±10.1 106 .1±10.7 'J5 . 5±lb. 3 Lr)lL9U6.:~ 

(19) (64) (88) ( 49) (28) (J.B) 

Ma les 150.0±24.6 217.9±22 . 0 140. 6±15.2 11 6. 1±12. 5 lll.7±28.S l13.D!lq.~ 

(12) (42) (53) (31) (l5) 

Females 114.3±30.3 110 .2±25.2 99. 3±l8. 2 88 .9t19.2 76.9±12. 2 

(1) (22) (35) (18) (13) 

Juven- 112.5±31.5 141. 2±24.6 138.3±37 .9 120.3±18.2 107 .5tI5.1 
iles 

(4) ( 20) (30) (16) (20) 

(22) 

91.7.!:2 0 .1 

( u) 

84.[,116 . 4 

(ll ) 

The same pattern of seasonal variation in t he distance moved betwct:rl 

co.nsecutive captures was found in subadults as was o bserved in adults 

t: (Table 4.5). Movements between captures were l onges t rlurillg [·larch to 
" 
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June', and declined tot-lards summer. The former period corresponded to 

the time' at \'lhich reproductive maturity was attained (Chapter 4). 

Subadult males ranged more \"idely than females. Males moved an 

average Qf 136.1 m bet\"een captures whilst the corresponding figure 

for females was 100.1 m. In addition subadult males undertook more 

long distance movements, with animals moving up to 1000 m outside of 

their previous range. However, unlike the situation in adults, sub-

adults rarely returned to their original range after such movements 

(3 out of a total of 24 did so). It was, therefore, considered that 

the latter long distance movements were functionally different from 

those in adults, being by contrast concerned with dispersal. 

The corresponding data from the 3 recently burnt areas were treated 

separately (these areas were burnt between 0 and 3 years prior to study) 

The distance moved by adults between consecutive captures are presented 

according to sex and season in Table 4.5. The pattern of variation 

evident here is essentially the same as that previously noted in other 

study areas. Thus, movements were greater in males than in females, 

and movements of both sexes were greater during autumn than spring. There 

was, however, a major difference, namely that movements were generally 

of greater length in these recently burnt areas than in other areas. 

This was evident in the figures for both males and females. The data 

for males was divided into 2 groups; the first being obtained during the 

first year after the fire burnt in March, whilst the second WaS from the 

following 3 years. From this it was apparent that in males, at least, 

these longer movements were due primarily to an increase in the range of 

movements during the first year after the fire. Movements during years 

~ 
" 2 to 4 were not appreciably longer than those in the other areas. This 
. , 

; 

I 
\ , 
\ 
i. <,./ 

-if." • 
q 'l 

period of heightened activity corresponded to the time during which the 

amount o~ vegetation in the area was at a minimum. 
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TABLE 4.6 ~istance moved in metres between consecutive captures 
f o r a nimals f r om the recently burnt a r eas . The figures 
f o r mal es is divided , according to the time s ince the f ire. 

Jan/ Feb Mar/Apr May/June July/ Aug Sept / Oct Nov/ Dec 

Females 100 . 0±24.2 197.1±32.1 175.0±25. 0 16l . 8±44.6 192 . 8±29. 0 IS1.2±24 . 8 

(7) (17) (6) (13) (14) (12) 

Males lS0.0±32.6 237 . B±24 . 6 209 . 8±29 . S 114 . 9±14 . 7 152 . 7±20 . 1 137.5±2S. 2 

(15) (37 ) • (34) (40 ) (37) (1 6 ) 

Year 1 lS0 . 0±37.8 271. 7±34 . 4 233.3±28 . 8 12B. 9!21. 4 171.1±23 .'4 lS0 . 0±27 . 4 

(7) (23) (16 ) ( 19) (19) ( 5 ) 

Year 2+ 150 .0±)!.3 182 .1±22 . 6 l88.9±33.7 102 .4tll.7 133.J±23 . 2 131. 8±26 .4 

(8) (14) (18) (21 ) (18) (11) 

(h) Home Range Size 

Stic kel (1954) demons~rated by the use of s imula t ed trapping o f 

artifici a l populations t hat the known s ize o f an a nima l s r a nge increases 

with s uccessive captures until a level i s r eached which i s close t o the 

true s iz e . The r a t e a t which this point is app r oached i s dependent upon 

seve r a l f act o r s i ncludi ng the spacing of the traps a nd the r el a tive 

intensity of use of d i ffe rent parts of the home r ahge. Thus, both 

c l oser spaCing o f the traps and more i nt ensive u se of the central region 

of the r ange will s l ow down the r a t e at which t he maximum r e ve aled r ange 

i s appr oached . As a r esult of t hi s i t is not possible t o speci fy a 

minimum numl?er of captures necessary t o defin e home r ange 

~ 
siz~. This number i s a property o f the species conce r ned a nd the 

trappi ng programme . 

I n the pr esent s tudy the cumulative l engt h o f trap line o ve r which 

~ captures of 'a particula r individual were made was pl otted agains t the number , 
> 
.. Qf captures. The r elationship between r a nge l ength and number o f recaptures 

up to 20 i s s hown in Figure 4.5 for adult ma l es and fe mal e s. A total of 
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17 males and 12 females were recaptured 20 times. In both sexes 

the known range size increased with successive captures with the rate 

of increase decreasing as the number of recaptures increases. The 

increase in range size had ceased by the time 14 recaptures had been 

made. This corresponded to a range length of approximately 300 m in 

males and 230 m in females. Additional captures may allow more of the 

range to be revealed, but increases in apparent range size may be 

influenced by changes in range over long periods of time. Samples of 

animals recaught more than 20 times were too small to allow definite 

conclusions in this regard. Also shown is the cumulative range length 

for the sample of 80 juvenile animals. By contrast with adults, range 

length in juveniles did not cease to increase during the period they 

were studied. This is attributed to shifts in the position of the home 

range following dispersal movements. Such movements are characteristic 

of sub adult possums (Dun net 1964, Crawley 1973, Clout 1977). 

The greater range length for males (300 m) compared with that 

for females (230 m) indicated here are consistent with the previous 

results using movements between consecutive captures, where males were 

found to move over greater distances between captures than females. 

Assuming these figures for range length to be equivalent to the diameter 

of a circular home range then the minimum area of the range may be 

estimated. In this way adult males were estimated to range over 7.0 ha, 

and females over 4.2 ha. 

However, two factors were possible sources of bias in these 

estimates, although each would tend to bias in opposing directions. 

First the assumption that range length was a measure of the range diameter 

is open to question, since it is to be expected that the trap line does 

( 
'~ not necessarily pass through the widest part, the diameter, of all home 

ranges. This will result in an underestimation of range size. A 

~'i " 

correction for this error was derived following the work of McIntyre (1953) 
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fig. 4.6: The pattern of i ncrease i n range length along t he ma i n trap line 
compared with that a l ong a series of assessment l i nes placed at 
right -angles to t he majn line . A trap spaci ng of 50 m. applied 
to both li nes . 
The concordance of the two l i nes indi cates a symmetrical range . 
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on line transect sampling of plant communities . Thus, the average 

length of chord for a series of random intercepts of a circle will be 

0.866 the length of the diameter , thereby producing a corrected range 

length for males of 346 m and females of 265 m. The corresponding 

range areas were then 9.4 ha and 5.5 ha . 

The other possible source of bias concerns the assumption of a 

circular range. Mohr and Stumpf (1966) cite many examples of asym-

metrical home ranges and consider that this may be generally applicable 

to mammalian home ranges. They suggest, further, that the use of line 

trapping may result in a lengthening of the range along the trapping 

line, and in this way produce an overestimate of range size. 

An opportunity to investigate this was provided by the data from 

the 3 recently burnt areas - Arve 34, A34/ll, and A48/50. In these 3 

areas additional trap lines had been placed at right angles f r om the 

main trap line in an attempt to assess the area being effectively trapped 

by the main line of traps. These lines were spaced at between 100 and 

200 m, \'~'hilst trap spacing along the lines was the same as that on the 

main line, that is 50 metres. By comparing the pattern of increase in 

range length parallel to main trap line with that at right angles to this 

line the symmetry of the trap-revealed range was determined and hence the 

accuracy of the estimates of range size were assessed. 

Figure 4.6 depicts this comparison using data from a sample of 

54 animals (45 males, 9 females) with ranges overlapping both the main 

and assessment lines. The degree of concordance of the results from 

the two sets of lines was very high, indicating the overall symmetrical 

nature of the home range. Moreover , the size of the range indicated 

by this data is of the same order as that obtained in the absence of 

assessment lines. This suggests that the form of the range is not 

markedly influenced by line trapping. It can, therefore be concluded 

'j that line: trapping gave valid estimates of the trap-revealed range. '. , 
1, 
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f This'is reassuring if comparisons are to be made between range size 

, , 
\ , , 
• 
" 

\. 

in this study and that in other studies. 

Netzgar and Sheldon (1974) proposed a method for determining 

an index of horne range size based on the property of range size increas-

ing towards an asymptotic value as the number of captures of an animal 

accumulates. Use of this index frees one of the restrictions of equal 

sample size together witb the assumptions of range shape and the distribut-

ion of activity within the range. It was, therefore, suitable for use 

in comparing range size between study areas. The index requires the 

asymptotic range size to be determined. This may be done by a number of 

means depending upon the nature of the data , Metzgar and Sheldon propose 

the fitting of a function of the form, 

'1here R is the ultimate range size and k is a constant, This function 

can be readily fitted using least-squares regression methods following the 

procedure of Allen (1968), This function was found to adequately fit 

the data of the,present study, and, therefore, was used to estimate range 

size. 

Comparisons of range length were made among different study areas 

grouped on the basis of the habitat they supported, six groupings 

resulted including 0-1, 2-4, 4-6, 8-16, 30-40 and 60-80 year old habitat; 

the age of the habitat being the time since the last major fire at which 

time most of the vegetation regenerated. These groupings are used con-

sistently throughout this study where pooling of data from different 

study areas was considered necessary because of small sample sizes. 

Range length versus accumulated captures was plotted for adult 

males and females from each habitat grouping (Figures 4, 7a and b) , In 

all case"s the curves tended towards a plateau where further captures 

produced no further increase in range length. 
:11 This point was reached 

. a'ft e r approximately 14 captures in males and 10 captures in females, 

'\' : ',. 
'~., ~ '-",,; , 
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,~=.-, Further, the range length at this point varied both between sexes, 

• 

and among habitats. Table 4.7 gives the values of the asymptotic 

range length derived following Metzgar and Sheldon. These values 

are in close agreement with the curves of Figures 4. 7a and 6, thereby 

indicating the suitability of the model proposed by Metzga~ and Sheldon. 

Range lengths varied between sexes with males having a range between 20% 

and 30% larger than that of females. By contrast range lengths in 

different habitats were not, in general, markedly different. Two habitats 

did, however, have range sizes that deviated markedly from the rest. 

Animals in one year old habitat had ranges considerably larger than those 

from other habitats, whilst animals from 30 to 40 year old habitat had 

much smaller ranges. The former is consistent with the previously noted 

tendency of these animals to move further between successive captures. 

Similarly, animals in 30-40 yea~ old habitat were found to move relatively 

short distances between captures (males 82.5 m, females 74.1 m compared 

with 149.6 m and 97.5 m, respectively for all habitats averaged). 

TABLE 4.7 Asymptotic range lengths of adult possums. Mean values are 
given with standard error. The number of animals represented 
in sample is given in brackets. 

Habitat Males Females 
(m) (m) 

0 - 1 years 377±15.6 (28) 347±32.4 (6) 

2 - 4 years 319±19.8 (21) 242±24.9 (12) 

4 - 6 years 305±20.2 (26) 203±32.3 (25) 

8 16 years 316±21. 0 (40) 228±20.6 (39) 

30 - 40 years 204±18.3 (27) 167±13.2 (29) 

60 80 years 290±26.3 (32) 251±29.5 (25) 

4.2.4 Discussion 

"t~~~. . The movement patterns of T. vulpecula have been studied in a 

-'ly~aF~ety of habitats. These include native forest in Australia (Dunnet 
;, t· 

" .,-



1956'; 1964; winter 1970, 1976) and New Zealand (Tynda1e-Biscoe 1953; 

winter 1963; Crawley 1973; Jolly 1973, 1976; Ward 1977) and exotic 

pine plantations (How 1972; Clout 1977). Within this range of habitats 

the size of the trap-revealed home range varied from 0.81 ha for males 
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and 0.46 ha for females in a continuous tract of New Zealand indigenous 

forest (Crawley 1973) to 3.0 ha and 1.1 ha, respectively, in open eucalypt 

forest near Canberra (Dunnet 1956, 1964) and up to 6-8 ha and 4-6 ha, 

respectively in woodland adjoining pine forest in northern N.S.W. (How 

1972). In these studies, in what were essentially homogeneous habitats, 

movement patterns were characterised by great temporal stability, with 

very little seasonal variation in home range being evident. By cm,trast 

those studies conducted in very heterogeneous habitats, such as the pasture

scrub mosaics examined by Tyndale-Biscoe, winter and Jolly, were character

ised by much spatial variation in the intensity of use over the period 

of a year. Jolly (1976) found that this was due to the seasonal avail-

ability of various food sources. In addition, home ranges in this habitat 

were often of linear form, with the length of the range extending from 

well within the forest or scrub to the pasture or other favoured food 

source. Jolly found that possums would move upto 1600 m under such 

conditions. From these examples it is clear that the nature of the 

habitat influences the pattern of movements of possums. 

The movements of possums in the present study were characterised 

by their temporal stability. Long term shifts in the range of adults 

were not evident, whilst seasonal variation consisted of an overall 

expansiou of range rather than a shift in position as would be expected 

if a seasonal food source was being accommodated in the range. This 

stability is taken as indicative of the lack of any seasonal food sources, 

coupled with the homogeneous nature of the habitat. The seasonal expans-

ion in movements was correlated with the breeding season and was, therefore, 

not regarded as a response to the habitat but rather as something intrinsic 
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to the animals themselves, possibly being a response to hormonal 

changes associated with breeding. Crawley (1973) observed a similar 

cycle of seasonal variation in New Zealand possums. 

The evidence presented here indicates a horne range of up to 9 ha 

for males and 6 ha for females. These figures are considerably above 

those given for most other studies. Only in the study of How (1972) 

were similar range sizes found. Further, the results on activity indicate 

that during the breeding season, when activity is highest, animals can 

move over at least 50% of their range between consecutive captures. 

Thus it appears the large range size of these animals is indicative of 

extensive day to day movements and is not simply due to longer term 

variations in range. 

Horne range size has been linked to the quality of the habitat. 

Wol·f et al. (1972) found that territory size in humming birds was 

inversely proportional to the nectar production of the flowers they 

feed upon. Similarly Lance (1978) found that territory size in red 

grouse was inversely related to the nitrogen content of their major 

food source, heather. It has also been established that there is a 

relationship between energy and nutrient demands, as reflected by body 

size, and range size. Both McNab (1963) and Turner et al. (1969) 

found an almost linear relationship between the area of the horne range 

and body weight in mammals and lizards. Applying this information to 

the present study suggests two things. First, that the larger ranges 

of the Tasmanian animals are, in part, explained by the larger body 

weights of these animals. Adult body weights were upto 60% greater 

than those recorded by Dunnet (1956). However this does not account 

for the 150% increase in range over Dunnet's estimates. Similar results 

were obtained in comparisons with other studies. Second, it suggests 

that, all other things being equal, the quality of the habitat of the 

present study was inferior in quality to that of other studies. However 
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this -may be complicated by other factors such as the density of animals, 

and therefore a full consideration of this subject will be deferred 

until this subject is dealt with. 

Similar conclusions can be drawn regarding variation in range, 

size among the habitat groupings of the present study. In, this way 

the markedly larger ranges of animals in one year old habitat indicate 

a habitat of lower quality. 

The movements of subadults have been only superficially dealt with 

here. The trapping of fairly limited areas as was the case in the 

present study failed to account for the long distance dispersal movemen'ts 

characteristic of subadults, particularly males (Dunnet 1956, 1964, How 

1972, Clout 1977). However, excluding these movements it was evident 

that subadults ranged less widely than did adults. This is consistent 

with the findings of Crawley (1973). By March/April, generally of 

the second year of life, movements increased in length and many of these 

animals disappeared from the trapping record. This period of increased 

movements coincided with the age at which reproductive maturity was 

generally attained (Chapter 3) . 

Differences in movement patterns will be reflected in other aspects 

of an animal's ecology. Hence, the previously described variation in 

trap response is entirely consistent with the observed seasonal pattern 

of movements. Animals were most readily trapped during the period from 

April-June, thereby coinciding with the period of maximum activity, as 

indicated by the distance between consecutive captures. Therefore the 

pattern ~f trap response is, in this instance, related to the probability 

of encountering a trap which one would expect to be increased with an 

increase in activity. Similarly the difference in trap response between 

males and females was seemingly related to the increased activity of 

males. ,Of more biological significance, though, is the effect that this 

variation will have on estimates of population density. Stenseth et al. 



(1974') have emphasised the need to know the size of the area being 

trapped in estimating density. Changes in the extent of movements 

will alter this area and must therefore be compensated for in any 

estimates of density. 

UTAS 
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4.3 Population Dynamics - The Estimation of Abundance 

4.3.1 Introduction 

The first step in gaining an understanding of the structure and 

dynamics of a population is the estimation of population size together 

with related parameters such as recruitment and survival. This in-

valves the estimation of animal abundance. 

Estimation of Abundance 

The estimation of animal abundance is of great importance in both 

theoretical and management orientated studies. Among the latter, a 

means of assessing abundance is required in both pest control operations 

(Batcheler et al. 1967) and the management of an exploited game species 

(Johnson 1977) . For this reason methods of determining animal abundance 

are many and the literature on their use voluminous. A comprehensive 

treatment of all but the most recent developments in this field is pro-

vided by Seber (1973). 

Only rarely is it possible to count all of the animals of given 

species in a particular area. Generally a population must be sampled 

and an overall estimate of abundance inferred from this sample. Choice 

of a particular method depends on, among other factors, the type oi 

data ·available. 

The data used in estimating abundance may be of two broad types: 

The first includes data derived from counts of such things as an animafs 

tracks" faecal pellets or nests. The presence of an animal is inferred 

from one or other of these signs and an index of relative abundance may 

be derived. Second, the members of a population may be assessed directly 

using such methods as visual sightings, shooting, kill trapping or live-

trapping. From this information estimates of either absolute or reldtive 

"/" abundance can be obtained depending upon the type of data and the aims 
,: ' 

'-",j;; of the study. 
~. : .,: , 

,,;,~ 

"'.' .. 
1\' " "" . "", ' 

An index of relative abundance is adequate for comparisons 
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~~on9 popul~tions in both space and time. 

Tho data available in the present study are of the latter, 
J 

direct type, being based on the multiple recapture of a population 

of individually identifiable animals. Estimates CQuld, therefore, 

Po either ~bsolute or relative. 

Hark-recapture studies are classified into 2 classes that are 

directly related to the class of models appropriate for their analysis 

and the parameters that can be estimated. The first class contains 

closed populations in \"hich the size of the population remains constant 

over tile period of investigation and there is no recruitment to, or 

losses from, the population. In practice, this means that there are 

no unknmm changes to the initial population, thereby allm/ing such 

losses as due to trap deaths or deliberate removal. otis et al. (1978) 

provided a detailed treatment of the procedures used on closed populations. 

By contrast, methods applicable to open or non-closed populations 

explicitly allow for one or more types of recruitment or losses to 

operate during the course of the study (Jolly 1965, Seber, 1965). Pre-

liminary examination of the populations in the present study indicated 

them to be of the latter type whe:re recruitment and losses were evident. 

The use of the mark-recapture method of population estimation dates 

back to its use by Lincoln (1930) in estimating the size of the North 

American waterfm .. l population. Lincoln recognised that given an estimate 

of the number of ducks killed in North America in anyone season, then the 

total' number present may be estimated by a percentage computation based 

on the relation that the total number of banded ducks killed bears to the 

total number banded. Schnabel (1938) later drew attention to bias in-

herent in the method as well as the assumptions of random sampling and 

constant population, both of which were seen as only approximations to 

the actual situation. Thus, Dice (1941) questioned the value of the method : 

in assessing Nildlife populations. 



More recently a more rigorous treatment of the subject of 

mark-recapture theory has occurred, involving both the estimates 

themselves and the testing of assumptions. Bailey (1952) proposed 

a model based on the binomial distribution and introduced the method 

of maximum-likelihood estimation into mark-recapture theory, thereby 
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allowing variances of his estimates to be calculated. More signific-

ant1y, though, was the development of a stochastic model by Darroch 

(1958). This approach, in contrast to the previous deterministic 

models, more closely approximates the real situation (Southwood 1966) . 

Methods applicable to open populations were first proposed by 

Leslie (1952), and Leslie et al . (1953). Th~se authors used maximum-

likelihood theory to estimate the death rate and population size. The 

work of Darroch (1959) on the birth only, and death only models provide·,] 

the basis for the model developed independently by Jolly (1965) and 

Seber (1965) in which there is both loss and dilution. The resultant 

Jolly-Seber method estimates not only population si7.e but also survl'!dl, 

recruitment and the variance of all 3 estimates. 

The Jolly-Seber method has been widely used among animal populations 

including those of T. vulpecula (Clout 1977). In addi tion, a con~iderilblc 

body of literature has accumulated in which the assumptjons inherent in 

the method are considered together with statistical tests by which the,se 

assumptions may be tested (Cormack 1968). Indeed Roff (1973) has taken 

the extreme step of dismissing all capture-recapture methods as being 

of little use in view of the unrealistic assumptions imposed. 

Seper (1973) lists the assumptions of the Jolly-Seb"r methou as 

follows: 

(i) Every animal in the population, whether marked or unmarked 

has the same probability of capture. 

( ii) Every marked animal has the sam" probability of surviving 

to the next sampling period. 
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(iii) Every captured animal has the same probability of 

being returned to the population. 

(iv) Marked animals do not lose their marks and all marks 

are correctly recorded. 

(v) Sampling time is negligible. 

Assumptions (iii), (iv) and (v) are essentially problems of 

technique and care in the handling and marking of animals is expected 

to minimise their effects. Assumptions (i) and (ii) are considered 

below. 

One of the most generally invoked assumptions of the method is 

that all animals have the same probability of capture on a given occasion. 

This assumption has often proved to be violated (Eberhardt 1969). 

For instance, Edwards and Eberhardt (1967) concluded that individuals 

in a rabbit population of known size had different or changing prob~bilit-

ies of capture. Similarly, Cormack (1966) observed that a failure of 

the above assumption may be caused either by animals within the population 

having inherent differences in the likelihood of capture, or by an in

dividuals probability of capture being affected by its capture history. 

Cormack (1966) provides a test for the former assuming the latter to 

be false. 

Carothers (1973) considered inherent differences in catchability 

to be of greater significance than those resulting from capture history. 

Simulation studies (Carothers 1973a, 1979) established that variation 

in the inherent catch ability produced a negative bias in the estimates 

of survival. This bias was, however, found to be of little practical 

significance (Carothers 1979). Dunnet and Ollason (1978) also found 

inherent differences in the probabilities of capture between males and 

females, as well as "trap shyness" arising from the effects of initial 

capture. The effect of the latter has not been evaluated. 

The assumption of an equal probability of survival is also con

to be rarely upheld in view of the general occurrence of age-
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dependent survival (Deevey 1947). Manly and Parr (1968) devised 

a model similar to the Jolly-Seber model, but relaxing the assumption 

of uniform survival. Manly (1970) demonstrated this in a simulation 

study, however, it was also shown that this model is more sensitive 

to error resulting from small sample size. Consequently, a partition-

ing of the data into separate age-classes, and the use of the Jolly-

Seber method is considered wise. 

The trap response of T. vulpecula is dealt with in Section 4.1. 

Variation in trap response is attributable to 4 sources: 

(i) A short-term learning process by which the probability of 

recapture declines following capture, only to return to 

pre-capture levels prior to the following trapping period. 

(ii) seasonal factors, 

(iii)age and sex factors, and 

(iv) miscellaneous factors such as weather conditions. 

Of these sources, that relating to sex and clge has the putpnt.ial to 

violate the assumption of equal probability of capture. It is, thar8-

fore, necessary to treat age-class and sexes separately. This will, 

moreover, tend to ensure that the assumption of equal survival h; u~,held. 

4.3.2 Methods 

The mark-recapture data were used to obtain estimates of 1-'opulati[)n 

size, survival, and recruitment, together with their respective st;lndarrJ 

errors, following the method outlined in Seber (1973, pp. 19f',-20'1). 

Estimate.s were derived separately for each sex, and all ag~ classes. 

Four age classes were readily identified on the basis of toothwr.::ar 

and body measurements. Reference should be made to Chapter 5 for d 

detailed consideration of this subject, suffice to say that ,mimals .... ·ure 

assigned to one of the following classes: Class I, 0-1 years old; C1.:1SS 

II, 1-2 years old; Class III, 2-3 years old; and Class IV, 3 or more 

ye~s old. All animals were defined as passing from one age class to 
, ' 

nex!;. on May 1 • ... , . 
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4.3.3 Resul ts 

It was convenient to consider the population in two stages. 

, 
First, the population was considered in total, with data for all 

study areas being combined. This enabled seasonal variation in 

population estimates to be examined together with the overall pattern 

of survival and mortality. Second, the population was examined 

according to habitats. Estimates of abundance and survival were 

made for each habitat. In both stages of analysis population estimates 

were made for each sex/age class. 

(1) The Total Population 

(al Seasonal variation in population estimates. The size and composition 

of the total population was determined for each 2 month period throughout 

the year (Table 4.9). In doing so data for different years and study 

areas were combined. An attempt was made -to ensure that each 2 month 

period was sampled with equal intensity, thereby allowing comparisons 

of population size among these periods. This was achieved by 

ensuring that the data used from each study area was in multiples of 

1 year. For this reason, much of the data from 1976 and 1979 - those 

years only incompletely sampled - was not used. 

P?pulation estimates for pouch dependent young were based upon 

estimates of the femple population size for May-JUne; the period of 

births; combined with the observed fecundity rates and survival rates 

determined in Chapter 3. Thus, of 166 females in age-class IV, 88% 

were expected to produce pouch young (Table 3.8), resulting in 146 

young at birth. Similar calculations were performed for age-classes 

III and II making a total of 173 young of which 58% were expected to 

be male (Table 3.1). An observed survival rate of 77% between birth 

~d independence was used to determine population size at this time. 
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Age 
Class 

I 

Sex 

M 

(0-12 
months) F 

II 
(13-24 

months) 

III 
(24-36 

months) 

M 

M 

F 

Seasonal variation in population size (N), survival (S) f recruitment (R) and minimum 
alive (MNA). Means are given together with the standard error. 
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N 

S 

R 

MNA 

N 

S 
R 

MNA 

May
June 

[100.3] * 

[72.6] * 

N 61.9±9.05 
s (0.71±0.12) 
R (20.2±9.44) 

MNA 45 

N 46.9±5.B3 
s (0.69±0.09) 
R (6.9±4.31) 

MNA 3B 

N 42.6±3.30 
s (0.70±0.09) 
R (7.6±2.60) 

MNA 39 

N 

S 

R 

MNA 

32.6±3.06 
(0. 73±0. 09) 
(7.32±3.19) 
29 

Ju1y
Aug. 

[77 .B] * 

[56.5] * 

64.5±l1.37 
(0.62±0.12) 
(3.0±6.95) 
42 

39.2±3.33 
(0.65±0.13) 
(4.3±4.2B) 
35 

37.2±2.73 
(0.76±0.11) 
(7.9±4.53) 
34 

31. 0±2. 76 
(0. 79±0 .10) 
(B.2±4.54) 
28 

, 

sept.
Oct. 

42.7±7.21 
(0.77±0.13) 
(B.4±5.76) 
31 

37.7±6.36 
(0.7B±0.13) 
(6.3±4.6B) 
32 

39.5±5.5B 
(0.79±0.1l) 
(3.0±4.10) 
31 

34.B±4.B9 
(0.B3±0.12) 
(1.56±4.29) 
28 

Nov.

Dec. 

41.4±5.99 
(0.76±0.1l) 
(11.3±5.9B) 
32 

36.4±5.14 
(0.B2±0.1l) 
(6.7±5.56) 
29 

34.1±3.23 
(O.BO±O.13) 
(3.92±3.46) 
30 

27.4±3.7B 
(O.Bl±O.13) 
(B.2±3.B1) 
24 

Jan.
Feb. 

44. 3±9. 33 
(0. B6±0 .10) 
(9.9±B.40) 
33 

27.4±l2.1B 
(0.BO±0.16) 
(4.07±22.10) 
19 

42.6~6.07 

(0.77±0.1O) 
(3.7±4.73) 
33 

36.5±5.40 
(0. B7±0. 09) 
(1.10±4.25) 
29 

31.2±4.70 
(0.93±0.11) 
(0.13±2.92) 
35 

30.5±4.29 
(0.Bl±0.15) 
(6.B±3.B1) 
25 

Mar.
April 

57.9±5.66 
(0.B4±0.12) 
(21.9±7.27) 
39 

52. 7±21. 70 
(0.74±0.1l) 
(B.5±5.40) 
31 

36.4±2.B4 
(O.B1±0.09) 
(13. 3±2. B6) 
33 

32.9±2.00 
(0.71±0.09) 
(9.13±2.91) 
31 

29. 2±1. 50 
(0.74±0.10) 
(6.9±1.60) 
28 

31. 3±5. 04 
(0.73±0.12) 
(B.7±2.95) 
24' 

..."".' .. 
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4.9 (continued) 

Sex 
May- July-
June Aug. 

Sept. -
Oct. 

Nov.-
Dec. 

Jan.
Feb. 

-- " -,,'" ""'~ ...... '" 
'-. j ' '. :;..vc '';'':'.:i:'';' ".' 

Mar.
April 

• ~ ll,..;.\.I;.u:.,I; 

···· .. I!"·'~:·~qi;;:", 

,,;.... . ...,: 
'in~:'"' . 
~: i-::. 

: ,i' ,. , 
~~ M 

IV 
(37+ 

months) F 

, 

N 

S 

R 

MNA 

N 

S 

R 

MNA 

187.9±6.86 170.l±6.SS 
(0.79±0.04) (0.89±0.OS) 
(22 .l±6. 31) (16.7±7.30) 
16B 151 

166.0±7.49 lS9.2±7.21 
(0.89±0.OS) (0. 8S±0. OS) 
(10 .. 1±6.96) (6.17±6.6S) 
144 13B 

168 .l±8. 91 lS7.4±7.24 
(0.8S±0.OS) (0.76±0.01) 
(14.6±7.42) (38. S±7. 40) 
141 137 

141.l±8.28 141.4±8.00 
(O.93±0.06) (0. 7l±0. OS) 
(10 .3±7. S3) (30.2±8.26) 
122 121 

lS8.S±7.0l 
(0.8S±0.04) 
(36.l±7.77) 
13B 

130. 8±8. 04 
(0.88±0.04) 
(19. 3S±8 .01) 
109 

168.l±7.67 
(O.74±0.04) 
(36.9±6.60) 
145 

134.8±6.0S 
(0.76±0.OS) 
(2S.7±7.26) 
119 

Estimates of pouch young numbers based on May-June estimates of female population size coupled 
with information on reproductive effort contained in Table 3.8. 

~ 
o 

'" 



As e:<pected, estimates of total population size declined 

markedly bet\'leen l'!ay/June and l·larch/April of the following year, 

thereby corresponding to the restricted period of births during 

l·lay / June (Figure 4.8). Population size during May/June was 710, 

including pouch dependent young, by March/April, just prior to 

breeding, it had declined to 543, at 24% drop in numbers. This 

decline \'Ias not consistently felt throughout the year, and it had 

largely ceased by November/December. Figures for the minimum 

number of animals alive (MNA) were generally consistent with this 

trend. Several minor deviations in the latter were attributable 

to the failure of the latter to adequately take into account seasonal 

variations in trap response. 

The age structure of the population also varied seasonally. 

This was, however, only significant in the male portion of the pop-

ulation (X2 (2,3) = 12.7, P = 0.05). Thus, between May/June and 

March/April the percentage of age-class I animals in the total male 

population declined from 26% to 19%, that of age-class II animals 

declined from 16% to 12%, and that of age-class III animals declined 

from 11% to 10'6. There was a corresponding increase in the represent-

ation of age-class IV animals from 47% to 58%. These results indicate 

a disproportionately high decline among the juvenile and sub-adult 

age cla!>ses. Females showed no such relationship (X'(2,3) = 3.22, 

P = 0.70) betl'een population structure and season. The percentage of 

age-class I animals remained essentially constant at 21%, that of age-
,. 

class I~ at 14%, that of age-class III at 12%, and age-class IV at 

53%. 

The sex ratio of the total popUlation was biased in favour of 

males. The percentage of males was 55%, which represented a significant 

departure from equality (x' = 33.1, n = 3614, P = 0.000). The extent 

of this bias declined marginally between May/June (55%) and April/May 
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(54%) • This reflected a longer-term decline in the bias towards 

males with age (Table 4.10). The percentage of males declined from 

58% at birth to 55% at age II and 53% at age IV. This suggests a 

sex-differential pattern of survival with males having a lower survival 

rate than females. 

TABLE 4.10 Percentage of males in each age class 

Age Class I II III IV TOTAL 

% of males 58% 55% 53% 53% 55% 

It should be noted that differences in range size between males 

and females (Figure 4.5) would reinforce this effect, insofar as the 

larger range of adult males is expected to result in an increase in 

their trappability through an increase in the effective trapping area 

(Dice 1938). Thus, trapping is biased in favour of adult males over 

adult females, thereby suggesting that the real sex ratio in age IV 

was closer to equality than indicated here. 

The seasonal pattern of variation in population size and composition 

reflects a seasonal pattern of survival and recruitment. This 

pattern was examined using estimates of the apparent rates of sur-

vival qnd recruitment derived by the Jolly-Seber method (Table 4.9) . 

The figure for recruitment was expressed as a proportion of the estimated 

population size and plotted together with the survival rate in Figure 4.9. 

The survival rate varied markedly throughout the year, and more-

over, the pattern of this variation varied among age-classes (Figure 4.9). 

Survival among age II animals tended to increase between May/June 

and January/February. The period of minimum survival occurred during 

late winter. There was a secondary decline in survival in March/April, 

coinciding with the time when many of these animals were observed to 

become reproductively mature . Both sexes displayed a similar pattern , 
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of s~asonal variation . The average survival rate among males 

(0.75/2 months) was similar to that for females (0.74/2 months). 

The seasonal pattern of survival among age III animals was less 

"ell defined. There was, however, a tendency for survival to increase 

throughout the year reaching a peak in January/February and then de-

clining slightly in March/April, the pre-breeding period. Males and 

females displayed similar trends in this regard. Both sexes also 

showed" similar average rates of survival (males 0.80; females 0.78). 

Comparisons with age II animals indicate an overall increase in the 

survival rate. 

Survival in age IV animals was, on average, higher than in younger 

age classes . Survival among males averaged 0.81, slightly less than 

for females (0.83). Seasonal variation was evident, with survival 

being lowest during two periods; November/December and the pre-breeding 

period March/April. 

The pattern of recruitment also varied according to both season 

and age~class (Figure 4.9). 

Recruitment in age II animals showed 2 minima. The first occurred 

during July/August, the other during January/February. There was a 

marked increase in recruitment during the pre-breeding period of Marchi 

April. Recruitment during the minima declined to between 20 and 30% 

of that during the periods of peak recruitments. Both sexes showed 

similar trends in recruitment, although males had, on average, a higher 

recruitment rate (0.22) than females (0.15). 

Among age III animals season~l trends in recruitment were obscure. 

It was evident, however, that recruitment increased prior to the period 

of breeding. Minimum recruitment occurred during September/October. 

Males and females exhibited similar seasonal trends, although the pre-

breeding season increase was not as pronounced among females. Overall, 
, 

females had a higher rate of recruitment (0.21) than males (0.15). 



, ~~, ' $ .,~ 
.,:,It: . 
:~~'.' , 

• Ai. . .. 
;>" • 
". 
'" , . . . 

, 
, 
r, . 
• '0 

t 

:il 
0-
H ,. 
~ 
'" 

'" 0 

'" 
~ 

),0 

0 

0.8 • .. 
D. 

0.6 

),0 

D. 
0.8 .. 

0 • 
0.6 

1.0 

.. 
0 . 8 

D. 

• 0 

0.6 

H/ J 

Figure 4 , 9 . 

Survival in 

AGE CLASS IV 
0 

" 0 
0 Q .. 

" 
. .. .. 

D. 
e 'iD. 

0 .. .. 
D. D. 

AGE CLASS III 

0 

D. D. .. D. .. 0 ~ OD. 

'i • 
.. .. 

D. .. 

AGE CLASS n .. 
.. a 

D. 

0 " 0D. • 
0 .D. • 

D. .. 0 

0 " D. 

• 
'I 

J /A SIO N/D J/F MIA 

Bimtmthly Period 

Seasonal pattern of surviv<ll and t'P-crIJi tmen t . 

male s ( .). females (0 ) is given to gether \~it h 

~, thei r recrui tment ( .to & t:. respectively). 
r: . 
" " .... 

\.1, ,. 
" 
~~:k ;". ,. 

'.'~ 

'''i!,:: 

O . ~ 

0.2 

0.0 

'" ,. 
o.~ >i 

'" 

0 
." 

0.2 

'" '" " '" c; 
H 

0 . 0 rl 

re 
o . ~ ~ 

0.2 

0 . 0 



',Recruitment rates among age IV animals tended to be less than 

those in younger age classes (males 0.16, females 0.12). Seasonal 

variation was pronounced with relatively low levels of recruitment 

between May and October, following which there was a marked increase 
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in the level of recruitment which was maintained through to March/April. 

This pattern of variation was expressed equally in both males and 

females. 

Survival rates reflect two factors, the rate of mortality and 

the rate of emigration. It is not generally possible to separate 

these two factors directly, however, assuming that increased emigration 

reflects increased movement of animals in the surrounding population, 

as well as in the study area, then the high rates of emigration will 

be associated with high rates of immigration. Such immigration may 

result in the settling of new individuals, or may be represented only 

as single captures of 'transient' animals. In either case increased 

movement of animals in the population will be reflected in both a 

decreased survival rate and an increased rate of recruitment. 

All age classes displayed both an increase in recruitment and " 

decline in survival during the pre-breeding period. Accordingly, the 

observed decline in survival was attributed to emigration rather than 

mortality. This was supported by the previous observation of " marked 

increas'e in movements at this time (Table 4.5). Similarly, dffiong 

age IV animals there was a strong negative correlation between survival 

and recruitment (r = -0.81, df = 4, P = 0.05), thereby suggesting that 

decline~ in survival rates reflected movements rather than mortality. 

By comparison, the association between recruitment and survival was 

weaker among age III animals (r = -0.63, df 

existent among age II animals (r = 0.12, df 

4, P 

4, P 

0.2) and non-

o .7) . The latter 

suggested that movements were not a major factor in accounting for the 

low survival rates seen between May and August. 
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".~'''-N'f~ ,- TABLE 4.11 Estimates of change in population size over successive 2 month periods. These estimates - ' "1 ~'!h 
,,£,-:. were derived using 3 point moving averages of population size given in Table 4.9. Declines ~ '.~t 

~-;-1f:!-":' in population size c;tre expressed as a proportion of population size and the results given ~ 
~;. in parentheses. 

Age Sex May/ July/ September/ 
Class June August October 

-5.1 -6.8 -7 . 3 
M ±12.99 ±l2.6S ±l0.67 

(0.08) (0.11) (0.17) 

II 
-5.0 -3.5 -1.1 

F ±14.l6 ±7 . 38 ±7.62 
(0.11) (0.09) (0.03) 

+1.0 -2.8 -2.0 
M ±S.Ol ±S.73 ±6.13 

(0.00) (0.08) (0.05) 

III 
+0.6 -1.7 -1.9 

F ±4.S4 ±5.38 ±S.84 
(0.00) (0.06) (0.05) 

-9.7 -12.2 -5.9 
M ±10.33 ±10.71 ±10.89 

(0.05) (0.07) (0.02) 

IV 
-6.3 -6.2 -7.5 

F ±10.75 ±l0.97 ±11. 28 
(0. 03) (0.03) (0.05) 

November/ January/ 
December February 

-2.10 +0.4 
±8.28 ±6.7S 

(0.05) (0.00) 

-1.6 -1.3 
±7.20 ±S.83 

(0.04) (0.04) 

-3.4 -0.5 
±S.73 ±4.87 

(0.10) (0.02) 

-1.2 +1.2 
±6.l8 ±6.42 

(0.04) (0.00) 

0.0 +1.0 
±10.67 ±10.29 
(0.00) (0 . 00) 

-2.1 -2.5 
±10.99 ±10.28 
(0.01) (0.02) 

March/ 
April 

-1.8 
±S.23 

(0.05) 

-1.6 
±4.60 

(0.05) 

-1.6 
±4.97 

(0.06) 

-1.2 
±6.23 

(0.03) 

-1.6 
±10.49 
(0.01) 

-0.7 
±11.l2 
(0.00) 

~ 
~ 

" 



'The product of the opposing trends evidenced in losses from, 

and recruitment to the population is seen in population size. Any 

change in the latter reflects a difference between recruitment and 

survival. Furthermore, if it is assumed that there is no net move-

ment, either into or out of the study area then net losses from the 

population indicate mortality. 
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Changes in population size over each 2 month period were determined 

for each sex and age class '(Table 4.11). The magnitude of the decline 

in population size was clearly associated with season. In all age 

classes the greatest declines occurred during the period from May/June 

through to November/December, that is, the winter-spring period. 

Declines during this period accounted for between 10 and 20% of the 

population of age II animals. The percentage of animals lost in the 

older age classes was less, generally being between 5 and 10% per 2 

month period. Declines during the remaining part of the year, leading 

up to the breeding period, were small, being less than 5% of the popUlat

ion. 

(b) A~e-specific survival. 

The pattern of mortality with age is best expressed in the form 

of a life table (Deevey 1947). These tables contain information on 

survivorship (lx) , that is the probability of an animal surviving to 

an age, 'X, together with the mortality (dx) , or fraction of the original 

cohort that is lost during the period X to x+l. The latter is often 

expressed as a mortality rate (qx) , or proportion of animals entering 

age-class X that disappear prior to entering age-class x+l, 

Life tables have been constructed from data of a number of types 

CCaughley 1977). These types may be divided into 2 classes on the 
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basis of the assumptions that their use entails. These assumptions 

involve the stability of both the age distribution and population size. 

Furthermore, within each class data can involve (a) animals alive at 

a given age, thereby yielding an lx series, or (b) ages at death 

which gives a dx series. 

Examples of different types of data include: (i) recording the 

age at death of animals from the same cohort, (ii) determining the 

number of animals from a cohort that are alive at given times. Both 

of these types make no assumptions regarding stability of age structure 

or rate of increase, they do however require much effort in sampling. 

They therefore differ from; (iii) recording the ages of death in a 

population, and (iv) determining the age distribution of a population, 

both of which assume a stable age distribution and known rdte of incredsl~. 

Caughley (1966) discussed methods for determining the stubj liLy of .1 

population's age distribution and appli8d this to the analysis of CltW 

structure. 

The present study used data of type (ii), thereby ,woiclu!CJ the 

assumptions of population stability. Due to the limiteu period of the 

study it was not possible to sample the one cohort over all of t:he 

recognised age-classes (0 to 4 years). Instead a sericf> of marked 

" . cohorts encompassing all age-classes was examined, wi th each cohort 

being considered over the period a f one year. The r(~sulting pstimatf':s 

of age-specific survival were consolidated into a sing lE! LOmpO~-i i Lc· 1 ~f:f: 

table (Seber 1973, p.407). 

Estimates of the number of animals present in each cohort at 

successive ages were derived using the Jolly-Seber method. 

estimates were based on data averaged for the periods M.lrch/Apri 1 '''cd 

May/June, and were determined for each of the years 1977, 1978 and 197'1. 

Only study areas for which data were obtained over this (mtin' pr.riod 

were used. Thus, all study areas from the Arve Valley and none from the 



t'~;*~; 
tM~·n 

f'- florerttine Valley were used. 
i , 
t The resulting estimates of cohort size at various ages are , 

given in Table 4.12a. The estimated size of age-class I was based 

on the observed fecundity rates combined with the estimated number of 
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females. Within each sex/age class the size of each cohort was similar, 

although there was a tendency for the size of younger cohorts to be 

slightly larger. Males were more abundant than females. 

TABLE 4.12a Number of animals present at successive ages in each 
of a series of cohorts. These estimates of population 
size, and its standard error are based on the rJolly
Seber method applied to data from the Arve Valley unly. 
Estimates are averages for the period March to May. 

Age-specific survival was determined from this information by 

expressing, for each cohort, the estimate of population size at a gjvcn 

age, x+l, as a proportion of that at a previous age, x years. The 

( results of this for each age-class, x, are given in Table 4.l2b . .. 
~ \ 
~" . r 
I { 
" ~. 
( li;. 
I "t,j" . , , ' 
I ~. ~: 
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TABLE '4.12b Age-specific survival rates f o r each cohort. 

Age Cl ass 
Cohort 

I II III IV IV+ 

Pre -1975 M 0.83 

F 0 .84 

1975 M 0.87 0.78 

F 0 . 93 0.82 

1976 M 0.89 0.89 

F 0.87 0 . 90 

1977 M 0.60 0.78 

F 0 .66 0.76 

1978 M 0 .58 

F 0 .60 

Age-specific survival showed consist ent trends with r egard t o 

(a) years, and (b) sexes. 

Of the two years available for comparison, 1977 and 1978 , the 

f orme r displayed the highest age-specific survival r ates, being on 

ave rage , 5\ highe r than those during 1978. The extent of variation 

a l so d iffe red among age-classes, being greatest {14\j in age-class II. 

Similarly, survival rates among females were gener a lly h igher than those 

among ma l es . The o nly except i o n t o this was seen in age- c lass II 

where survival r a t es among mal es we r e appr oximat e l y 3% higher than 

that in f emal es. This sex-d ifferentia l patte rn o f surviva l favouring 

fema l es was expect ed t o result in a shift in the sex r a tio with age. 

As, pr evi ously , noted (Table 4.10), this was i n f ac t the case . 

These estimates of age-specific survival were next used to con-

s truct a, life t able for this popUlation. Two s t ati stics were derived; 

\' the survivorship , lx, and the age-specific mo rta lity r a t e , qx. Both 

are give n f or the two years examined (Tab l e 4.13). 

', ... , 
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'l':un •. ~ 11.13 Life t~blo for ~'. vulp~c:ul ill southern Tusmuniil. 

i\gc 
Clil~S 

(year 5) 

(0) 1977 

I 

II 

III 

IV 

IV+ 

(h) 197B 

I 

II 

III 

IV 

IV+ 

(e) 1977 

I 

II 

III 

IV 

IV+ 

';, . 
", 
" , '," 

E.Y 

39 

22 

15 

B1 

40 

24 

17 

BO 

Survivorship (1:<) "-Ind mortillity r a te (gx) were 
calculated from tho observed s u!'vivil l riltes of 
cohorts of size f:,. 

(·Iilles Females Tot al 

Ix qx ix lx q.y Ex lx 

1.00 0.40 2B l.OO 0 .34 67 1. 00 

0.60 0.11 17 0.06 0.13 39 0.63 

0.53 0.13 12 0.57 0.07 27 0.55 

C.
46r 0.17 67 0.53 r 0.16 14B D,SOr 

0 . 39 0 .45 0.4 1 

1. 00 0 .42 29 1. 00 0.40 69 1.00 

0.5B 0 .22 19 0.60 0.24 4 3 0. 59 

0. 45 0 .11 15 0 .46 0. 10 3 2 0.4 5 

D. 40r 0 .22 66 O.41r 0 .18 14 6 o.40r 
0.3 1 0.34 0 .32 

+ 1978 

79 1.00 0.41 57 1.00 0.37 136 1.00 

46 0 . 59 0.17 36 0 . 63 0.19 B2 0 . 61 

32 0.49 0. 1 2 27 0 . 51 0 . 09 59 0 . 50 

1 61 
O.

43r '0 .20 133 
C.

46r 0 .17 294 O.44r 
0 .34 0.39 0.3 6 

'" 119 

qx 

0.37 

0.12 

O.lD 

0 .17 

0. 41 

0 . 23 

0 .11 

0 .2 0 

0.39 

0.18 

0 .11 

0. 1 9 
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. :~/' .'Differences between the life tables for 1977 and 1978 reflected 
4 

r the previously noted tendency for survival to be lower during 1978 than 
I 

, 
! : , 

during 1977. In this way, survival to an age of 4 years during 1978 

was only 78% of that in 1977. 

Despite this difference the overall trends were similar in both 

years. Thus, the highest mortality rates occurred in age-class I . 

This age-class included the period of pouch dependence of approximately 

6 months duration during which time survival was estimated to average 

77% (Chapter 3) . Given an overall survival rate of 61% for the first 

12 months of life it was estimated that survival from independence at 

age 6 months to age 12 months was 78%. 

Following this there was a marked decline in the rate of mort<11 ity 

with the approach of reproductive maturity at 24 to 36 months. As 

noted previously, mortality during this period displayed ct suustantiLll 

amount of variation between years. 

Total losses between birth and the t i me at which animals m,J\u,'"d 

at about 24 months were substantial, amountin!J to some 50% C.!f th0 

original cohort. However, with the !Jenf~ral uttainmenl of IllLltuci t i' 

the probability of mortality declined by approximately 40~ to dn dnnU,ll 

rate of between 10 and 11%. 

The subsequent rate of mortality was evider:tly h.ighd ( l'H) 

although the pattern of its variation was not known. !lu lJ(!v(! r. In v jt!\~ 

of the general trend among mammals of a declin8 in survival rate with 

age (Caughley 1966) it is likely that this trend also applies in the 

present situation. 

Sex-dependent differences in age-specific survival were vr~vlo~I~;ly 

noted . The results given in the life tuble indicilte that Uwy prociuc(,d 

.; a 15\ difference in the rate of survival to the age of 4 years. 

" .. 
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}; (c) Population Dynamics. , , 
~. 
:. 

The dynamic state of the population can be assessed from life-

table i n fo rmation by the addition of i n format ion o n produc t ivity. o r 

fecundi t y (mx). Product ivity is measured as the number of fema le 

progeny produced per female. This information was available in 

• 
~ Table 3. 8 , and it is presented t ogether with age - specific survival 

· ~. 
in Table 4 .14. 

i 
• 
i 
~ TABLE 4 . 14 Age-specif ic statistics for females in the southern 

Tasmanian population of T. vulpecula. 

t 

Age class Survival Fecundity 
lx.Mx Stable Age 

, 

(x ) (lx ) (Mx) Distribution 

0 1.00 0.00 0 . 00 1.00 

1 0.63 0.02 0.01 0.62 

2 0.51 0.32 0.16 0.50 

3' 0.46 0 . 37 0.17 0.44 

4' 0.38 0 . 37 0.14 0.36 

5' 0 . 32 0 .37 0.12 0.30 

6' 0.26 0.37 0.10 0.24 

7' 0 .22 0 .3 7 0 . 08 0.20 

8' 0.18 0.37 0 . 07 0.16 

g' 0 .15 0.37 0 . 06 0.13 

10' 0 .12 0.37 0 . 05 0.10 

11' 0.10 0 . 37 0 . 04 0.08 

12' 0.09 0 . 37 0.04 0.08 

13' 0.07 0 . 37 0.03 0.06 

14' 0.06 0.37 0.02 0.05 

15' 0.05 0 . 37 0.01 0.04 

Total = Ro = 1.09 

- s t a tis tics were based upon extrapolation from the average obtained 
over al l such age-classes. 

Several assumpt ions were necessary in the construction of 

4.14. Thus, it was assumed that the average rates of fecundity 
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and survival observed among animals in age-class IV were applicable 

at all ages within this age-class. On this basis the maximum long-

evity of the cohort (i.e. when lx = 0.05) was 15 years. 

Caughley (1967) defined a series of statistics used in des-

cribing the dynamics of seasonally breeding populations such as the 

present one. They included the net reproduction rate, the birth 

rate, the death rate and the rate of increase. Each is defined 

below. 

The net reproduction rate, Ro, provides an estimate of the rate 

of increase of a population relative to its generation length, T, the 

latter being the mean interval between the birth of a female and the 

mean date of birth of her offspring. It is equivalent to the total 

number of female offspring produced per female per generation. An 

estimate based on the data of Table 4.14 gave Ro = 1.091 for a cohort 

generation length of approximately 6 years. 

approximation based on formula: 

T ~ Ex.lx.mx 
Elx.mx 

The latter was a rough 

The estimated value of Ro suggested that the population was approx-

imately stationary, that is, it was just replacing itself each gener-

ation. 

The finite rate of increase, by comparison with Ro, has the 
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advantage of being defined relative to time, thereby allowing comparisons 

between popUlations with different. generation lengths (Caughley 1967). 

It is derived as the exponent of. the exponential rate of increase, r. 

The latter has received some attention as a useful indicator of the 

trend of a popUlation which sums the effects of all population pro-

cesses (Bamford 1973) . 

The exponential rate of increase was derived for the data in 
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Table '4.14 using an iteration process t o solve the equatio n: 

-rx 
Elxe Mx "" 1. 

This gave a value o f 0 . 02 fo r r wh i ch corresponded t o a f i nite 

r a t e o f i nc r ease o f 1. 02 . This confi rmed the p r e v ious conc lusio n 

that the observed schedule of survi va l and fecundity indicated a 

stationary population. In other wo r ds , the birth r a te, b , approx-

ima t e ly equalled the death rate, d. Bo th of these s tatistics were 

calculated following Caughley (1967) and we r e found t o equal 0.262 

and 0 .234 r espectively. The slight discrepancy between the original 

value of r and its value according t o r = b-d was attributed to 

r ounding- o ff e rror. 

T r eat i ng the r e sults o f the t wo years 1977 and 1978 separately 

gave values fo r r o f 0 . 05 and - 0 . 01 r espect ively . The f ormer was 

indicat ive o f a populatio n increasing a t a r a t e o f appr ox imat e ly 6% 

per annum. 

Given the value o f r it is possibl e t o det e rmine the stable 

age dis tribution of a population. This represents the female age 

distribution generated if age-specific fecundity and mortality rates 

r emain constant. It was determined by multiplying each value of 1x 

-rx 
in Tab l e 4.14 by e t o give the values in co l umn 5 o f the table. 

As expect ed, given the value o f r, the s t abl e age dis tribution approx-

imat ed the age-speci f ic survivorship, 1x. Of mor e signi f icance, 

however. was the similari ty between this s t abl e age distri bu t ion and 

the o bserved s truc ture o f the femal e popula tion. Thus, 

Age Class:- I II III IV 

Observed % 21% 14% 12\ 53% 

Stable % 23% 14, 11' 52% 

, "the r eby p r oviding support for the est i mat es o f survival o n whidJ. the , 
. ' , " 

" 
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stable' age. distribution is based. 

Similarly the stable sex ratio of a popul at ion may be derived 

from a knowl edge of the survivorship of each sex. Following Eber-

hard t (1971) the s table s ex ratio of the present popul a t ion was 

det e r mined f rom the ratio of age-specific death r at es (dl as b eing 

11 2 females t o 100 males, or 1 . 12. Correct ing th is so as to allow 

for the biased sex ratios at birth (0.72) gave a sex r atio of 0.81. 

This es timate of the stable sex ratio c l osely appr oximated to observed 

va lue of 0.79. 

(2) Populations occupying differ ent habita t s 

(a) Population structure. 

The t o t a l populatio n was subdivided accor ding t o h abitat with 

study a r eas being grouped on the basis of the t ime since they were 

burnt. Estimates of average population size and composition we r e 

then derived by the Jolly-Seber method for each habitat. Estimates 

for age-class I were based on the observed fecundity o f f e males 

within each habitat (Table 3 . 8). The r esults o f thi s a r e presented 

as age- sex distributions in Figure 4.11 

Two tre nds a re evident in Figure 4.11. They we r e; 

(a) A shift i n age structure with a change in the age of 

the habitat. 

(b) A change i n sex ratio i n favour of femal es with an 

incr ease in the age of the habitat. 

The cycl e of c hange in age structure was mos t readily seen in 

the proportion of age IV animals in the popul a t ion. Thus, age IV 

anima l s .comprised 69\ of the total population of 1 year o ld habitat, 
,t 
~, 
."'~ decl:Lned t o 49% of the population in 4 t o 6 yea r o ld habitat, then 
'j: '" . "': , . .. '" 
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FIGURE 4.11 (overleaf) Sex-age distributions of 
populations of possums from different 
habitats. Each "sex/age class is presented 
as a percentage of the total for that habitat. 
Also given is the sample size (N) and the 
estimate of average population size. 
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habitat. The corresponding increase and subsequent decline in the 

representation of the younger animals with an increase in habitat 

age was not equally expressed in all of the younger age-classes. 

In this way, the representation of age I animals increased from 14% 

in 1 year old habitat to 25% in 4-6 year old habitats and remained 

essentially stable at this level in all older habitats. This con-

trasted with the relative stability of the percentages of both age 

II and age III animals in the younger habitats and the decline in 

their representation between 4-6 year old habitat (14% and 13' res-

pectively) and 60 to 80 year old habitat (10% and 7'1. 

Two age ratios are considered to be of particular note in the 

overall structure of the population . The primary age ratio is the 

ratio of juveniles to mature animals. In the present study it wa::; 

derived from the ratio of the number of pouch young weaned to the 

number of animals in age-classes III and IV. The secondary age 

ratio is that of subadults to adults. It was determined from the 

ratio of age III animals to age IV animals. This latter ratio is 

also known as the 'productivity' of the population (Hanson 1963) and 

gives an indication of the rate of recruitment to the adult population. 

Both primary and secondary age ratios are presented for all 

habitats in Table 4.15. The secondary age ratio showed mark<~d fluct-

uations over the series of habitats, increasing from near zero during 

year 1 to 24% by 8 to 16 years after the fire. This ratio subsequently 

declined'to 14% in 60-80 year old habitat. A parallel trend was 

Ii evident ,in the primary age ratio with the rate of production of young 

~ it. initially increasing with age of habitat then declining with a further 
3" , 
• . . h h h . 1l , 2ncrease 2n t e age of t e ab2tat. The magnitude of variation among 
I , . 

! ,: habitats in the primary age ratio was small by comparison with that 

. 11"-~~., in the secondary age ratio. 
~if~' 
I~'· .. ,Of 

\¥ " 
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. '. "" 



Habitat 

1 yr. 

2 yrs. 

3-4 yrs. 

4-6 yrs. 

8-16 yrs. 

(al Secondary age ratios of possum populations. Derived 
by expressing number of age III animals as a percentage 
of the number of age IV animals . (b) Primary age ratio 
in which the number of young weaned is expressed as a 
percentage of the number of adults (animals 2+ yearS old) 
Sample size in brackets . 

Secondary Age Ratio Primary Age Ratio 

1% (17) 13% (19) 

20% (37) 30% (48) 

22% (43) 35% (58) 

23% (64) 32% (86) 

24% (96) 33% (l28) 

30-40 yrs. 18% (55) 27% (70) 

60-80 yrs. 14% (59) 29% (76) 
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The variation in age structures described here suggests variation 

among habitats in their population dynamics through changes in the 

pattern of recruitment. The increase in both primary and secondary 

age ratios seen in the series of younger habitats indicates a high 

rate of recruitment typical of an increasing population. By comparison 

the decline in age ratios and relative preponderance of adults in the 

older habitats indicates a lower rate of recruitment more character-

istic of· a stable or declining population. 

The proportion of males to females varied among habitats to a 

statistically significant degree (X 2 = 13.20, P = 0.03). Younger 

habitats.had a significant excess of males, whilst the sex ratio in 

those habitats older than 4 years approached equality (Table 4.16) 

The change from a predominance of males to an approximately equal 

ratio was gradual beginning in 1 year old habitat and being complete 

by 8-16 year old habitat . 

, 
'~"''''., 

t;.' .~ •• , . 
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TABLE 4 . L6 Sex ratios for populations from different habitats. 

Habitat proportion Males Sample Size x' 

1 yr. 0.73 23 4.98* 

2 yrs. 0.69 54 7.80* 

* 3-4 yrs. 0.62 71 4.09 

4-6 yrs. 0.54 103 0.66 

8-16 yrs. 0.51 161 0.07 

30-40 yrs. 0.50 90 0.00 

60-80 yrs. 0.52 90 0.14 

* - significant at 5% level. 

Habitat related differences in sex ratio varied with age 

(Table 4.17). Thus, whilst there was a decline in the proportion 

of males with age in those habitats having an approximately equal 

sex ratio (4-80 year old habitats), the proportion of males tended 

to increase with age in the other habitats where males predominated , 

The result of this being that the difference in sex ratio between 

the two types of habitat was greatest among age III animals. 

TABLE 4.17 Sex ratios for each age class. Percentage of males 
is given with sample size in brackets. 

Habitat 
Age Class 

I II III IV Total 

1-4 yrs. 58% (50) 69% (23) 76% (14) 67% (82) 66% (149) 

4-80 yrs. 58% (111) 50% (61) 46% (45) 51% (227) 52% (444) 

Two factors could produce a shift in sex ratio. A decline in 

the relative size of the home range of males with an increase in the 

~ge of the habitat would result in the observed shift in sex ratio. 

127 

;\ 

I 
I 

,I 

" " !i 
I 

, 

I 

" 

' I 

" :1 
'I 
II 
II 
I 
I , 

" 



-". i- . _~: :~'.l ~ 
':''';'' '~ 'i,. 128 

, ""'''},"l\ .• ¥ 

\~~I 
:jY ,i" 'J:'nere ''las, however, no evidence of such a change in the pattern of 
• 

movements (Table 4.7). A more likely explanation is that the 

change in sex ratio reflects a sex-differential change in the pattern 

of survival. Some evidence in support of this comes from the dif-

ferences in age-specific sex ratios apparent in Table 4.17. 

Estimates of survival from age/se~ distributions require that 

the population has both a known rate of increase and a stable age 

distribution, in other word& a stationary age distribution. Given 

the general similarity of the age distributions for habitats older 

than 4-6 years and the considerable length of time over which any 

change in age distribution or population size occurs (70 years), it 

was considered that valid approximations of survival could be made 

in this way. Among younger habitats, however, it was neither possible 

nor necessary to make these assumptions since the same cohorts were 

shared by successive habitats. This allowed estimates of survival 

to be made based on the change in size of cohorts between successive 

habitats. 

Estimates of the apparent rate of survival derived in this way 

are given in Table 4.18. Survival varied both among habitats, age-

classes and sexes. Overall survival was higher between ages II and 

III than it was between ages I and II. This agrees with the previous 

results obtained using marked cohorts (Table 4.13). Of greater note 

was the pronounced tendency for survival to decline with an increase 

in the age of the habitat. This trend was most conspicuous in the 

pattern of survival between ages I and II. In 2 year old habitat there 

was a net gain of individuals between these ages as a result of an excess 

of recruitment over losses. By contrast, in 4-6 year old habitat there 

\ was a net loss of age I-II animals corresponsing to a survival rate 

~. of 58%. This trend continued to a lesser degree through the remaining 
'£ 
'71 ... h~bitats such that in 60-80 year old habitat the apparent survival rate 

... ,"- r::. 
\~ 
-,··was 41% . *.{ .' ;-

~J/ .. "", 
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TABLE·4.18 Estimates of survival derived for different habitats 
from the size of successive age-classes. Sample size 
is given in brackets. 

Habitat Age Classes Age Classes 
I to II II to III 

M 1.13 (14) 1.10 (12) 

Year 2 F 1.11 (9) 1.11 (3) 

Total 1.12 (23) 1.10 (15) 

M 0.43 (25) 0.70 (12) 

Years 4-6 F 0.78 (19) 0.84 (15) 

Total 0.58 (44) 0.78 (27) 

M 0.53 (36) 0.71 (22) 

Years 8-16 F 0.70 (30) 0.83 (22) 

Total 0.59 (66) 0.75 (44) 

M 0.39 (18) 0.63 (8) 

Years 30-40 F 0.73 (16) 0.76 (12) 

Total 0.53 (34) 0.69 (20) 

M 0.35 (17) 0.69 (8) 

Years 60-80 F 0.50 (14) 0.74 (8) 

Total 0.41 (31) 0.73 (16) 

With the exception of 2 year old habitat, survival between ages II 

and III remained essentially constant at approximately 70% in all 

habitats. It has previously been noted that survival among females 

is higher than among males. However, in addition it is evident that 

the extent of this difference varied among habitats with survival 

tending to increasingly favour females relative to males as habitat 

age increased (Table 4.13). This was most evident in the apparent 

survival between ages I and II. Thus, survival at this age in 2 year 

old habitat was similar in both sexes. In 4-6 year old habitat the 

"'of. 
":'~. ' c.orresponding survival rate of females was 81% higher than that among , . 

" 
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males. By 60-80 year old habitat this difference had decreased 

to 43%. Survival rates bet«een ages II and III were, in general, 

biased in favour of females. The only exception to this was found 

in 2 year old habitat where survival rates of males and females were 

similar. 

These differences among habitats in sex-differential survival 

of juveniles and subadults were consistent with the differences in 

sex ratios observed among adults of age-class IV (Table 4.17). The 

increase in the survival of females relative to males that occurred 

with an increase in the age of the habitat was associated with an 

increase in the representation of females among adults. It, there-

fore, supports the previous conclusion that the change in sex ratio 

with habitat was a product of a sex-differential change in the pattern 

of survival. 
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Three variables of possum populations have been considered here: 

the production of young as given in the primary age ratio, the survival 

of young to age II (12-24 months), and the survival from age II to age 

III (24-36 months) . An indication of the relative importance of 

each of these variables in determining the dynamics of the population 

is given in their relationship with the secondary age ratio: the rate 

at which mature animals produce more mature animals. 

The relationship between the secondary age ratio and the three 

population variables is depicted in Figure 4.12. From this it is 

clear that only survival from age I to II shows a clear correlation 

(r = 0.97) with the secondary age ratio. Reproduction, as reflected 

in the primary age ratio, shows only a week correlation (r = 0.65) , 

whilst survival from age II to III shows almost no association at all 

(r = 0.56) . This strongly suggests a critical role for survival 

during the first year following independence in determining the 

dynamics of the population. 
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(b) Surv~val estimates. 

The assumption of a stationary age distribution inherent in 

the previous analysis of survival limits the application of the 

results. Thus, they cannot be used in the calculation of the pop~ 

ulation's rate of increase. suitable data were available, though, 

in the size at successive ages of marked cohorts (Table 4.12a). Un-

fortunately sample sizes were small, thereby requiring that habitats 

be divided into only 2 classes; those burnt less than 4 years pre-

viollsly and those burnt more than 8 years previously. This division 

coincided with the previously noted differences in population structure. 

Estimates of the number of animals present at successive ages 

in cohorts from each of the two classes of habitat are given in Table 

4.19. Estimates for age-class I were based on the recorded fecundity 

rates combined with the estimated number of females. 

Comparisons among different cohorts within each age/sex class 

revealed' a major difference in trend between the two classes of hab-

itat. within 0-4 year old habitat the number of animals was tending 

to increase with time, such that between 1977 and 1978 there was a 

30% increase in the estimates of total population size (Figure 4.13) 

By contrast there was an 8% decrease in total population size in 

habitats 8 years or more old over the same period. This difference 

in trend was, however; not equally evident among all age-classes, being 

most apparent among the juveniles and subadult age-classes. 'l'hus, the 

increase in the numbers of age III and IV+ animals in 0-4 year old 

habitats was only 16% compared with a 68% increase in younger animals. 

Similarly, the decrease in the numbers of older animals in habitat 

over 8 years old was only 8% compared with an 18% decrease among the 

young age-classes. Given the relatively constant rate of fecundity 
.. ~! 
~, 
.,:. among years, then it is evident that survival must vary between age-
~\ 
}:t." 
~".classes . 
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Number of animals present at successive ages in cohorts 
from different habitats. Estimates of population size 
are derived for the Arve Valley population only, and refer 
to the period March to May. 

Habitat Age Class 
Cohort 

(Yrs) 
I II III (IV) IV+ IV+l 

0-4 25.2±2.35 23.8±2.05 
M 

B+ 55.3±4.53 40. 4±2. 82 
Pre-
1974 0-4 13.2±2.95 12.3±0.76 

F 
B+ 54.4±4.l2 44.6±3.82 

M 
0-4 0.0- 26.7±2.52 22.1±2.48 
B+ 9.4±5.01 53.0±2.90 39.9±2.93 

1974 
0-4 LO- IS .1±1. 75 14.3±2.87 

F 
B+ 10.6±2.21 51.3±3.02 40.4±1.59 

0-4 4.6±0.30 5.0±1.85 24.3±2.37 
M 

B+ 9.9±0.58 8.7±1.50 53.l±2.46 
1975 

0-4 2.0- 2.0- 15.3.t2.69 F 
B+ 10.1±1.05 9.0±1.16 50.4±2.12 

0-4 5. O± 1.12 7.7±0.98 5.2±1.65 
M 

B+ 17.9±7.64 13.1±5.00 10.2±0.62 
1976 

F 
0-4 1.0- 1.0- 1.0-
B+ 15.4±1.82 12.1±1.95 10.0±5.60 

0-4 8.8±1.25 7.8±1.53 7.0±2.12 
M· 

B+ 28.4±2.86 13. 3± 4.56 7 .6±1. 53 
1977 

0-4 6.4±1.16 5.6±1.14 5.7±1.59 
F 

B+ 20.6±3.45 13.1±5.08 8.7±0.70 

0-4 9.5±2.87 11.8±2.96 
M 

11.2±2.26 B+ 28.8±3.71 
1978 

0-4 6.7±1.20 6.5±1.90 
F 

20.8±2.50 10.6±3.20 B+ 

0-4 10. 0±1. 75 
M 

B+ 26.7±2.16 
1979 

0-4 7.0±1.55 
F 

B+ 19.3±1.92 • 
~ 
• I , 
i 

I , 
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'Age-specific survival rates are given for each cohort and 

habitat in Table 4.20. Combining data for all years, sexes and 

age-classes indicated a marked, although not quite statistically 

significant (X 2 = 2.98, df = 1, P = 0.07), difference between habitats 

with regard to the apparent rate of survival. The overall rate of 

survival in the younger habitats (92%) was greater than that in older 

habitats (72%). 

In addition the rate of survival was dependent upon 3 other 

factors, namely: the year, the sex and the age-class of the sample; 

the effects of which were, moreover, all dependent upon habitat. 

Ca) Years. The overall rate of survival declined in both hilbitats 

between 1977 and 1978. This decline was most pronounced in the 

younger habitat where the apparent rate of survival declined from 

102% during 1977 to 84% during 1978. Survival in the older hubital 

declined from 74% to 70% over the same period. It should be noted, 

however, that the decline in survival in the former, younger, habitut 

was due almost entirely to a decline in survival among uge IV+ animals 

with survival among the younger age-classes generally increasing. 

(bl Sexes. Survival was markedly sex-dependent, however among the 

juvenile age classes the direction of this bias varied between halJj tats. 

Thus, apparent survival among age I and II animals favoured males 1.11 

younger habitats whilst favouring females in older habitat8. /\mang 

adults survival favoured females in both classes of habitdt. 

(c) Age Classes. The pattern of age-dependent survival also varied 

between habitats with apparent survival in younger habitats remaining 

essentially uniform through all age-classes whilst varying markedly 

( among age-classes in older habitats. 
,;.::.: 

'1{ The survival statistics for each habitat dre presented in the 
,r.! 
{-
;~;:;'; forrn of life tables (Table 4.21) with data from different years and 
-", 'J~; 
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TABLE 

Cohort 

Pre-
1974 

1974 

1975 

1976 

1977 

1978 

4.20 

Se x 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 
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Age- specific survival rat es for cohorts from different 
habitats . 

Habitat I-II II-III III-IV IV+-IV+l 

0-4 0.94 
8+ 0.73 

0-4 0 .93 
8+ 0 .82 

0-4 0.83 
8+ 0.75 

0-4 0.95 
8+ 0.79 

0-4 l.09 
8+ 0.88 

0 -4 l.00 
8+ 0.89 

0-4 1. 54 0 . 68 
8+ 0 . 73 0 . 78 

0 -4 1.00 1.00 
8+ 0 . 79 0.83 

0 -4 0 .89 0 . 90 
8+ 0 .47 0 . 57 

0-4 0 .88 1. 02 
8+ 0 .64 0 . 66 

0-4 1.24 
8+ 0.39 

0-4 0.97 
8+ 0.51 
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cohorts being consolidated into a single composite table. 

TABLE 4.21 Life tables for T. vulpecula from different habitats. 
Survivorship (lx), and mortality rates (qx) were based 
upon estimates of survival contained in Table 4.20. 

Age 
Class 
(Yrs. ) 

Hales 

fx lx qx 

Ca) 0-4 year old habitat 

I 18 1.00 0.00 

II 13 1.00 0.00 

III 12 1.00 0.17 

IV 52 0.83 0.11 

IV+ 0.74 

(b) 8-80 year old habitat 

I 57 1.00 0.59 

II 26 0.41 0.33 

III 18 0.27 0,18 

IV 108 0.23 0.26 

IV+ 0.17 

Females Total 

fx lx qx fx Ix qx 

13 1.00 0.08 31 1.00 0.03 

7 0.92 0.00 20 0.97 0.00 

5 0.92 0.00 17 0.96 0.14 

28 0 . 92 0.06 80 0.83 0.10 

0.86 0.75 

43 1. 00 0.45 100 1.00 0.53 

29 0.55 0.27 55 0.47 0.30 

22 0.40 0.14 40 0.33 0.16 

106 0.35 0.20 214 0.28 0.23 

0.28 0.21 

The Effect of Migration on Survival Estimates. 

An assumption of' the previous treatment of survival is that 

there was no net migration into or out of the study population, 

thereby ~llowing any decline in population size to be equated with 

mortality. Clearly, this assumption was violated in younger hab-

itats where the apparent rate of survival was in eXcess of 100% and 

net immigration evidently occurred. Assessing the ef~ect of migration 

~~ on the apparent rate of survival is difficult, however an estimate of ,.:, . 
':" 
:~ ~iniffium survival was derived assuming all losses from the marked pop-
'·i> ,", 
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'>. ulation to be due to mortality and losses due to migration are negligible, 
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'Rec~ptured animals were counted as present in the population 

from the date of first capture to the last date of handling. Animals 

Here, however, only counted as havi.ng disappeared after their final 

capture if they failed to be trapped after a further 4 trapping per'iods. 

This criterion \ .... as based on the finding of Section 4.12 that an animal 

untrapped for 4 trapping periods has a probability of only 5% of 

being subsequently retrapped. The effect of applying this measure 

was to eliminate from consioeration the last 4 trapping periods con-

ducted in any study area. 

Survival was determined for each age-class by calculating the 

proportion of animals known to be present in the trappable population 

at the beginning of a year that survived to the following year; each 

year being defined as extending from May to April. 

Life tables were constructed for both classes of habitat using 

the estimates of minimum survival derived in this way (Table 4.22). 

The pattern of survival varied markedly between habitats with 

survivorship being lowest in older habitats. This variation was 

most apparent among the juvenile and subadult age-classes (ages I and 

II) . The rate at which these animals were lost from the marked pop-

ulation was between 3 and 5 times as high in older habitats as in 

younger habitat (I: X2 = 11.66, P = 0.001; II: X2 = 6.84, P = 0.009) 

By contrast there was no appreciable differences between habitats in 

adult losses (III: X2 = 0.20, P = 0.655; IV: X2 = 0.26, P = 0.610) 

which averaged about 23% per year. In general this pattern of 

variation between habitats was equally expressed in both sexes, al-

though the survival of females tended to be higher than that of males. 

Comparing the pattern of survival evident in Table 4.22 with that 

seen in Table 4.21 revealed the latter to have consistently higher 
, 

<-',c. estimates for rates of survival. In addition the magnitude of this 
l"il 
\'('" 
~t" difference between the 2 estimates of survival varied between different :: . 
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TABLE 4.22 Life tables for T. vulpecula based upon the rate of 
disappearance of marked animals f r om the popUlation. 
As a result survival rates do not r eflect the effects 
of migration into the popUlation (c.f. Table 4 . 21) . 

Age Males Femal es Total 
Class 
(Yrs. ) Ex 1x qx Ex 1x qx Ex 1x qx 

(al 0-4 year old habita.t 

• I 1.00 0 . 08 1.00 0 . 08 1.00 0 . 08 

1 6 0.92 0 . 19 10 0.92 0 . 10 26 0.92 0 .1 6 

II 17 0 . 75 0 .1 8 8 0 . 83 0.13 25 0.77 0.16 

III 13 0 . 61 0 . 31 6 0.72 0.17 19 0.65 0 .2 6 

IV 60 0. 42 0.23 20 0 .60 0 .15 80 0.48 0.21 

I V+ 0.33 0 .51 0.38 

(bl 8- 80 year old habitat 

• I 1.00 0.27 1. 00 0 . 27 1.00 0.27 

15 0 . 73 0.62 13 0 .73 0 . 47 28 0.73 0.54 

II 22 0 .2 8 0 . 55 27 0 . 39 0 . 41 49 0.33 0 . 47 

III 18 0 .13 0.28 20 0.23 0.22 38 0.18 0 .25 

IV 79 0 . 09 0.33 78 0.18 0 . 24 157 0.14 0.28 

IV+ 0 . 06 0 . 14 0.10 

• 
- Statistics for age-class I were p r esented in two parts: the 

fi r st from birth t o independence . the second from independence 
t o an age of 12 months. The first used data derived in 
Chapter 3 . 
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habitats, .sexes and age-classes. This variation was attributed 

to differences in the effect on the apparent rate of survival of 

migration into the population. The latter was quantified by det-

ermihing the size of the difference between mortality rates obtained 

by eacy of the two methods. This difference was termed the immigrat-

ion rate (Table 4.23). 

Age-specific immigration rates for possums from 
different habitats. 

Age Males Females Total 
Class 
(Yrs. ) 

fx 
Immigration 

Rate 
fx 

Immigration 
fx 

InuTligration 
Rate Rate 

(a) 0-4 year old habitat 

I 16 0.25 10 0.09 26 0.19 

II 17 0.38 8 0.13 25 0.28 

III 13 0.14 6 0.17 29 0.16 

IV 60 0.12 20 0.09 80 0.11 

(b) 8-80 year old habitat 

I 15 0.13 13 0.16 28 0.14 

II 22 0.22 27 0.14 49 0.17 

III 18 0.10 20 0.08 38 0.09 

IV 79 0.07 78 0.04 157 0.05 

Immigration rates varied significantly among different age-

classes {X2 = 21.44, df = 3, P = 0.000) with rates being highest in 

the subadult age-classes (20%) and decreasing to a minimum amony aye 

138 

IV adults (5%). Similarly, immigration varied between sexes (X 2 = 4.03, 

P = 0.045) with males showing higher rates of immigration (12%) than did 

i 
i 
I 
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Of greater interest in the present context, however, was 

the significant difference in immigration rates evident between 

habitats eX' = 9.50, P = 0.002). Thus, immigration into the 

younger, 0-4 year old habitats, occurred at approximately twice 

the rate found in older habitats (16% and 7% respectively). 

Inspection of Table 4.23 indicated that this difference was due 

primarily to differences in the rates of immigration among males. 

The Estimates of Survival. 

The values of survival derived by each of the above 2 methods 

were considered to represent the probable limits within which the 

actual values of survival lay. The first method, using change in 

cohort size with age, gave the maximum, whilst minimum survival was 

given by the second method using the proportion of animals known to 

have survived. As a result the magnitude of the difference in 

survival between the 2 major habitat groupings varies according to 

the method applied to each habitat. The most conservative estimate 

of this difference occurs when minimum survival is derived for 0-4 

year old habitat and maximum survival for 8-80 year old habitat. This 

combination of survival estimates was, therefore, used in the further 

consideration of habitat related differences in population dynamics. 

Age-specific survival estimates are given in Table 4.23b. Dif-

ferences in survival were apparent despite this being a conservative 

estimate of their magnitude. It was, however, clear that most of 

this difference in survival between habitats WJS most pronounced 

within the younger age-classes. The most marked difference was found 

in survival between pouch independence and the age of 12 months (the 

end of age-class I). The rate of survival over this period in older 

habitats' was only 75% of that in the younger habitats (X' = 3.86, 

P = 0.049). Although not statistically significant, marked differences 

.).'1 . . 
·" '·~n s.urvl.val also existed during (a) the period of pouch dependence 



TABLE 4.23b Age-specific survival rates in 2 major habitat 
groupings. 

Age Males Females Total 
Class 

Survival (N) Survival (N) Survival (N) 

(a) 0-4 year old habitats 

• I 0.92 (10) 0.92 (8) 0.92 (18) 

0.81 (16) 0.90 (10) 0.84 (26) 

II 0.82 (17) 0.87 (8) 0.84 (25) 

III 0.69 (13) 0.83 (6) 0.74 (19) 

IV 0.77 (60) 0.85 (20) 0.79 (80) 

(b) 8-80+ year old habitats 

• I 0.73 (57) 0.73 (43) 0.73 (100) 

0.56 (42) 0.74 (31) 0.62 (73) 

II 0.67 (26) 0.73 (29) 0.70 (55) 

III 0.82 (18) 0.86 (22) 0.84 (40) 

IV 0.74 (108) 0.80 (106) 0.77 (214) 

(X2 =: 2.92, P =: 0.087) and (b) age-class II (X2 =: 1.77, P =: 0.183). 

There were no apparent differences in survival within the adult 

age-class,es (III: XO! "'" 0.87, P =: 0.351; IV: X<l =: 0.25, P =: 0 . 383). 

(c) Populat i on Dynamics 

The information on survival contained in the previous section 

was combined with the data on fecundity given in Table 3.8 and the 

two were used to examine the dynamics of the populations (Table 4.24) 

This treatment uses only data on female survival and the production 

of female young, with the latter assuming a constant sex ratio at 

t birth of 42 females to 58 males . . . 
~-; , 
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TABLE "4.24 Age-specific population statistics for populations 
from different habitats. Females survivorship (lx) I 

and fecundity rates (z.Jx) were used to derive an est-
imate of the rate of increase (r) which was then 
used to calculate the reproductive value (Vx) and 
stable age distribution (Sx) • 

Age 0-4 year old habitat 8-80 year old habitat 
Class 

* 

(x Yrs.) lx >Ix Vx sx lx >Ix Vx 

* 

0 1.00 0.00 1. 00 1.00 1.00 0.00 1. 00 

1 0.83 0.08 1.34 0.75 0.55 0.00 1.69 

2 0.72 0.36 1. 62 0.58 0.40 0.26 2.15 

3 0.60 0.41 1. 68 0.43 0.35 0.36 2.01 

4 0.51 0.41 1. 67 0.33 0.28 0.36 1.91 

5 0.43 0,41 1. 66 0.25 0.22 0.36 1.83 

6+ 0.37 0.41 1.63 0.19 0.18 0.36 1. 67 

Ro = 1. 78 Ro = 0.66 

r 0.108 -0.079 

- constant reproductive and mortality rates were assumed 
beyond this age. 

SX 

1.00 

0.60 

0.47 

0.44 

0.38 

0.33 

0.29 

There was evidence of marked differences in the dynamic state 

of populations from different habitats. This was indicated by dif-

ferences in several statistics. 

Estimates of the net reproductive rate (Ro) indicated a negative 

rate of increase per generation among older habitats (Ro = 0.66) con-
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trasting with a positive rate of increase in younger habitats (Ro = 1.78). 

Moreover~ the longer generation length found in the former habitats 

(5.80 years compared with 4.78 years) suggested an even greater dif-

ference between habitats in the rate of increase per unit time. 

The exponential rate of increase (r) was calculated for both 

populations using the iterative process previously outlined. A value 



of r= 0.108 for the population from younger habitats indicates 

a finite rate of increase of 1.114 which suggests an annual rate 

of increase of about 11%. By comparison, the value of r obtained 

for older habitats was -0.079 giving a finite rate of increase of 

0.924, which corresponds to an annual decrease of approximately 9%. 

The value of r reflects the difference between the birth rate 

(b) and the death rate (d). These statistics were derived following 

Caughley (1967). From Table 4.25 it can be seen that the relatively 

hi~h rate of increase evident in the population from younger habitat 

was due primarily to a lower death rate, rather than an increased 

birth rate. Thus, the difference between populations with regard to 

birth rates was less than 7% compared with a 94% difference in death 

rates. 

TABLE 4.25 Rates of birth, death and exponential increase. 
All were derived following Caughley (1967). 

Habitat 

0-4 years 

8-80 years 

Birth Rate 
(bl 

0.279 

0.252 

Death Rate 
(dl 

0.171 

0.331 

Rate of Increase 
(rl 

0.108 

-0.079 

It is of considerable interest that the relatively minor role played 

by fecundity in determining ra'te of increase occurred despite there 

being a considerable amount of variation among populations in their 

reproductive performance (Chapter 3) . 
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Having calculated the value of r it was then possible to estimate 

two additional statistics; the reproductive value, and the stable age 

distribution; both of which are given in Table 4.24. 

Reproductive value varied with age, reaching a peak during early 

The age at which this peak occurred varied between habitats 

at an earlier age (2 years) in older habitats than in younger 

:1 
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ones "(3 years). This difference reflected the higher mortality 

rates observed among adults from older habitats. 

The stable age distribution represents the female age distribution 

that will ultimately prevail under a given regime of age-specific mor-

tality and fecundity. It was, therefore, of some interest to compare 

these stable age distributions both with one another and with the age 

distributions actually observed in different habitats (Figure 4.11). 

In order to do this it was convenient to present the age distributions 

as percentages within each of the 4 recognised age-classes (Table 4.26). 

TABLE 4.26 Observed female age distributions ,compared with stable 
distributions as computed from survival and fecundity 
data. 

Stable Age 
Observed Age Distributions 

Age Distributions 
Class 0-4 8-80 Year Year Years Years Years Years Years 

yrs yrs 1 2 3-4 4-6 8-16 30-40 60-80 

I 25% 22% 21% 27% 24% 24% 22% 21% 21% 

II 19% 13% 16% 6% 19% 1B% 15% 16% 11% 

III 14% 10% 0% 3% 4% 15% 12% 12% B% 

IV 42% 55% 63% 54% 53% 43% 51% 52% 61% 

N 44 200 6 17 27 47 BO 45 44 

, 
The stable age distributions of the two major habitat groupings 

differed substantially from one another with the younger habitats 

showing a higher percentage of subadults and juveniles than was the 

case in older habitats. These distributions were then compared with 

those actually observed in different populations. In 0-4 year old 

habitats there was a marked difference between the observed and stable 

age distributions, with the former having a relative under-representation 

of subadults. The stable age distribution for 0-4 year old habitat 

t was, however, reali sed in the age distribution observed in 4-6 year old 

: habitat. In habitat older than this the observed age structure shifted 
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al~ay "from this distribution I,ith an increase in the representation 

of adult animals. In doing so, the observed age distribution for 

this habitat differed little from its stable age distribution. 

Variation between the observed and the stable age distributions 

of a population suggests a recent change in its survival or fecundity 

regime and therefore its rate of increase. Thus, there will have 

been insufficient time for the age distribution to reach a stable 

form. Such was evidently the case in those habitats most recently 

burnt and where there was a marked difference between stable and ob-

served age distributions. By comparison, any change in survival or 

fecundity among the oldest habitats (8-80 years) apparently occurred 

at a slow rate in view of the close correspondence between observed and 

stable age distributions. In addition it was considered that consider-

able support for the accuracy of the estimates of survival was provided 

by the close association seen between both types of age distribution. 

The close agreement between the stable age distribution for 0-4 year 

old habitat and the observed distribution for 4-6 year old habitat was 

of particular significance in this regard, insofar as both statistics 

were completely independent of one another. 

Finally, estimates of the stable sex ratio were derived based 

upon the pattern of survivorship for each sex. These ratios, corrected 

for the'male-biased ratio at birth, are given below for both habitats, 

together with the observed sex ratios. 

Habitat 

0-4 yrs 

8-80 yrs 

Estimated Ratio 
(F/M) 

0.99 

1.17 

Observed Ratio 
(F/M) 

0.51 

0.96 

The marked deviation of the observed sex ratio in populations from 

0-4 year old habitat gives a further indication of the non-stable 

strgcture of these populations, thereby contrasting with the situation 



I'n summary, it has been found that there are major differences 

in the pattern of survival between populations from habitats of dif-

ferent age. These differences in survival were found primarily in 
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the juvenile and sub adult age-classes, that is, between birth and 2, 

years of age. Populations from younger habitat had the highest rates 

of survival. This effect was reinforced by a higher rate of immigrat-

ion into this habitat, particularly among subadult males. The effect 

of this difference in the pattern of survival on population dynamics 

was such that populations in younger habitat (0-4 years) were increasing 

at a rate in excess of 10% per annum, whilst those in older habitat 

were declining. This effect was only slightly enhanced by an in-

creased fecundity rate in younger habitats. Stable age distributions 

computed for both habitats indicated a recent change in the rate increase 

in younger habitats, and relative stability in the rate of increase 

among older habitats. These differences between habitats are summarised 

in Figure 4.14. 
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4.4 Population Dynamics - Density Estimation 

4.4.1 Introduction and Methods 

The derivation of an estimate of population density from an 

estimate of abundance involves correcting for area so as to produce 

an estimate of the number of animals per unit area. I n a tr apping 

study this could be done by simply dividing the estimate by the area 

enclosed by the trapping grid. This approach, however, leads to a 

severe overestimation of density as a result of what is referred to as 

the "edge effect", due to the fact that not all animals confine their 

movements to within the trapping grid, but may still be captured because 

some traps lie near the edge of their range, This problem is partic-

ularly acute in the present study due to the linear nature of the 

trapping grid. 

Several approaches have been dev810ped to overcome this problem. 

Most often a strip of width one-half the diameter of the animal r s home 

range is added to the area enclosed by the traps (Dice 1938). The 

size of the home range may be estimated for this purpose using either 

the results of the trapping study itself (Stickel 1954) as has been 

done in the present study, or by independent methods such as radio-

telemetry (see Sanderson (1966) for a general review) . MacLulick 

(1951) developed a method for the simultaneous estimation of population 

density and home range size, based on data being drawn from selected 

sub-grids. This method has more recently been expanded so as to allow 

variance estimates to be made (Otis et ai. 1978). Some authors also 

deduct from the area of the grid all regions considered to be uninhabitable, 

as far as a given species is concerned, thereby obtaining a "maximal" 

density estimate. The arbitrary nature of this procedure does, however, 

make its- use unsatisfactory. 
, 
~ Density may also be measured in units other than area. 

"'-~~." rdoing , the estimate consists of an index of relative density. 

'% 
,(, -

In so 

Thus, 



density can be estimated in terms of animals per unit of trapping 

effort such as trap-nights. Relative estimates of density are 

useful in comparisons between different populations or comparisons 

within the same population but at different times. They have the 

advantage over absolute estimates of density of having fewer assumpt-

ions to comply with. It is, however, necessary to ensure that com-

parisons are carried out under as nearly identical conditions as 

possible. 

method. 

Seber (1973) discusses the use and limitations of this 
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In the present study, the estimation of population density was 

necessary to allow a comparison of the abundance of possums in different 

habitats and hence to examine any long-term trends in population size. 

Estimates of population density were made for each habitat using 

the boundary strip method of Dice (1938) In this way the estimates 

of average population size (Figure 4.11) were adjusted for the effective 

area trapped. The latter was estimated from the area enclosed by the 

trapping "grid" plus a boundary strip of width one-half the diameter 

of the home range. In the case of trap lines, the effective area 

trapped was taken as consisting of a strip of length equal to the 

length of the trap line and width equal to the average diameter of 

the I:ome range. Home range diameters have previously been derived for 

adults of both sexes occurring in each class of habitat. 

in deriving density are listed in Table 4.7. 

Those used 

This method was considered to give at least an estimate of the 

relative density for each habitat, which may also be taken as an 

absolute estimate of density provided that the estimates of the effect

ive area trapped are valid. 

4.4.2 Results 

Estimates of population density for all habitats are given in 
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Table 4.27. Total density varied substantially among habitats 

with a clear pattern emerging between density and the age of the 

habitat (Figure 4.15). This pattern was characterised by a cycle 

beginning with a marked increase in density over the series of 

most recently burnt habitats followed by a decline in density with 

a further increase in the age of the habitat. The initial phase 

of this cycle consisted of a 260% increase in density from a minimum 

of 0.23 possums/ha in the first year after the fire to a maximum of 

0.79 possums/ha in 4-6 year old habitats. During the following 60+ 

years of habitat represented in the study density declined to less 

than 40% of this maximum. Most of this decline occurred betvleen 

4-6 and 8-16 years after the fire. 

Different components of the total population showed differences 

in the cycle of changing density. Adult males underwent less extreme 

fluctuations in density (coefficient of variation = 0.36) than did 

either adult females or juveniles (0.53 and 0.51 respectively). There 

were, moreover, differences in the phase of the cycle with the cycle 

of density among adult males being advanced relative to that of females. 

Thus, males exhibited maximum density in a younger habitat (3 years) 

than did females (4-6 years) . 

This information on population density was used to estimate 

long-term rates of, change in population size over the period represented 

in the series of habitats. Two distinct phases of population growth 

were recognised and each was examined separately. The first phase 

from 1 to 5 years, exhibited positive growth, whilst the second from 

5 to 70+ years showed negative growth. 

Assuming growth in population size to be of logistic form allowed 

a linear regression to be made between the natural logarithm of pop

ylation density and the age of habitat, thereby yielding an estimate 

of the exponential rate of increase, r, of the population. Results of 
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Densities of possum populations occurring in different habitats. Values were derived by 
dividing the estimate of average population size by an estimate of the effective area 
trapped. The latter was obtained by multiplying the total length of trap line used in 
each habitat by the average home range diameter. variation is expressed in terms of the 
standard error. 

0' 

Average 
Total length 

Effective Density (per hal 
Habitat Population of trap line (M) 

Area Trapped 
(Years) s· (+S E ) A verage Range (hal Total Adult t Adultt lze _ .. Juveniles 

Length 1M) Males Females 

1 23.1±3.5 2800 101. 4±lB. 9 0.23 0.12 0.05 0.06 

362±35.9 

* 2 54.3!3.1 129±21.2 0.42 0.20 0.09 0.13 

291±31.B 

* 3 70.4±4.7 129±21. 2 0.55 0.21 0.12 0.22 

291±31.8 

4-6 10B.3±12.9 5100 129.B±27 .2 0.79 0.19 0.27 0.33 

255±3B.1 

B-16 BO.B±7.1 7200 195.B±24.9 0.41 0.10 0.15 0.16 

272±29.4 

30-40 44.B±3.5 5300 97.4±16.4 0.46 0.13 0.15 O.lB 

1B5±22.6 

60-BO 45.2±5.5 5400 146 . 3±29.0 0.31 0.09 0.11 0.11 

271±39.5 

• - Figures obtained by determining area enclosed by trapping "grid" plus a boundary of width one-half 

the diameter of the home range. 

t Densities corrected for differences between sexes with respect to home range size. 
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this approach are given below for both phases of the population 

cycle : 

1 to 5 years: r = 0.354 (coeff. of correlation = 0.962) 

to to 70+ years: r = -0.020 (coeff . of correlation = 0.661) 

The value of r for the first 5 years after the fire indicates an 

annual rate of increase of just over 40% . By comparison, the rate 

of increase between 5 and 70+ years was negative at about 2% per annum. 

A comparison of these figures with those derived previously from 

survival and fecundity data indicated major differences. The observed 

rate of increase between 1 and 5 years was about 4 times that estimated 

from survival and breeding statistics (1 to 4 years: 11 \ ) . This was 

not unexpected, however, in view of the previously noted impact of 

immigration on population dynamics in these habitats. 

The observed rate of decline between 5 and 70+ years (2%) was 

markedly less than the value of 7% estimated from the survival stat-

istics for 8-80+ year o l d habitats. This difference suggests that the 

assumption of a constant rate of decline from year to year over this 

period may not hold. Accordingly, the high rate of decline observed 

during the period of this study is considered to reflect a decline in 

survival in response to some factor of only short-term significance. 

4.5 PORulation Dynamics - Discussion 

Problems of interpretation of population dynamics can be con-

sidered under the following headings: 

(i) Changes in the total size of the population. 

(ii) Changes in composition, that is, sex and age structure. 

(iii) Changes in recruitment and survival. 

(iv) Proximal C<lLl.3eS of death. 

(v) Changes in the environment that regulate (i), (il) 

and (i,tt) above. 



tal Survival 

The life-cycle of the brush-tail possum may be divided into 

3 phases for which estimates of survival can be derived. They are: 

the periods of (i) pouch life, (ii) juvenile life and (iii) adulthood. 

The pattern of survival in the brush-tail possum is character

ised by a rate of disappearance from the juvenile age-classes that 

is both high and variable. Previous estimates of survival between 

independence of the pouch at about 180 days and the attainment of 

reproductive maturity range from less than 40% in the Orongorongo 

Valley, N.Z., population (Crawley 1973) to aboul 65% in the northern 

N.S.W. population of How (1981). Similarly, Boersma (1974) records 

an age structure for the Hokitika, N.Z., population that indicates 

juvenile survival to be about 60%. Clout (1977), whilst reporting 
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juvenile survival rates within this range, also notes a marked differ

ence in juvenile survival between populations inhabiting pine plantations 

of different age. 

It is apparent, however, that this range of variation in juvenile 

survival is associated with variation in the duration of juvenile life. 

Thus, reproductive maturity is attained at a later stage in those pop

ulations where juvenile survival is lowest (Orongorongo, Crawley 1973) 

and.Tokoroa 2, (Clout 1977)). This raises the possibility of the low 

survival in these'populations being a direct result of the longer 

period of juvenile life. 

Survival outside of this period is, by comparison, high. 

Survival among pouch dependent young is generally in excess of 85% 

(Dunnet 1964, Smith et al. 1969, Clout 1977, How 1981). This is 

equivalent to an annual mortality rate of less than 28%. Only in 

the Orongorongo population has survival among pouch young been recorded 

'-as appreciably below this level with survival averaging only 55% over 

a 10 year period (Brockie et al. 1979). 
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Similarly, survival among adults is relatively high. Estimates 

of the annual rate of survival range from 67% (How 1981) to 74% ., 

(Crawley 1973). In addition, analysis of age structure in the 

Hokitika population (Boersma 1974) suggests the annual survival rate 

among adult females to be approximately 82%. Moreover, this analysis 

indicates a pattern of variation in the survival of adults. Thus, 

survival was high (greater than 90%) between the second and fourth 

years, and declined markedly thereafter. 

was 13 years old. 

The oldest animal caught 

A similar pattern of age-specific survival emerged in the present 

study. Survival from the end of pouch life to the onset of sexual 

maturity at approximately 24 months was 65% - near the upper limit of 

the previously recorded range. It is of interest to note in relation 

to any possible association between survival and the duration of 

juvenile life that this survival rate is the same as that obtained by 

How (1981) for a population in which maturity occurs at the earlier age 

of 12 months. As a result juvenile survival when expressed as survival 

over a 12 month period differs markedly between these 2 populations (75% 

and 42% per annum, respectively). 

Survival among pouch young averages 77%, and is, therefore, 

slightly lower than generally recorded. Only the Orongorongo 

population is known to have a lower rate of pouch young survival 

(55%) . Furthermore, expressed as an annual survival rate, survival 

during pouch life is equivalent to 60% per annum. This is, there-

fore, slightly lower than the annual equivalent for juveniles of 75%. 

Rates of survival among adults are consistent with those of 

previous studies insofar as survival was both higher than among juveniles 

(89% during the first year of adult life) and decreased with age 

(averaged 81% over all other adult age classes). Adult survival was, 

however, higher than generally recorded in previous studies. 
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The overall level of survival in the present study is higher 

t han that previously reported (Crawley 1973, How 1981). There is 

however. reason to believe that these previous studies contained 

marked underestimates of survival. This is based upon a consideration 

of the projected growth rates of these populations given the observed 

survival and fecundity patterns. values of the exponential rate of 

increase (r) computed i ," this way are given below for 2 populations 

for which data were available. 

orongorongo (Crawley 1973): r = -0.10; b = 0.28; d = 0,38 

Nth. N.S.W. (How 1981): r ~ -0.17; b = 0.41 ; d = 0.58 

Tasmania (This study): r = +0.02; be 0.20; d = 0.23 

The results for both t he Orongorongo and Nth. N.S.W. populations i n -

dicate a rate of i nc rease t hat is both substantial (10% and 16% res-

pectively) and negative. In other words neither of these populations 

is expec~ed to persist indefinitely under this survival-fecundity regime. 

This is all the more surprising in view of the conclusion of Kean (1971) 

that the Orongorongo population had been stable for the previous 25 

years. Similarly, How (1981) provides no evidence of a decline in 

abundance over the period of the study. 

. These results contrast with those of the present study in which 

the survival-fecun~ity regime i ndicates an essentially stable populat-

ion. A comparison of t he exponential birth (b) and death (d) rates 

for each of these populations confinns that the negative rate of in-

crease in the former populations was attributable to high death rate 

(low survival) rather than low birth rates. I n both the Orongorongo 

and northern N.S.W. populations birth rates were, in fact, higher than 

in the present study. 

Errors in the estimation of survival are due to difficulties in 

distinguishing mortality from emigration . This difficulty has been 
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noted by previous workers on possum ecology, among them Dunnet (1964) 

who for this r eason avoided making es tima t es of survival. 

The effect of dis persal is to lower the apparent rate DE survival 

where survival is estimated from the r ate of disappearance of ma r ked 

animals. This was the case in the studies of both Crawley (1973) and 

How (1981). The present study has attempted t o avoid this difficulty 

by making the assumption that within the t otal population immigration 

will balance emigration. Thus, survival is es tima t ed from the change 

in size of particular cohorts over suc cessive years . The results 

appear to support this approach. 

Survival Rates in Different Habitats 

~-,Tithin the present study, popula t ions occupying different habi t a ts 

have different mortality rates. These differences whe n combined wit~ 

differences in fecundity, indicate variation among populations in their 

expected rate of increase. Thus, popu l ations from recently burnt 

habitat (0-4 years) are characterised by a positive rate of increase, 

whilst those from older habitat (8-80+ years) have a negative rate 

of increase , that is, they are declining . Examination of birth Clnd 

death rates indicate that variation in mortal ity is the main factor 

in ~roducing this difference in the rate of increase. Changes in 

fecundity are, by ,comparison, of minor importance. 

Differences in mortal i t y are apparent l y due t o variation in 

s urvival among juveni les. Survival between the time of pouch i n-

dependence and the age of 24 months , which corresponds approximately 

with the onset of reproductive maturity, varied markedly among populutions 

Survival over this period ranged from an average of more than 70% in 

0-4 year o l d habitats to 43% in 8-80+ year o l d habitat. Furthermore, 

( ~ithin the l atter grouping of habitats, es tima tes of survival based 

on age structure ranged from 45% in 4-6 year o l d habita t down to 30% 
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in 60-80 year old habitat. There is, therefore, a clear relation-

ship between juvenile survival and the trend of the population and 

the age of the habitat it occupies. 

Survival among pouch dependent young has also been shown to vary 

substantially among populations occupying different habitats (Chapter 

3) • Following a period of low survival (66%) during the first year 

after the fire, survival increases to a high level (86-100%) in pop-

ulations from 2 to 6 year old habitats, and then declines with a further 

increase in the age of the habitat (66-80\). Expressed in terms of 

the 2 major habitat groupings, survival of dependent young ranges 

from 92% in 0-4 year old habitat to 73% in 8-80+ year old habitat. 

Variation during this phase of life is, therefore, less marked than 

during the juvenile phase. 

By contrast, adult survival shows little variation between the 

two habitat groupings being in both cases between 75 and 80%. There 

was, however, some evidence in the form of variation in the secondary 

age ratio (Table 4.28), to suggest that an increase in adult survival 

from 76% to 86% occurs between 8-16 and 60-80+ year old habit~ts. 

This variation in adult survival is, nevertheless, minor by comparison 

with that among juveniles. 

Survival among juveniles would, therefore, appear to be the 

most critical factpr in determining the dynamics of these populations. 

Neither variation in fecundity nor variation in adult survivdl accounts 

for differences in the trend of different populations. The importance 

of juvenile survival in the population dynamiQs of this species is 

recognised by How (1972) who considered this to be the main factor in 

determining the rate of recruitment to the adult population. 

The rate of survival among juveniles is considered critical in 

~he dynamics of a number of species of mammal. Among these various 

ungulate species have received considerable attention. Klein (1970) 



found that calf and fawn survival decrease in deer populations 

undergoing a decline associated with the overgrazing of their 

range. This response occurs in situations where the deterior-

ation of the range has not reached the point where adult survival 

is lowered. Similarly Caughley (1970) attributed the observed 

differences in rates of increase of thar mainly to differences in 

mortality patterns, the latter being primarily due to juvenile 

mortality. Reindeer show evidence of a similar trend (Leader-

Williams 1980). 

Among marsupials juvenile mortality can be selective towards 

animals either prior to, or subsequent to, their independence of the 

pouch. High rates of mortality among pouch young have been recorded 

in several species including the red kangaroo, M. rufus, under drought 

conditions (Newsome 1965) and the possum, Trichosurus caninus (How 

1981) . In the latter species, high rates of pouch-young mortality 

(56%) are associated with relatively high rates of survival among 

independent young (approximately 80% in both cases) . It, there fore ( 

contrasts with the present species in which relatively low pouch-young 

mortality (generally less than 30%) is associated with low rates of 

survival in independent young (40-70%). 

In general, however, pouch-young mortality is low among 

marsupials, usuall,y being less than 25%. Species for which this 

information is available include the grey kangaroo, M. fuliginosus 
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and M. gig ante us , (mortality less than 20%, Poole 1971) and the greater 

glider, Schoinobates volans «20%). 

The period of juvenile life coincides with the major period of 

dispersal in T. vulpecula (Dunnet 1964, Clout 1977, How 1981, This 

study Table 4.23). This is typically reflected in a high rate of 

~urnover among animals of this age. How (1972) has proposed a connect-

ion between survival and dispersal in juveniles. Accordingly, dispersal 



i's seen to reflect the inability of the disper.sing individuals to 

establish home ranges in fully occupied habitat. These individuals 

are, therefore, seen as a surplus to the population that will perish 

unless unoccupied habitat is found. Consequently, population size 

is regulated proximally by the availability of unoccupied habitat, 

as determined by the social organisation of the resident adult pop-

ulation. In this sense then, the population is self-regulating with 

density determining survival. 

The social organisation of this species has also been studied 

(Winter 1976, Biggins and Overstreet 1978). The results of this 

support the proposed association between survival and dispersal. 

winter (loc. cit.) studied the behaviour and social organisation of 

T. vulpecula in the field and described a dominance ranking related to 

age and body size. Thus, although the home-ranges of high ranking 

males and females were overlapped by those of lower-ranking individuals, 

the dominance ranking functioned to ensure that high-ranking animals 

had priority of access to any limiting resources within the ranqe. 

These included both den sites and food sources. This system functioned 

through subordinate animals avoiding contact with high-ranking individuals. 

Scent marking using the sternal and labial glands was considered by 

Winter to facilitate this system of avoidance. 

Biggins and Overstreet (1978) considered the operation of this 

socially-mediated exclusion of juveniles to be predominantly an inter-

male phenomenon. This is supported by the greater tendency among 

males to-disperse (Dunnet 1964, Clout 1977, Winter 1976). It is also 

consistent with the observed pattern of sex-dependent survival. 

Sex-differential Survival 

Age-specific survival rates are higher among females than males. 

In the present study this difference in survival is evident in all age-
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classes and results in a 15% difference in survivorship in favour 

of females by the fifth year of life (Table 4.13). It is con-

sidered, moreover, that this difference is underestimated by using 

change in cohort size to estimate surviva l. Thus, the disproport-

ionate!y high rate of recruitment of males is expected to result in 

an overestimation of their rate of survival. Irrespective of this, 

the effect of sex-differential survival is clearly seen in the change 

in sex ratio in favour of females with an increase in age (Table 4.10). 

Sex-differential survival is also evident in the results of 

other studies of this species. Crawley (1973) found survival of 

females between pouch dependence and sub-adulthood, to be approximately 

twice as great as that of males (51% and 25% respectively). '!his 

difference in survival is also seen among adults, although it is not 

as pronounced (83% and 66%) . Similar results are seen in the survival 

e stimates of How (1981). Other studies (Bamford 1972, Boersma 1974, 

Fraser 1979) have shown a shift in sex ratio in favour of females 

with an increase in age , thereby suggesting a sex-differential pattern 

of survival. 

Sex-differential survival in T. vulpecula is considered to be 

socially mediated. This conclusion is based upon the finding of 

Biggins and Overstreet (1978) that there is selective aggression by 

dominant males towards other males, in particular, juvenile mal~s. 

This was not observed in females which led these authors to suggest 

that conspecific aggression is predominantly an inter-male phenomenon. 

Their cOl'\clusions are supported by the observations of \-Hnter (1976) 

that juvenile females established home ranges in, or adjacent to, the 

maternal home range , whilst young males tended to disperse. Given , 

therefore, that selective aggression among males results in the exclusion 

~f some males from various resources with the range, then it follows 

that sex-differential mortality will result. 
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Differences in survival between the sexes have been observed 

in other species of mammal including reindeer (Leader-Williams 1980) 

the glider,schoinobates volans, (Tyndale-Biscoe and Smith 1969), and 

humans (Caughley 1966) . An extreme example of sex-differential sur-

viva1 is seen in the dasyurid marsupial species Antechinus stuartii 

where all males die after mating at an age of 12 months whilst females 

may live into a second year (Wood 1970). 

The evolutionary significance of sex-differential survival is 

regarded as being related to the question of sexual selection (Ralls 

1977) • Briefly this concerns the idea that in polygynous species, 

such as T. vulpecula, there is at times intense competition among 

males for females. This has a number of consequences including 

selection for larger males, ritualised aggression and high levels of 

activity among males. Following an argument advanced by Lee et al. 

(1977) to account for sex-differential survival in Antechinus stuartii, 

it is proposed that lower survival among males results as il consequencE' 

of such selection. It is, in fact, a 'cost' of any selective advdntdge 

gained through such things as increased activity prior to or during the 

breeding period. 

Differences among habitats in sex-differential survival were 

small (Table 4.23b), however, it is considered noteworthy that there 

was a slight increase in younger habitat in the survivill of males rel

ative to females in the period from independence to adulthood at age 

24 months. Survival of juvenile males in younger habitat was 66%, 

or 85% of the survival rate of females (78%). This compared with 

a survival rate of 38% for males in older habitat; representing only 

70% of the female survival rate of 54%. This pattern is consistent 

with that expected given the sex-dependent pattern of dominance and 

aggressi·on described by Biggins and Overstreet (loc. cit.) in which 

males tend to be differentially excluded from establishing horne ranges 



and h~nce suffer higher mortality. Thus, a decrease in the level 

of exclusion of juveniles, as suggested by an increase in the overall 

rate of juvenile survival in younger habitats, should tend to favour 

the survival of males to a greater degree than females. 

Changes in sex ratio in response to changes in the condition of 

the environment have previously been noted in a number of species of 
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mammal. These include a number of species of rodent (e.g. Canham 1970) 

and ungulate (Klein 1970, Leader-Williams 1980). This response is 

typified by that described by Leader-Williams (loc. cit.) for reindeer. 

Thus, a decrease in the rate of survival of the entire population is 

expressed to the greatest extent among males. 

The product of sex-differential recruitment and mortality is 

seen in the age-specific sex ratio. 

A biased sex ratio at birth, with an excess of males, has pre-

viously been recorded in this species. Both Dunnet (1964) and Caughley 

and Kean (1964) found a clear trend towards a male biased sex ratio at 

birth. Hope (1972) later established the existence of a statistically 

significant bias towards males by combining his own data with all pre-

viously available data on this subject. The present study further 

supports this trend with 58% of pouch young being found to be male 

(Chal?ter 3) . 

The sex rati9 among juveniles indicates a decline in the bias 

seen among pouch young, with males comprising approximately 55% of 

the juvenile population of the present study. This decline in the 

predominance of males continues into the sub-adult (53%) and adult 

(53%) segments of the population. Similar trends have been reported 

in other studies (Bamford 1972, Crawley 1973, Boersma 1974, Fraser 

1979) . 

This shift in sex ratio with increasing age is seen as resulting 

from the outcome of two conflicting trends, namely; (a) a survival rate 



favou~ing females, and (b) an immigration rate that favours males. 

Accordingly, where the sex ratio declines with age in favour of 

females, as described above, then the effects of sex-dependent sur

vival are assumed to predominate. 
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This trend towards females predominating in the older age-classes 

is, however, not universal among possum populations. Several studies, 

including the present one, have found significant variation in sex 

ratio among different populations, with some populations showing a 

marked bias in favour of males. Thus, Clout (1977) found an excess 

of males among adults in a possum population inhabiting a young pine 

plantation. This contrasted with the situation in an adjacent, but 

older plantation, in which females predominated. Similarly, Fraser 

(1979) records an excess of males in a 'moderate' density population, 

whilst finding an excess of females in a 'high' density population. 

Fraser considered the former population to be undergoing an increase 

in density whereas the latter was regarded as either stable or declining. 

In the present study, there is a strong association between age of 

habitat and the proportion of females (Table 4.15, although Table 4.27 

gives additional information corrected for differences in movement 

pattern) • There is also an association between the age of the habitat 

and the trend of the population, with populations from younger habitats 

where males predorn~nate undergoing an increase in numbers. 

The change from a predominantly male adult sex ratio, character

istic of the most recently burnt habitats, to the female dominated 

adult sex ratio of the older habitats, occurs at about 4 to 6 years 

after the fire (Table 4.27) . This period coincides with the time 

at which the trend of the population changes from one of rapid increase 

to one of stability and later decline. The recent shift in sex ratio 

at this time is suggested by the fact that whilst the sex ratio among 

first year adults (age-class III) is dominated by females, that among 



olde~ adults is male dominated. Thus, the predominantly male adult 

population is apparently in the process of being modified by a change 

in the pattern of recruitment. Consistent with this, the sex ratio 

among juveniles is also biased towards females. 

Clout (1977) attributes the observed differences in sex ratio 

to differences between the sexes in dispersal tendencies coupled with 

differences between the habitats. Thus, juvenile males were found to 

disperse more widely than females and, consequently, were more likely 
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to encounter and colonise vacant habitat such as recently established 

pine plantations and areas recently subject to possum control operations. 

Hence, these areas had a predominance of males. By comparison, older 

plantations were viewed as being more fully occupied by possums. 

Under these conditions the advantage males have in colonising vacant 

habitat is lost, and the greater survival rate of females results j~n 

an excess of females among adults. 

The findings of the present study are consistent with this 

explanation insofar as; (a) males were found to show higher levels of 

dispersal than females - a trend which is reflected in significantly 

higher immigration rates among males; and (b) the magnitude of this 

difference in immigration rates is largest in younger habitat where 

males, particularly juvenile males, show a disproportionately high rate 

of immigration (Table 4.23). The effect of this difference in 

immigration is, moreover, reinforced by any increase within younger 

habitats of the survival rate of juvenile males relative to that of 

juvenile. females. 

It follows from this that the most recently burnt habitats are 

less fully occupied by possums than older habitats. This is supported 

by the previously noted difference in trend between the two populations. 

Namely, that the population from recently burnt habitat is increasing, 

whilst that from older habitat is stable. 
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The pattern of survival seen in the present study is consistent 

with that described previously in T. vulpecula. This pattern is 

characterised by relatively low survival among juveniles, particularly 

males. Sex-differential survival persists into adulthood with the 

result that there is a progressive shift in sex ratio with increasing 

age. 

Differences existed between habitats with respect to (a) the 

survival of juveniles, and (b) the survival and recruitment of males 

relative t o that of females. The survival of juveniles, particularly 

males, was highest in the most recently burnt habitats. Survival 

among adults. by contrast, showed no such difference. The result of 

this increase in juvenile survival, coupled with differences in fecundity, 

is seen in an increase in the projected rate of increase. Thus, pop-

ulations from recently burnt habitats were expected t o be increasing, 

whilst those from older habitats were declining. Changes in survival 

and recruitment favoured males in younger habitat, whilst favouring 

females in older habitat. This produced a shift in sex ratio with a 

change in the age of the habitat. 

These patterns of survival have been interpreted following the 

proPOsal of How (1972) that popUlations of T.vulpecula are self-

regulated by social factors . They were, in fact, found to be con-

sist ent. Self-regulation is achieved through t he selectively high 

incidence of juvenile mortality, particularly among males, during the 

dispersal phase . This results from the social organisation of the 

popUlation with resident adults tending to exclude juveniles. Thus, 

recruitment to the adult popUlation is dependent upon the availability 

:[ (Of unoccupied habitat. Survival is therefore, of the density-dependent 

1:. type with survival decreasing with increases in density . 
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(b) Proximal causes of mortality. 

Although social factors have been implicated as the main reg

ulatory factor in populations of this species, social factors do not 

account for all losses from the population nor do they describe the 

immediate cause of death. Other mortality factors that may act 

either alone, or in conjunction with, social factors, include starv

ation, disease, parasitism and predation. 

Losses from the population are attributable to two causes: 

dispersal movements, and mortality. Accepting that mortality is 

represented by an overall decline in population size, then it is 

apparent that most deaths occur during the winter-spring period. 

This applies equally to all age-classes and sexes (Table 4.11) . 

The winter-spring period corresponds to the time during which 

(a) fat reserves, as indicated by the condition index, are declining 
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to their minimum level for the year (Chapter 5), (b) the physiological 

demands of lactation are increasing, and most noteably (c) growth rates 

of the vegetation are at a minimum. The latter is reflected in the 

shoot growth of one of the major components of the vegetation, 

Eucalyptus regnans, as recorded by Cremer (1975) near the town of 

Maydena, within the present study region. 

In view of these conditions, it is suggested that a winter food 

shortage is the main immediate cause of death in the present population. 

Over-winter mortality is considered to be of major importance in the 

Orongorongo Valley population of the brush-tail possum (Brockie et al. 

1979) . Evidence derived from radio-telemetry suggests that high 

levels of mortality at this time are due to a suppression of feeding 

activity by heavy rainfall (Fitzgerald and Ward, pers. cornrn.). Thus, 

although food itself may not be limiting, conditions preclude its 

( utilisation. 
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Winter food shortage is recognised as the main mortality 

factor in a number of species of temperate zone mammals. Klein 

(1968) considered that the winter-range carrying capacity determines 

the upper limit of popuLation size through winter mortality in 

ungulates l iving in high latitudes . 

Information on the seasonal pattern of mortality of mammals in 

the Australian environment is scarce . However, it appears that in 

the drier parts of the continent the effects of summer drought result 

in a decrease in both the quality and quantity of food for herbivores. 

Morta lity in the introduced European rabbit, Oryctolagus cuniculus, 

"-has as a result, been found to peak at this time (Stq?art and Myers 

1966) although it has been suggested by Parer (1977) that summer mor-

tality is a result of the combined effect s of food shortage as well as 

dispersal a nd myxomatosis. In arid parts of Australia mortality is 

typically non- seasonal in accordance with irregular pattern of drought 

(e.g. red kangaroos , Newsome 1965). 

Disease , parasitism and predation represent the other potential 

agents of mortality in the possum. All are considered to be of minor 

importance. 

In New Zealand, the possum has been identified as carr ying 

a number of diseases including bovine tuberculosis (Smith 1972), 

brucellosis (Miers 1973) and leptospirosis (Brockie 1975) . The 

role of these diseases in the popUlation is not known. Neverthe-

less, none have been isolated in Australian popul ations. 

Pa~asites recorded from the Tasmanian popul ation of T. vulpecula 

include the cestode Bertiella trichosuri, and the nematode Filaria sp. 

(Munday and Green 1972) . External parasites include various mites 

(Trichosurola elaps crassipes, Neotrombicul a novaehollandiae, Guntherana 

kallipygos) I ticks (Ixodes spp.) and f l eas (Py giopsylla hoplia, 

Acanthopsylla sp., Pulex sp.) (Green and Munday 1971) . Ectoparasites 

'" ''t'. 
,~ {:=including mites , ticks and fleas were noted in the present study. Mites 
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and ticks showed a markedly seasonal pa~tern of infestation with 

the level of infestation being low during the winter months and~ 

reaching a maximum both in terms of numbers and degree of develop-

ment during late summer to autumn. The condition commonly referred 

to as II rumpiness" was also noted. This condition is characterised 

by short, matted hair over the rump and lower tail region. It is 

attributed to mite infestation. Possums displaying this condition 

represented about 3% of all animals examined. FUrthermore, it is of 

some interest that the majority of these animals were taken in h<1bitats 

older than 8 years. 

Ectoparasite loads of the brush-tail possum were found to be low 

relative to those observed on other species of marsupial taken in the 

present study. Wallabies (Macropus rufogriscus), devils (Sarcophilus 

harrisii) and tiger cats (Dasyurus maculatus) were found to have 

higher parasite loads than the possum. There was, moreover, no 

apparent association between parasite load and "condition" (i.e. fat 

reserves in Chapter 5) . It is considered, therefore, that ectopara-

sites were not a significant agent of mortality. 

In view of the absence of any large, nocturnal predators, 

predation on adult possums is considered to be unlikely. Marrunalian 

preqators observed within the study region include the native cat 

(Dasyurus viverrinus), tiger cat (D. maculatus) and devil (Sarcophilus 

harrissii) i all of which are small-medium sized marrunals. Their role 

as predators of even juvenile possums is, however, considered minimal. 

Guiler (1970) records the presence of possum fur in devil stomach 

contents, but considers it to result from scavenging rather than 

. , predation. Similarly, an examination of a series of 34 native cat 

and 19 tiger cat scats revealed neither bone fragments nor hair belong-

(ing to the brush-tail possum. Mollison (unpublished M.S.) records 

the occurrence of skull and jaw fragments of juvenile possums in the 
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pellets of the masked owl (Tyto castanops) • These fragments 

were considered by Mollison to come from dependent young. The 

masked owl occurs in the study region, but it was not possible 

to assess its effect as a predator on young possums. 

Predation by man also is a potential source of mortality for 

possums. Warburton (1977, cited in Fraser 1979) found such artificial 

mortality to be a major factor influencing the dynamics of a possum 

population inhabiting a pine plantation. Artificial mortality in the 

present study can be divided into 2 classes; (a) mortality through 

hunting, typically involving shooting, and (b) mortality from poisoning 

associated with mammal control operations. The 2 classes also differed 

insofar as the latter was controlled and could therefore be taken into 

account in considering mortality. Hunting was, by contrast, uncon-

trolled, with much of it being illegal, and could not as a result, 

be readily assessed. 

There are, however, reasons for believing that the effects of 

hunting were insignificant. First, statistics on royalty payments 

lodged with the Tasmanian National Parks and Wildlife Service (Johnson 

1977) indicate that the number of skins taken from the study region in 

the years 1975 and 1976 was relatively small. A total of 9349 

roy~lties were paid over this period in an area encompassing approx-

imately 25% of Tasmania. This comprised only about 6% of the total 

Tasmanian possum harvest; the low percentage being considered by 

Johnson (1977) to reflect the difficulties of hunting in the denser 

forests of this region. Given the large area over which this number 

of possums was taken and assuming that the number of royalty payments 

is reasonably close to the number of animals hunted, then it is con

sidered that the impact of hunting is likely to be small. 

Second, those animals that disappeared from the population in

variably fell into 1 of 3 classes; (i) animals caught infrequently 



when ,present in the population, and were, therefore, regarded as 

being the least likely to be shot, (ii) adult which, when their 

trapping records were subsequently examined, were found to have 

been rapidly losing weight prior to their disappearance, (iii) 

juveniles which as discussed elsewhere, are subject to high rates 

of dispersal; all of which suggest reasons other than hunting for 

their disappearance. 

By contrast, mammal control operations using poison baits are 

strictly controlled and their occurrence and location recorded. 

From this information it was concluded that poisoning was not a 

factor in mortality. During the course of this study only one 

study area was subject to this treatment. Poison baits were laid 
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in area Arve 34/11 during the final year of the study, 15 months after 

it was burnt. 

used. 

Data obtained from this area after that time were not 

(c) Population Density. 

The estimates of possum density within the present study range 

from a minimum in the first year after the fire (0.23 possums/hal to 

a maximum between 4 and 6 years after the fire (0.79/ha). Densities 

in other habitats lay between 0.30 and 0.55 possum/ha. The accuracy 

of these estimates" and hence their validity as estimates of absolute 

density, is considered most likely to be affected by any inaccuracies 

in the estimates of the effective area trapped. The latter depends 

upon the'accuracy of the estimate of average range length together 

with the validity of using the boundary strip method. The effects of 

both of these considerations are at a minimum where trapping is carried 

out on a "grid" system as opposed to line trapping, where the boundary 

,strip comprises 100% of the effective area trapped. Therefore, the 

density estimates derived for 2 and 3 year old habitat in which "grid" 



trapping was employed are considered the most accurate in this 

regard since the boundary strip makes up less than 25% of their 

effective area. In other words an error of 100% in the estimate 

of range length will result in only a 25% error in the estimate of 

density. For this reason, comparisons with estimates of density 

derived in other studies are best made using the estimates for these 

habitats of 0.42 and 0.55 possum/ha, respectively. 

These estimates are remarkably similar to those reported for 

populations from open forest-woodland on the Australian mainland by 

Dunnet (1964) (0.46/ha) and How (1981) (0.44/ha). They are, however, 

considerably lower than the densities recorded by both Winter (1976) 

near Brisbane (2.14/ha) and Johnson (1977) in a Tasmanian population 

(8 possums/hal . Both studies were, however, conducted in situations 

making any comparisons with the present study difficult. Winter 
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describes his study area as disturbed open forest in which tree felling 

had resulted in a grassy understorey. Most significantly cattle feed 

(lucerne and millet) was available and utilised. It is felt that 

these effects created an artificially high density (see also the later 

treatment of food and density) . Similarly, Johnson derived densities 

for a disturbed hatitat; this time a forest-pasture boundary. Densities 

in this situation were considered by Johnson to be considerably higher 

than those in eith~r the adjacent forest or pasture habitats. 

In general, New Zealand populations have been found to exist 

at higher densities than those in Australia. This is particularly 

so with regard to New Zealand lowland forest where density estimates 

based on trapping populations to extinction range up to 30 possums/ha 

(Batcheler et al. 1967), although these authors suggest a figure of 

about 14/ha as being average for the areas examined. A long-term 

r~ive trapping study in the Orongorongo Valley indicates a similar 

figure for density in this habitat of about 16/ha averaged over an 
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B ye~ period (Brockie et al. 1979). A programme 0 f trapping to 

extinction (Coleman et ai. 1980) indicates a distinct altitudinal 

gradient \l7ith density ranging from 25. 4/ha in 10"J al titude forest 

down to 1.9/ha in high altitude forest. Density averaged lO.7/ha. 

Possum densities are low in pine plantations in Australia and 

Ne\'I Zealand. How (1972) reports a density of O.37/ha in pine plant-

ations in northern N.S.W Densities in New Zealand plantations are 

apparently higher (2/ha clout (1977), and l/ha Warburton (1977» but 

nevertheless, fall well below figures recorded for New Zealand. indigen-

ous forest. 

The possible reasons for this wide variation in density over the 

species geographical range fall into two classes: food, and shelter. 

Clout (1977) considered competition for den sites to be the main factor 

limiting the numbers of possums in a pine plantation. 'Ihe observations 

made by Winter (1976) in open forest habitat in Australia support this 

conclusion. winter found that den sites were a critical, if not 

central, part of the social organisation of this species. The pattern 

of dispersion was centred on dens with the proximity of den sites being 

related to the extent of overlap of home ranges. Moreover, the den 

sites were the only part of an animal" s range that were actively 

defended. 

By contrast, other studies have produced convincing evidence of 

food availability limiting possum densities. Thus, a depletion of 

the food resources of the habitat is the most plausable explanation 

for the ~bserved decline in density in the later stages of an eruptive 

fluctuation in possum numbers (Bamford 1972, Boersma 1974, Fraser 1979). 

This is supported by the observed changes in forest composition as soc-

iated with possum browsing (James et al. 1973, Coleman et al. 1980). 

,The most palatable plant species are browsed to a point where their 

existence is threatened and widespread mortality occurs. 



171 

BroHsing then continues utilising the apparently less palatable 

plant species, I~hilst possum density io 10l<ered. 

In addition, Brockie et al. (1979) suggest that short-term 

fluctuations in density may result from unfavourable I·linter weather 

conditions leading to substantial juvenile mortality. This factor 

is not, hOI.ever, considered to be a major factor in determining the 

general level of density around which these short-term fluctuations 

occur. 

Excluding pine plantations and forest/pasture margins, the major 

difference in the densities of possum populations occurs between those 

in Australia and those in New Zealand. This difference coinc1des 

I.ith a major difference in the nature of vegetation. F'r8elancl and 

I~inter (1975) have previously con:;idered this problem and concluded 

that the New Zealand flora by evolving in the absence of any ecolug i cal 

equivalent to an arboreal leaf-eating mammal, contain~ a high prClportion 

of species lacking toxic secondary plant cumpuunds. 'l'he~(~ compour1ch;, 

which function to reduce the palatability of a given species and hellce 

reduce the extent of browsing upon it (Freeland and Janzen 1974), are 

considered to be prominent in the Australian flora due to its evulution 

under the selective pressure of browsing. The most prominent plant 

group in the Australian flora, the eucalypts, contains a vast assemblage 

of volatile oils and phenols (Penfold and Willis 19G1), the function of 

which is considered by Freeland and 11inter (loc. ci t.) to rdate tu 

protection from browsing. They suggest that T. vulpecula populations 

are indi~ectly regulated by the chemical defenses of their majur fuod 

plant, Eucalyptus spp. 1'hese chemical defenses force individual 

possums to consume food other than Eucalyptus. The consumption by 

possums fed only Eucalyptus leaves, particularly of a single species, 

I.as found to be barely sufficient to cover the daily energy requirements 

of this species. Other, non-Eucalyptus foods are necessary and it is 
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their availability that was regarded as limiting the size of the 

possum population, rather than the abundance of the major food item -

Eucalyptus leaves. 

The low densities of possums recorded for pine plantations are 

consistent with this hypothesis. Pine plantations are characterised 

by low floristic diversity (Warburton 1978) with species apart from 

the dominant Pinus radiata having a low biomass. The representation 

of P. radiata foliage in the diet of possums inhabiting this habitat 

is extremely low «10%) which in view of its high availability, sug-

gests a very low palatability (Warburton loco cit.). It would there-

fore appear that the non-pinus species limit the size of the population 

of possum in an analogous fashion to those non-Eucalyptus species in 

native Australian forest. 

Differences in Density Among Habitats 

The pattern of variation in possum density among habitats is 

considered to represent a cycle of change consisting of the following 

phases; (a) an initial phase of increasing density which lasts for 

between 4 and 6 years, (b) a final phase of decline in which the rate 

of decrease is high at first but subsequently declines to a low level. 

It ~s also necessary to consider density prior to the commencement of 

this cycle, i.e. prior to the regeneration fire. 

(1) Pre-fire population densities 

Comparable information of possum densities prior to the fire 

are not available due primarily to the limited availability of suit-

able, accessible habitat. It is, however, possible to make some 

inferences based upon the limited amount of trapping done in both 

( mature, unharvested forest, and cut-over forest prior to it being 
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Mature forest, of the structure and age (250-300 years) con-

sidered typical of that present on all other study areas prior to 

logging and burning, was trapped at two-monthly intervals for a 

period of 10 months along Section A of Bill Hanlan's Road (refer to 

Chapter 2) . The amount of data available for this area was insuf-

ficient to permit a mark-recapture analysis of the type used in other 

habitats. However, an indication of the relative density of animals 

can be gained by considering the following trapping statistics for 

this habitat compared with those for other areas in the Maydena region: 

Length of Nights 
Totals 

Trap Line Trapped1 

Traps set Animals 2 Captures 

Mature forest 1000 m 15 148 7 20 

4-6 year habitat 5100 m 15 719 73 164 

8-16 year habitat 1400 m 15 206 14 37 

30-40 year habitat 5300 m 15 683 48 115 

1 
- Chosen so as to be equal in each habitat. 

2 
- Includes only the total number of adults marked. 

An indication of trapping success is given by (a) the number of 

animals marked for a given length of trap line, (b) the number of 

captures made per trap set. Defined either way, trapping success is 

lowest in mature forest. Moreover, it is evident that trapping success 

varies among other habitats such that the higher the estimated population 

density, the higher the indices of trapping success. In this way 

the highest density population, that from 4-6 year old habitat, has 

a higher trap success (1.43 animals/100 m of trap line, 0.23 captures/ 

trap set) than either 8-16 year old habitat (1.00, 0.18) or 30-40 year 

old habitat (0.91, 0.17). On this basis then, it is reasonable to 

(suppose that the low rate of trap success in this stand of mature forest 
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(0.70, 0.14) reflects a low density population. 

Applying a similar analysis to the trapping data for the one 

cut-over, but unburnt area available, Arve 34/11, indicates a sim-

ilarly low rate of trap success (0.73 and 0.10), and hence possum 

density. This area had been in the process of being felled for at 

least 4 years prior to the commencement of this study, thereby allow-

ing ample time for an increase in density should this result from the 

felling of mature forest. It would therefore appear that the action 

of felling a forest does not in itself play a part in initiating the 

observed cycle of changing density. Evidently it is the firing of 

the mature forest that is critical. 

(2) Post-fire population densities 

Based on trap success rates (0.55 and 0.06), population densities 

undergo a decline immediately following the burning of their habitat. 

Newsome et ai. (1975) record a similar decline in the numbers of 

T. vuipecuia immediately after an extensive wildfire in southern 

N.S.W. They attributed this to a destruction of den sites. 

Evidence derived from observing the fate of a small sample of 

8 animals marked in area Arve 34/11 prior to the fire suggests that 

many animals escape being burnt, as all of these animals 

were subsequently recorded alive. These animals tended to live just 

outside of the burnt area, hence accounting for the apparent decline 

in density. Nevertheless, it is recognised that the extent of mort-

ality during the fire depends to a large degree, on the size of the 

area burnt, the speed at which the fire moves, its intensity etc. and 
, 

" that Arve 34/11 may not be typical in this respect as it was both 

small and narrow. 

Behdell (1974) in reviewing the effects of fire on wildlife 

that burning does not cause much immediate loss of life 

, .. ~ 
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among wildl He. Reasons for this included the ability of animals 

to escape into refuges such as patches of unburnt habitat, or in 

the case of smaller mammals, holes in the ground, under rocks, or 

in logs. 

Granted, however, that a large proportion of the population 

survives the immediate effect of the fire, then it remains to be seen 

whether these animals can survive the immediate post-fire period, 

prior to the commencement of recolonisation of the site by plants. 

In the present study this period lasts for approximately 6 months 

after the regeneration fire in February-March. Wildfires also occur 

most frequently at this, the driest time of the year. Herbivorous 

animals must, presumably, find food and shelter elsewhere during this 

period. As previously noted, some animals do in fact, move to the 

periphery of the burnt area during this period, eventually moving 

back in when regrowth commences. If this generally occurrs, then it 

would account for the rapid colonisation of burnt areas by adult 

animals (see Figure 4.11, year 1). 

As with mortality during the fire, it is recognised that survival 

during the immediate post-fire period probably depends upon a number of 

factors such as the rate at which the area is re-colonised by plants, 

and the size of the area burnt. Thus, larger areas should displace 

more animals therepy placing more demands on the ability of the surround-

ing areas to absorb them. Evidence suggests that other species of 

~oreal herbivore suffer massive mortality immediately following the 

destruction of their habitat. Both Tyndale-Biscoe and Smith (1969b) 

working on the glider, schoinobates volans, and How (1972) on the 

~ mountain possum T. caninus, report that most animals disappear from .. 
t, 
:~~ the area within several weeks of the clearing of their habitats. 

~,,' . 
. ~,: ~n the case of s. volans, this high mortality would seem to be a ., 
~. product of the species' social structure. Tyndale-Biscoe and Smith 

J\~ . 
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(1969) found this species has a dispersion pattern suggesting 'active 

repulsion' between members of the population. If so, then displaced 

animals are expected to have little chance of becoming even temporarily 

established in a resident population. Based on Winter's (1976) ob-

servations T. vulpecula is, by comparison, more socially tolerant 

and is therefore expected to accommodate displaced animals to a greater 

degree. 

(a) Increase in population densities 

The initial phase of the population cycle, that of increasing 

population density, occurs during the earliest phase of post-fire 

plant succession. It appears to cease at, or soon after, the time 

at which the Eucalyptus over storey attains a closed canopy and in

cludes the period in which herbaceous plants predominate (Cremer and 

Mount 1965) . 

the fire. 

The former occurs at between 5 and 8 years after 

The estimated density of animals at the beginning of this 

period, year 1, is 0.23 possums/ha. This represents less than 30% 

of the density (0.79/ha) at the apparent peak of the cycle, in habitat 

approximately five years older. It is, moreover, less than 60% of 

the density found during the final, stable-declining phase of the 

cycle. The increase in density over this period also represents 

a substantial increase in density over the pre-fire level insofar as 

trap success rates in peak density habitat (1.43, 0.23) were well 

above those in mature forest habitat (0.70, 0.14). 
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The Rate of Increase 

The rate of increase in density over this period is equivalent 

to an annual rate of approximately 40%. This increase is a product 

of two processes: (i) recruitment from births, and (ii) immigration. 

It should be noted that the rate of increase of a population is generally 

defined in terms of only the former process with the effects of migration 

being irrelevant since movements are seen as being simply a redistribut-

ion of animals within the population. The present situation arises 

because the "populations" of the present study are each continuous 

with a larger "populationll between which movements can occur. The 

effects of this are reinforced by the relatively small size of the 

study areas and their resulting high perimeter to area ratio. In 

practice, therefore, it is necessary to consider migration as a factor 

in the dynamics of these populations. 

(i) The potential for increase in the size of a population is 

defined. by its age-specific fecundity and mortality pattern. On this 

basis the population has a potential for increase during this period 

of around 11% per annum. It should be remembered, however, that be-

cause of the assumptions involved in the estimation of survival this 

figure is likely to be a slight underestimate of the true value . 

. By comparison, Bamford (1973) derived a figure of about 40% by 

examining the rate of change in density within a New Zealand population. 

This population was in the process of recovering from a reduction in 

numbers by poisoning and as a result, the figure derived was considered 

to represent its maximum potential for increase. 

The maximum potential for increase of a population is realised 

when the effects of density on population growth are at a minimum, such 

as when the population is recovering from a reduction in density. 

c··Furthermore, it must be determined for a particular environment since 

differences in such factors as the quality of the habitat produce 



differences in this statistic. A knowledge of this statistic 

has proved useful in predicting rates of recovery from control or 

harvest operations (Bamford 1973). The maximum potential for in-

crease is also seen as being of use in considering the post-fire 

increase in density. 

Given the high rate of immigration into the population and the 

resulting impact on density and therefore density effects on population 

growth, it is considered unlikely that the estimated 11% annual increase 

represents the maximum potential for increase in this population. 

An estimate of the maximum potential for increase may, however, 

be made making an assumption. Namely, that the principal density 

dependent effect is expressed in the rate of juvenile and subadult 

survival, with survival among adults remaining constant. Thus, it 

may be assumed that under conditions of maximum increase the survival 

of juveniles and subadults approaches 100%. Making this assumption 

gives a potential rate of increase of approximately 20% per annum - a 

rate of increase still well below that actually observed in recently 

burnt habitat. 

(ii) The effect of immigration on population growth may be 

inferred from the difference between the potential for increase and the 

realised increase. On this basis, immigration amounts to a 30% in-

crease in populatton size per annum. This accounts, therefore, for 

the major part of the observed increase in population size during the 

early post-fire period. 

It'must, however, be stressed that the magnitude of this effect 

is likely to be subject to considerable variation depending upon several 

factors. These include: the extent of the area into which immigration 

is occurring, and the type of habitat surrounding this area. 

It is widely acknowledged that the size of a clear cut area has 

a bearing on the rate at which it is subsequently colonised by wildlife 



(Hooven 1973, McIlroy 1978), with larger areas being invaded to 

a lesser extent than smaller ones. This has led to some con-

flict over the desirable size of a clear cut area, and opinions vary 

according to whether one is attempting to manage forests for wild

life (Hooven 1973) or timber (Mount 1976). 

It is generally considered that the length of the perimeter of 

an area is critical in determining the rate at which colonisation 

takes place. Thus, the number of animals moving into an area is 

proportional to the length of perimeter. Assuming, for the sake of 

simplicity of calculation, a circular area, then it follows that the 

rate of immigration will increase only in proportion with the square 

root of the area. Consequently, the effect of immigration on the 
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rate of increase of the population will in fact, decrease as the square 

root of any increase in area. As an example the size of coupe areas 

varies between the Geeveston and Maydena regions by up to a factor of 

10. Applying the above reasoning, it follows that the effect of 

immigration in the largest coupe will be approximately a third of that 

found in the smallest coupe. 

The implication of this is that since the clear cut areas used in 

this part of the study were relatively small (all less than 150 hal then, 

other factors being equal, the effect of immigration is likely to be 

overestimated. 

The nature of the habitat is known from the results of this study 

to be associated with differences in the following: fecundity, age and 

sex structure, and density; all of which determine the number of potential 

recruits. There were also differences among habitats in the availabil-

ity of unoccupied habitat for young recruits to become established in . 

Combining this with variation in potential recruits will result in 

,variation among habitats in their potential to supply immigrants to 

adjacent areas. It is possible to rank the different habitats on this 
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Accordingly, the most recently burnt habitats are ranked low. 

Although, having high fecundities their potential for supplying immigrants 

is low due to a low density of females and a high availability of unoc

cupied habitat. Similarly, the older habitats are seen to be limited 

in this respect by low fecundity. However, it is considered that there 

is an intermediate point at between about 4 and 8 years when both female 

density and fecundity are high, whilst the availability of unoccupied 

habitat is low. It is likely that these conditions prevailed in 4-6 

year old habitat. 

The habitat surrounding those study areas containing recently burnt 

habitat was a mosaic of mature uncut forest and extensive tracts of 9 to 

12 year old regrowth. Immigration from these habitats is, therefore, 

likely to be of an intermediate level being higher than from either the 

youngest or oldest habitats, whilst being lower than from 4 to 8 year 

old habitat. 

The effect of immigration on population increase is, as a result 

of these factors, highly variable. For this reason it is difficult to 

estimate the rate at which a population will increase following a partic

ular treatment. In the case of a regeneration fire it would seem reason

able to assume a minimum rate of increase of 20% per annum with the like

lihood of some acceleration of this process through immigration. This is 

not expected to occur in situations such as those following an extensive 

wildfire. In this case immigration is expected to be minimal and the ob

served rate of increase should approximate the maximum potential for 

increase of 20% per annum. Assuming that population density after the fire 

is less than 25% of that at peak density (refer to preceding discussion) 

then it follows that it will be at least 7 years after the fire before 

peak density is attained. 

Decline in population densities 

Population density declines by an average of 2% per annum during 

the latter phase of the density cycle. Maximum population 



densities occur in 4-6 year old habitat. By 8-16 year old habitat 

densities have declined to approximately 50% of this maximum level. 

This low level of density (0.31-0.46 possum/hal is maintained through 

to the oldest habitat studied at 70+ years. There is, in fact, some 

indication of a long-term decline with the density of animals in 70+ 

year old habitat (0.31/ha) being only 76% of that in 8-16 year old 

habitat (0.41/ha). This is supported by the low trapping success 

found in mature forest (0.70, 0.14) relative to that in 8-16 year old 

habitat (1.00, 0.18). 
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The period of rapid decline in density coincides with a major 

transition in vegetation from a structurally more open community which 

includes many herbaceous species to one in which the Eucalyptus over-

storey is closed and woody species in general predominate. The period 

of long-term decline in density corresponds to a period of comparatively 

gradual change in vegetation with the continued growth of all woody 

species and the development of an understorey (refer to Chapter 2) . 

Based on survival-fecundity data the rate of increase in population 

size during this, the decline phase of the cycle, is estimated to be 

-9% per annum. This compares with an observed rate of decline averag-

ing approximately 2% per annum. Accepting the accuracy of the survival 

estimates upon which the former estimate is made, these results indicate 

a short-term decline in population size inconsistent with the long-term 

trend of the popu~ation. There are several possible explanations for 

this. First, this decline in population size may be simply due to the 

effects of movements into the more recently burnt areas where the pop-

ulation'is increasing. This is unlikely, however, in view of the 

declining trend being apparent even in those study areas far removed 

from any recently burnt habitat. Second, and more likely, this trend 

reflects a short-term variation in environment. 

Brockie et al. (1979) provide information on the only long-term 

study (>3 years) conducted on T. vulpecula. It is clear from this 
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that'there is considerable variation from year to year in the trend 

of the population. Thus, between 1971 and 1976, although there was 

little net change in population density, annual changes in density 

ranged between +25% and -10%. These differences in trend were 

attributed to variation in over winter survival, with low survival 

being associated with exceptionally wet winters. The apparently 

short-term variations in trend seen in the present study lie within 

this range. Furthermore, they are associated with atypical weather 

conditions (Appendix B) . Thus, winter rainfall for both 1977 and 1978 

was well above average (398 mm and 594 mm, respectively. compared with 

a 41 year average of 318 mm), with much of this additional rainfall 

falling as snow. 

In summary, the long-term trends in population size that are 

suggested by differences in density between habitats of different 

age'are consistent with the trends expected on the basis of the ob

served survival-fecundity statistics, Accordingly, a population of 

possums is expected to undergo rapid expansion following the burning 

of its habitat, The duration of this phase of expansion is variable 

and depends upon the rate of migration into the burnt area, In excess 

of 7 years may elapse before peak density is attained in those situations 

where immigration is low. The population subsequently undergoes a 

decline in numbers, This decline is initially rapid but later stab-

ilises at about 2% per annum, The decline in density is associated 

with changes in the nature of the habitat, 
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Factors i nfl uencing changes i n popul a t i on density. 

The t wo phase s o f the popula t ion cycl e ar e consider ed t o r eflec t 

d iffe r ences i n bo t h t he q ual i t y o f t he habi t a t and t he r e l a t ionship 

between habitat and popul at ion . 

The f irst phase o f t he cyc l e , during which time density i s io-

c r easing r ap i dl y , i s associated with a pronounced improvement in the 

qua l i t y of the habitat (refer to Cha p ter 6 . 2). Thi s is s een particul-

a rly with regard t o the nutritiona l qua l ity as well as the quantity of 

vege t a t ion within the habitat. Similarly, the second . dec l ining , 

phase of the popul ation cycl e is associated with a decline in habitat 

qual ity through a decr ease i n t he n utr itiona l q ua l ity of t he vege t a t ion 

(Chapt e r 6 . 2) . 

The nutritiona l q ua l i t y of the habitat has previous l y been impl ic-

ated as the main determinant of possum density. Thus , a depletion of 

food resources through over-browsing has a l ready been suggested as t he 

major f actor behind t he eruptive f l uctuations i n numbers observed ~n 

New Zeal and possum populations (Bamfo r d 1 972 , Boersma 1974, Fraser 1979, 

Col eman et ai . 1980 . 

The l onger-term effects of fire upon possum densities have not 

previous l y been studied in any detail , however , it is widely acknowl edged 

(e . g . Moll ison 1960) tha t fi r e l eads to , at l east, a shor t-te r m i ncrease 

~ n possum densities. Thi s e ffec t is attributed t o an i nc r ease i n t he 

qua l ity of the vegetation as a f ood source. 

There are numerous exampl es of post-fire increases among wi l d-

l ife species . Fox (1 978) gives a comprehensive review of this subject 

in which it is conc luded that successi ona l hab i tats contain a greater 

quanti ty and/or quality of forage or br owse . Thi s results in an 

inc r ease·in densities among a dive r se assembl age of specie s including 
( 

dee r (Kl ein 1970) , bl ue gr ous e (Redfie l d et al. 1 971) , red gr ou se 

and Watson 1974) , and snowshoe hares (Fox 1978). Moreover , 



in all· of these examples the effect of fire is to raise the overall 

abundance of the species and not simply produce a local increase in 

density through a change in distribution patterns. 
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The mechanism through which increases in habitat quality may be 

translated into increases in density is not clearly understood. However, 

Watson and Moss (1972) suggest that densities of red grouse are limited 

by territorial behaviour which is in turn determined by the quality of 

the major food species, heather. Lance (1978) was able to demonstrate 

that the size of the territory of a red grouse is, in fact, inversely 

related to the nutritional quality of the heather it contains. Given 

the important role previously assigned to social factors in determining 

survivorship in T. vulpecula, then it is likely that a similar mechanism 

applies in the present study. It is, however, unclear how territorial 

behaviour is influenced by habitat quality. 
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CHAPTER FIVE 

GROWTH AND CONDITION 

The growth of an animal depends, in part, on the quality and 

quantity of food ingested. When the level of nutrition of an animal 

is high part of the intake is used in increased activity, part in 

acceleration of physical growth, and the balance deposited as fat 

reserves a In this way,~ the average body size, growth rate and fat 

reserves are all measures of the 'well-being' of a population and can 

be used in assessing the condition of the habitat in which it exists. 

These three measures of a population's well-being will be con-

sidered under two headings: growth, and physical condition. The former 

includes body size, as well as size increment. The latter attempts to 

analyse fat reserves. 

5.1 Growth 

5.1.1 Introduction 

Growth, the relationship between size and age, responds to environ

mental influences at two levels. 

First, the pattern of growth of an animal is part of its adaptive 

strategy towards the environment. Lack (1968) provides extensive 

empirical evidence ,of this from studies of birds. More recently Case 

(1978) concluded that mammalian growth patterns are adapted to certain 

features of their environment. In particular, the feeding requirements 

of an animal, its infant mortality rate, and the availability of food 

to its parents are sufficient to account for much of the interspecific 

variation in growth evident among mammals. 

Second, the expression of the inherent potential for growth of an 

pnima1 is influenced by the 'quality' of the environment, with 'quality' 

determined by such factors as the food-related resources of the 
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h'abitat. Thus, Klein (1964) .. as able to relate differences in 

growth of deer, Odocoileus hemionus, to differing levels in their 

annual nutrition. Similarly, Challies (1973) found differences in 

growth in red deer, Cervus elaphus, popUlations that he was able to 

relate to differences in population density and, hence, ,to the quality 

of their range. 

Growth of brush-tailed possums has been studied in many populations 

over the geographic range of the species. Most of these studies are, 

however, limited in one or other of two ways. First, many deal pre-

dominantly with growth in pouch young (Tyndale-Biscoe 1955, Dunnet 1956, 

1964, Lyne and Verhagen 1957) and fail to adequately consider growth to 

maturity. Second, others were primarily intended to provide a basis 

for determining the age of animals taken in field studies (Kingsmill 1962, 

How 1972a, b, Winter 1976, 1980). Few studies have considered growth 

as a characteristic of a population that responds to various environ-

mental factors. Bamford (1972), Boersma (1974) and Fraser (1979) found 

that gro~th of individual possums was closely related to the rate of 

increase of the population it occurred in. Populations that were in-

creasing in density tended to support animals with higher growth rates 

than did peak density populations. This they suggested was attributable 

to the nutritional value of the habitat. Similarly, Clout (1977) found 

differences in growth rates between different aged stands of Pinus radiata 

which he considered to be due to differences in nutrition. 

The aim, therefore, of the present section is to characterise the 

growth of T. vulpecula to maturity and to compare the growth of animals 

occupying different habitats. 

5.1.2 Methods 

T~e methods used in collecting data have previously been described 

'in Chapter 2. By this means information was available on the sex, tooth-

wear, weight, head-body length, head length, pes and manus length of , 
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Growth of brush-tailed possums has been studied in many populations 

over the geographic range of the species. Most of these studies are, 

however, limited in one or other of two ways. First, many deal pre-

dominantly with growth in pouch young (Tyndale-Biscoe 1955, Dunnet 1956, 

1964, Lyne and Verhagen 1957) and fail to adequately consider growth to 

maturity. Second, others were primarily intended to provide a basis 

for determining the age of animals taken in field studies (Kingsmill 1962, 

How 1972a, b, Winter 1976, 1980). Few studies have considered growth 

as a characteristic of a population that responds to various environ-

mental factors. Bamford (1972), Boersma (1974) and Fraser (1979) found 

that growth of individual possums was closely related to the rate of 

increase of the population it occurred in. Populations that were in-

creasing in density tended to support animals with higher growth rates 

than did peak density populations. This they suggested was attributable 

to the nutritional value of the habitat. Similarly, Clout (1977) found 

differences in growth rates betvleen different aged stands of Pinus radiata 

which he considered to be due to differences in nutrition. 

The aim, therefore, of the present section is to characterise the 

growth of T. vulpecula to maturity and to compare the growth of animals 

occupying different habitats. 

5.1.2 Methods 

The methods used in collecting data have previously been described 

in Chapter 2. By this means information was available on the sex, tooth-

_ ' weight, head-body length, head length, pes and manus length of 
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pouch-independent animals, whilst pouch-dependent young were measured 

for crown-rump length, head length, and manus length. The weights of 

females with pouch young were adjusted so as to deduct the calculated 

weight of the young. 

preliminary processing of the data involved assigning each animal 

to an age class using the techniques outlined in the following section. 

The data for pouch independent animals were then reduced by averaging 

all measurements made on, an individual animal over two month intervals. 

Data for pouch young were, however, averaged only over each trapping 

period. All subsequent analysis was performed on this reduced form 

of the data. 

It was decided at this stage not to utilise the available data on 

pes and manus length. This was due to the lack of precision associated 

with their measurement. 

5.1.2.1 Ageing Criteria 

Whilst some animals were captured near the time of their birth 

and were, therefore, of known age, the age of other animals had to be 

inferred using various criteria. These criteria will be considered 

under two headings; those used on pouch young and those used on juveniles 

and adults. 

Ageing criteria fo~ juveniles and adults 

A number of criteria have previously been used for assessing the 

age of possums. These include the degree of development of cranial 

ridges, the ossification of the limb epiphyses (Kingsmill 1962), and 

the closure of the spheno-occipital skull sutures (Kean 1975). The 

deposition of annual rings of cementum in the molars of possums 

(Pekelha.ring 1970) has provided a most powerful means of age-estimation 
.'0":: .. -
*~ which, consequently, has been widely used (e.g. Boersma 1974, Clout 1977, 
\1·, , 
" ~ Fraser 1979). Recently, however, several papers have called attention 

s.(; 
" <, 
:i\ 



to' inaccuracies in this procedure (Dapson 1980), particularly the 

assumption of annual deposition of cementum annuli . These methods 

were, however, of little value in the present live-trapping study. 

In a previous study of the present type How (1972b) used a 

combination of headlength and body weight to estimate the age of 

possums upto an age of 36 months. Although both of these criteria 
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were available in the present study the considerable amount of variation 

among populations with regard to size at a given age (Section 5.1.3b) 

limited their application in this area. Animals older than 24 months 

could not be reliably assigned to an age class. 

Tooth wear has long been used as an indicator of age in mammals. 

Kean (1975) used it as a basis for assigning age classes in T. vulpecula 

and later work by Winter (1980) indicated that tooth wear could be 

successfully employed in a field study of this species. The technique 

employed by both of these authors utilised 7 classes of tooth wear each 

based upon the pattern of pulp and dentine exposed in the molariform 

teeth (Table 5.1). These classes were used in the present study. 

The relationship between tooth wear and age is subject to two major 

sources of variation: one is due to the misreading of tooth wear classes 

by the observer; the other derives from variation in the rate of wear 

both within and among populations. 

'The first of these sources of variation; the misreading of tooth 

wear classes; was minimised by having all readings taken by one observer. 

The result of this procedure was assessed by considering the degree to 

which successive observations of tooth wear on individual animals corres-

ponded to one another. Thus, of 95 instances in which individuals were 

examined twice within the period of one month, 72 (76%) gave concordant 

results. This indicated a high degree of replicability in the readings 

of tooth wear. 

Variation in the rate of tooth wear is considered to be due largely 
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;(~ to' variation in characteristics of the diet. 
~, 

" ~ , 

TABLE 5.1 Tooth wear classes of T. vulpecula. (Adapted from 
Kean, 1975). 

Class Tooth Wear 

1 Full eruption, cusps unworn. 

2 First wear visible on molars. 

3 Distinct wear on molars. 

4 Small crescents of dentine exposed. 

5 Exposed dentine becoming rhomboid, fine 
lines apparent along main crests. 

6 

7 

Rhomboids large, becoming oval and confluent, 
main crests rounded. 

Crowns dished; cusps obliterated. 

The rate of tooth wear was, therefore, assumed to be relatively constant 

within the study region because of the relative uniformity of diet 

evident .among populations from the different study areas (Fitzgerald, 

pers. camIn.). 

A sample of 130 observations on known-age animals was used to 

determine the relationship between tooth wear and age. These animals 

were first captured at an age of less than 18 months, upto which age 

there· was little ambiguity in assessing age on the basis of body size. 

The results of this' are presented in Table 5.2 from which it was evident 

that the first 4 tooth wear classes corresponded to the first 4 years of 

life. Beyond the age of 48 months the sample of known-age animals 

was insufficient to allow age limits to be assigned to the tooth wear 

classes. Consequently no attempt was made to distinguish year-classes 

older than 48 months. 

A measure of the reliability of tooth wear in asse:ssing age was 

1':(. provided by the percentage of the known-age sample for which the age 
'~:;. 

h. ' 
-1: ~ assessed on the basis of tooth wear corresponded to the known-age (Column 5 
~\V 

it 
'Iii..< 

~.;!:: . 



. ~.~, 
'~.' 

of 'Table 5.2). On no occasion was less than 78% of the sample 

assigned to the appropriate age class; thereby indicating the value 

of tooth wear as a criterion for age estimation. 

On the basis of the above analysis animals were assigned acco.rding 

to tooth wear to one of five age classes. These classes were: 0 to 1 

year; 1 to 2 years; 2 to 3 years; 3 to 4 years; and 4 + years of age. 

Age was then estimated in months based on the restricted period during 

which b"irths were found to occur each year (Chapter 3). The median date 

of births within each study area was taken as the birth date for all 

animals recorded in that area. 

TABLE 5.2 Range of ages found within each tooth wear class for a sample 
of animals each of known age. Also given are the age limits 
that were assigned to each tooth wear class on the basis of 
this sample. Lastly the percentage of the known-age sample 
that was actually contained within the assigned age limits is 
given as a measure of their reliability. 

Tooth Wear Known Age (Months) Assigned 
Class Range Sample Size Age Limits 

% 

1 0-15 21 0 to 12 85.7 

2 10-25 42 13 to 24 83 . 3 

3 18-38 35 25 to 36 81.5 

4 27-56 27 37 to 48 77 . 8 

5 51 + 5 49 + 100.0 

6" " 

7 " 

Ageing criteria for pouch young 

The criteria used in determining the age of pouch young in the 

present study were those used by Lyne and verhagen (1957) in their work 

on growth in T. vulpecula. Of these, the length of the head proved to 

b~ the easiest to measure accurately and was also the least variable. 

Crown-rump length was used for ageing animals upto the age of 60 days . 
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He:lght \.fas not generally determined because of possible difficulties in 

re-attaching the young to the nipple after Heighing. Hanus and pes 

length Here not used because of the considerable variation inherent in 

their measurement . 

The gro\ ... th rates derived by Lyne and Verhagen (1957) ... ,ere used 

in the present study to estimate age from head length or crown-rump 

length. This assumes, however, that the gro ... /th curves of Lyne and 

Verhagen apply in the present study - an assumption that was tested 

(Section 5.1.3) and found to be valid for animals upto an age of 

approximately 120 days. 

5.1. ] Results 

(a) Pouch Young 

Mean growth rates derived by Lyne and verhagen (1957) for pouch 

young of T. vulpecula were used as a standard for evaluating the growth 

rates of pouch young in the present study. This approach enabled 

comparisons to be made, first, between the growth of pouch young in the 

present study and that found by Lyne and verhagen, and hence determine 

whether their mean growth rates could validly be applied in assessing 

the age of pouch young in the present study. second, comparisons could 

be made among the growth rates of young occurring in different study 

areas encompassing qifferent habitats. 

The age of each pouch young was estimated at first capture using 

the growth rates of Lyne and verhagen. The age of those same young was 

similarly estimated upon recapture during another trapping period at least 

1 month later. A second estimate of the age ut recapture was obtained 

by adding the number of days since the first capture to the estimated age 

at that time . The regression line of the former on the latter estimate 

of age at recapture then related growth in the present study to the 

\~ "standard" provided by Lyne and verhagen. ,. ", I:: 
t. 



A total of 145 pairs of age estimates were available for 

use in this analysis. They spanned the period from 30 to- 200 days 

after birth, that is most of the period of dependence upon the mother. 

preliminary examination of the data suggested no sex-related diffe~ences 

in growth rate, consequently data from both males and females were 

examined together. Figure 5.1 depicts the scatter of points when the 

two estimates of age are plotted against each other. Any departures 

from the standard growth ' curve of Lyne and verhagen is indicated by a 

deviation from the 45 0 diagonal. 

Considering first the data from all areas combined, there appeared 

to be no net deviation from the standard growth pattern, ill though there 

was an increase in the scatter of points at older ages. This was con-

firmed statistically using analysis of covariance following Sakal and 

Rohlf (1969, p.450). Thus, the slope of the regression line of age 

estimates did not depart significantly from the 45 0 diagonal (F : 0.498, 

P = 0.40) . It was therefore considered valid to use Lyne and verhagen 

(1957) as a basis for determining the age of pouch young in the present 

study. 

By comparison there were marked deviations from the standard line 

when the data were partitioned according to habitat - that from areas 

burnt less than 6 years previously, and that from areas burnt more than 

6 years previously (Figure 5.1). The scatter of points from the most 

recently burnt areas tended to lie above the line, whilst that from the 

less recently burnt areas tended to lie below the line. In other words 

the more,recently burnt areas supported pouch young with higher growth 

rates than those of Lyne and verhagen, whilst young from less recently 

burnt areas had lower growth rates. Moreover this divergence became 

apparent only beyond an age of 120 days. This conclusion was supported 

by the use of analysis of covariance which showed that whilst the slopes 

'\ 
'.~ 

of the regression lines for each of the two habitats differed significantly 

I, (F = ' ... , 
"" .};. 

12.43, P = 0.001) for ages greater than 100 days, they were not 

''r' ' 
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significantly different for ages of less than 100 days (F = 1.56, 

p=0.2). It should be noted in this regard that the median age at 

which young were first observed out of the pouch was 181 days; an age 

considerably older than that at which the divergence in growth rate 

became apparent. 
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The result of this divergence in growth rate was that young from 

recently burnt areas were, on average, 15% larger in head length by the 

age of 200 days. 

(b) Juveniles and Adults 

The pattern of growth in populations of T. vulpecula was first 

examined in terms of the size-age distribution. Thus, a plot of the 

average size at each age could be used to estimate the rate of increase 

in size from year to year, provided (a) that there was no difference 

between year-classes in respect to growth rate at any given age; and 

(b) that the individuals taken constituted a random sample of each of 

the age-classes involved. 

The mean values of head length and weight at ages from 9 to 35 

months are given in Tables 5.3 and 5.4. This range of age-classes spans 

the period from after pouch indepedence to reproductive maturity (Chapter 

3) • During this period increase in size occurred at a rate that declined 

with age. The pattern of this change was examined in relation to sex 

and habitat. 

Consistent differences in size between males and females were 

evident qnly in the 36 month age-class. These differences were small, 

however, and, averaged over all habitats, amounted to males being only 

5% heavier and having head lengths only 1% greater than females. The 

application of an analysis of variance to these data supported the above 

conclusion by revealing statistically non-significant differences in reg3~d 

to both weight and head length in the 9, 12 and 24 month age-classes. 
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TABJE 5.3 Mean body weight at ages from 9 to 36 months . The 95% 
confidence limits are given together with the sample size 
in brackets. 

Habi t a t Sex 

A34 (ex) 

1st yr. 
After 
fire 

2nd yr. 

3rd yr. 

3 - 6 yrs . 

M 

F 

M 
F 

M 

F 

M 

F 

M 
F 

8-16 yr s. M 
F 

30-40 yrs.M 
F 

60+ yrs. 

Total 

Analysis 
of 
variance 
between 
habitats 

M 
F 

M 

F 

M 

9 months 

1. 63±O. 033 (3) 
1.40±O . 082(4) 

1.60±0 .1 7B(4) 

1.92±0.065(14) 
1.97±0.lBO(4) 

Age-Class 

12 months 

1. 94±O.093(S) 
1. 86! O. 144 (5) 

2. 09±O. 252 (6) 

1. 70± (1) 

2.36±O.041(17) 
2.39±O.077(9) 

24 month s 

2. 83±O .10 1 (8) 
2.80±0 .100(3) 

2.88±0 . 093(9) 
2.82±0.091 (3) 

3.12±O.079(14) 
3.15±0.030(4) 

2 .1 5±O .l04(lO) 2.42±O.095(11) 

1 . B7±0.OBO (6) 
1. 74±0 . 055 (6) 

1.51±0 .OBl(9) 
1.53±0.091(1l) 

1. 53±0 .125 (7) 
1.53±0 .144(4) 

1.40±0.082(4) 
1.35±0 .155(4) 

1.69±0 . 045(57) 
1.5910.055(33) 

F = 4.66 
(P = 0.001) 

F = 3 .12 
(F = 0.029) 

2.35± 0 . 052 (20) 
2.21±0.061 (9) 

1.86±0.075(17) 
1.95±0.OBO ( 21) 

1. B3±0.096(9) 
1.89 ±0 .091 (B) 

1. 83±0 .111 (7) 
1.80±0 .127 (7) 

2 .1l±0. 055 (92) 
2.03±0.045(60) 

F = 9.19 
(P" = 0.000) 
F = 3.97 
(P.' = 0.002) 

3.38±0.081(9) 
3.15±0.069(15) 

2.80±O.OB0(19) 
2.90±O.064 (1 7) 

2.83±O.049( 1 2) 
2.66±O.06S(13) 

2.66±O.179(8) 
2.7l±0. 1l1(7) 

2 . 92±0 . 039(79 ) 
2.90±0.039(62) 

F = 6.97 
(P = 0 . 000) 

F = 6 . 06 
(p . = 0.0001) 

36 months 

3.21±O . 033 (5) 
3.13±O.067(3) 

3.36±O. l00(7) 
3 . 33±O . OBB(3) 

3.84±O.llO(B) 
3 .35±O.087(4) 

3.85±O.087(4) 

3.42±O.104(lO) 

3 . 35±O.068 (14 ) 
3 . 3 1±O.062(13) 

3 .40 ±O . 082 (6) 

3.09±0 .116(9) 

3. 14±0 . 069 (ll) 
3 . 05±0 . 092(8) 

3.41±0 .045(55) 
3 .24±0.043(50) 

F = 9.59 
(P = 0.000) 
F = 2.48 
(P = 0 . 052) 
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TABLE 5.4 Mean head lengths at ages from 9 to 36 months of animals 
from different habitats. The mean is given together 
with the 95% confiden ce limits and sample size. 

Habita t Sex 

A34 (ex) 

1st yr . 
After 
fire 

2nd yr. 

3rd yr . 

3-6 yrs. 

M 

F 

M 

F 

M 
F 

M 
F 

M 
F 

8 -16 yrs. M 
F 

30-40 yrs.M 
F 

60+ yrs . 

Total 

Analysis 
of 
variance 
between 
habitats 

J;,( , , 

M 

F 

M 
F 

M 

F 

9 mo nths 

8.37±O.033(3) 
8.30±O.l08(4) 

8.S7±0.llB( 4 ) 

8 .8610.0B5(14) 
8.7810.131 (4) 

Age-Class 

12 mo nths 

8.73±O. 067 (S) 

a.7a±O.102(S) 

8.92±O.lSO(6) 
S.70± (1) 

9.29±O.065 (1 7) 
9.07±O.066( 9 ) 

9.08±O.041(lO) 9.36±O.049( 11) 

8.83±0.OB4(6) 
B.83±0.061(6) 

8.36±0.1l9(9) 
8.23±0.097(11) 

8.26±0.115(7) 
8.05±0.126(4) 

8.15±0.065(4) 
8.18±0.144(4) 

8.55±0.056(57 ) 
8.39±0 .067(33) 

F ~ 6.976 
(P ' ~ 0.0004) 

F ,. 7.633 
(F ' = 0.0002) 

9.16±0 . 046(20) 
9.12±0 . 032(9) 

8 . 67±0.OB l (17) 
8.68±0 . 073(21) 

B.66±0.060(9) 
B.49±0.099(B) 

B. G3±0.lLl(7) 
B.66±0 . 06S(7) 

B. 79±0 .1 20 (92) 
B. 7B±0.042 (60) 

F =- 13.79 
(p, ~ 0.000) 

F =- 6.96 
(p . . ~ 0.000) 

24 months 

9.55±0.033(8) 
9.37±O.067(3) 

9 .S6±O.044(9) 
9.53±0. 176(3) 

9 . 83±O.041(14) 
9 . 83±0.032 (4) 

36 months 

9.94±O.OSl(S) 
9.73±O. 067(3) 

9.90±O.076(7) 
9 . 83±O . 033 (3) 

10'22±O . 030(B) 
9.92±O.048(4) 

9 . 90±O . 042(9) lO.20±O . 041(4) 
9.77±O . 048(lS) 9.9910.057(10) 

9. 53±0. 03 5 (19) 
9. 53±0 . 029 (17) 

9 . 57±O.033(12) 
9 . 30±0.045(13) 

9.3 1 ±O.076(8) 
9.41±0.046(7) 

9 .61±0 .025(79) 
9 . 54±0.030(62) 

F ~ 1 8.40 
(p ' . = 0.000) 

F ~ 13.96 
(P - 0.000) 

9.84±0 . OS l (14) 
9. 7S±0 .031 (13) 

9.77±0.030(6) 
9. S3±0, 082 (9) 

9.71±O.019(1l) 
9. 73±0 . 049 (B) 

9.90±o .03 J (55) 
9.77±0.032(50) 

F = 12 . 20 
(P =- 0.000) 

F = B.11 
(p. =-0.000) 
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By'contrast, in the 36 month age-class significant differences did 

exist between males and females in both weight (F = 7.26, P = 0.008) 

and head length (F = 8.71, P = 0.004). The latter age-class corres-

ponds to the time following the attainment of reproductive maturity at 

approximately 24 months (Chapter 3) . These sex-related differences 

in growth pattern suggested that males and females should be considered 

separately in subsequent analysis of their growth. 

Differences in siz~ at a given age were evident among different 

habitats. This is confirmed statistically in the results of the 

analyses of variance which are presented at the foot of Tables 5.3 ,",d 

5.4. Highly significant differences existed for each sex and age-class 

among the mean weights and head lengths from different habitats. The 

pattern of this variation among habitats was markedly similar among all 

sex and age-classes. Thus, the overall trend was for a marked increase 

in the most recently burnt habitats in mean weight and head length at 

a given age. This was followed by a gradual decline in these parameters 

as the habitat grew older. 

The maximum mean size for a given age-class was found in 3 to 6 

year old habitat at which time animals were approximately 25% heavier and 

had approximately 5% greater head lengths than those in 60+ year old 

habitat. The amount of variation among habitats did, however, vary con-

siderably according to sex and age-class. This may be seen from the 

results presented in Table 5.5 in which variation is presented in terms 

of a coefficient of variation derived by expressing the mean square of 

among habitat variation as a percentage of the mean. Thus, variation 

among habitats became less in older age-classes with variation in both 

weight and head length at 36 months being less than 60% of that at 12 

months. Moreover, this decline in variation was more pronounced in 

females .than in males. Changes in variation such as these suggest what 

has been described as growth compensation (Ricker 1975) in which the growth 
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rate of smaller animals is greater than that of larger ones. 

TABLE 5.5 Variation in mean weight and head length between different 
habitats. Variation is expressed in terms of the coefficient 
of variation, that is the mean square 'of between habitat 
variation expressed at a percentage of the mean. 

Age Class (Months) 9 12 24 36 

weight 32.30% 41.78% 26.01% 21.83% 

Males 

Head length 8.92% 11. 34% 6.48% 5.44% 

weight 30.29% 28.67% 21. 09% 13.28% 

Females 

Head length 8.82% 7.82% 6.09% 4.81% 

In summary, the pattern of growth of animals in the present study 

showed a dependence upon 2 factors; the sex of the individual and the 

habitat it occupies. These factors were considered in terms of growth 

rates. 

Growth Rate s . 

Growth rates have been expressed in various ways (Ricker 1975} . 

The mean absolute growth rate is derived for a given period by determining 

the increment in size per unit of time. Absolute growth rates were 

derived for weight and head length using the data contained in Tables 5.3 

and 5.4. These growth rates were expressed in terms of the average 

increment per month for each habitat and age-class (Tables 5.6a and b) . 

Two trends were noted among absolute growth rates. First, growth 

rates declined as animals became older. In this way growth rates between 

24 and 36 months were less than 30% in the case of body weight, and 3% in 

the case of head length, of those during the period between birth and 

9 months. second, the relationship between habitat and growth rate was 

only evident in the youngest age-class, 0-9 months. At older ages 
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TABLE 5.6aAbsolute growth rates in body weight (kg/month) . 
Average body weight during p8riod of growth is 
given in parentheses. 

Habitat Sex Age-Class 

0-9 months 9-12 months 12-24 months 24-36 months 

A34(ex) M 0.181 (0.81) 0.103 (1. 79) 0,074(2,39) 0.032(3.02) 
F 0.156(0.70) 0.153 (1. 63) 0.078(2.33) 0.028(2.97) 

1st yr. M 0.178(0.80) 0.163 (1.85) 0.066(2.49) 0.040(3.12 
after fire F 0.043(3.01) 

2nd yr. M 0.213 (0.86) 0.147 (2 .14) 0.063 (2.74) 0.060(3.48) 
F 0.219(0.88) 0.140 (2 .18) 0.063(2.77) 0.017 (3.25) 

3rd yr. M 0.239 (1.07) 0.090(2.28) 

F 

3-6 yrs. M 0.208 (0.93) 0.160(2.11) 0.086(2.87) 0.039(3 . 62) 
F 0.193(0.87) 0,157(1.98) 0.078(2.68) 0.023(3.29) 

8-16 yrs. M 0.168(0.75) 0.117(1.69) 0.078(2.33) 0.046(3.08) 
F 0.169(0.76) 0.140 (1. 74) 0.079(2.43) 0.034(3.20) 

30-40 yrs. M 0,169(0,75) 0.100(1.68) 0.083 (2.33) 0.048(3.12) 

F 0,169(0.75) 0.120(1.71) 0.064(2.28) 0.036(2.88) 

60+ yrs. M 0.156(0.70) 0.143(1.62) 0.069 (2 .25) 0.040(2.90) 

F 0.150(0.67) 0.150(1.61) 0.070 (2 .29) 0.029 (2.89) 
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TABLE 5.6b Absolute growth rates in head length (em/month) • 

The average head length during period of growth is 
given in parenthese~, 

Habitat Sex Age-Class 

A34 (ex) M 

F 

1st yr. M 

after F 

fire 

2nd yr. M 

F 

3rd yr. M 

F 

3-6 yrs. M 

F 

8-16 yrs. M 

F 

30-40 yrs.M 

60+ yrs. 

• 
l· 
' ';; 
h 

>-';'- ';"" .' .> . 

" ~-
.~ : 

>. '!,>,. 

F 

M 

F 

0-9 months 9-12 months 12-24 months 24-26 months 

0.930 (4.18) 0.120(8.55) 0.068(9.14) 0.033(9.74) 
0.922 (4.15) 0.160(8.54) 0.049(9.08) 0.030(9.55) 

0.952 (4.28) 0.117(8.74) 0.053 (9.24) 0.028(9.73) 
0.120(8.60) 0.061(9.15) 0.033 (9 .68) 

0.984(4.43) 0.147(9.07) 0.045 (9.56) 0.033(10.03) 
0.976(4.39) 0.097 (8.93) 0.063 (9.45) 0.008(9.88) 

1.006(4.54) 0.093 (9.14) 

0.981(4.41) 0.110(9.00) 0.062 (9.53) 0.025(10.05) 
0.981(4.41) 0.097(8.99) 0.054 (9.45) 0.018 (9.88) 

0.929 (4.18) 0.103 (8.51) 0.072 (9.10) 0.02G(9.G8) 
0.914(4.12) 0.150(8.55) 0.072 (9.10) 0.018 (9.64) 

0.918(4.13) 0.133(8.46) 0.076(9.11) 0.017(9.67) 
0.894(4.02) 0.147(8.27) 0.068(8.90) 0.019(9.41) 

0.906(4.07) 0.160(8.39) 0.057 (8.97) 0.033(9.51) 
0.909(4.09) 0.160(8.42) 0.063(9.03) 0.027(9.57) 

199 



variation in grOl,th rate shOl,ed no correlation I"ith habitat. It 

should be noted,hol,ever, that the latter trend was, at least in part, 

a product of the decline with age of growth rate. 

Ricker (1975) termed growth compensation. 

That is, what 
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A further refinement in the estimation of growth rates, was there-

fore, made I,ith the correction of growth rates for size effects, and in 

so doing produce relative growth rates, allowing comparisons to be made 

between similar sized anlmals. This has previously been achieved by 

Redhead (1979) by the regression of absolute growth rates on body size 

and then using this regression line to derive growth rates at a standard 

size. However, the method adopted in the present study followed that of 

Beacham (1979) in which an analysis of covariance (ANCOVA) was used with 

growth rate as the dependent variable and mean size durlng the period 

of growth as the covariate. steel and Torrie (1960, p.306) describe 

the use of ANCOVA in this context where the means of the dependent 

variable (growth rate) are adjusted by regression to allow for differences 

in the covariate (body size). 

The regressions of growth rate on body weight and on head length 

were found to be non-linear but by applying a logarithmic transformation 

to grOl,th rate, significant linear regressions were obta~ned in all hab-

itats. The log-transformed data were, therefore, used in all subsequent 

calculations. 

Before considering differences among habitats, data [rom all 

habitats were combined and the gro;lth rates of males and females compared 

using ANCOVA. The results of this for body weight, although not significant 

at the 5% level (F = 3.18, P 0.088), were still considered to indicate 

a difference in growth rates between the sexes sufficient to warrant 

their separate treatment. Similar conclusions were drawn regarding 

growth rates in head length (F = 2.24, P = 0.148) . 

Growth rates were compared among habitats using ANCOVA, the results 

presented in Table 5.7. Estimates are given of variation 



TABLE 5.7 Results of analysis of covariance testing habitats for 
differences in growth rates. The mean-square values for 
habitats and error are given together \'lith the resulting 
F-ratio (in parentheses) . The adjusted growth rate was 
derived by correcting growth rate for differences in body 
size. 

Males 

weight 

Head-

Source of 
Variation 

Habitat 

Error 

Habitat 

Growth Rate 

0.024 
(0.071) 

0.343 

0.000 

Variables 
Size 

0.160 
(0.348) 

0.460 

0.003 

Adjusted 
Growth Rate 

0.176 
(4.734)* 

0.037 

0.005 

201 

length (0.001) (0.019) (5.930)** 
Error 0.192 0.153 0.000 

Females 

weight Habitat 0.037 0.120 0.105 
(0.050) (0.294) (1. 798) 

Error 0.746 0.408 0.058 

Head- Habitat 0.000 0.003 0.003 
length (0.0002) (0.018) (3.939)* 

Error 0 . 188 0. 1 54 0.001 



amo'ng habitats in three variables. 

Variation in both absolute growth rate and size was consistently 

non-significant, however, the correction of absolute growth rate, so 

as to allow for differences in body size, resulted in adjusted growth 

rates that varied significantly among habitats. Among males, growth 
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rates in both body weight (F = 4.73, P = 0.002) and head length (F = 5.93, 

P = 0.01) varied among habitats. By comparison, among-habitat variation 

in females was not detect~d in body weight (F = 1.80, P = 0.24) although 

significant variation was found in head length (F = 3.94, P = 0.04) . 

The pattern of variation among habitats in size-adjusted growth 

rates is depicted in Figure 5.2. Growth rates in body weight and 

head length showed similar trends. First, growth rates declined at a 

decreasing rate between the age of 9 months and 36 months. This decline 

in growth rate was more rapid for head length such that by 36 months animals 

were growing, on average, at a rate of only 0.3% per month compared with 

an equivalent figure of 1.2% for body weight. Despite this decline in 

growth rate with age, variation among age-specific growth rates remained 

essentially constant at approximately 30%. Second, within a given age-

class, 2 to 6 year old habitats tended to display higher growth rates 

than did either older habitats or 1 year old habitat. Moreover, there 

was a high degree of concordance among age-classes in which habitats 

were ranked according to growth rates. This contrasted with the previous 

observations made for absolute growth rates, which displayed little 

relationship to habitat. 
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Seasonal variation in growth 

Superimposed upon the foregoing annual pattern of growth were 

seasonal fluctuations in growth. These seasonal trends were present 

in growth of both body weight and head length. Moreover, fluctuations 

in both parameters were essentially in phase, although fluctuations in 

the growth of body weight were more pronounced than those in head length. 

It was, for this reason, more convenient to use body weight in any 

further consideration of seasonal fluctuations. 

The growth curve of body weight was characterised by periods of 

reduced growth interspersed at yearly intervals by periods of rapid growth 

of between 3 and 6 months duration (Figure 5.3). The former, periods of 

reduced growth, occurred between April and November. They resulted in 

increases in body weight per month averaging only 2%, 0% and 0% respectively 

for years 2, 3 and 4. By contrast, comparable average monthly growth 

rates during the periods of rapid growth from December to March were 6%/ 

5% ·and 3%. 

The pattern of seasonal variation in growth was influenced by 

habitat. Two classes of habitat were considered: one based on animals 

taken in areas burnt 2-6 years previously, and another based on animals 

from areas burnt 8 or more years previously. Both habitat groupings 

displqyed some seasonal variation in growth, however, the older habitats 

showed more pronounaed seasonal fluctuations with negative growth occurring 

in some of the periods of reduced growth (Figure 5.3). This was most 

evident in males where declines in body weight during year 3 amounted to 

0.30 kg, 'or 10% of total body weight. This compared with an increase in 

body weight of 0.15 kg, or 5% of total body weight, in younger habitat. 

This situation contrasted with that during periods of rapid growth where 

growth rates in older habitats approached, and in some instances exceded, 

that in younger habitat. 
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On this basis it was concluded that habitat-related differences 

in growth were, in part, attributable to depressed growth during the 

winter months. 

Body size in adults 

The size of adult possums is a product of the patterns of growth 

dealt with in the preceding sections. 

Two components of adult size were investigated: body weight and 

head length. Adult size in both of these components was considered to 

have been attained when no further growth in head length was observed 

over a period of approximately 6 months. 

The average weight of adult possums present during each two-month 

period was determined for all study areas and the results depicted in 

Figures 5.4a and b. Males and females are shown separately. 

Three sources of variation were evident among body weights, each of 

which is considered more fully below. These sources of variation were: 

(i) habitats, (ii) seasons, (iii) sexes. Moreover there were interactions 

between each of these factors. 

(i) Habitat 

Comparisons were made, using analysis of variance, of the mean 

weight of animals taken in each study area. Data from different two-

month periods and sexes were treated separately. 

Highly significant (P<O.OOl) differences in body weight existed 

among study areas. This was found consistently in both males and females, 

as well as in all two-month periods. 

The pattern of variation among habitats was then examined with study 

areas being grouped according to their habitat. Ranking the 7 habitats 

thus formed on the basis of the mean weight of the animals they supported 

~;' revealed a high degree of concordance between the resulting rankings, both, 
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for" different U/o-month periods (males, ~'1 = 0.849, P = 0.000; females, 

W = 0 . 767, P = 0.000), and different sexes (W = 0.857, P = 0.100) . 

Thus, average weights were at a maximum between 2 and 3 years after 

the fire. By 4 to 6 years average weight had declined slightly, 

following which there was a steady decline in average body weight 

through 8 to 16 year old habitat to 60+ year old habitat. This decline 

in average body weight over the 60 year post-fire period amounted to 

14% in males and 10% in females. Moreover it corresponded with the 

previously recorded pattern of habitat related fluctuations in growth 

rates. 

(iil Season 

The general pattern of seasonal fluctuations in body weight was 

essentially the same in all study areas. Significant differences existed 

among the two-month periods (P<O.OS). Both mClles and females attained 

maximum weight during March-April, just prior to the onset of breeding 

activity" (Chapter 3). weight then declined through the period from May 

to October, that is winter to early spring, with minimum weights occurring 

between July and October. From November to February body weights grad-

ually increased to the peak, pre-breeding season level. 

Seasonal variations in weight were of considerable magnitude, 

amounting to an annual fluctuation of approximately 14% among males Clnd 

10% among females. Furthermore, the magnitude of these variations was 

related to habitat. 

Data from separate study areas were pooled to allow comparisons 

among habitats of seasonal changes in weight, the latter being expressed 

in terms of the coefficient of variation. Data from 4 to 6 year old 

habitats, however, lacked samples from several two-month periods and 

consequently were not used in this analysis. Similarly data from 3 year 

old habitat were not used . 

. ~:' 
\. 

'~~ .. 
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In general the most pronounced seasonal variations in weight 

were found in the older habitats (Table 5.B). A noteworthy exception 

to this was 0 to 1 year old habitat in Hhich high levels of seasonal 

variation may be attributed to the marked change in habitat that resulted 

from the regeneration fire during that period. The latter was followed 

by a marked decline in weight in september/October. Seasonal fluctuations 

in weight were smallest in 1 to 3 year old habitat, with variation being 

between 50 and 80% of that in other habitats. 

TABLE 5.B Seasonal changes in weight of adults. The magnitude of 
seasonal fluctuations in weight are expressed in terms of 
the coefficient of variation for six two-month periods. 

Habitat Sex N 
Mean Coefficient 

weight (kg) of variation 

M 57 3.61 7.63% 
o - 1 years 

F 12 3.44 4.98% 

M 105 3.81 3.42% 
1 - 2 years 

F 49 3.58 2.53% 

M 63 3.99 4.25% 
2 - 3 years 

F 41 3.64 2.80% 

M 45 3.43 6.87% 
A34(Ex) 

F 53 3.52 3.66% 

M 183 3.69 7.42% 
8 - 16 years 

'F 210 3.41 4.50% 

M 94 3.69 4.69% 
30 - 40 years 

F 115 3.24 4.84% 

M 144 3.44 6.70% 
60 - 80 years 

F 133 3.28 3.16% 

(j,ii) Sex 

Male possums had consistently higher body weights than females . 



On average, this amounted to a 9% difference in .,eight .,ith males 

for example weighing 3.7 kg and females 3.4 kg. 

dimorphism in body weight varied ,seasonally. 

The extent of this 

Between November and June the combined data from all study areas 

indicated that males were significantly heavier (November/December, 

207 

t = 4.41, P = 0.001; January/February, t = 6.17, P = 0.000, March/April, 

t = 5.58, P = 0.000; May/June, t = 3.57, P = 0.004). By comparison 

this difference was much less pronounced between July and October 

(July/August, t = 1.96, P = 0.070, September/October, t = 1 . 98, 

P = 0.073). 

This seasonal variation in sexual dimorphism was a reflection of 

the previously noted fact that males displayed significantly more seasonal 

variability in weight than did females (t = 6.10, P = 0.000). Thus, 

males gained proportionately more weight in summer and lost proportion

ately more in winter than did females. 

In addition to varying with season, the degree of sexual dimorphism 

in body weight also varied among habitats (Table 5.9). 'I'he application 

of analysis of variance showed this variation to be statlstically sig

nificant (F = 6.68, P = 0.000). 

The series of habitats from Arve 34(ex) to 2-4 year old habitat 

illustrated the pattern of variation among habitats. Arve 34(ex), the 

uncut forest surrounding two of the three study areas that made up the 

o to 4 year old habitats, did not show any significant dimorphism in 

weight (t = 1.36, P = 0.354), indeed females were slightly heavier than 

males. ,Following the burning of this habitat the dimorphism in body 

weight became biased towards males (t = 5.74, P = 0.003). Further 

increases in the extent of the dimorphism occurred during subsequent 

years reaching a peak after 4 to 6 years when males were approximately 

12% heavier than females (t 7.44, P = 0.001). Older habitats, in 

general, had less apparent dimorphisms so that by 60+ years after burning 

the habitat contained males only 5% heavier than females (t = 2.68, P = 0.05) 
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TABLE 5.9 The degree of sexual dimorphism in different habitats. 
t'leight and head length of male possums are expressed 
as a percentage of the corresponding values for females~ 

Habitat 

A34 (ex) 

0-1 yrs. 

1-2 yrs. 

2-3 yrs. 

3-4 yrs. 

4-6 yrs. 

8-16 yrs. 

30-40 yrs. 

60-80 yrs. 

Total 

Sex 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

Mean 
weight (kg) 

3.43 

3.52 

3.61 

3.44 

3.81 

3.58 

3.99 

3.64 

4.00 

3.57 

3.69 

3.41 

3.69 

3.24 

3.44 

3.28 

3.74 

3.44 

M 
x 100 

F 

97.4% 

104.9% 

106.4% 

109.6% 

112.0% 

108.2% 

113.9% 

104.9% 

108.7% 

Mean 
Head-length (em) 

10.10 

9.96 

10.36 

10.15 

10.37 

10.15 

10.38 

10.19 

10.44 

10.14 

10.53 

10.15 

10.37 

10.00 

10.30 

9.84 

10.08 

9.89 

10.32 

9.99 

M x 100 
F 

101.4% 

102.1% 

102.2% 

101 .9% 

J 03.0% 

103.7% 

103.7% 

104.7% 

102.0% 

103.3% 

Head lengths in adults 

Figure 5.5 shows the mean head length of adult possums in each of 

the 9 habitats, the latter being ranked according to the time since 

they were burnt. These means were derived from the two-month averages 
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made for each individual animal, and, as a result, represent a mean 

weighted according to the frequency of capture. 

Marked differences existed in the mean head lengths of both 

males and females from different study areas. These differences were 
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shown by analysis of variance to be highly significant (males; F = 6.91, 

p = 0.001; females, F = 5.10, P = 0.001). Moreover these differences 

resulted in an apparent inverse correlation between time since the 

burning of an area and the average head length of the animals found in 

that area. This was reflected in the value of Spearman's Rank Correlation 

coefficient derived for males (Ts = 0.660, P = 0.007) and females 

(Ts = 0.923, P = 0.0003). 

Re-arranging these data on the basis of the 9 habitat groupings 

(Table 5.9, column 5) revealed a further trend in the early post-fire 

period. Thus, for males there was a steady increase in mean head length 

from the time of the fire upto 3 to 6 year old habitat, following which 

head lengths declined. For females a similar trend was evident with a 

steady increase in mean head length upto 3 year old habitat and a decline 

thereafter. 

The sexual dimorphism in body size, apparent in body weight, was 

also evident in head length. Males had head lengths between 1 and 4% 

greater than those of females (Table 5.9). There was no apparent 

trend in the magnitude of the dimorphism among habitats. 

Fitting growth curves to growth data 

An,attempt was made to describe the observed patterns of growth 

using an algebraic model. Algebraic models provide an effective method 

of reducing the number of descriptive parameters needed to describe growth. 

Such models also tend to average out temporary fluctuations in environment. 

They, therefore, facilitate comparisons of growth among different populations 

(Allen 1967), and, further, they allow projections to be made to mature 
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size based on the growth of juveniles. 

A number of mathematical functions have been employed to describe 

the post-natal growth of an animal. Those that have been found to be 

most generally applicable are all non-linear with growth tending tqwards 

an ultimate or asymptotic body size, and thus conform to the sigmoid 

form of post-natal growth (Brown et al., 1976). Moreover, all of 

these functions use two biologically relevant parameters. The first 

parameter relates the size of the animal at a particular age to size at 

maturity. 

body size. 

The second is concerned with the growth rate relative to 

The von Bertalanffy growth curve was employed in the present study. 

It takes the form: 

L (t) Loo (1 _ e-k (t-t(O))), 

where L(t) = size at time t, Loo = asymptotic size, or size at 

maturity, k = the rate at which the growth curve approaches the asymptotic 

size, also termed the rate of maturity, and t(o) = hypothetical age at 

which size is zero. When applied to growth in weight, w(t), the linear 

equivalent of weight was used, that is, the cube-root of weight. 

was consistent with the weight-length relationship established in 

Section 5.2.2. 

This 

This growth curve has been widely used in fisheries research 

(Ricker 1975) where it usually provides a good fit to size-age data and 

where, moreover, the parameters of the equation can be interpreted in 

terms of growth rates and maximum size. A number of studies of the brush-

tail possum have also made use of this model. Bamford (1972) found that 

growth rates in a New Zealand population were adequately described by the 

von Bertalanffy curve, and used the results to compare growth in populations 

at different stages of a fluctuation in numbers. Similarly Boersma (1974) 

_and Clout (1975) found that this curve could be fitted to possum size-age 
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data. 

Growth curves were fitted to data on age-specific head lengths 

and body weights using the method of Allen (1966). This employs a 

generalised least-squares procedure. An iterative process was used, 

such that, beginning with an approximation of k, successive estimates 

of this parameter are made until a particular value is converged upon. 

In the present study a precision of four decimal places was selected as 

the point at which the iterative process ceased. Values for the para-

meters Loo and t(o) were then derived for the final value of k. Con-

fidence limits were also calculated for each of the three parameters. 

They were, however, used with considerable caution in view of the fact 

that successive observations were made on individual animals, thereby 

questioning the underlying assumption of all observations being statistic

ally independent of one another (Fitzhugh 1976) . 

The tedious nature of the computations involved in deriving the 

parameters of the von Bertalanffy growth equation is evident from the 

fact that it took upto 10 cycles of iteration to estimate the value of k. 

Consequently, a program to perform these calculations was written for a 

Hewlett-Packard 9825A desk-top computer in HPL1. This program was later 

expanded to perform a plot of the resultant growth curves. 

The data on age-specific head length and body weight were analysed 

according to sex and habitat. Only data from pouch-independent young 

were used as it was found that growth prior to independence did not fit 

the model assumed by the equation. Data for animals older than 48 months 

were only infrequently available and were, therefore, not used. 

Figures 5.6a and b show growth in body weight and head length 

respectively, in male and female possums. Also plotted are the mean 

values for weight and head length at various ages, and given in Tables 5.3 

and 5.4.' The high degree of coincidence of the fitted curves with the 

observed data indicates the suitability of the model. Growth of 
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T. vulpecula, therefore, followed a sigmoidal pattern. 

Both males and females displayed similar growth curves up to the 

age of 24 months, following which time males continued to grow at a 
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greater rate than females. This resulted in males being approximately 

9% heavier and having a 4% greater head length than did females at the 

age of 48 months. 

Growth curves also differed markedly among habitats. This is 

evident from Figures 5.7a'to d in which curves were plotted for each sex 

and habitat grouping. In general terms, the trends evident here were 

the same as those previously established in the analysis of the size-age 

structure of these populations. Thus, animals from habitats between 

2 and 6 years old were consistently larger at a given age than those from 

other habitats. Among these other habitats size at a particular age 

tended to decline with an increase in the age of the habitat. The oldest 

habitat, that 60+ years old, showed the slowest growth in all cases but 

for growth in head length in females (Figure 5.7d) in which it had the 

second slowest growth. Eight to 16 year old habitat had higher growth 

rates than either 60+ or 30-40 year old habitats. Of particular note 

was the tendency for 1 year old habitat to have a growth curve intermediate 

between those of the 2 to 6 year old habitats and the older habitats. 

Challies (1973) has discussed the interpretation of growth curves, 

pointing out the need for stability in these environmental factors that 

influence growth if growth curves are to be constructed from several 

cohorts. Should the growth rate within a population change markedly 

during tpe years spanned by the age-classes in the samples, then a curve 

plotted through a sample representing several cohorts would be biased. 

For example, the curve for a population whose growth rate decreased over 

the period encompassed by the ages in the sample would be too high for 

the older cohorts. If the growth rate increased, the converse would be 

true. Therefore, the direction and magnitude that a growth curve deviates 
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from alignment of a 'normal' growth curve, can be-interpreted in 

terms of a change in growth rate, and hence, a change in conditions 

for growth. 

The von Bertalanffy growth equation provides a means of inter

preting particular aspects of growth using the individual parameters 

of the equation. Of these 3 parameters, one, the theoretical age at 

which size is zero (t(o)), is of limited biological relevance due to 

the substantial deviation of the observed pattern of growth from the 

pattern assumed by the equation during the period of pouch dependence. 

The asymptotic size (Loo) is, however, readily related to the biology of 

an animal. Similarly, the rate at which the growth curve approaches 

the asymptotic size, that is k, is of biological significance insofar 

as it is related to the rate of maturing. 

Values for both k and Loo are presented for all sexes and habitats 

in Table 5.10. Values of t(o) are not presented since they were held 

constant at those values given in Figures S.6a and b. 

(i) k, the rate at which asymptotic, or mature, size is approached 

is related to the rate of growth (Fitzhugh, 1976). It is, however, 

necessary to interpret this growth rate with reference to mature size. 

Thus, animals with the same values of k, but different asymptotic sizes, 

have absolute growth rates at any given age that are proportional to 

their respective asymptotic sizes. The value of k is, therefore con-

sidered to represent the rate of maturing in the sense of Fitzhugh and 

Taylor (1971). 

The value of k is influenced by biases of the type considered by 

Challies (1973), that is those induced by changes in the conditions for 

growth. For instance, a recent increase in conditions for growth would 

result in a relative increase in apparent growth among the younger cohorts, 

thereby increasing the value of k. A recent decline in conditions would 

have the opposite effect; a decrease in k. 



TABLES 5.10 Constants of the von Bertalanffy growth equation given 
for each habitat and sex. Asymptotic size (W~ and L~) 
and the rate at which asymptotic size is approached (k) 
are given together with their variance. 

Habitat Sex 

A34 (ex) M 

F 

1st year M 

After fire F 

2nd year M 

F 

3-6 years H 

F 

8-16 years H 

30-40 
years 

F 

N 

F 

60+ years H 

F 

Total 
F 

Body weight 

k Woo (kg) 

O.082±O . 004 3.45±O.OOl 

0.102±0.001 3.30±O.020 

0.OB1±0.003 3.63±O.004 

0.11O±0.000 3.34±O.002 

0.OB5±0.005 3.96±O.007 

0.130±0.000 3.39±O.OOO 

0.07B±0.001 4.20±O.012 

0.103±0.000 3.S4±O.OOO 

0.074±0.001 3.69±O.005 

o .105±0. 000 3.42±O.002 

0.073±0.001 3.76±O.OOl 

o .1l2±0. 004 3.20±O.OOl 

0.075±0.004 3.48±O.003 

o .101±0 . 001 3.22±O.005 

0.OB2±0.035 3.63±0.130 

0.11O±O.022 3.33±0.044 

Head length 

k Lee (em) 

O.072±O.OOl lO.19±O.006 

O.103±O.003 9.76±0.052 

o.oso±o.oos 10.04±0.023 

O.llO±O.002 9.B3±0.023 

O.D8S±O.DOl 10. 33±0 .104 

O.1l2±O.092 1O.02±0.015 

O.071±O.007 10. 3B±0. 005 

O.l02±O.OOl 1O.02±0.00B 

O.073±O.OOl 1O.19±O.012 

O.096±O.002 9.90±0.007 

O.072±O.OOl 10. 21±D .13B 

O.097±O.OOl 9.7()±0.004 

O.071±O.OOl 10.10±D.013 

O.097±O.00S 9.B3±0.01B 

0.075±0.076 lO.2l±0.BB7 

0.102±0.009 9.B6±D.0Ill 
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The values of k varied markedly according to bolh the sex ~nd the 

habitat of the sample (Table 5.10). 

Values of k for females were consistently higher than those for 

males. This was the case in both ~ .. eight and head length with females 

having k values approximately 25t greater than those of males. This 

indicated a correspondingly greater rate of maturing in females. 

Am9ng different habitats the highest values of k were found in 

2 year old habitats ~ .. hen values of k were 10-15t greater than those from 
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older habitats. Habitats between 3 and 60+ years old showed no 

consistent trends in the value of k. 

A previous consideration of growth rates (see Figure 5.2) revealed 

a marked increase in growth rates in 2 to 6 year old habitats. On this 

basis the high values of k observed for 2 year old habitat were attributed 

to a recent improvement in conditions for growth. This would have a dis-

proportionately high influence upon the younger cohorts, thereby biasing 

the growth curve, in the manner described by Challies (1973). By con-

trast, the conditions for growth in older habitats were considered not 

to change significantly during the years that the respective cohorts of 

the sample were growing. The values of k for these habitats were, 

therefore, essentially the same. 

(ii) Asymptotic size is generally interpreted as the average size at 

maturity (Fitzhugh 1976). This size is only approached as age tends 

towards infinity, therefore, in order that asymptotic size should have 

biological meaning it was necessary that the asymptote should be closely 

approached within the expected life-span of the species. In the presen t 

study this size was considered to have been attained at 95% of the 

asymptotic size. This size was attained by the age of 40 months in the 

case of body weight, and 24 months for head length. Both ages were well 

within the expected life-span of this species (Crawley 1970) . 

Asymptotic size showed considerable variation among different 

habitats (Table 5.10). Moreover, this variation showed a pronounced 

trend over the range of habitats, with both asymptotic body weight and 

head length reaching a peak between 2 and 6 years following the fire, 

following which time both measures tended to decline steadily to a 

minimum at 60+ years. 

This pattern of variation among habitats with respect to asymptotic 

size paralleled that noted previously in adult body size (Table 5.11). 
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FIGURE 5.11 Asymptotic versus realised weights and head lengths of adult animals from each habitat. Realised 
figures were obtained from animals considered to have ceased growing. The age at 95% maturity of 
size is also given. 

Habitat Sex 

A34 (ex) M 

F 

1st yr. M 

after fire F 

2nd yr. M 

3rd yr. 

3-6 yrs. 

8-16 yrs. 

30-40 yrs. 

60+ yrs. 

Total 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

weight 

Asymptotic 

3.45±0.001(26) 
3.30±0.020(15) 

3.63±0.004(26) 
3.34±0.002 (9) 

3.96±0.007(53) 
3. 39±0. 000 (16) 

4.20±0.012(39) 
3.54±0.000(40) 

3.69±0.005(59) 
3. 42±0. 002 (62) 

3.76±0.001(34) 
3.20±0.001(34) 

3.48±0.003(30) 
3.22±0.005(26) 

3.63±0.13(267) 
3.33±0.04(202) 

(kg) 

Realised 

3.43±0.09(45) 
3.55±0.10(53) 

3.62±0.11(57) 
3.42±0.12(12) 

3.99±0.07(183) 
3.64±0.05(101) 

4.01±0.1l5(63) 

4.05±0.08(97) 
3.61±0.06(71) 

3.74±0.06(183) 
3.43±0.04(210) 

3.75±0.08(94) 
3.29±0.06(115) 

3.4 7±0. 08 (141) 
3.29±0.06(129) 

3.74±0.07(207) 
3.44±0.06(162) 

Age at 

95% Weo 

40.4 
35.1 

41.1 
32.2 

38.7 
26.5 

43.2 
32.6 

46.6 
34.0 

46.6 
31. 6 

45.1 
35.5 

40.5 
32.1 

Head length (em) 

Asymptotic 

10.19±0.006(26) 
9. 76±0.052 (15) 

10.04±0.023 (26) 
9.83±0.023 (9) 

10. 33±0 .104 (53) 
10.02±0.015 (16) 

10.38±0.005(39) 
10.12±0.008(40) 

10.19±0.012 (59) 
9.90±0.007(62) 

10.21±0.038(34) 
9.76±0.004(34) 

10.10±0.013(30) 
9.83±0.018(26) 

10.24±0.89(288) 
9.86±0.04(202) 

Realised 

10.07±0.78(45) 
10.03±0.05(53) 

10.36±0.05(57) 
10.15±0.1l (12) 

10.38±0.04(183) 
10.16±0.03 (101) 

10.44±0.19(15) 
10.19±0.05(41) 

10.53±0.08 (43) 
10.15±0.08(26) 

10.36±0.05 (183) 
10.00±0.06(44) 

10. 27±0. 05 (94) 
9.82±0.03 (115) 

10.08±0.09(41) 
9.89±0.05(35) 

10.31±0.04(207) 
9.99±0.04(162) 

Age at 

9'5% Leo 

26.1 
19.4 

22.4 
17.6 

21.1 
17.1 

26.5 
20.4 

26.0 
21.6 

26.1 
21.3 

26.3 
21.3 

24.9 
19.7 

~ 
>-' 

'" 
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Furthermore, the values for asymptotic body size closely approximated 

the corresponding values for adult body size. On average, asymptotic 

body weight was 3% less than adult body weight. The corresponding 

figure for head length was 1%. 

Asymptotic sizes for the most recently burnt habitats (1-2 years) 

were considered to be unreliable given the previously discussed bias in 

growth curves. Among other habitats, however, the values of asymptotic 

size were regarded as beifig valid estimates of the ultimate size of 

animals within the sampled cohorts. The high degree of concordance 

between asymptotic body size and adult body size is consistent with this. 

The age at which 95% of the asymptotic size was attained is given 

in Table 5.11 as a measure of the age at which mature size was gained. 

Age at maturity varied depending upon which measure of size was 

being considered. In this way, age at mature weight was head length 

at between 17 and 36 months. 

Age at maturity also varied according to sex. Over the range of 

habitats' females consistently achieved maturity at an earlier age than 

did males. This difference was expressed to the same extent in the 

growth of both body weight and head length, amounting to approximately 

25% in both cases. This contrasts with that noted previously in regard 

to reproductive maturity (Chapter 3) where males matured up to 4 months 

prior to females. 

Sex-related differences in age at mature size were associated with 

corresponding differences in mature size. That is, males took, on average, 

25% long~r to grow 10% heavier, or 4% longer in head length. Accordingly, 

differences in mature size were, in past, a product of differences in 

the length of the period of growth. 

Variation among habitats in respect to age of mature size was sub-

stantial, amounting to between 20 and 30%. Animals from habitats between 

1 and 2 years of age matured at younger ages than those from older habitats. 
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Animals from these older habitats matured at approximately the 

same age. 

On the basis of the previously discussed bias induced by 

changes in the conditions for gro~·'th it !,o/as, hOHever, evident that 

this variation among habitats in age at mature size was an artifact. 

There was, in fact, no evidence of any marked variation aRlong habitats 

in this characteristic. Consequently habitat-related differences in 

size at maturity ~,ere not attributable to differences in the length of 

the period of growth. They were, therefore, attributed to increases 

in the rate of growth. 

Body weight at reproductive maturity 

It was previously established (Chapter 3) that age dt maturity 

varied substantially among populations from different habitats. More-

over, examination of growth statistics from these populations suggested 

that age at maturity was related to growth rate. Given this information 

it was d'ecided to examine the relationship between body weight and the 

achievement of reproductive maturity. Reference should be mdde to 

Chapter 3 for details of the criteria used in assigning reproductive 

status. 

No animals with a body weight of less than 2.4 kg were classed 

as reproductively mature either on the basis of testis size in males 

or pouch young production and pouch development in females. All dnimill s 

weighing 3.1 kg or over were classed as being rep:rDduct.ively mature. 

Variation in weight at maturity was analysed using probit analysis 

following Leslie et al., (1945). The procedure has been described in 

detail in section 3.3.3c. Data were grouped ilccording to habitat and 

sex . Very broad habitat classes were employed because of small sample 

size. 

Table 5.12 lists median weight at maturity for each class of 

1, 

i; h~itat, together with the slope and extent of 'fit' of the computed 
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regression line. The latter gives an indication of the reliability 

of the estimate of median weight in representing the data, with little 

deviation for the fitted line indicating high reliability. In no 

case did the observed data deviate significantly from the fitted li?e. 

weight at maturity was markedly constant, showing little variation 

either between habitats or sexes. 

Among males the median weight at maturity was 2.79 kg, or 75% 

of adult male body weight, with 0-6 year old habitat having a median 

weight of 2.83 kg and 8+ year old habitat 2.77 kg. This minor differ-

ence was not statistically significant (~ = 0.255). Reproductive 

maturity in females, based on the production of pouch young, occurred 

at a median weight of 2.81 kg, or 82% of adult female body weight. 

Median weights in 0-6 year old habitat was 2.78 kg, compared with a 

figure of 2.86 kg for 8+ year old habitats. This difference between 

habitats was also statistically non-significant (p 0.966) . Body 

weight at the time of pouch development gave similar results, with 

0-6 year' old habitat having a figure of 2.49 kg and 8+ year old habitat 

a figure of 2.63 kg (p = 0.821). overall, pouch development in females 

occurred at a median weight of 2.59 kg, or 75% of adult female body 

weight. 

The slopes of the computed regression lines (Table 5.12) give 

an indlcation of the range of body weights over which maturity is 

attained, with steeper regression lines indicating a narrower range of 

\'leights. Thus, males reached reproductive maturity over a narrower 

range of body weights than did females. This occurred despite there 

being little difference between the sexes in weight at maturity. 

Figure 5.8 depicts these results, giving both the median and 

95% confidence limits for weight at reproductive maturity. It is 

readily ~een that there is little difference between habitats in this 

regard • This can be contrasted with that evident for age at maturity 

.{. (Figure 3.6) . 
, , ~ , . .. 
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TABLE 5.12 The median weight (in kilograms) at which reproductive 
maturity is attained. The slope (b) and chi-square value 
for the computed lines.are also given. 

Males 

Habitat 
Age 

(yrs. ) 

All 

0-6 years 

8+ years 

Females All 
(Pouch 

Young) 0-6 years 

8+ years 

Females All 
(Pouch 

Develop-0-6 years 
ment) 

8+ years 

Median Weight 
at Maturity 

(±S.E. ) 

2.79±0.024 

2.83±0.037 

2.-77±0.033 

2.8l±0.038 

2.78±0.053 

2.86±0.056 

2.59±0.036 

2.49±0.08l 

2.63±0.039 

5.1.4 Discussion 

Slope of 
Fitted Line 

(±S.E. ) 

7.656±1.315 

8 .158±1. 928 

7 .132±1. 665 

4. 4ll±0. 714 

7.243±2.330 

3.219±0.6l8 

4.695±0.701 

3.675±0.991 

5.556±1.057 

"Fit" of Line 
X2 df 

0.383 6 

0.736 6 

0.057 6 

8.971 5 

2.259 5 

8.507 5 

4.551 5 

1.387 5 

7.841 5 

P(x) 

0.999 

0.994 

1.000 

0 . 110 

0.812 

0.130 

0.473 

0.926 

0.165 

An analysis of the pattern of growth within a population provides 

information on the adequacy of the habitat on which the population exists. 

Moreover, it gives an indication of conditions conducive to growth over 

a number of years since an animal is , in part, a product of the environ-

ment in which it has grown. 

A number of measures have been employed in describing growth in 

mammals. They may be broadly divided into 2 classes: those which show 

only positive growth and those which can show negative growth. The 

former includes all skeletal measurements, with the possible exception 

of toothrow length. Physiological stresses do not produce any decrease 

in skeletal measurements. By contrast other body measures such as 

chest or heart girth, and body weight may decrease substantially as a 

':., result of nutritional deficiencies (Wood et al., 1962). 
i.:. 
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The characteristics of the two classes of body measurement 

produce differences in their applicability as indicators of growth. 

Skeletal measurements are considered to be more reliable indicators 

of growth partly because they can be taken more accurately and are 

not subject to variations due to the degree of fullness of the 

digestive tract or loss of body fluids (Klein 1964). In addition, 

the extreme fluctuations in body weight associated with seasonal 

physiological stresses tend to mask the sequence of growth. The use 
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of measures such as body weight does, however, have advantages. First, 

body weight does provide an overall index of body size, combining growth 

in all organs. Second, the fluctuations, and even negative growth, 

in such measures as body weight provide a more sensitive indicator of 

short-term changes in the condition for growth. Finally, skeletal 

growth may be limited by the closure of epiphysial cartilages prior to 

the cessation of growth in body size (refer to Table 5.11 for confirm

ation of this in the present study). 

The effects of variation in conditions for growth are reflected 

to varying degrees in the growth of different parts of the body. 

McEwan and Wood (1966) found that skeletal development in caribou is 

less hindered than body weight gain by the nutritional opportunities 

provided by their environment. In this way, a sequence of priorities 

in the growth of body components may be derived; those with a higher 

priority being less affected by variations in the conditions for growth. 

There is, moreover, a correlation between the relative proportion of 

growth m~de by a body part prior to birth and its priority for growth 

after birth (Klein 1964). On this basis, the rapid development of 

the skull of T. vulpecula, as reflected in the growth of head length, 

indicates a high growth priority and, consequently, a low susceptibility 

to variation in age-specific head length with those for body weight 

confirms this conclusion (Table 5.5). 



In general, however, the two measures of growth used in this 

study; weight and head length; showed similar patterns of growth. 

Moreover, their use had the advantage of allowing comparisons to be 

made with the results of previous studies. 

The accuracy with which growth patterns are depicted in this 

study could be significantly affected by size dependent recruitment 

to, or losses from, the population (Ricker 1969a). In this way, 
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apparent gains in size would be enhanced as smaller animals disappeared 

and the average size of survivors was consequently elevated. Conversely, 

the selective recruitment of smaller animals would minimise any apparent 

gains in size. 

These possibilities are investigated by examining a series of 

known weight and head length changes detected over a 12 month period in 

a sample of marked individuals, thereby eliminating the possibility of 

size-biased recruitments or losses. 

Known growth rates between the ages of 12 and 36 months are comp~red 

with apparent growth rates over the same period (Table 5.13). unfortun

ately sample sizes in the former were often small. 

The correlations between apparent growth and known growth were 

statistically significant (r = 0.978, P 0.04; r = 0.999, P = 0.01) for 

both weight and head length respectively. The magnitude of apparent 

growth was, however, generally less. Further, this trend was most 

pronounced for growth between 24 and 36 months, at which time apparent 

growth was upto a third less than known growth. This discrepancy in 

growth rates is consistent with the selective recruitment of smaller 

sized animals. 

Re-examination of the preliminary data on growth (see Section 5.1.2) 

supports this conclusion, insofar as it is found that animals aged 

between ~4 and 36 months trapped for the first time have consistently 

lower weights and head lengths than average for a given age-class 
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(Table, 5.14). 

Several studies have found a relationship between growth rate 

of an animal and its tendency to disperse. Krebs et al. 1966, and 

later Beacham (1979) found that in voles, Microtus townsendii, thos,e 

animals found dispersing had lower grm'i'th rates than did residents. 

TABLE 5.13 Apparent growth rates compared with the known growth rates 
in a sample of animals for which the possibility of size-
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biased recruitment and losses is eliminated. Growth rates 
are expressed as the mean percentage change in size between 
successive age-classe s. . Sample sizes are given in brackets. 

12 to 24 months 24 to 36 months 

Sex 
Apparent Known Apparent Known 

Growth Growth Growth Growth 

Weight 43.8% (69,61) 47.7% (17) 13 .4% (61,47) 20.8% 112) 

Male 

Head length 8.19% (69,61) 8.47% (17) 2.59% (61,47) 3.76% (12) 

weight 41.0% (57,51) 41.4% (16) 12.8% (51,43) 14.5% (16) 

Female 

Head length 8.19% (57,51) 8.47% (16) 2.73% (51,43) 3.76% (16) 

Similar results were obtained by Wind berg and Keith (1976) in a study 

of snowshoe hares, Lepus americanus. Therefore, accepting that animals 

trapped for the first time in the present study are drawn from this pop-

ulation of 'dispersers', then recruitment will be biased towards smaller 

animals, thereby explaining the results in Table 5.13. 

>, 
".' , 
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TABLE 5.14 Age-specific weights and head lengths of animals trapped 
for the first time. These figures are compared with the 
corresponding figures for all animals (in parentheses). 
The mean is given together with the 95% confidence limits. 

12 months 24 months 36 months 

Weight 1. 90±0. 3BO 2.77±0.129 3.l4±0.125 
(2.11±0.055) (2. 92±0 .039) (3. 4l±0. 045) 

Males 

Head length B.B5±0.376 9.56±0.075 9.77±0.07l 
(B.79±0.120) (9.6l±0.025) (9. 90±0. 031) 

weight 2.0l±0.169 2.74±0.195 3.l6±0.lB4 
(2.03±0.045) (2. 90±0. 039) (3.24±0.043) 

Females 

Head length B.Bl±0.163 9.5l±0.132 9.62±0.080 
(8.78±0.042) (9. 54±0 .030) (9.77±0.032) 

Growth in marsupials may be considered as being divided into 3 

phases. These phases correspond to the ~ age-classes dependent young, 

juveniles, and adults. 

The period of pouch life in T. vulpecula lasts approximately 180 days 

(Section 3.3.5) . During this time the absolute growth rate increases to 

a maximum at approximately 100 days, after which it remains constant to 

near the end of pouch life. Based on the growth curves of Lyne and Ver-

hagen (1957) the mean weight of possums at the end of pouch life is estim-

ated to be approximately 750 g. This was 22% of the average adult female 

weight. Similar values are evident amongst other species of marsupial. 

The results contained in How (1976) suggest a figure of 25% for T. caninus; 

a species in which the longer pouch life (240 days) is associated with a 

lower growth rate. Similarly Maynes (1976) cites many such examples 

among the macropod marsupials. 

weaning occurs at an age of about 225 days (Section 3.3.5) by 

which age weight is estimated to be 1.30 kg. Following weaning there is 

a marked· decline in absolute growth rate so that after a further 45 days, 

'1 that is, at an age of 9 months, body weight is only 1.64 kg. 



.Absolute growth rates continue to decline through the juvenile 

phase of growth, such that by an age of 24 months the growth rate is 

only half of what it was 12 months previously. 

Reproductive maturity in females - as evidenced by the presence 

of pouch young; occurs at a body weight of approximately 2.8 kg, or 

81% of mean adult weight. The corresponding figures for males are 

2.8 kg and 75%. In T. caninus maturity is similarly reached at about 

80% of adult size (How 1976). 

From these figures it is evident that growth in adults accounts 
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for less than 25% of total growth. Projections of growth indicate that 

growth effectively ceases by the age of 40 months in males and 32 months 

in females (Table 5.10). 

Comparisons of growth among different species are facilitated by 

the use of the inverse index of growth, t
I0

-
90

' the time taken to grow 

from 10 to 90% of adult size. The average value of this index for 

body weight in T. vulpecula is about 600 days. By comparison Maynes 

(1976) cites figures of 200 days for Bettongia lesueur (adult female 

weight 1.14 kg), 397 days for the parma wallaby (3.54 kg), and 900 days 

for the euro (15.5 kg). On the basis of these results from macropod 

species, Maynes suggested an inverse correlation between growth rate 

and adult size. It is clear, however, that the brush-tail possum (adult 

body weight 3.44 kg) does not follow this pattern, thereby suggesting that 

perhaps either the phylogenetic or ecological position of the species 

should be considered in making such comparisons as this. It should be 

noted in,this regard that T. caninus has an inverse index of growth in 

weight of at least 600 days with an average adult body weight of 2,9 kg, 

The pattern of growth in T. vulpecula is influenced by 3 factors; 

sex, season and habitat. 

(1) Sex 

Adult male possums were larger than female possums (Table 5.9). 



This difference amounted to approximately 9~ in the case of body 

weight which expressed in terms of the ratio of linear equivalences 

of weight gives a 3% difference in size. The latter is consistent 

with the observed 3% difference in head length between the sexes. 

All other possum populations studied exhibit a similar trend 

of greater mean size for adult males (Gilmore 1966, Crawley 1973, 

Kean 1975, Winter 1976, Clout 1977, Fraser 1979). Indeed this is 
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a commonly observed trend in marsupials (Maynes 1976) and among mammals 

generally (refer to Ralls (1976) for a consideration of those cases 

where the opposite holds) . The association between polygyny and male 

biased sexual dimorphism suggests that sexual selection, operating through 

competition among males for females, plays a part in the selection for 

sexual dimorphism (Ralls 1977). 

The difference in size between males and females is not evident 

in pouch young, but begins to develo~ between 24 and 36 months of age 

so that by the age of 36 months males are 5% heavier than females 

(Table 5'.3). This period corresponds to the time during which sexual 

maturity is attained (Chapter 3), suggesting that the higher energy 

demands of raising young in females may inhibit their growth. Alternat

ively, this may reflect a synergistic effect between testosterone and 

growth hormone as has been proposed by Maynes (1976) for the parma 

wallaby, Macropus parma. 

The magnitude of the disparity in weight between males and females 

evidently continues to increase with age so that when all adults are 

considered the disparity amounts to 9%. A similar trend has been noted 

in the parma wallaby (Maynes 1976), the euro, M. robustus (Ealey 1967), 

and the red kangaroo, M. rufus (Sharman and Calaby, in Maynes 1976) . 

Moreover, both Kean (1975) and Fraser (1979) wqrking with T. vulpecula, 

came to similar conclusions in order to account for the greater ultimate 

size of males in the absence of any differences during the first 3 years 



of growth. 

The evidence provided by extrapolation of observed growth rates 

using fitted growth curves suggests that the increase in the size dis

parity "ith age is attributable to males continuing to grow later than 

females. Thus, males ceased growth in body weight at an age of 

approximately 40 months I that is, 8 months later than females. 

(2) Season 

Seasonal fluctuations are evident during all phases of pouch-
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independent grol'lth and maturity. Rapid growth occurs during the summer 

months and terminates in late autumn at a time corresponding to the on-

set of the breeding period. This same pattern of fluctuation continues 

after the time \'1hen mature size is attained, being expressed as a seasonal 

cycle of variation in body weight. Poak weights are observed during the 

Harch-April, pre-breeding period. Minimum weights are found during 

September-October. ~Iales and females show" slight difference in this 

regard, insofar as males show a more abrupt decline in weight following 

breeding. 

Seasonal periodicity is a characteristic of all populations of 

possums for which data are available. These include populations in 

both Australia (How 1972b) and New Zealand (Gilmore 1969, Crawley 1973, 

Kean 1975, Clout 1977). The cycle of seasonal variatiorl is essen tidIly 

the same in all of these geographically distinct populations. Crawley 

(1973) notes a slight departure from this trend in his Orongorongo Valley 

(NelO Zealand) population insofar as females reached peak weight during 

\'linter and Here lightest in summer. The reason for this pattern is 

obscure as there are no correspondlng differences in life history such 

as the timing of the breeding season. Crawley suggests that increased 

fat deposits associated ,.ith lactation may contribute to this. 

Seasonal variations in adult body weight are of considerable 
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other 

!ltudies for I'Ihich !luitilble dill ...... re ... ·' ... il ... ble 'Jive :;l:ail ... r resul ts 

(crm~ley 1973, Gilmore 19&9, 11011 1972b). So:ne di f terOllcun Lire I 

ho\-/ever, ilppilrcnt among cUf ferent h ... bit ... t:.; '.Iithin the pre:.;ont !3tudy. 

Their significance \-lill be con!lidered l ... ter in the floction on physical 

condition (Section 5.2). 

The endogenous nature of sea!3onal fluctu ... tions in th.., body '"eights 

of adult animals is indicated by c:<periments involving controlled feed-

ing of animals. Thus, Smith (1979) found tilat the marsupial glider, 

Petaurus breviceps, shO\~s seasonal cycle of body Height, \-Jith a mil:<imum 

in \~inter, despite being maintained on a constant diet. Similar results 

"ere obtained by Bandy et a1. (1970) in deer. They found that food 

consumption closely parallels changes in body ,-,eight. 

Photoperiod has been implicat.ed as the means by 'dhieh timing of 

the seasonal cycle is achieved (French at a1. 1960, Petterborg 1978). 

Horeover Petterborg found lowered thyroxin levels ilt times of 10l;ered 

photoperIod and suggested that this had the e ffe<.:t 0 f decreasing me tabel ic 

activity and, hence, conserving energy during winter. 

Although photoperiod may achieve timing of the cycl" it ",ould 

seem, from the close association between breeding season and the cycle 

of fluctuation in body weight, that reproductive biology produces the 

cycle of \-,eight fluctuation. In male possums the period of breeding 

activity is characterised by il marked lnereilse in activity "11th move

ments extending well beyond the normal home range (I·Ii.nter 1976, t.his 

study) • There are also increases in the secretory activlty of the 

secondary sex glands (Gilmore 19(9). For females breeding is associated 

"ith the increased energy demands of supporting the developing young. 

It is considered note\-Jorthy in this regard that the one population in 

"hich a l3econdary spring breeding season occurred al so shOl-led a secondary 

minimum in Height during February (Bilmford 1969). In other mammals, 



for example deer (Bandy et al. 1970) this increase in energy expend

iture is accompanied by a reduction in daily food consumption which 

thereby compounded the effect on body weight. Fitzgerald and Ward 

(pers. cornrn.) found evidence of an analogous situation in possums. 

Activity, including feeding, was found to be greatly inhibited by 

wet, cold conditions. 

to limit food intake. 

Thus, conditions during winter may be expected 

The latter, together with the higher metabolic demands of the 

colder winter weather, may account for the seasonal fluctuations noted 

in the growth of juveniles. 
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According to the foregoing analysis environmental influences, such 

as limitations in food quantity or quality, playa minor role in deter-

mining seasonal variations in growth or body weight. However, environ-

mental influences appear to be sufficiently important to allow their 

use in comparing populations. 

(3) Habitat 

Populations of possums from different habitats exhibit different 

patterns of growth. These differences are found in each of the 3 prev-

iously defined phases of growth. Furthermore, the effects of habitat 

are felt in the other two factors that influence growth: sex and season. 

(a) Pouch life 

Differences in growth among habitats are first expressed during 

the latter stages of pouch life, that is at an age of approximately 100 

days. By the end of pouch life, at an age of approximately 180 days, 

differences in growth in head length, amounted to a 15% increase in 

size between recently burnt and older habitats. 

Comparisons among geographically distinct populations of possums 

reveal, in general, a uniform pattern of growth during pouch life. 
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Lyne ~nd Verhagen (1957) found similar growth rates in a captive 

population from Sydney as were evident in a Tasmanian sample. The 

pooled results from the present study support this conclusion. Similarly, 

Pilton and Sharman (1962) record identical growth rates in a captive 

Adelaide population to those of Lyne and Verhagen. Other field studies 

to report similar growth rates to these include Tyndale-Biscoe (1955) 

who studied the Banks Peninsula, New Zealand, population and Dunnet (1956) 

studying a population near Canberra. One exception to this trend has 

been reported from a population in the Orongorongo Valley, New Zealand 

(Kean 1975) . Kean found young of age 100 days to weigh only 60% of 

what Lyne and Verhagen record for the same age. At the end of pouch 

life, approximately 160 days, this figure has declined to only 40%. 

Body weight at this time represented only 12% of adult weight (2.3 kg, 

Crawley 1973), compared with 22% in the present study and 20% in Dunnet's 

study. The close agreement of the last two figures is of particular 

interest in view of the 35% difference in adult body weight between the 

two populations (3.44 kg and 2.6 kg respectively). Indeed Maynes (1976) 

has remarked that within marsupials generally, there is a marked degree 

of uniformity in the relative size at the end of pouch life. 

The general uniformity in growth rate among populations occurring 

in a range of environments indicates the buffering effect that the 

poucn environment has on the growth of young. 

population is evidently under extreme stress. 

other lines of evidence (Brockie et al. 1979). 

The Orongorongo Valley 

This is supported by 

The critical role of the maternal environment in determining the 

growth of pouch young has been demonstrated in experiments involving the 

exchange of pouch young between mothers of different species (Merchant 

and Sharman 1966) • Thus, a young swamp wallaby, Wallabia bicolor, 

reared by a red kangaroo, M. rufus, showed accelerated growth, being 

of a rate approaching that found in young red kangaroos. 



The results of the present study do, however, indicate that 

the effectiveness of this buffering declines during the latter half 

of pouch life. Young are not observed outside the pouch until the 

age of at least 150 days. Therefore, it is evidently not increased 

contact with the outside environment that initiates this effect, but 

rather a decrease in the ability of the mother to compensate for out-

side influences. The decreased 'condition' of females at this time 

supports this view (Section 5.2). 

Newsome (1965) found that the early growth of pouch young of the 

red kangaroo, Macropus rufus, was little affected by drought, whilst 

beyond the age of 60 days growth rate was markedly depressed during 

drought. Maynes (1976) recognised two phases of growth in the pouch 
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young of the parma wallaby. The first is characterised by a decreasing 

relative growth rate and is taken to represent a continuation of embryonic 

organogenesis and differentiation. 'l'he second has a constant relative 

growth rate and is considered to be a period of maturation. If applic-

able to T. vulpecula, this division would provide a basis for the ob

served delay in the response of growth to habitat differences. 

(b) Juveniles 

This pattern of variation in growth among habitats that is ini.tiated 

during pouch life is developed further in the growth of juveniles. 

Variation among habitats in age-specific size reaches a maximum at an 

age of 12 months, and declines slightly thereafter. Expressed in terms 

of relative growth rates, variation among habitats is however, essentially 

of the same magnitude over all age-classes, being in each case approx-

imately 30%. The pattern of variation among habitats is also constant 

over all age-classes. Relative growth rates increase during the first 

4 years ,following the burning of forest, so as to peak in 4 to 6 year 

old habitats. Following this there is a gradual decline in growth 



rates through to 60+ year old habitat. 

Comparisons made among geographically distinct populations of 

possums also reveal differences in growth. Table 5.15 presents a 

series of growth statistics of body weight for all studies where suit-

able data are available. Some processing of data has been performed 

in order to make the results of different studies comparable. This 

involved the fitting and analysis of growth curves as described in 

Section 5.1.3b. 
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Age-specific body weights and their corresponding absolute growth 

rates vary markedly among populations. Among wild populations, growth 

rates are in general higher in New Zealand populations than in those 

from mainland Australia. The Tasmanian population of the present study 

is notable in this regard by having among the highest growth rates of any 

wild population. The two captive populations, by comparison, have high 

growth rates which are, moreover, higher than those in the wild populations 

from which the captive populations are derived. They, therefore, illus-

trate the critical role that the environment plays in determining growth 

rates. 

It is of interest to note that within the present study variation 

in growth among habitats spans much of the overall extent of variation 

recorded among all previously studied populations. At 12 months about 

75% of the total range of variation in age-specific weights is represented 

within the present study. By 24 months this figure has declined to 

approximately 50%. The higher end of the range of growth rates is 

covered in the present study. Bamford (1972), Boersma (1973) and 

Fraser (1979) have recorded similar ranges of variation among possum 

populations inhabiting individual river catchments. 

Within the present study, the body weight of animals at the time 

of their'gaining reproductive maturity shows a high degree of uniformity. 

There are no significant differences in this parameter among habitats, 
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despite the occurrence of major differences in both age at maturity, 

and adult weight, among habitats (Chapter 3) . Among males maturity 

is gained at a median weight of 2.79 kg, that is, at 75% of adult male 

body weight (3.74 kg). By comparison females first produce young .at 

a weight of 2.81 kg, or 82% of adult body weight (3.44 kg). 

formation occurs at 2.59 kg, 75% of adult bqdy Height. 

Pouch 

The uniformity in weight at maturity noted in the present study 

does not extend to include other populations of possums (Table 5.15). 

Weight at maturity in males varies from a low of 1.65 kg (Smith ct al. 

1969), through 1.9 kg (How 1972) to ~.5 kg (Gilmore 1969). Fraser 

(1969) gives information (Tables 4 and 5) that suggests a figure of 

between 2.2 and 3.0 kg. Few results are available for females. 

Crawley (1973) cites figures of between 1.8 kg and 2.0 kg for females 

in the Orongorongo Valley population and the data in Fraser (1979) give 

of figures of between 2.2 and 3.0 kg. 

This variation in weight at reproductive maturity is associated 

with variation in adult body weight (weight at the termination of growth). 

As a result, weight at reproductive maturity expressed as a percentage of 

adult body weight is remarkably constant, in all cases falling between 

70 and 80%. Comparable figures are cited by Maynes (1976) for other 

species of marsupial. The majority of these fall within the above limits. 

The differences observed between the populations of the present study 

and populations of possums which are geographically distinct are explained 

by the conclusions drawn in a number of experiments in animal breeding. 

Thus, diyergent selection for body weight leads to a divergence in the 

age and weight at reproductive maturity. In contrast, environmental 

factors, such as nutrition, generally influence only the age, and not 

weight, at reproductive maturity (Widdowson and McCance 1960, Kennedy 

and Mitr'a 1963). That is, variation in weight at maturity among geo-

graphically distinct populations reflects the underlying genetic variation 

which is absent among the populations of the present study. 



Prior to achieving reproductive maturity the groVith patterns 

of males and females are similar. However, with the onset of maturity 

the growth of males and females diverges. Furthermore, the extent of 

this divergence is related to habitat. This is reflected in the growth 

rates in weight, of animals aged between 24 and 36 months; the period 

both including and following the time of puberty (Table 5.6). The 

greatest disparity in growth rates is seen in 2 to 6 year old habitats 

in which males are growing at a rate of 150% greater than females. 

By comparison, growth rates of males in other habitats are only 20 to 

30% greater than those of females. These trends are reflected' in the 

degree of the dimorphism in size seen among adults; that is, animals 

in which growth has essentially ceased (Table 5.9). 

The habitat-related effect on the degree of sexual dimorphism 

is associated with habitat-related differences in reproductive performance 

(Chapter 3) . Habitats in which a high degree of dimorphism occurred 

exhibit , both. an earlier age at maturity and a greater incidence of 

breeding. Therefore, given the likelihood of higher energy demands 

associated with the raising of young in females it considered that 

the latter factors lead to a greater inhibition of growth in females, 

thereby increasing the divergence growth between the sexes. 

The phenomenon of growth compensation has been proposed to explain 

the tendency for variation in size within cohorts to decline with age, 

or put in other terms, the tendency for smaller animals to gain in size 

relative to larger ones. It has been observed in many groups of animals 

including fish (Ricker 1969), birds and mammals (Wilson and Osbourne 1960). 

It is, moreover, proposed as an explanation for the decline with age of 

the variation among habitats in age-specific size. 

Ricker (1969) argues that growth compensation follows as a logical 

consequence of situations in which size increases by the same amount at 

any given size, and where this increment decreases with age. Given that 



animals differ in size as a result of environmentally induced differ

ences in growth during the early, accelerating phase of growth, then 

it follows that these differences in size will decline in age. By 
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this explanation, compensatory growth is simply a product of the physiol

ogy of growth and need not have any functional vQlue. 

Montiero and Falconer (1966) offer a similar explanation of 

compensatory growth based on the close association of the onset of 

sexual maturity and the,beginning of asymptotic growth; that is, the 

time when growth begins to decline with age. They suggest that since 

the attainment of sexual maturity is dependent upon reaching a critical 

body weight, rather than a critical age, then compensatory growth will 

result. They were able to observe this pattern in mice. In view of 

the association between the onset of reproductive maturity and body 

weight in the present study it is suggested that this explanation may 

account for the observed pattern of growth. 

Other studies cited by Klein (1964) have demonstrated a physio

logical response which he concluded to have the potential to act as a 

compensating factor. These studies have shown that while low levels 

of nutrition slow growth, it may allow for greater development of the 

digestive tract and other organs. Consequently a poorly fed animal 

may have an increased potential for growth. 

(c) Adults. 

The pattern of variation among habitats in regard to adult size 

is consistent with the pattern evident in the growth of juveniles. 

Accordingly, the highest weights and head lengths are recorded in 2 to 

6 year old habitats with both parameters declining with an increase in 

the age of the habitat. 

Comparisons are made with populations in other studies using 

adult body weight as the basis for comparison (Table 5.15). It should be 



noted that in two cases (Boersma 1973, Fraser 1979) it I-,as necessary 

to correct body 11eights for seasonal variation. This was done by 

extrapolation, assuming the same yearly cycle of I-might variation as 

found in the present study. Further, the results for these two 

studies are presented giving the range over which adult weight varies 

among different sub-populations. 

Variation in asymptotic body weight among geographically distinct 

populations is substantial, ranging from 2.2 kg to 3.7 kg among males 

and 2.1 kg to 3.8 kg in females. With the exception of the Orongorongo 

Valley population, adult weights in New Zealand populations are sub-

stantially higher than those in mainland Australian populations, thereby 

reflecting the previously noted trend among growth patterns. 

This variability in adult size is also found over a smaller scale 

among the populations studied by Boersma (1973) and Fraser (1979). Both 

authors record variation of 20 to 30% in body weights among adjacent pop-

ulations. Despite this variation, average body weights in these popul-

ations are generally high and in no population are adult body weights as 

low as those found in either mainland Australian populations or the 

Orongorongo Valley population. 

Adult body weights in the present study approach, in both magnitude 

and variability among populations, those reported by Boersma and Fraser. 

They are consequently the highest recorded for any Australidn population. 

The time taken to reach adult body size, that is, the age at 

maturity, also varies substantially among the populations listed in 

Table 5.15. This is reflected in the ages of animals at both 50% and 

95% of their adult weights. The lowest rates of maturi01.'j are found in 

the Hokitika and Copland populations in New Zealand dnd the Tasmanian 

population of the present study. These populations also have among the 

highest adult body weights. High rates of maturing are seen in the 
- 'c 

. northern N.S.W. population, and the Orongorongo Valley population, both 
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TABLE'"'S ".lS Growth statistics for possum populations. weights are given for specific age-classes and stages of 
"j:"<-;r -". development. Growth rates are also given, these geing in the form of either absolute growth rates 
~.,~ (A.G.R.) or relative to body weight (R.G.R.). 

Population 
& Source 

Age-specific weight-kg 
(A.G.R.-g!mo) 

weight at puberty 
(kg) 

Adult weight Age & Growth Rates 
(k~) at 50% Adult weight 

.," ',.: ~"o, .... 

Age at 

9mo (9-12) 12mo (12-24)24mo Males Females Males Females Age A.G.R. R.G.R. 95% adult wt. 

sth. Tasmania 
(This study) 1 

1.6 

Captive-Sydney 1.5 
(Lyne & Verhagen) 1 

Canberra-A. C. T. 1. 6 
(Dunnet 1956) 
Urana-N.S.W. 
(Smith et al.1969) 
Nth. N.S.W. 
(How 1972) 1 
Brisbane-Qld. 
(Winter 1976) 
orongorongo-N.Z. 
(Kean 1975, 

1.5 

1.0 

Crawley 1973) 1 
Captive-orongorongo 1.5 
(Kean 1975) 1 
Banks peninsyla 
(Gilmore 1969) 
Hokitika-N.Z. 
(Boersma 1973) 1 
Copland-N.Z. 
(Fraser 1979) 1 

Waverley-N.z. 
(Harvie 1973) 

1.7 

1.6 

167 

133 

100 

100 

133 

267 

167 

167 

2.1 67 2.9 2.8 

1.9 92 3.0 

1.9 

1.7 

1.8 42 2.3 1.9 

1.4 67 2.2 

2.3 100 3.5 

2.5 

2.2 67 3.0 

2.1 67 2.9 2.3-3.0 

1 growth statistics derived by use of fitted growth curves. 

2.6 3.74 3.44 12.2mo 

3.14 8.2mo 

2.91 2.74 

2.20 

2.70 2.50 8.4mo 

2.51 2.12 

1.8-2.0 2.46 2.33 12.3mo 

3.56 9.8mo 

3.65 3.48 

4.3-3.4 10.lmo 

4.1-3.3 3.7-2.8 12.4mo 

2.37 2.35 

119 6.3% 

127 8.1% 

101 8.2% 

71 5.6% 

129 7.2% 

136 7.1% 

121 6.1% 

38.0mo 

19.6mo 

20.2mo 

23.7mo 

21. Smo 

39.1mo 

44.1mo 

~ 
w ..., 



of which have low adult body weights. The t"o captive populations 

have, by contrast, high rates of maturing and higher adult \~eights. 

Growth rates at 50% of adult body weights are consistent with these 

trends. 

Two things are suggested by these results. First, among the 

wild populations, weight at maturity is correlated with the time taken 

to mature. That is, animals heavier at maturity take longer to mature. 

This occurs despite these animals having higher absolute growth rates. 

Studies of other species and breeds of domestic animal indicate this 

trend to be widespread (Kleiber 1947, Taylor 1968, Maynes 1976), and 

indeed Taylor and Fitzhugh (1971) have suggested that it is an inherent 

feature of growth. 

Second, the time taken to mature in the two captive populations 

(Lyne and Verhagen 1957, Kean 1975) is similar to that in the wild 

populations from which they are derived. This occurs despite the captive 

populations having higher adult weights, and is explained by the higher 

growth rates in captivity. 

On comparing these two, apparently conflicting pieces of information 

. it is suggested that, (a) the rate of maturing is characteristic for a 

particular population and environmental effects do not markedly alter 

its value. It is, therefore, likely to have a genetic basis. (b) Environ-

mental influences on growth are expressed through variation in growth 

rates, and (c) as a consequence environmental influences are also expressed 

through variation in adult weight. 

Th~ pattern of variation in both size at maturity and the age at 

maturity among populations within the present study provides support for 

these conclusions. These populations are considered to be genetically 

similar in view of their close proximity to one another and the extensive 

movements of juveniles (Chapter 4) . Accordingly, the occurrence of 

substantial variation among habitats in mature size was not associated 



with any consistent variation in the rate of maturing. Differences 

in mature size were instead attributable to differences in growth 

rates, that were in turn considered to result from differences in 

environment. 
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Additional support comes from experiments involving the controlled 

feeding of domestic animals (Fitzhugh 1976). Thus, Taylor and Young 

(1968) found that monozygotic, twin cattle maintained at different feed

ing levels grew to markedly different mature weights, yet took approx-

imately the same time to reach this weight. Differences in growth rate 

accounted for the differences in mature weight. 

The purportedly genetic-based differences in the pattern of 

growth distinguish the Tasmanian and South Island, New Zealand populations 

from other populations of possums. Pracy (1974) notes that the former 

populations are of a common stock, both being derived from Tasmania. The 

origins of the North Island, New Zealand population are not clear but 

may include both Tasmanianand Victorian stock (Pracy 1974) . Given this 

situati6n it then remains to explain the apparent difference in growth 

pattern between Tasmanian and mainland Australian populations. 

Two major environmental factors differ between Tasmania and the 

mainland of Australia. They are (i) latitude with its associated 

climatic differences and (ii) insularity with the concommittent factors 

of competition, predation and feeding habits. 

Little data is available on which to base latitudinal comparisons 

of growth. Case (1978) presents a series of tropical-temperate comparisons 

of species within several mammalian families. There is, however, no 

evidence from this of any latitudinal trend in rates of maturing. 

Intraspecific studies on latitudinal differences in growth patterns 

are unknown. The phenomenon among horneotherrns, known as Bergmann's rule, 

or the ppsitive relationship between latitude and body size (Barnett 1977), 

suggests the possibility of a concurrent change in growth rates. Whether 

,', this consists of a change in the rate of maturing remains unknown. 
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several studies have revealed differences in the pattern of 

growth and maturing between island and mainland populations. The 

factors contributing to this effect evidently vary among species, as 

different responses to insularity have been noted. For example, among 

island populations of rodents growth and maturing ha~!been found to both 

increase in rate (Sullivan 1977) and decrease in rate (Fullager et al. 

1963) relative to that of mainland populations. Similarly, adult body 

size shows different responses to insularity among different species 

(Case 1978). This has, as a result, prompted a number of different 

explanations. Briefly, they may be summarised as involving predation, 

competition or food resources. 

of those ecological factors connected with the insularity of the 

Tasmanian population of T. vulpecula, competition is considered to be 

potentially the most important. Neither diet not predation are regarded 

as differing to any great exte'nt between Tasmania and the mainland. The 

absence of the closely related species, Trichosurus caninus, from Tasmania 

and its -. ..!ith T. vulpecula over much of south-easteru 

Australia is, therefore, of considerable interest in this regard. More-

over, How (1976) reports that development in T. caninus proceeds at a 

slower rate than in nearby populations of T. vulpecula despite the former 

having a greater adult body size. T. caninus is, therefore, similar in 

this regard to the Tasmanian population of T. vulpecula which would seem 

to have radiated, in the absence of T. caninus, into the niche of the 

latter, namely the wet forests from which it is dbsent on the mainland 

(Tyndale-Biscoe and Calaby 1975) . 

An association between the post-fire succession of habitat and 

growth patterns has been observed in several other studies of herbivore 

populations. This association is apparently divided into 3 phases. 

The firs,t shows a short-term slump in conditions for growth associated 

with the low biomass of plant material during the initial phases of 
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recovery after firing (Sullivan 1979) . In the second phase the 

growth of animals is enhanced. Thus, the growth of deer has been 

observed to be greater on range regenerating from fire (Einarsen 1946, 

Cowan et a1. 1950, Klein 1965). This enhanced growth was correlated 

with increased nutritive values of the vegetation. An increase in 

nutritive value of vegetation after fire is regarded as being generally 

true of most vegetation types (Ahlgren and Ahlgren 1960) . The third, 

and final phase exhibits a decline in growth as the climax vegetation 

type is approached (Cowan et a1. 1950). 

Of the many environmental factors impinging upon an animal 

population, those detennining both the quality and quantity of food 

intake, that is, nutritional factors, are generally regarded as being of 

primary importance in determining growth. Controlled feeding trials 

conducted on captive animals have demonstrated the relationship betl<een 

nutrition and growth r~te in a nwnber of species (Fowler 1968) including 

deer (Bandy et a1. 1970 and \'Iood et Ol1. 1962) and rabbits (Stodddrt and 

Hyers 1966). The latter study found quality of diet to be of particular 

importance with an excess of protein-rich food being necessary for optimum 

growth rates of the young. 

Nutritional effects have also been demonstrated in wild populations. 

These effects are often associated with a change in animal density. Thus, 

red deer respond to limitations in fordge quality induced by incre·)ses In 

population density through restrictions in gro,Nth rate dnd decreases in 

ultimate adult body size (Caughley 1970, Klein 1964, 1968). Similarly, 

Bamford (1972), Fraser (1979) and Boersma (1973) considel:ed nutritional 

differences to be the reason for variations in growth umonq po~;sum pop

ulations at different stages of an eruptive fluctuation in numbers, 

In this \'Iay, increasing densities of animals were regarded as having 

lead to a depletion of food resources which subsequently resulted in a 

decline in density, as well as a decline in growth rates. Conversely 



a lowering of density through such factors as hunting can produce 

higher growth rates (Rudge and Clark 1978). 

By contrast to the foregoing studies, the work of Klein and 

Strandgaard (1972) suggests that growth and body size of roe deer 

were directly related to population density. The latter acted through 

social pressures to affect energy expenditure and food intake. The 

nutritional qualities of the habitat affected growth insofar as it was 

a major determinant of population density. 

This difference in the relationship between nutrition, population 

densi·ty and growth was seen by Klein and Strandgaard (1972) as reflecting 

differences in social behaviour which allowed roe deer to self-regulate 

population through the mechanism of dispersal. This had the function of 

avoiding the depletion of food resources. This situation was similar 

to that reported in some rodent populations where density-dependent physio

logical stress results in a reduction in growth and adult body size 

(Christian 1963, Krebs et al. 1969). It is, moreover, entirely consistent 

with the· results of the present study as well as those of the previous 

studies on possums, reported by Bamford (1972), Boersma (1973) and Fraser 

(1979) • Further consideration of this subject will, however, be deferred 

until Chapter 6 when all population parameters will be considered together. 



5.2 Physical Condition 

5.2.1 Introduction 

It is a well established procedure to use the size of fat 

reserves as an indicator of an animal's well-being, its general 

plane of nutrition, and the favourability of its environment. 

Caughley (1970) and Bamford (1972) have also shown that fat reserves 

reflect a population's -rate of increase. Many different measures 

have been developed to estimate fatness in animals. A number of 

these measures have been described by Riney (1955), they included 

the depth of subcutaneous fat, marrow fat index, and kidney fat 

index. All were found to be of limited use in a live-trapping study. 

The value of body weight as an index of fat reserves was reviewed 

by Riney (1955). The use of body weight as an indicator of 'condition' 

or fatness is, however, limited by differences in body size. 

come this difficulty several methods have been proposed. 

5.2.2 Derivation of the Method 

To over-

Bamford and Martin (1968) found a relationship between total 

body fat, and body weight and length in the brush-tail possum. This 

was later refined to produce an index of fat reserves based upon body 

weight standardised for body length (Bamford 1970) which has since proven 

to be a useful technique for assessing the fat reserves or 'condition' 

of a population in the field situation (Bamford 1972, Boersma 1974, 

Clout 1977, Fraser 1979). 

In this method body weight is expressed as a percentage of a 

possum's standard weight. The standard weight being calculated by 

taking into account the length (L) of the animal in the equation 

W = 0.0125 L2 . 81 . This percentage was in turn related to fat reserves 

via a linear relationship of the form y = a+bx, where a and b were 



constants. The constants used in these two equations may not be 

applicable to all populations of possums. However, as noted by 

Bamford (1970), the general form of the relationships should not 

change, and provided this is so, then relative changes in fat reseryes 

can always be estimated. In this way weight related to a 'standard' 

weight for a given length provides an index of condition. 

The choice of an appropriate length parameter to which weight 

can be standardised is subject to several considerations. These in-
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clude the need for precision in its measurement, as well as the require

ment that the relationship between this parameter and body weight should 

hold at different ages and levels of condition. Most importantly it 

should not be subject to variation due to loss of body weight. 

A number of measures of length have previously been used in such 

studies. As noted previously Bamford (1970) and subsequent studies 

on possums have used total length from the tip of the snout to the tip 

of the tail. Bakker and Main (1980) developed an index of condition 

in small· macropod marsupials based on leg length. 

Both total length and pes length were taken in the present study. 

However, both were found to be difficult to measure precisely due to 

variations attributable to the degree of relaxation of the animal at 

the time of measurement. 

Two other measurements were available and considered to be potent-

ially useful: head length and head-body length. Head length had the 

advantage of not including joints, and was therefore not subject to 

error associated with the degree of relaxation of the animal. Con-

sequently it was not necessary to anaesthetise animals in order to 

make this measurement. 

A comparison was made between these two parameters as predictors 

of body weight. A sample of 100 paired observations of head length and 

head-body length versus body weight was available for this purpose. 



Following Bamford (1970) the relationship between weight and length 

was assumed to be of parabolic form and hence applying a logarithmic 

transformation to both weight and length allowed linear regression 

models to be used. 

A comparison of coefficients of determination (r 2 ) for each 

regression of length on weight showed that head length was a better 

predictor of body weight (r 2 = 0.820) than was head-body length 

(r 2 = 0.747) . Moreover a regression of head length upon head-body 

length indicated a strong linear relationship between the two para

meters (r = 0.938, P = 0.000), and this relationship did not vary 

among different study areas (F = 1.124, P = 0.22) . As a result valid 

comparisons could be readily made between results obtained using head 

length and those obtained by previous workers using head-body lellqth. 

Head length was, therefore, used in the present study as the bClsis for 

standardising body weight. 

5.2.3 Methods 
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Analysis of covariance (ANCOVA) was used in the present study I:u 

examine 'condition' as reflected by the body weight - head length ru]"Uon

ship. In this l1ay weights were standardised to a common value of 

head length using regression methods and the results of this wcore then 

analysed by analysis of variance. The null hypothesis tested was that 

the weights of animals with equal head lengths were the sam" r<>jardlF-ss 

of treatment (that is such variables as sex, season or h"bi tat) . It 

was assumed that the regression of weight on head length was the same; 

under different treatments. When this was not true the hypoth"sis 

was as much disproved as if the standardised mean weights Vlere different 

(Steel and Torrie 1960). 

Tnis ANCOVA was used to perform implicitly the type of analysis 

adapted by previous workers such as Bamford (1970) in which a recJression 



iine was fitted to the data, and the resulting relationship was 

then used to derive a standard weight against which the realised 

weight was compared to give an estimate of 'condition'. Estimates 

of 'condition' were not stated explicitly in the ANCOVA, they could 

however be derived subsequently using the formula for adjusting 

treatment means provided by Steel and Torrie (1960, p.315). 

Following Bamford's (1970) finding that animals between 1 and 
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2 years old contributed markedly to heterogeneity of fat reserves, only 

data from adult animals were used in the following analysis. Raw data 

on body weight and head length were logarithmically transformed, also 

following Bamford (1970). 

Analysis of covariance was performed on data subdivided according 

to sex, season, and habitat, and estimates of • condition I derived there-

from. 

Polynomial regression was used to fit curves to the seasonal 

indices of condition. Following the work of Anderson et al. (1974) 

on seaso'nal fluctuations in body parameters of deer these curves took 

the form of a third degree polynomial equation in which the condition 

index was subject to a logarithmic transformation. Anderson et al. 

(1974) obtained good descriptions of seasonal fluctuations in various 

body parameters using this model. Each mean condition index was 

weighted according to its sample size. 

No biological significance was implied by the form of the equation 

used in this regression. All that was required was that it should pro-

vide a reasonable fit to the data. This was in fact achieved with 

coefficients of determination (r 2 ) for all curves being consistently in 

excess of that required for a significant correlation at the 5% level. 

Thus, the resulting curves were intended only to give a general impression 

of the t,rends in seasonal variation in condition. 



5.2.4 Results 

Analysis of covariance was used first to examine seasonal 

variation in condition. Data from all study areas were pooled 

according to sex . This analysis confirmed that the condition of 

both males and females '-las highly dependent upon season (F = 71. 29, 

p = 0.000, for males and F = 30.66, P = 0.000 for females). Con-

sequently all subsequent analysis considered data separately for 

each two month period. 

Condition was next considered in relation to habitat. Data 

from the different study areas were grouped according to the time 

since the burning of the habitat. As was done previously data from 
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areas burnt upto 4 years prior to sampling were subdivided into separate 

year-classes. 

The results of the analysis of covariance for habitats were 

examined in two parts. First, the unadjusted means for both body 

weight and head length showed significant (P<O.Ol) differences among 

habitats. This was, of course, in accord with the previous results deal-

ing with weight and head length in adults. Second, body weight adjusted 

for variation in head length also showed significant variation among 

habitats. That is, variation in condition was associated with variation 

in 'habitat . 

The detailed results of the second part of the analysis of co-

variance are given in Table 5.11. Also included are the valu~s of the 

regression coefficients derived for the relationship between the logar

ithms of body weight and head length. 

It is evident from this table that the extent of habitat dependent 

variation in condition varied markedly according to season. Thus, there 

was little difference among habitats during the period from March to 

June which was in contrast to the situation at other times of the year. 

Males and females showed similar trends in this regard. 
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TABLE 5.11 Results of analysis of covariance among habitats. The 
residual variance represents that variance rema1n1ng 

after body weight was adjusted for head length using the 
regression coefficient. 

Residual Variance (Sum of Squares) 

Regression D.P's 
Among within 

F probability Season Sex 
Coefficient Habitats Habitats 

• 
M 2.302 7,123 0.101 0.787 2.258 0.035 

Jan/Feb. • 
F 2.444 6,93 0.085 0.546 2.413 0. 0 33 

M 2.231 8,166 0.075 0.846 1. 839 0.075 

Mar/Apr. 
F 2.340 8,142 0.056 0.692 1.436 0.186 

M 2.248 7,138 0.057 0.877 1. 281 0.264 
May/June 

F 2.264 6,130 0.047 0.539 1.889 0.087 

M 2.422 8,118 0.108 0.682 2.332 0. 0 23 * 
July/Aug. 

F 1.923 8,101 0.145 0.408 4.487 0.0001* 

• M 2.639 6,86 0.204 0.554 5.275 0.0001 
Sept/Oct. • F 2.100 7,67 0.095 0.287 3.168 0.006 

M 2.839 8,120 0.138 0.872 2.381 0.020* 
Nov/Dec. • 

F 2.731 7,64 0 . 067 0.263 2.329 0.035 

• significant at the 5% level. 

A second analysis of covariance was performed on data which 

eXGluded the 0 to 4 year habitats. This had the effect of reducing 

the variance of adjusted weights (residual mean squares) among habitats 

by between 40 and 70%, thereby reducing variation in condition among 

habitats to statistically non-significant levels. Thus, habitat related 

effects on condition were largely attributable to variations in condition 

during the first 4 years after the firing of habitat. It was 0 f par-

ticular note that this occurred despite there being significant differ-

ences among habitats with regard to body weights . 

There was, however, one noteworthy exception to this trend. During 

the period March/April variance was in fact increased by the exclusion of 



the 0 to 4 year old habitats l'lith the result that among habitat 

variation at this time was increased to significant levels (males: 

F = 2.53, P = 0.04; females: F = 2.49, P = 0.04). 

Figures 5.9a to e shows for each sex and habitat plots of the 

seasonal cycle of variation in the condition index. The curves were 

fitted by the procedure of polynomial regression and were intended only 

to show trends. They were not intended to have any predictive function. 

Seasonal variation in condition was pronounced and followed a 

yearly cycle in which a maximum was attained just prior to the onset of 

the April to May breeding period and a minimum during early spring; 

September to October. This pattern closely paralleled that previously 

described in body weight. 

Males and females displayed essentially this same yearly cycle of 

condition (Figure 5.9a). There were, however, two noteworthy differ-

ences. First, males displayed a greater degree of seasonal variation 

than females. Thus, yearly variation in males was approximately 17% 

compared with 7% in females. Second, there was a slight difference in 

phase between the two 'cycles with males showing slightly earlier minima 

and maxima than females. 

The pattern of variation in condition indices among habitats is 

depicted in Figures 5.9b to e. This pattern was similar in males and 

females. Briefly, it consisted of increasing levels of condition during 

the first 3 years after the fire, followed by a marked decline in condition 

in 4 to 6 year old habitat. This lower level of condition was maintained 

through ~ll of the older habitats. 

Condition indices of populations in recently burnt habitat (0 to 1 

years) were characterised by their great seasonal variability. This was 

due to a pronounced slump in condition during the period from September 

to December after a fire in March. This slump persisted into the first 

half of the second year after the fire, but by July/August of that year 
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condition was relatively high - a trend that continued to the end 

of the third year after the fire. Condition appeared to decline 

after the third year. 

The condition indices of animals in 4 to 6 year old habitat 

was consistently lower than that of animals in 3 year old habitat. 

Beyond 4 to 6 year old habitat trends were only apparent during the 

March/April period when condition tended to decline with increasing 

age of habi tat. At other times of the year there were, as previously 

described, no significant differences among these habitats. 

5.2.5 Discussion 

The condition index used in the present study relates body weight 

to a standard that is based upon a linear measure of body size. In this 

way it gives a measure of the slenderness or corpulence of an animal. 

This allows comparisons to be made among the weights of animals at differ-

ent times of the year and subject to differing environments. In these 

comparisons the condition index is viewed as a variable that reflects 

such factors as sex, age, reproductive status, and nutritional status. 

The validity of this index of condition depends upon its correlation 

with an independent measure of condition such as body composition. 

Bakker and Main (1980) found that percentage fat and energy in the 

quokka (Setonix brachyurusl were both positively correlated with a con-

dition index. More relevant for the present study was Bamford's (1970) 

finding that the fat reserves in the brush-tail possum were positively 

correlat~d with body weight standardised for body length, that is 

'condition' . He concluded on this basis that standardised weight is 

a useful field technique for the estimation of fat reserves. 

Dehydration has been suggested by Bakker and Main (1980) as a source 

of consi'derable error in relating a condition index to fat reserves. 

Thus, short-term dehydration would cause a loss of weight by not necessarily 

a loss in condition . It is, however, considered unlikely that in the 
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present study this factor Hould be of any significance given the 

high and uniform seasonal distribution of rainfall in the study region. 

Three sources of variation in condition were identified in the 

present study. They were: seasons, sexes, and habitats. 

Seasonal fluctuations in condition have been reported for a number 

of species in temperate zone mammal. These include rabbits, Oryctolagus 

cunniculus (Martin 1977), red deer, CerVU5 claphus (Riney 1955, Caughley 

1971) and Himalayan thar, Hemitragu5 jamlahicus (Caughley 1970b). of 

particular note is Bamford's (1970) finding of seasonal variaLion in 

fat reserves in the brush-tail possum. These fluctuations typicolly 

take the form of a winter-spring decline in condition with a peak during 

summer-autumn, a pattern that corresponds with that observed in the 

present study. 

Seasonal trends in condition, when related to the period of breed

ing, tend to suggest that fat reserves are affected by hormonal rather 

than environmental influences. Deviations from the 'standard' yearly 

pattern of fluctuations by different species probably reflect their 

differing physiological requirements. Among these ungulate species, 

the thar, and the red deer, cited above it is found that the November

December minimum in fat reserves among females corresponds to the period 

of births. Energy demands at this time are expected to be high due to 

the energy requirements of the latter stages of gestation and lactation. 

Similarly the october slump in the fat reserves of female rabbits noted 

by Martin (1977) are associated with a spring period of gestation and 

birth (Stoddart and Myers 1966). On this basis it would seem that the 

late spring minimum in fat reserves of female possums found by Bamford 

(1970), and the corresponding results of the present study, are closely 

related to the high energy demands of late pouch-life. 

Condition indices for male possums show a similar trend but differ 

in showing a more abrupt decline during the immediate post-breeding period. 
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present study this factor would be of any significance given the 

high and uniform seasonal distribution of rainfall in the study region. 

Three sources of variation in condition were identified in the 

present study. They were: seasons, sexes, and habitats. 

Seasonal fluctuations in condition have been repor,ted for a number 

of species in temperate zone mammal. These include rabbits, Oryctolagus 

cunniculus (Martin 1977), red deer, Cervus elaphus (Riney 1955, Caughley 

1971) and Himalayan thar, Hemitragus jamlahicus (Caughley 1970b). Of 

particular note is Bamford's (1970) finding of seasonal variation in 

fat reserves in the brush-tail possum. These fluctuations typically 

take the form of a winter-spring decline in condition with a peak during 

summer-autumn, a pattern that corresponds with that observed in the 

present study. 

Seasonal trends in condition, when related to the period of breed-

ing, tend to suggest that fat reserves are affected by hormonal rather 

than environmental influences. Deviations from the • standard' yearly 

pattern of fluctuations by different species probably reflect their 

differing physiological requirements. Among these ungulate species, 

the thar, and the red deer, cited above it is found that the November-

December minimum in fat reserves among females corresponds to the period 

of births. Energy demands at this time are expected to be high due to 

, 
the energy requirements of the latter stages of gestation and lactation. 

Similarly the October slump in the fat reserves of female rabbits noted 

by Martin (1977) are associated with a spring period of gestation and 

birth (Stoddart and Myers 1966). On this basis it would seem that the 

late spring minimum in fat reserves of female possums found by Bamford 

(1970), and the corresponding results of the present study, are closely 

related to the high energy demands of late pouch-life. 

Co.ndition indices for male possums show a similar trend but differ 

in showing a more abrupt decline during the immediate post-breeding period. 



252 

As n~ted by Bamford (1970) this is consistent with males being more 

qctive than females during the breeding season. Other workers have 

found similar sex-related differences in other mammals (Flux 1967, 

in hares; Mitchell et al. 1976 in red deer). 

The latter, sex-related differences provide evidence for a 

hormonal influence on the yearly pattern of fluctuations in condition. 

Further support for this conclusion comes from work in which supplemental 

feeding during the normal period of weight loss failed to prevent its 

occurrence. Thus, both stebbins (1978) and Lord and Casteel (1960) 

failed to alter by ad libitum feeding the seasonal weight cycle in 

Perpmyscus maniculatus and cottontail rabbits, respectively. 

This supports the conclusions of Fleharty et al. (1973) who 

postulated that some mrunmals may have an endogenous cycle of lipid 

accumulation and use that reflects the zoogeographic history of the 

species and, as a result, be at times at variance with present-day 

conditions. A mechanism for such control is provided by petterborq 

(1978) who found that body weight in voles (Microtus montanus) was 

affected by photoperiod through its effect on thyroid dctivity. 

Despite the constraints imposed by endogenous factors, environ-

mental effects have been found to influence condition indices to an 

extent that allows their use in comparing populations. For this reason 

the estimation of fat .reserves through use of an index of condition has 

been widely adopted as an indicator of the favourability of an dnimal's 

environment (Riney 1955) . More recently CaughlGy (1970a and b) has 

found th,at fat reserves are related to the rate of increase in density 

of thar populations. Thus, fat indices were highest at the stage of 

increasing numbers, lower when numbers stabilise, lower still when the 

population begin to decline, followed by a rebound of fat reserves when 

the decline is checked. This cycle in population density was paralleled 

by a cycle in winter food supply and hence environmental favourability. 
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Similar conclusions were reached by Lambert and Bathgate (1977) 

in a study of chamois, Rupicapra rupicapra, and, of particular note 

for the present study, by Bamford (1972), Boersma (1974), Clout (1977) 

and Fraser (1979) in their studies of brush-tail possums. Moreover, 

Bamford and Martin (1971) showed that the effectiveness of poisoning 

operations aimed at reducing the density of possum populations was 

correlated with fat reserves. 

Analysis of condition indices in populations from the different 

habitats of the present study indicates substantial differences between 

populations. However, most of these differences are attributable to 

variation in condition during the early post-fire period aft~ r which 

condition indices are essentially constant over the remaining 60+ years 

of habitat development . 

These results, therefore, suggest that the favourability of tbe 

environment also fluctuates markedly during the early post-fire pC!riod. 

Thus, the slump in condition indices in the later part of the first year 

indicates a corresponding decline in the favourability of the envirol~ent. 

In similar fashion the substantial rise in condition indic(:s during years 

2 to 3 and the subsequent decline to years 4 to 6 indicut.es a r.;orr-8sponding 

trend in the environment. This trend is consistent with those observed 

in breeding biology (Chapter 3), population dynamics (Chapter 4) und 

growth (Chapter 5). 

By contrast, the absence of any marked changes in condition among 

older habitats is not taken to indicate an absence of change in environ-

mental favourability. To do so would be to ignore the conclusions derived 

from other population parameters, most notably those based on breeding 

parameters and growth rates. This apparent contradiction may be, ill 

part, explained by differences in reproductive effort observed among 

populations from different habitats (Chapter 3) . In this way the 

smaller amount of energy expended on breeding by animals from the oldest 
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habi~ats would tend to compensate for lower favourability of the environ-

ment. Such a compensatory mechanism would, therefore, reduce the amount 

of variation in fat reserves among habitats. It is significant in this 

regard that significant differences in condition among older habita,ts 

were only found during the immediate pre-breeding period (March-April) 

That is, at that time of year When the effects of breeding on condition 

are expected to be least. 
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CHAP'l'ER SH~ 

GENERnL DISCUSSION -

THE RELATIONSHIP BE'rl'1EEN FIRE l\ND POPULl\'rION DYNAHICS OF 

T. VULPECUL/1 

6.0 Introduction 

Substantial differences have been found in the characteristics 

of T. vulpecula populations occupying forests at different stages in 

the sequence of post-fire succession. This chapter will examine 

the relationships among these characteristics, as well as the:; relation-

ship bebleen them and the nilture of their habitat. 

6.1 Differences Among Populations of T. vulpecula. 
From Different Habitats 

Differences among populations from different habitats are expressed 

in a number of aspects of their biology. These include breedJ.ng, pop-

ulation dynamics and growth in body size. The following provides a 

brief summary of the variation observed among populations. Figure 6.1 

gives a schematic representation of this variation related to the time 

since the burning of the forest habitut. 

(a). Fecundity varies markedly with the age of the hil_bitdt. This 

variation resul t5i from di fferences among populations wi til rcqJ.rd La the 

following parameters: 

(i) The age at reproductive maturity. This varies between 

habitats being youngest is the more recently burnt habitats and older 

as the age of the habitat increases. Thus, age at maturity is lowest 

at 2 to 3 years after burning. Examination of growth in body weight 

indicate"s that age at maturity is related to growth rate with sexual 

maturity being delayed until a minimum body weight is attained . 
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(ii) The incidence of breeding in mature females. This 

parameter shows some variation being at a maximum (100%) in habitats 

between 2 and 4 years old. The incidence of breeding is low both 

immediately following the fire (80%) and in habitat older than 8-16 

years (78-88%). The effect of this variation on the dynamics of 

the population is reinforced by the following: 

(iii) Survival of pouch young . This is low during the first 

year after a fire, increases to high levels during the following 2 to 

3 years, then subsequently declines as the habitat ages. 

(iv) The incidence of breeding during a second, spring breeding 

period. This is of only minor demographic significance in the present 

study. It is, however, noteworthy thut spring breeding was recorded 

in 4-6 year old habitat. 

Although of no significance with respect to population dynillnics, 

the timing of the main, autumn breeding period varies among habitats. 

Thus, births occur up to 3 weeks earlier in younger habi ta-ts than was 

the case in habitats older than 8-16 years. 

The combined effect of parameters (i) to (iv) is that fecundity 

of a population increases rapidly following fire. This follows a short-

te~ slump immediately after the fire and is followed by a long-term 

decline in fecundity with an increase in habitat age. Maximum fecundity 

is attained at between 2 and 4 years after the fire. 

(b) Survival varies considerably among populations from hubitats of 

different age. Variation in survival differs, however, depending upon 

both the age and the sex of the animals being considered. The greatest 

difference in the pattern of survival occurs between juveniles and 

adul ts .. 



, , 

; 

. ~ 

, . 
;:: , 
:~ 
'/ 

r , 

257 

(i) Juvenile survival is at a maximum between 1 and 4 years 

after the fire. Survival among juveniles subsequently declines and 

remains at this lower level as the habitat matures. This variation 

in survival among habitats is most evident in males. Moreover, this 

effect is enhanced by a differential rate of migration favouring males. 

Accordingly an excess of males move into the more recently burnt 

habitats. 

(ii) Adult survival shows, by contrast, no variation among 

habitats. 

Survival is, therefore, greatest during the earliest phases of 

the post-fire succession, and declines approximately 4 years after the 

fire. 

(e) Birth and Death Rates. These statistics combine the information 

available on both fecundity and survival. They are useful, therefore, 

in comparing populations where the sex and age compositions vary. 

Both birth and death rates vary among habitats of different age, however 

the extent of this difference varies considerably. Thus, whilst birth 

rates are only slightly higher in younger habitats, the death rates are 

substantially reduced. In other words, survival, particularly among 

juveniles, is the major factor in determining any difference in trend 

between populations occupying different habitats. 

(d) Growth in Body Size. Substantial differences exist in the pattern 

of growth of animals occurring in habitats of different age. These 

differences are expressed both in terms of growth rates and adult body 

size . 

Relative growth rates are highest during the early post-fire period. 

This is true during all phases of growth, including pouch, juvenile, 

and adult life. Growth rates increase through the period up to 4 years 
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after the fire. Following this there is a gradual decline in 

growth rates through to the oldest habitats. As previously noted 

this increase in growth rates in younger habitats evidently results 

in a decrease in the age at which reproductive maturity is achieved. 

It is, therefore, of significance in the dynamics of the population. 

Adult body size also varies among habitats. It increases 

steadily over the first 4-6 years after the fire then later declines 

as the habitat becomes older. This variation is, moreover, most pro-

nounced among males with the result that the sexual dimorphism in body 

size is greatest in younger habitats. 

(e) Condition Index. This statistic is derived from the body weight-

length relationship in an attempt to obtain an indication of the fat 

reserves of animals within different populations. with the exception 

of the early post-fire period, condition indices are essentially con-

stant. Following fire there is a marked slump in condition during 

the later part of year 1, this is followed by a substantial recovery 

in condition so as to reach a maximum 2-3 years after the fire with a 

decline to 'stable' condition at 4-6 years after the fire. This cycle 

of change in condition is taken to parallel a cycle of change in the 

favourability of the environment. 

(f) Population Density. This statistic varies substantially among 

populations from habitats of different age. The pattern of variation 

suggests a cycle of changing density in which there is a rapid increas8 

to a maximum density at 4-6 years after fire followed by a decline to 

an essentially stable level at around 8-16 years after the fire. There 

is some evidence to suggest that density continues to decline at a low 

rate beyond this time. 

, 
r Changes in population density are a product of those population 



259 

characteristics described above. That is, they are a product of 

the fecundity-survival regime of the population. 

Reference to Figure 6.1 reveals that all population parameters 

with the exception of adult survival are correlated with one another. 

Consequently, all tend to reinforce one another in the effect that they 

have on the numerical trend of the population. Thus, all parameters 

indicate a high fecundity coupled with a high survival rate during 

that period when density is increasing. The converse applies during 

the phase of declining density. In addition fat reserves, as indicated 

by the condition index, show a trend parallel to that in density. Fat 

reserves are high during the phase of increasing density and decnease 

during the phase of declining density. These correlations among pop-

ulation parameters suggest a response to a common factor. The most 

likely factor in this instance is the quality of the habitat . 

Other studies of T. vulpecula reveal similar associations between 

population parameters. For instance Brockie et al. (1979) found correl-

at ions among a series of measures of reproductive performance derived 

from a number of geographically distinct populations. OtlJC!r st.udies 

(Bamford 1972, Boersma 1974, Clout 1977, Fraser 1979) have found similar 

correlations between breeding performance and survivorship in possum 

populations. Variation in these parameters was, moreov0r, a~sociated 

with differences in the nature of the habitat. 

It is, therefore, necessary in the present study to consider the 

effect of fire upon the nature of the habitat of T. vulpecula. 



6.2 The Effect of Fire on the Habitat of T. vulpecula 

The effects of fire on vegetation are seen at two levels. 

One involves long-term changes associated with the frequency of 

fire. Thus, the occurrence of rainforest within the region of the' 

present study requires that fires occur no more frequently than one 

every 100 years (Jackson 1968). Conversely , the maintenance of 

Eucalyptus spp. as part of the vegetation requires fires occur no less 
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frequently than one every 300 years (Jackson, loco cit.). The effects 

of fire are also expressed in changes of a relatively short-term nature, 

that is those associated with the post-fire succession of the vegetation. 

It is these changes that are of particular interest in the context of 

the present study. 

The changes in vegetation occurring after a fire involve changes 

in the following: structure, productivity, botanical composition, clnd 

chemical composition. 

(i) Structure 

The most obvious consequence of burning is an immediate and 

marked loss of plant cover. There follows a period of regeneration 

and recovery when the cover, height, and density of the vegetation 

gr~dually increase. Such changes can drastically affect the micro

environment, depe,nding on the complexity of the structure of the 

original vegetation. New gradients in illumination, temperature, 

humidity and air movement are created instantly by fire, and these 

are furtfier modified as plants gradually grow . 

Changes in vegetation structure also result in changes in the 

quantity of food available to herbivorous species. E'or those! s[Jeci(,s 

that graze on grasses and forbs food availability is reHected in lhe 

cover of this component of the vegetation. In other 
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frequently than one every 300 years (Jackson, loco cit.). The effects 

of fire are also expressed in changes of a relatively short-term nature, 

that is those associated with the post-fire succession of the vegetation. 

It is these changes that are of particular interest in the context of 

the present study. 

The changes in vegetation occurring after a fire involve changes 

in the following: structure, productivity, botanical composition, and 

chemical composition. 

(i) Structure 

The most obvious consequence of burning is an immediate and 

marked loss of plant cover. There follows a period of regeneration 

and recovery when the cover, height, and density of the vegetation 

gr~dually increase. Such changes can drastically affect the micro

environment, dep~nding on the complexity of the structure of the 

original vegetation. New gradients in illumination, temperature, 

humidity and air movement are created instantly by fire, and these 

are furtfier modified as plants gradually grow. 

Changes in vegetation structure also result in changes in the 

quantity of food available to herbivorous species. For those ~pecies 

that graze on grasses and forbs food availability is reflectecl ill lhe 

cover of this component of the vegetation. In other 
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species, however, this relationship is more complex and it is nec

essary to consider the vertical distribution of the vegetation. Thus, 

in deer, changes in food availability are apparently produced by changes 

in the accessibility of browse with growth in height of the vegetation 

making some browse species beyond reach (Bendel 1 1974). This situation 

is intensified where growth of an over storey suppresses the growth of 

shrubs and/or herbs through shading effects. 

The structure of the vegetation also determines its role in 

providing cover for a species of animal. Cover influences animals 

in a number of ways. First, it may act as an obstruction to lhe move-

ment of animals. Fire may, therefore, act to remove this obstacle. 

On the other hand logged and burnt forest can consist of a jumble of 

fallen trunks that severely limits its penetration by larger game species 

such as caribou (Bendel 1 1974). Second, the pattern of cover may greatly 

influence the relationship between predators and prey with the open 

conditions immediately after a fire being expected to favour the hunt-

ing activities of avian predators. Finally, cover provides an animal 

with nest or den sites. These may become limiting in younger forests 

for those species of bird and mammal that nest in the holes commonly 

found in old trees (Gysel 1961) . Fire may also consume many of those 

logs in which ground-dwelling species shelter. Replacement of logs and 

trees with hollows occurs during the later stages of forest succession; 

in the case of Australian eucalypt forests this does not begin until 

they are 50-100 years old (Disney and Stokes 1976). 

The forests of the present study undergo marked changes in structure 

following fire. An intense fire has the effect of killing much of the 

vegetation, with only the underground parts of some herbaceous species 

surviving. Regeneration of the habitat, therefore, proceeds from the 

ground up and involves both the germination of seeds and spores as well 

as the sprouting of rhizomes. The early stages of this process are 
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desc~ibed by Cremer and Mount (1965) based on observations made in 

the Florentine Valley. Cremer and Mount recognised 3 phases of suc-

cession, each being dominated by a different group of plants. The 

first phase is characterised by a predominance of bryophytes. Mosses, 

and liverworts covered about 90% of the ground by 2 years after the 

fire; however, by 5 years most had disappeared. The second phase is 

dominated by herbaceous vascular plants such as the fire-weeds: Senecio 

spp., and ferns. This> phase ends at between 2 and 10 years after the 

fire with the commencement of the third phase; that dominated by woody 

plants. 

The later stages of post-fire succession are primarily concerned 

with changes in the tree and shrub components of the vegetation (Gilbert 

1959) . There is an increase in the overall height of the vegetation, 

coupled with an increase in its vertical stratification. The latter 

consists of the development of an understorey below the Eucalyptus 

overstorey. 

Ashton (1976) provides information on the development of the 

eucalypt overstorey in a comparable forest type in Victoria. Height 

growth in the overstorey is very rapid during the first 40 years, whilst 

most of the potential height is gained by an age of 100 years. At the 

same time, stem density declines rapidly due to the effects of intense 

competition. By the end of this period, crown cover is at a maximum 

and light penetration at a minimum, understorey development is therefore 

low. Subsequent development involves a decline in overstorey crown 

cover, an increase in light penetration and presumably an increase in 

understorey development. 

Large logs and dead standing timber containing hollows apparently 

suitable for den sites are abundant in the most recently burnt areas 

and represent the remains of the previous forest. Clear-felling act-

~ ivities tend to result in large quantities of logs but few standing trees. 
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Similarly, the number of these standing dead trees tend to decrease 

with time. However, once fallen these logs appear to decompose only 

very slowly and they are still much in evidence in 80 year old regrowth. 

(ii) Productivity 

Burning is generally considered to boost primary production 

(Ahlgren and Ahlgren 1960) . This is thought to result for two reasons. 

One, because soil conditions for plant growth are improved following 

fire through either increases in the available phospholDus, nitrogen, 

potassium, calcium and magnesium (Raison 1979), or alternatively a 

reduction in antagonistic soil microbes (Pryor 1963) . TWo, because 

of a major shift in energy flows following fire. Succession is expect-

ed to result in an increase in community respiration due to an increase 

in biomass with the result that net production is less in the later 

stages of succession (Odum 1971) . Thus, fire produces an increase 

in production by recommencing the cycle of succession. This response 

to burning is not immediate. The marked loss of plant cover during 

the fire entails a period of reduced primary production. 

of this period varies with the speed of regeneration. 

The duration 

The logging and burning of forest has previously been observed 

to jncrease plant production. For example, Gates (1968, cited in 

Bendell 1974) foupd that the annual production of deer food was doubled 

when mature forest was burnt. This effect lasted for at least 14 years 

after the fire and was associated with locally high concentrations of 

deer. 

A similar response to burning is believed to apply in eucalypt 

forests (Cremer and Mount 1965, see also Raison 1979 for a review of 

previous work) . This is apparently due to both increased soil nutrient 

availability and a reduction in soil microbe levels. The main stimulating 



effect of this on plant groNth lasts for only 1-2 years (Cremer and 

Hount 1965), although I-tount (1969) subsequently suggested that plant 

grOl,th may be enhanced for up to 20 years_ 

A period of reduced productivity is expected immediately follow-
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ing the fire when plant cover is 10\'/_ Cover is regained rapidly, how-

ever, and productivity is considered to be high after 1-2 years. 

(iii) Botanical Composit;on 

Post-fire succession typically involves changes in the botanical 

composition of the vegetation (Ahlgren and Ahlgren 1960) . This is due 

to the fact that succession produces changes in the prevailing conditions 

for establishment and growth of plants. For example, the conditions 

of high light intensity required by some species and available inuHediately 

after the fire are not found in later stages of succession, thereby pre-

eluding the establishment of these species. Such species include 

Eucalyptus spp. (Gilbert 1959) and many of the coniferous sp"cies of 

North America and Europe. By contrast, other species require the 

conditions provided in the later stages of succession. 

Some species of animal do appear to specialise on a particular 

species of food plant with the result that changes in the abundance of 

the plant produce changes in the depend8nt animal. Relationships of 

this type have been recorded beh/een a number of NorLh American squirrel 

species and their conifer food sources (e.g. Ratc}iff et ai. 1975). 

Generally the relationship between anima~ and food species is 

less restricted. The association is usually w1th some broad group 

of plants such as grasses, herbs or shrubs. Nevertheless, these 

broader groupings also change in their abundance as succession proceeds 

(refer to the previous description of structural changes with succession) 

and produce changes in animal abundance. 



A number of vertebrate herbivores are known to prefer those 

species of plant occupying the early stages of succession. Fox 

(1978, pp.367-370) in a detailed review of browse preferences in 

the boreal forest succession found that a number of species including 

snow-shoe hares, deer, moose and ruffled grouse, selectively browse 

upon early successional plant species. Similar results are reported 

for other species of ungulate (Klein 1970). 
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There is considerable evidence to suggest that those plant species 

selected by these herbivores are those which maximise their nutrient 

intake. Thus, protein levels have been found to be highest in those 

plant species selected by deer (Cowan et al. 1950) and hares (Lindlof 

et al. 1974). Other correlates of palatability in deer include cellulose 

fermentability (Longhurst et al. 1968, Radwan and Crouch 1974). Further-

more, Cates and Orians (1975) provide evidence that early successional 

plants are more palatable to herbivores because of their lower levels 

of plant secondary compounds. These compounds function to reduce pal at-

ability either by acting as toxins or by reducing the efficiency of 

digestion. The effect of this difference would reinforce that due to 

nutritional differences. 

Changes in botanical composition occurring during the post-fire 

succession of the forests of the present study involve (a) a rapid in

crease in species diversity during the first few months after the fire, 

and (b) a slow, but steady loss of species throughout the life of the 

forest (Gilbert 1959, Cremer and Mount 1965, Cunningham and Cremer 1965). 

Thus, most plant species represented in this forest type become estab

lished during the early post-fire period when light intensities are high. 

Shading effects during later succession limit the establishment of the 

light-demanding species. The subsequent development of the vegetation 

is determined largely by the relative competitive ability, height growth, 

and longevity of the available species. 
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Herbaceous species including bryophytes, ferns, and fire~/eeds 

of the genus Senecio are able to colonise the burnt site most rapidly 

and hence dominate the vegetation for bet\'leen 2 and 10 years after the 

fire (Cremer and 1·lount 1965). 

~Iost \~oody species also establish soon after the fire '"ith only 

Atherosperma moschata, a component of the rainforest element, seeming 
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to require shade in order to establish (Cremer and !·Iount 1965). These 

species do not begin to dominate the site 'until at least 2-3 years after 

the fire when their shading effect leads to a suppression of the herb

aceous vegetation a 

A similar pattern of succession fo11m;s among the "Ioody species. 

The faster growing species such as Eucalyptus spp., Acacia dealbata, 

Pomaderris apetala and Phebalium squameum are both shorter lived and do 

not regenerate under the conditions prevailing in an undisturbed forest 

(Gilbert 1959). As a result they are progressively replaced by the 

longer-lived, although slower growing, rainforest species including 

Nothofagus cunninghamii and A. moschata. This process is usually 

complete should the forest remain un burnt for over 300 years, that is, 

the life span of Eucalyptus spp. 

In view of the previously noted association between t.he nutritiunal 

value of a plant species and its successional status, it is likely that 

the changes in sp~cies composition observed in these forests are assoc-

iated with changes in nutritional value. Information on the comparative 

nutritional values of those species represented in the present study is 

not available. However, it is known that the dominant species of the 

middle stages of the succession, the species of Eucalyptus, have very 

low nitrogen contents relative to those of other groups of plants (Fox 

and MacAuley 1977). The effect of this on an herbivore species is 

expected to be made worse by the presence of tannins (Penfold and Willis 

1961) which function to form indigestible complexes with proteins. 



Other evidence from dietary studies indicates that herbaceous 

plants are represented in the diet of T. vulpecula inhabiting euc

alypt forest to a degree disproportionately high relative to their 

availability (Freeland and winter 1975) . More recently Fletcher 

(pers. comm.) found a similar trend among both possums and wallabies 

(Thylogale billardieri) feeding in a recently regenerated forest in 

northern Tasmania. Herbaceous species tend to predominate in the 

267 

early stages of post-fire succession. Observations made in the present 

study on 2-5 year old regrowth suggest that among the woody species 

those characteristic of younger forest stands such as Phebalium, Pruna

derris, Acacia dealbata and Eucalyptus spp. were subject to higher levels 

of browsing than those species characteristic of the later stages of 

succession, for example Nothofagus, Atherosperma and Eucryphia. 

Cremer (1969) also records high levels of browsing upon Pomaderris, 

Acacia dealbata and Phebalium in the Florentine Valley. Based upon the 

previously noted tendency for herbivores to selectively feed upon the 

more nutritious plants it would seem that in general the early success

ional species are of higher nutritional value. 

(iv) Chemical Composition 

In addition to changes in nutrient content associated with changes 

in the species of plant represented in the vegetation, burning also 

affects the nutrient content of individual species. This is taken to 

reflect changes in nutrient availability within the soil (Ahlgren and 

Ahlgren 1960) and is widely seen as influencing populations of herbivores 

(Cowen et al. 1950, Moss 1969, Klein 1970). 

The importance of soil nutrient levels in determining the nutrient 

content of plants has been demonstrated in a number of experiments in

volving the application of fertiliser to vegetation (Miller 1968, Oh 

et al. 1970, Anderson et al. 1974). In these studies the application 



of nitrogenous fertiliser was found to produce an increase in crude 

protein levels in the vegetation. 

to last for 2 seasons. 

Oh et ai. (1970) found this effect 

The effect of fire on soil fertility has been subject to consid-

erable research. A recent review of this work is contained in Raison 
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(1979) . Raison (1980) places particular emphasis on Australian native 

forests. In the short-term, fire increases the availability of nutrients 

in forest habitat including Australian eucalypt forest. This is achieved 

through a mobilisation of nutrients by the incineration of organic mat

erial leading to a deposition of ash and by a heating of soil. Balanced 

against this improvement in availability there is some loss of nutrients 

into the atmosphere as well as an increased potential for nutrient loss 

from the site by le~ng and run-off. Nevertheless, in anyone fire, 

nutrient loss is usually small when compared with the total reserve of 

nutrients in the soil and biomass. The fertility of the soil is, there

fore, expected to increase, thereby producing an increase in the nutrient 

content of the vegetation. 

By contrast, the effects of repeated burning of vegetation may 

lead to an overall decline in soil fertility. This is particularly so 

in some Australian ecosystems where soils have low nutrient reserves 

(Ra~son 1980) . Nitrogen and phosphorous, in particular, may be depleted 

since both are in,low availability in the soil, and both are lost in 

smoke during burning. 

The length of time that improved soil nutrient conditions prevail 

is generally brief (Raison 1979) . Plant growth coupled with leaching 

act to lower available nutrient levels to pre-fire levels generdlly within 

one year. Particularly intense fires may lengthen this period to as 

long as 20-30 years (Hatch 1960 cited in Raison loco cit,). 

Increased nutrient levels are recorded in food plants following 
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fire. However, the magnitude of this response is apparently variable. 

For instance, Brown (1961, cited in Bendell 1974) found little differ

ence in protein in deer browse from four stages of forest regrowth 

ranging from recently burnt forest to dense second growth. By com-

parison Cowan et al. (1950) and Einarsen (1946) found a sharp increase 

following fire in the protein content of browse. Protein levels de-

clined as succession advanced. variation in the effect of burning has 

been attributed to a number of factors including the intensity of the 

fire, the nature of the fuel and the season of the fire (Miller and Miles 

1970) 

The duration of this response to burning ranges from only 1 year 

to 10 years or more. Taber and Dasmann (1958) found that nutrient levels 

had returned to the unburned levels within 2 years of a fire in chaparral 

shrubland. Similarly, Miller and watson (1974) found that the effects 

of firing heathland in the Scottish highlands was lost after 4 years. 

The effect of firing appears to persist longer in forest communities 

(Cowan et al. 1950, Einarsen 1946, Gates 1968, cited in Bendell 1974) 

with raised nutrient levels being observed for between 8 and 14 years 

or more after the fire. If these results are representative, the 

quality of plants increases immediately after burning but rapidly de

clines to pre-burning levels and stays relatively stable for an extended 

period. In this, way, any nutritional effects of fire on animal populat-

ions should be evident in the first few ye'ars following burning. 

Increases in the nutrient content of plants is expected to occur 

after fire in the present study. Several observations support this 

conclusion, namely: 

(1) Soil nutrient availability is known to be greatly enhanced 

by the burning of eucalypt forest (Raison 1980). Given the association 

between nutrient availability and plant nutrient content, this implies 

an increase in food quality. 
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(2) Plant growth rates are considered to be enhanced by fire 

(Cremer and Mount 1965). Klein (1965) found browse undergoing the 

most rapid growth to have the highest nutrient content. 

(3) Attiwill (1980) found that the concentrations of phosphorous, 

potassium and calcium in the leaves of E. obliqua decreased as tree 

diameter, and hence tree age, increased. 

The duration of this effect is likely to be brief. Based on the 

results of previous studies in burnt forest, a period of 8-14 years 

may be expected. This may be an underestimate, however, in that Mount 

(1969) suggests that plant growth in burnt eucalypt forest is stimulated 

for up to 20 years. 

In summary, the burning of the forest habitat of T. vulpecula 

initiates a series of changes in the structure and composition of the 

vegetation. Burning immediately changes the physical structure of the 

habitat by removing virtually all living plant cover. Habitat structure 

then undergoes further, more gradual, changes as plants recolonise after 

fire. At the same .time, the quality of the vegetation changes both in 

terms of its floristic composition and its nutrient content. The latter 

is increased following fire but subsequently declines as a result of 

changes in floristic composition as well as changes in the nutrient con

tent of the individual species. 

These changes in vegetation are depicted schematically in Figure 

6.2. From this it is clear that change in habitat is most rapid during 

the first decade of post-fire succession. This is particularly apparent 

when the likely effects of floristic composiJ-ion, structure and nutrient 

content are combined to give a trend in 'nutrient availability' . 
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6.3 The Relationship .bet ... ,een Habitat and Populations 
of T. vulpecula 

A comparison of Figures 6.1 and 6.2 reveals some marked 

parallels in trend betH'een the nature of the habitat and the 

characteristics of the possum population. This is best expressed 

in the association between population density and 'nutrient avail-

ability' . Thus, there is a rapid increase in both of these para-

meters during the immediate post-fire period, followed by a decline 

after 4-6 years. 

The characteristics of habitat dealt with here all relate 

primarily to the quality and/or quantity of available browse. The 

present species, T. vuipecula is regarded as being a generalised 

herbivore and is, therefore, potentially influenced by variation in 

browse availability. Studies of its feeding biology indicate that 

this species feeds on a diversity of plant species within any given 

habitat ,(Freeland and Winter 1975, Mason 1958, Fitzgerald 1976) and 

is capable of changing its diet in response to major changes in the 

floristic composition of its habitat. This latter point is well 

illustrated by the ability of T. vuipecuia to successfully colonise 

the exotic habitats provided by pine plantations (Clout 1977, War-

burton 1978) and New Zealand forests (Fitzgerald 1975) . 

Food has previously been implicated as a mdjor factor in deter-

mining the characteristics of possum populations. Evidence for this 
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is based upon results from studies involving comparisons of populations 

from different habitats (Boersma 1974, Fraser 1979, Coleman et ai. 

1980) . These habitats differed insofar as they were at different 

stages of degradation through over-browsing. 

The idea of food being limiting to herbivore populations is 

not readily accepted. This is due largely to the fact that only rarely 



are herbivores seen to obviously over-e~ploit their food supply. 

This is particularly true in forest habitats. HOH8ver, a number 

of more recent studies have shOl'ln that the quality of the available 

food may be limiting (see t~hite 1978 for a revie., of work in this 

field) . Thus, foliage of plants is generally low in such things as 

nitrogen., at times so low as to be below the minimum level necessary 

for an individual animal to maintain body weight. It is, therefore, 

e~pected that herbivores should select plants, or parts thereof, with 

high nutrient levels. There is abundant evidence that herbivores 

do in fact do this (Cowan et al. 1950, Lindlof et al. 1974). 

Freeland and Winter (1975) provide evidence of a similar relation-

ship between T. vulpecula and its food sources. Possums were found 

to be unable to subsist purely on a diet of leaves of Eucalyptus spp. -

the most abundant potential food source in their habitat - due to high 

levels of plant to~ins. They required, in addition, leaves of various 

minor species, including herbs, in their dicta It was the abundance 

of these species that was suggested as limiting possum numbers. In 

this way Freeland and Winter were able to account for the apparently 

low numbers of possums in an environment containing a seemingly super-

abundant food supply. 

On the basis of this evidence it is suggested that the pattern 

of change observ~d in possum populations following the burning of 

their habitat is due to an underlying cycle of change in the quality 

and/or quantity of available food. 



, 

1 

, 
t 
I~_ • . . 

",. 

I ~. • .- - ;--;-. _ } 

UTAS 
. --. " ~ . - - - --~- - - ~-. . 

REFERENCES 

J 
;' 

I 



AHLGIllli'l, I.E. <lnd AHLGREN, C.E., 1960. Eco1ogic<ll effects of 
forest fire. [Jot. Rov. 26, .183-533. 

ALLEN, K.R., 1968. i\ method of fitting grovlth curves of the von 
Bert<ll<1nffy type to observed d<lt<l. J. Fish. Res. [Jd. Canada 
23, 163-179. 

ANDERSON, A.E., NEDIN, D.E. <lnd BOI-mEN, D.C., 1974. Growth and 
morphometry of the C<lrC<lSS, selected bones, organs and glands 
of Hule Deer. J .r~i1d1. Nanage. 39, 1-79. 

ANDERSON, B.L., PIEPER, R.D. <lnd HOI,/ARD, V.N., 1974. Growth response 
and deer utilisation of fertilised browse. J. rvi1dl. Manage. 
38, 525-530. 

273 

ASHTON, D.H., 1976. The development of even-aged stands of Eucalyptus 
regnans F. ~!uell. in Central Victoria. Aust. J. Bot. 24, 397-414. 

ATTINILL, P.H., 1980. Nutrient cycling in E. ob1iqua forest. IV. 
Aust. J. Bot. 28, 199-222. 

BAILEY, N.T.J., 1952. Improvements in the interpretation of recapture 
data. J. Anim. Eco1. 21, 120. 

BAKKER, H.R. and MAIN, A.R., 1980. Condition, body composition and 
total body water estimation in the quokka, Setonix vrachYllrus 
(Macropodidae). Aust. J. Zool. 28, 395-406. 

B~~ORD, J.M., 1968a. The application of the nearest-neighbour model 
for estimating the density of aerially SOI'In poison baits. 
N.Z. For. Servo F.R.I., Protection For. Rep. 48, 1-12. 

B~ORD"J.M., 1968b. Assessing the effectiveness of an aerial poison 
campaign against oppossums in Nestland. N.Z. For. Servo F.R.I., 
Protection For. Rep. 46, 23 pp. 

B~ORD, J.M., 1969. Influence of weather on nocturnal activity of 
opossums. N.Z. For. Servo F.R.I., Protection For. Rep. 64, 12 pp. 

B~ORD, J.M., 1970. Estimating fat reserves in the brush-tailed possum, 
Trichosurus V"u1pecu1a Kerr (Harsupialia: Phalangeridae). Aust. J. 
Zool. 18, 415-426. 

B~ORD, J.M., 19,70a. Evaluating opossum poisoning operations by 
interference with non-toxic baits. Proc. N.Z. Ecol. Soc. 17, 
118-125. 

B~ORD, J.M., 1972. The dynamics of possum (Trichosurus vu1pecu1a, 
Kerr) populations controlled by aerial poisoning. Unpub. ph.D. 
Thesis, Univ. of Canterbury. 

B~ORD, J.M., 1973. Population statistics and their relation to the 
control of 
Management 
For. Servo 

opossums in indigenous forest. In: Assessment 
of introduced animals in New Zealand forests. 
F.R.I. Symposium, 14, 38-43. 

and 
N.Z. 

BAMFORD,.J.M. and ~mRTIN, J.T., 1968. The usefulness of some condition 
indices in predicting total body fat in opossums. N.Z. For. 
Serv., F.R.I., Protection For. Rep. 47, 16 pp. 



BAMFORD, J.M. and MARTIN, J., 1971. A method for predicting 
success of aerial poison campaigns against opossums. 
N.Z. J. Sci. 14, 313-21. 

BANDY, D.J., COWAN, I.McT. and WOOD, A.J., 1970. Comparative 
growth in four races of black-tailed deer (Odocoi1eus 
hemonius). Pt. 1. Growth in body weight. Canad. J. 
Zool. 48, 1401-10. 

BARKALOW, F.S., HAMILTON, R.B. and SOOTS, R.F., 1970. The vital 
statistics of an unexploited gray squirrel population. 
J. Wi1d1. Mgmt. 34, 489-500. 

BARNETT, R.J., 1977. Bergmann's rule and variation in structures 
related to feeding in the gray squirrel. Evolution 31, 
538-45. 

BARNETT, J.L., HOW, R.A. and HUMPHREYS, W.F., 1977. Possum damage 
to pine plantations in North-eastern New South Wales. Aust. 
For. Research 7, 185-95. 

BATCHELER, C.L., DARWIN, J.H. and PRACY, L.T., 1967. Estimation of 
opossum (Trichosurus vu1pecu1a) populations and results of 
poison trials from trapping data. N.Z. J. Sci. 10, 97-114. 

BEACHAM, T., 1979. Size and growth characteristics of dispersing 
voles, Microtus townsendii. Oeco10gia 42, 1-10. 

BELL, B.D., 1977. The breeding performance of the brush-tailed 
opossum, Trichosurus vu1pecu1a Kerr, during 1966-1975 in the 
Orongorongo Valley, near Wellington, New Zealand. Paper 
presented to symposium on marsupials in New Zealand, Victoria 
University of Wellington, May 1977. 

BENDELL, J.F., 1974. Effects of f~re on birds and mammals. In 
T.T. Kozlowski and C.E. Ahlgren (eds.) 'Fire and Ecosystems'. 
Academic Press, New York, pp.73-138. 

BIGGINS, J.G. and OVERSTREET, D.H., 1978. Aggressive and non-aggressive 
interactions among captive populations of the brush-tail posswn, 
Trichosurus vu1pecu1a (Marsupia1ia:Phalangeriolae). J. Mammal. 
59, 149-159. 

BLISS, C.I., 1935'. The comparison of dosage~mortality data. 
Annals. App1. Bio1. 22, 307-333. 

BOERSMA, A., 1974. Opossums in the Hokitika River catchment. 
N.Z. J. For. Sci. 4, 64-75. 

BOLLIGER, A., 1960. Trichosurus as an experimental animal. Aust. 
J. Sci. 3, 59-61. 

BOWERING, W.R., 1976. Distribution, age and growth, and sexual ma'turity 
of Witch Flounder (G1yptocepha1us cynog10ssus) in Newfoundland 
waters. J. Fish. Res. Bd. Canada 33, 1574-1594. 

BROCKIE,'R.E., 1975. Isolation of Leptospira hardjo from the opossum, 
(Trichosurus vu1pecu1a). N.Z. Vet. J. 23, 216. 



\ I 
\u; 

, I 

BROCKIE, R . E., Cm'lAN, P . E., EFFORD, M.G., WHITE, A.J. and BELL, 
B.D . , 1979. The demography of Trichosurus vulpecula in 
Australia and New Zealand. Paper presented to A.N .Z.A.A . S'. 
conference , 1979. 

BROWN, J.E . , FITZHUGH, H.A. and CARTWRIGHT, T.e., 1976 . A comparison 
of non-linear models for describing weight-age relationships 
in cattle. J . Anim. sci. 42, 810-818. 

BROWN, L.E., 1966. Home range and movement of small mammals. 
symp, Zool. Soc. Lond. 18, 111-142. 

BURT, W. H., 1943 . 
to mammals. 

Territoriality and home range concepts as applied 
J . Mammal . 24, 346-352. 

CALHOUN, J.B . , 1963 . Ecology and Sociology of the Norway rat . 
U. S . Dept . Health, Education and Welfare . Public Health 
Servo Publ. 1008. 

CANHAM, R.P., 1970. Sex ratio and survival in fluctuating 
of the deer mouse, Peromyscus maniculatus borealis. 
zool. 48, 809-11. 

populations 
Can. J. 

CAROTHERS, A.D., 1973a. Capture-Recapture methods applied to a 
population with known parameters . J . Anim. Ecol. 42, 125-46. 

CAROTHERS, A.D., 1973. The effects of unequal catchability on 
Jolly-Seber estimates . Biometrics 29, 79-100. 

CAROTHERS, A.D., 1979. Quantifying unequal catchability and its 
effect on survival estimates in an actual population. J. Anim. 
Ecol . 48, 863-869. 

CASE, T.J., 1978. On the evolution and adaptive significance of 
post-natal growth rates in the terrestrial vertebrates. 
Quart . Rev . Biol. 53, 243-282 . 

CASE, T.J., 1978a . A general explanation 
trends in terrestrial vertebrates. 

for insular body size 
Ecology 59, 1-18. 

CA~ES, R.G. and ORIANS, G.H . , 1975. Successional status 
palatability of plants to generalized herbivores. 
56, 410-418,. 

and the 
Ecology 

CAUGHLEY, G., 1966 . Mortality patterns in mammals. Ecology 47, 
906-918 . .. 

CAUGHLEY, G., 1970. Eruption of ungulate populations, with emphasis 
on'Himalayan thar in New Zealand. Ecology 51, 53-72. 

·CAUGHLEY, G., 1971. Demography,fat reserves and body size of a 
population of red deer Cervus elaphus in New Zealand. Mammalia 
35, 369-383. 

CAUGHLEY, G., 1971a. The season of births for Northern Hemisphere 
ungulates in New Zealand . Mammalia 35, 204-219 . 

CAUGHLEY, G., 1974. Interpretation of age ratios. J. wildl . Mgmt. 
38, 557-562. 

~~ . CAUGID.EY, G., 1967. Parameters for seasona lly breedi ng popul ations . 

Ecol ogy 48.834 - 819. 

275 



CAUGHLEY, G., 1977. "Analysis of Vertebrate Populations". 
John Wiley & Sons, Chichester. 

CAUGHLEY, G. and BIRCH, L.C., 1971. Rate of increase. J. Wildl. 
Mgmt. 35, 658-63. 

CAUGHLEY, G. and CAUGHLEY, J., 1974. Estimating median date of 
Birth. J. Wildl. Mgmt. 38, 552-556. 

CAUGHLEY, G. and KEAN, R.I., 1964. Sex ratios in marsupial pouch 
young. Nature (Lond.) 204, 491. 

CHALLIES, C.N., 1973. The use of physical size and growth rate for 
deer management. ~N.Z. For. Servo F.R.I. Symposium 14, 44-54. 

CHEATUM, E.L. and SEVERINGHAUS, C.W. Variations in 
white-tailed deer related to range conditions. 
North American Wildl. Conf. 15, 170-189. 

fertility of 
Trans. 15th 

CLOUT, M.N., 1977. The ecology of the possum (Trichosurus vulpecula 
Kerr) in New Zealand exotic pine forests. Unpubl. Ph.D. Thesis, 
Univ. of Auckland. 

276 

COLE, L.C., 1954. The population consequences of life-history phenomena. 
Quart. Rev. Biol. 29, 103-37. 

COLEMAN, J.D., GILLMAN, A. and GREEN, W.Q., 1980. 
and possum densities within podocarp/mixed 
Mt. Bryan O'Lynn, Westland. N.Z. J. Ecol. 

Forest patterns 
hardwood forests on 
3, 69-84. 

CORBETT, K.D. and BANKS, M.E., 1974. Ordovician stratigraphy of the 
Florentine Synclinorum, south-west Tasmania. Pap. & Proc. Roy. 
Soc. Tasm. 107, 207-230. 

CORMACK, R.M., 1966. A test for equal catchability. Biometrics 22, 
330-342. 

CORMACK, R.M., 1968. The statistics of capture-recapture methods. 
Oceanogr. Mar. Biol. Ann. Rev. 6, 455-506. 

COW~N, I.McT., HOAR, W.S. and HATTER, J., 1950. The effects of forest 
succession upon the quantity and upon the nutritive values of 
woody plant~ used by moose. Canad. J. Zool. 28, 249-71. 

CRAWLEY, M.C., 1970. Longevity of the Australian Brush-tailed opossums 
(Trichosurus vulpecula) in indigenous forest in New Zealand. 
N.Z. J. Sci. 13, 348-351. 

CRAWLEY, 'M.C., 1973. A live-trapping study of Australian brush-tailed 
possums, Trichosurus vulpecula (Kerr), in the Orongorongo Valley, 
Wellington, New Zealand. Aust. J. Zool. 21, 75-90. 

CREMER, K.W., 1960. Problems of Eucalypt regeneration in the Florentine 
.Valley. Appita 14, 71-76. 

CREMER, ~.W., 1969. Browsing of mountain ash regeneration by wallabies 
and possums in Tasmania. Aust. For. 33, 201-210. 



CREMER, K.W., 1975. Temperature and other climatic influences 
on shoot development and growth of Eucalyptus regnans. 
Aust. J. Bot. 26, 27-44. 

CREMER, K.W. and MOUNT, A.B., 1965. Early stages of plant succession 
following the complete felling and burning of E. regnans forest 
in the Florentine Valley, Tasmania. Aust. J. Bot. 13, 303-22~ 

CREW, F.A.E., 1952. The factors which determine sex. In 'Marshall's 
Physiology of Reproduction'. 3rd ed. (Ed. A.S. Parkes) Vol. 2, 
pp.741-84. 

CROWCROFT, P. and JEFFERS, J.N.R., 1961. Variability in the behaviour 
of wild house mice (Mus musculus L.) towards live traps. Proc. 
Zool. Soc. Land. 137, 573-82. 

CUNNINGHAM, T.M. and CREMER, K.W., 1965. Control of the under storey 
in wet eucalypt forests. Aust. For. 29, 4-14. 

277 

DAPSON, R.W., 1980. Guidelines for statistical usage in age-estimation 
techniques. J. Wi1d1. Mgmt. 44, 541-8. 

DARROCH, J.N., 1958. The multiple-recapture census: I. Estimation 
of a closed population. Biometrika 45, 343-359. 

DARROCH, J.N., 1959. The multiple recapture census: II. Estimation 
when there is immigration or death. Biometrika 46, 336-351. 

DAVIES, J.L., 1965. Land forms. In: Davies, J.L. (ed.) Atlas of 
Tasmania. Hobart, Dept. Lands and Survey, pp.19-23. 

DAVIS, D~E., 1960. Estimation of life expectancy. J. Wild1. Mymt. 
24, 344-348. 

DEEVEY, E.S. Jr., 1947. Life tables for natural populations of 
animals. Quart. Rev. Bio1. 22, 283-314. 

DICE, L.R., 1938. Some census methods for mammals. J. wild1. Mgmt. 
2, 119-130. 

DICE, L.R., 1941. Methods for estimating populations of animals. 
J. wi1d1. Mgmt. 5, 398-407. 

DICE, L.R. and CLARK, P.J., 1953. The statistical concept of horne 
range as applied to the recapture radius of th,e deermouse 
(Peromyscus). Contrib. Lab. Vert. Bio1. Univ. Michigan 62, 
1-15. 

DISNEY, H.J. and STOKES, A., 1976. Birds in pine and native forests. 
Emu 76, 133-138. 

DUNNET, G.M., 1956. A live-trapping study of the brush-tailed possum, 
Trichosurus vu1pecu1a Kerr (Marsupialia). C.S.I.R.O. wild1. 
Res. 1, 1-18. 

DUNNET, G.M., 1964. A field study of local populations of the Brush
tailed possum (Trichosurus vu1pecu1a) in Eastern Australia. 
Proc. Zool. Soc., Land. 142, 665-95. 



DUNNET, G.M. and OLLASON, J.C., 1978. The estimation of the 
survival rate of the fulmar, Fu1marus glacia1is. J. Anim. 
Eco1. 47, 507-520. 

DUNSMORE, J.D., 1974. The rabbit in sub-alpine South-eastern 
Australia. I. Population structure and productivity. Aust. 
wi1d1. Res. 1, 1-11. 

EALEY, E.H.M., 1967. Ecology of the Euro, Macropus robustus 
(Gould) in North-western Australia. C.S.I.R.O. wi1d1. Res. 
12, 9-51. 

278 

EBERHARDT, L.L., 1969. Population estimates from recapture frequencies. 
J. wi1d1. Mgmt. 33, 29-39. 

EDWARDS, W.R. and EBERHARDT, L.L., 1967. Estimating cottontail 
abundance from live-trapping data. J. wi1d1. Mgmt. 31, 87-96. 

EINARSEN, A.S., 1946. Crude protein determination of deer food as 
an applied management technique. Trans. Nth. Amer. wildlife 
Conf. 11, 309-12. 

ELLISON, L.N., 1975. Density of Alaskan spruce grouse before and 
after fire. J. wi1d1. M~nt. 39, 468-471. 

FAIRBAIRN, D.J., 1977. The spring decline in deerrnice: death or 
dispersal? Canad. J. Zool. 55, 84-92. 

FELTON, K.F., 1976. Regeneration of cut-over areas of Tasmdnian 
eucalypt forests. For. Cornrn. Tasmania, 47th A.N.Z.A.A.S. 
Congress, Woodchip Symposium papers, pp.1-22. 

FINNEY, D.J., 1952. 'Probit analysis'. Cambridge Univ. Press, 
London. 2nd Edition. 

FISHER, R.A., 1930. The genetical theory of natural selection. 
Clarendon Press, Oxford, pp.141-143. 

FITZGERALD, A.E., 1975. The food of the opossum (Trichosurus 
vu1pecu1a Kerr) in the Orongorongo Valley, near Wellington. 
Proc. N.Z. Eco1. Soc. 22, 109. 

FITZGERALD, A.E., 1976. Diet of the opossum Trichosurus vu1pecu1a 
(Kerr) in the Orongorongo Valley, Wellington, New Zealand, in 
relation to food plant availability. N.Z. J. Zool. 3, 399-420. 

FITZHUGH, H.A. Jnr., 1976. 
changing their shape. 

Growth curve analyses and strategies for 
J. Anim. Sci. 42, 1036-1051. 

FITZHUGH, H.A. and TAYLOR, ST. C.S., 1971. Genetic analysis of 
degree of maturity. J. Anim. Sci. 33, 797-25. 

FLEHARTY, E.D., KRAUSE, M.E. and STINNETT, D.P., 1973. Body composition, 
energy content and lipid cycles of four species of rodents. 
J. Mammal. 54, 426-438. 

FLEMMING, A.M., 1960. Age, growth and sexual maturity 
morhua L.) in the Newfoundland area, 1947-1950. 
Board, Canada 17, 775-809. 

of cod, (Gadus 
J. Fish. Res. 



FLUX, J.E.C., 1967. Reproduction and body ,·,eights of the hare, 
Lepus europaeus, in NOI" Zealand. N. Z. J. Sci. 10. 357-401. 

FOl'ILER, V .R., 1968. Body development and some problems of its 
evaluation. In: G.A. Lodge and G.E. Lamming (Eds.). Growth 
and development in Namma1s. ButtenlOrths, London, 527 pp. 

FOX, J. F., 1978. Forest fires and the snowshoe hare - Canada lynx 
cycle. Oeco10gia 31, 349-374. 

FOX, L.R. and ~ffiCAULEY, B.J., 1977. Insect grazing on Eucalyptus 

279 

in response to variation in leaf tannins and nitrogen. Oeco10gia 
(Berlin) 29, 145-162. 

FRASER, K.W., 1979. Dynamics and condition of opossum (Trichosurus 
vu1pecu1a Kerr) populations in the Copland Valley, Westland 
New Zealand. Mauri Ora 7, 117-137. 

FREELAND, W.J. and JANZEN, D.H., 1974. Strategies in herbivory 
by mammals: the role of plant secondary compounds. Am. Nat. 
108, 269-289. 

FREELAND, W.J. and WINTER, J.W., 1975. Evolutionary consequences of 
eating: Trichosurus vu1pecu1a (Marsupialia) and the genus 
Eucalyptus. J. Chern. Eco1. 1, 439-55. 

FRENCH, C.E. et a1., 1960. Responses of white-tailed bucks to added 
artificial light. J. Mammal. 41, 23-29. 

FRIEND, G.R., 1978. A comparative study of the flora and fauna of 
exotic pine plantations and adjacent, indigenous eucalypt forests 
in Gippsland, Victoria. Unpubl. Ph.D. Thesis, Univ. of Melb. 

FULLAGER, P.J., JEWELL, P.A., LOCKLEY, R.M. and ROWLANDS, I.W., 1963. 

The Skomer Vole (C1ethrionomys glareo1us skomerensis) and long
tailed field mouse (Apodemus sy1vaticus) on Skomer Island, 
Pembrokeshire in 1960. Proc. Zool. Soc. Lond. 140, 295-314. 

GILBERT, J.M., 1959. Forest succession in the Florentine Valley, 
Tasmania. Pap. & Proc. Roy. Soc. Tas. 93, 129-151. 

GILBERT, J.M. and CUNNINGHAM, T.M., 1972. Regeneration of harvested 
forests, Part 1, State forests in Tasmania. Appita 26, 43-45. 

GILMORE, D.P., 1966. Studies on the biology of Trichosurus vu1pecula 
Kerr. Unpubl. Ph.D. Thesis, University of Canterbury, N.Z. 

GILMORE,.D.P., 1967. Foods of the Australian opossum (Trichosurus 
vu1pecu1a) on Banks Peninsula, Canterbury, and a comparison with 
selected areas. N.Z. J. Sci. 10, 1235-279. 

GILMORE, D.P., 1969. Seasonal reproductive periodicity in the male 
Australian brush-tailed possum (Trichosurus vu1pecu1a). 
J. Zool. Lond. 157, 75-98. 

GOULD, J .. , 1863. "The mammals of Australia". 3 vols. The author, 
London. 



GREEN, R.H. and MUNDAY, B.L., 1971. Parasites of Tasmanian native 
and feral fauna part I, Arthropoda. Rec. Queen Victoria Mus. 
41, 1-16. 

GUILER, E.R., 1957. The present status of some 
relation to the fur industry of Tasmania. 
Soc. Tas. 91, 117-28. 

Tasmanian mammals in 
Pap. & Proc. Roy. 

GUILER, E.R. and BANKS, D.M., 1958. A further examination of the 
distribution of the brush possum, Trichosurus vu1pecu1a in 
Tasmania. Ecology 39, 89-97. 

GUILER, E.R., 1970. Observations on the Tasmanian Devil, Sarcophi1us 
harrisii (Marsupiala:Dasyuridae) 1. Numbers, horne range, move
ments and food in two populations. Aust. J. zool. 18, 49-62. 

GYSEL, L.W., 1961. An ecological study of the tree cavities and 
ground burrows in forest stands. J. wi1d1. Mgmt. 25, 12-20. 

HANSON, W.R., 1963. Calculation of productivity, survival, and abund
ance of selected vertebrates from sex and age ratios. wildl. 
Monogr. 9, 1-60. 

HARVIE, A.E., 1973. Diet of the opossum (Trichosurus vu1pecu1a Kerr) 
on farmland northeast of Waverley, New Zealand. New Zealand 
Eco1. Soc. Proc. 20, 48-52. 

HAYNE, D.W., 1949. Calculation of size of horne range. J. Mamm. 
46, 398-402. 

280 

HOLLOWAY, J.T., 1973. The status quo in animal control and mdnilgem,mt: 
a research assessment. N.Z. Forest Research Inst., Symp. 14, 
125-130. 

HOOVEN, E.F., 1973. A wildlife brief for the clearcut logging of 
Douglas fir. J. Forest. 71, 210-14. 

HOPE, R.M., 1972. Observations on the sex-ratio and the position of 
the lactating mammary gland in the brush-tailed possum, Tricho
surus vu1pecu1a (Kerr) Marsupialia. Aust. J. zool. 20, 131-138. 

HOPE, R.M. and FINNEGAN, D.J., 1970. 
populations of the brush-tailed 
Aust. J. Bio1. Sci. 23, 235-9. 

A serum any lase polymorphism in 
possum Trichosurus vulpecula. 

HOW, R., 1969. Marsupial damage to New South Wales forests. Ann. 
Res. Report, For. Comm., N.S.W., 110-116. 

HOW, R.A., 1972. The ecology and management of Trichosurus species 
(Marsupialia) in New South Wales. Unpubl. Ph.D. Thesis, Univ. 
of New England. 

HOW, R.A., 1972a. The ecology and management of possum species in 
N.S.W. forests. Ann. Res. Report, For. Comm., N.S.\~. 107-113. 

HOW, R.A., 1976. Reproduction, growth and survival of young in the 
mountain possum, Trichosurus caninus (Marsupialia). Aust. J. 
Zool. 24, 189-200. 



HOW, R.A., 1981. Population parameters of two congeneric possums, 
Trichosurus spp., in North-Eastern New South Wales. Aust. J. 
Zool. 29, 205-15. 

HOWARD, D.E., 1964. Introduced browsing mammals and habitat stability 
in New Zealand. J. wi1d1. Mgmt. 28, 421-429. 

IREDALE, T. and TROUGHTON, E.Le.G., 1934. A check-list of the 
mammals recorded from Australia. Aust. Mus. Mem. 6 

JACKSON, W.D., 1965. Vegetation. In: Davies, J.L. (ed.) Atlas of 
Tasmania. Hobart, Dept. Lands and Survey, pp.30-35. 

JAMES, I.L., JANE, G. and BARR, C., 1973. The forests and sub-alpine 
scrubland of the Hokitika catchment. N.Z. For. Serv., F.R.I., 
Protection Forestry Division Report 116, 1-49. 

JOHNSON, K.A., 1977. Methods for the census of wallaby and possum 
in Tasmania. Wildlife Division Tech. Rep. 77/2; National Parks 
and Wildlife Service, Tasmania. 

281 

JENNRICH, R.J. and TURNER, F.B., 1969. Measurement of the non-circular 
horne range. J. Theoret. Bio1. 22, 227-237. 

JOLLY, G.H., 1965. Explicit estimates from capture-recapture data 
with both death and immigration - stochastic model. Biometrika 
52, 225-248. 

JOLLY, J.N., 1973. Movements and social behaviour of the opossum, 
Trichosurus vu1pecu1a in a mixed scrub bush and pasture habitdt. 
Mauri Ora 1, 65-71. 

JOLLY, J.N., 1976. Habitat use and movements of the opossum (Trichosurus 
vu1pecu1a) in a pastoral habitat on the Banks Penninsula. 
Proc. N.Z. Eco1. Soc. 23, 70-78. 

KEAN, R.I., 1959. Bionomics of the brush-tailed opossum, Trichosurus 
vu1pecu1a, in New Zealand. Nature, Lond. 184, 1388-9. 

KEAN, R.I., 1971. Selection for melanism and for low reproductive 
rate in Trichosurus vu1pecu1a (Marsupialia). Proc. N.Z. Eco1. 
Soc. 18, 42-7. 

KEAN, R.I., 1975. Growth of opossums (Trichosurus vu1pecu1a) in 
Orongorongo Valley, Wellington, New Zealand, 1953-61. N.Z. J. 
Zool. 2, 435-444. 

KEAN, R.I., MARRYATT, R.G. and CARROLL, A.L.K., 1964. The female 
urogenital system of Trichosurus vu1pecu1a (Marsupialia). 
Aust. J. Zool. 12, 18-41. 

KEITH, L.B. and MESLOW, E.C., 1968. Trap response by snowshoe hares. 
J. Wi1d1. Mgmt. 32, 795-801. 

KEITH, L.B. and SURRENDI, D.C., 1971. Effects of fire on a snowshoe 
hare population. J. Wi1d1. Mgmt. 35, 16-26. 



KEITH, L.B. and WINDBERG, L.A., 1975. A demographic analysis of 
the snowshoe hare cycle. wi1d1. Monogr. 58, 1-70. 

KENNEDY, G.D. and MITRA, J., 1963. Body weight and food intake 
as initiating factors for puberty in the rat. J. Physio1. 
166, 40S- 431. 

KIKKAWA, J., 1964. Movement, activity and distribution of the 
small rodents C1ethrionomys glareo1us and Apodemus sy1vaticus 
in woodland. J. Anim. Eco1. 33, 259-99. 

KINGSMILL, E., 1962. An investigation of criteria for estimating 
age in the marsupials Trichosurus vu1pecu1a Kerr, and 
Perame1es nasuta Geoffroy. Aust. J. Zool. 10, 597-616. 

KIRSCH, J.A.W. and CALABY, J., 1977. 'The species of living 
marsupials: an annotated list' (in) The Biology of Marsupials. 
(ed.) B. Stonehouse & D. Gilmore. univ. of Park Press, London, 
pp.9-26. 

KLEIBER, M., 1947. Body size and metabolic rate. PhysioZ. Rev. 
27, 511. 

KLEIN, D.R., 1964. Range-related differences in growth of deer 
reflected in skeletal ratios. J. Mamm. 45, 226-235. 

KLEIN, D.R., 1965. Ecology of deer range in Alaska. Eco1. Monogr. 
35, 259-S4. 

KLEIN, D.R., 1965. The introduction, increase and crash of reindeer 
on St. Matthew Island. J. wi1d1. Mgmt. 32, 350-67. 

KLEIN, D.R., 1970. Food selection by North American deer and their 
response to over-utilisation of preferred plant species. In: 
A. Watson (ed.) Animal popUlations in relation to their food 
resources. Blackwell, Oxford, pp.25-46. 

KLEIN, D.R. and OLSON, S.T., 1960. Natural mortality patterns of 
deer in Southeast Alaska. J. wi1d1. Mgrnt. 24, so-ss. 

KLEIN, D.R. and STRANDGAARD, H., 1972. Factors affecting growth 
and body size of roe deer. J. wi1d1. Mgrnt. 36, 64-79. 

KORVEN-KORPINEN, E. and WHITE, M.G., 1972. Forestry practjces at 
A.N.M. Ltd. Appita 26, 45-46. 

KREBS, C.J., 1966. Demographic changes in fluctuating ~opulations 
of Microtus ca1ifornicus. Eco1. Monogr. 36, 239-73. 

KREBS, C.R. et a1., 1966. Microtus population biolody: dispersal 
in fluctuating populations of M. townsendii. Canad. J. Zool. 
54, 79-95. 

LACK, D., 1965. Ecological adaptations for breeding in birds. 
Methuen, London. 

LAMBERT, R.E. and BATHGATE, J.L., 1977. Determination of the plane 
of nutrition of Chamois. Proc. N.Z. Eco1. Soc. 24, 45-56. 

2S2 



LANCE, A.N., 1978. Territories and 
red grouse: II Territory size 
nutrient supply in heather. 

the food 
compared 
J. Anim. 

plant of individual 
with an index of 
Eco1. 47, 307-314. 

LEADER-WILLIAMS, N., 1980. Population dynamics and mortality of 
reindeer introduced into South Georgia. J. wi1d1. Mgmt. 
44, 640-57. 

LEE, A.K., BRADLEY, A.J. and BRAITHWAITE, R.W., 1977. Life 
history and male mortality in Antechinus stuartii. In 
"TheCBiology of Marsupials" (Eds. B. Stonehouse and D. 
Gilmore). Macmillan, London, pp.209-20. 

LEIGH, E.G., 1970. Sex-ratio and differential mortality between 
the sexes. Am. Nat. 104, 205-210. 

LESLIE, P.H., 1952. The estimation of population parameters from 
data obtained by means of the capture-recapture method. II. 
The estimation of total numbers. Biometrika 39, 363-388. 

LESLIE, P.H., PERRY, J.S. and WATSON, J.S., 1945. The determination 
of the median body-weight at which female rats reach maturity. 
Proc. Zool. Soc. London 115, 473-488. 

LESLIE, P.H., CHITTY, D. and CHITTY, H., 1953. The estimation of 
population parameters from data obtained by means of the 
capture-recapture method. III. An example of the practical 
implications of the method. Biometrika 40, 137-69. 

LINCOLN, F.C., 1930. Calculating waterfowl abundance on the basis 
of banding returns. Circ. u.S. Dept. Agric. No.118, 1-4. 

LINDLOF, B., LINDSTROM, E. and PEHRSON, A., 1974. Nutrient content 
in relation to food preferred by mountain hare. J. wi1d1. Mgmt. 
38, 875-879. 

LONGHURST, W.M., OH, H.K., JONES, M.B. and KEPNER, R.E., 1968. 
A basis for the palatability of deer forage plants. Trans. 
N. Amer. wi1d1. Conf. 33, 181-189. 

LORD, R.D. and CASTEEL, 
winter mortality. 
25, 267-274. 

D.A., 1960. Importance of food to cottontail 
Trans. Nth. Amer. Wi1d1. & Nat. Res. Conf. 

LYNE, A.G. and VERHAGEN, A.M.W., 1957. Growth of the marsupial 
Trichosurus vu1pecu1a and a comparison with some higher mammals. 
Growth 21, 167-195. 

MACARTHUR, R.H., 1960. On the relation between reproductive value 
and optimal predation. Proc. Nat. Acad. Sci. U.S.A. 46, 143-5. 

McILROY, J.C., 1978. The effects of forestry practices on wildlife 
in Australia: A review. Aust. For. 41, 78-94. 

283 

McINTYRE, G.A., 1953. Estimation of plant density using line transects. 
J. Eco1. 41, 319-330. 

MACLULICH, D.A., 1951. A new technique of animal census, with 
examples. J. Mammal. 32, 318-28. 



McNAB, B.K., 1963. Bioenergetics and the determination of home
range size. Am. Nat. 97, 133-140. 

McNALLY, J., 1955. Damage to Victorian exotic pine plantations 
by native mammals. Aust. For. 19, 87-99. 

MANLY, B.F.J., 1970. A simulation study of animal population est
imation using the capture-recapture method. J. Appl. Ecol. 
7, 13-39. 

MANLY, B.F.J. and PARR, M.J., 1968. A new method of estimating 
population size, survivorship and birth rate from capture
recapture data. Trans. Soc. Brit. Ent. 18, 81-9. 

MARTIN, J.T., 1973. Research into control of opossum by aerial 
poisoning. N.Z. For. Servo F.R.I., Symposium 14, 153-157. 

MARTIN, J.T., 1977. Fat reserves of the wild rabbit. Aust. J. zool. 
25, 631-640. 

284 

MASON, R., 1958. Foods of the Australian opossum Trichosurus vulpecula 
(Kerr) in New Zealand indigenous forest in the Orongorongo Valley, 
Wellington. N.Z. J. Sci. 1, 590-613. 

MAYNES, G.M., 1976. Growth of the Parma wallaby, Macropus parma 
Waterhouse. Aust. J. zool. 24, 217-36. 

MERCHANT, J.C. and SHARMAN, G.B., 1966. Observations on the attachment 
of marsupial pouch-young to the teats and on the rearing of 
pouch-young by foster mothers of the same or different species. 
Aust. J. zool. 14, 593-609. 

MESLOW, E.C. and KEITH, L.B., 1968. Demographic parameters of u snow
shoe hare population. J. Wildl. Mgmt. 32, 812-834. 

METZGAR, L.H. and SHELDON, A.L., 1974. An index of horne range size. 
J. Wildl. Manage. 38, 546-51. 

MIERS, K.H., 1973. Animals in forests: present policy and position 
in animal control and management. N.Z. Forest Res. Inst., 
Symp. 14, 89-96. 

MILLER, G.R., 196~. Evidence for selective feeding on fertilized 
plots by red grouse, hares and rabbits. J. Wildl. Mgmt. 32, 
849-853. 

MILLER, G.R. and MILES, J., 1970. Regeneration of heather (Calluna 
vulgaris (L)) at different ages and seasons in north-east scotland. 
J. 'Appl. Ecol. 7, 51-60. 

MILLER, G.R. and WATSON, A., 1974. Some effects of fire on vertebrate 
herbivores in the Scottish Highlands. Froc. Tall Timbers Fire 
Ecol. Conf. 13, 39-64. 

MITCHELL, B., McCOWAN, D. and NICHOLSON, I.A., 1976. Annual cycles 
of, body weight and condition in Scottish red deer. J. Zool. 
London 180, 107-127. 

MOHR, c.o. and STUMPF, W.A., 1966. Compa~ison of methods for cal
culating areas of animal activity. J. Wildl. Mgmt. 30, 293-304. 



!·10LLISON, B., 1960. Progress report on the ecology and control 
of marsupials in the Florentine Valley. Appita 14, 21-7. 

HONTEIRO, L.S. and FALCONER, D.S., 1966. Compensatory groclth and 
s~ual maturity in mice. Anim. Prod. 8, 179-192. 

HOSS, R., 1969. A comparison of red grouse (Lagopus L. scoticus) 
stocks 11ith the production and nutritive value of heather 
(Ca11una vulgaris). J. Anim. Eco1. 38, 103-122. 

MOUNT, A.B., 1969. Eucalypt ecology as related to fire. Proc. 
9th Annu. Tall Timbers Fire Ecol. Conf. pp.75-108. 

MOUNT, A.B., 1976. Some problems associated with small coupes. 
Search 7, 462. 

~1UNDAY, B.L. and GREEN, R.H., 1972. Parasites of Tasmanian native 
and feral fauna part II, Helminthes. Rec. Queen Victoria Mus. 
44, 1-15. 

NEWSOME, A.E., 1965. Reproduction in natural populations of the 
red kangaroo, Megaleia rufa (Desmarest), in Central Australia. 
Aust. J. Zool. 13, 735-59. 

NEWSOME, A.E., McILROY, J.C. and CATLING, P., 1975. The effect of 

285 

an extensive wildfire on populations of twenty ground vertebrates 
in South-east Australia. Proc. Eco1. Soc. Aust. 9, 107-23. 

ODUM, E.P., 1971. "Fundamentals of Ecology". (3rd edition). W.B. 
Saunders & Co., Philadelphia. 

OH, J.H., JONES, M.B., LONGHURST, ,W.M. and CONNOLLY, G.E., 1970. 
Deer browsing and rumen microbial fermentation 
as affected by fertilisation and growth stage. 
21-7. 

of Douglas fir 
For. Sci. 16, 

OTIS, D. L., BURNHAM, K.P., WHITE, G.C. and ANDERSON, D. R., 1978. 
Statistical inference from capture data on closed animal 
populations. wi1d1. Monogr. 62, 1-135. 

PARER, I., 1977. The population ecology of the wild rabbit, 
Oryctolagus cuniculus (L.), in a ~Iediterranean-type climate 
in New South Wales. Aust. wi1d1. Res. 4, 171-205. 

PEKELHARING, C.J., 1970. Cementum deposition as an age indicator 
in the brush-tailed possum, Trichosurus vu1pecula Kerr 
(Marsupialia). Aust. J. Zool. 18, 71-76. 

PENFOLD"A.R. and WILLIS, J.L., 1961. "Eucalypts". Leonard Hill 
Books, 551 pp. 

PETTERBORG, L.J., 1978. Effect of photoperiod on body weight in the 
vole, Microtus montanus. Canad. J. Zool. 56, 431-435. 

PILTON, P.E. and SHARMAN, G.B., 1962. Reproduction in the marsupial 
Trichosurus vu1pecu1a. J. Endocr. 25, 119-36. 

POOLE, W.E., 1973. A study of breeding in grey kangaroos, Macropus 
giganteus Shaw and M. fu1iginosus (Desmarest), in central New 
South Wales. Aust. J. Zool. 21, 183-212. 



POOLE, W.E., 1975. Reproduction in two species of grey kangaroos, 
Macropus giganteus Shaw and M. fu1iginosus (Des~arest). II. 
Gestation, parturition and pouch-life. Aust. J. Zool. 23, 
333-354. 

PRACY, L.T., 1974. Introduction and liberation 
(Trichosurus vu1pecu1a) into New Zealand. 
N.Z. For. Servo 45, 28 pp. 

of the opossum 
Inf. Series, 

PRACY, L.T. and KEAN, R.I., 1949. Trapping of opossums and care 
of skins. N.Z. J. Agric. 78, 469-80. 

PRYOR, L.D., 1963. Ash bed growth response as a key to plantation 
establishment on poor sites. Aust. For. 27, 48-51. 

RADWAN, M.A. and CROUCH, G.L., 1974. Plant characteristics related 
to feeding preference by black-tailed deer. J. wi1d1. Mgmt. 
38, 32-41. 

RAISOW , R.J., 1979. Modification of the soil environment by 
vagetation fires, with particular reference to nitrogen 
transformations. Plant and Soil 51, 73-108. 

RALLS, K., 1976. Mammals in which females are larger than males. 
Quart. Rev. Bio1. 51, 245-76. 

RALLS, K., 1977. Sexual dimorphism in mammals: Avian models and 
unanswered questions. Amer. Nat. 111, 917-38. 

RATCLIFF, T.D., PATTON, D.R. and FOLLIOT, P.F., 1975. Ponderosa 
pine basal area and the kaibat squirrel. J. Forest. 73, 
284-286. 

REDFIELD, J.A., ZWICKEL, F.C. and BENDELL, J.F., 1971. Effects of 
fire on the numbers of blue grouse. Proc. Tall Timbers Fire 
Eco1. Conf. 13, 63-83. 

REDHEAD, T.D., 1979. On the demography of Tarrus sordio1us co11ettii 
in monsoonal Australia. Aust. J. Eco1. 4, 115-136. 

RICKER, W.E., 1969a. Effects of size-selective mortality and sampling 
bias on estimates of growth, mortality, production and yield. 
J. Fish. Res. Board Canada 26, 479-541. 

RICKER, W.E., 1975. Computation and interpretation of biological 
statistics of fish populations. Bull. Fish. Res. Bd. Canada 
191, 1-382. 

RIDE, W.D.L., 1970. "A guide to the native mammals of Australia". 
Oxford Univ. Press, Melbourne, 249 pp. 

RINEY, T., 1955. Evaluating condition of free-ranging red deer, 
(Cervus e1aphus) , with special reference to New Zealand. 
N.Z. J. Sci. Tech. B36, 429-63. 

ROFF, D.A., 1973. An examination of some statistical tests used in 
th'e analysis of mark-recapture data. Oeco10gia 12, 35-54. 



RUDGE, M.R. and CLARK, J.M., 1978. The feral goats of Raoul Island, 
and some effects of hunting on their body size and population 
density. N.Z. J. Zool. 5, 581-9. 

SADLIER, R.M.F.S., 1969. The role of nutrition in the reproduction of 
wild animals. J. Reprod. Fert. Supp. 6, 39-48. 

SANDERSON, G.C., 1966. The study of mammal movements - a review. 
J. Wi1d1. Mgrnt. 30, 215-235. 

SCHNABEL, Z.E., 1938. The estimation of the total fish population of 
a lake. Amer. Math. Month. 45, 348-52. 

SEBER, G.A.F., 1965. A note on the multiple-recapture census. 
Biometrika 52, 249-259. 

SEBER, G.A.F., 1973. "The estimation of animal abundance". London, 
Griffin, pp.1-505. 

SHARMAN, G.B., 1962. The initiation and maintenance of lactation in 
the marsupial Trichosurus vu1pecu1a. J. Endocr. 25, 375-85. 

287 

SHARMAN, G.B., CALABY, J.H. and POOLE, W.E., 1966. Patterns of reproduction 
in female diprotodont marsupials. Symp. Zool. Soc. Lond. 15, 205-32. 

SHIELD, J., 1962. The sex-ratio of pouch-young, yearlings and adults 
of the macropod marsupial, Setonix brachyusus. Aust. N.Z. J. Obstet. 
Gynaec. 4, 161-4. 

SLOBODKIN, L.B., 1962. Growth and regulation of animal populations. 
Hott, Rinehart and Winston, New York. 

SMITH, B.L., 1972. Tuberculosis in the opossum. N.Z. vet. J. 20, 199. 

SMITH, M.J., 1979. Observations on the growth of Petaurus breviceps 
and P. norfo1kensis (Petauridae:Marsupialia) in captivity. 
Aust. wi1d1. Res. 6, 141-150. 

SMITH, M., BROWN, B.K. and FRITH, H.J., 1969. Breeding of the Brush
tailed possum, Trichosurus vu1pecu1a (Kerr), in New South Wales. 
C.S.I.R.O. wi1d1. Res. 14, 181-98. 

SMITH, M.J., and HOW, R.A., 1973. Reproduction in the mountain possum, 
Trichosurus caninus (Ogilby), in captivity. Aust. J. Zool. 21, 
321-330. 

SOKAL, R.R. and ROHLF, F.J., 1969. "Biometry: The principles and 
practice of statistics in biological research". W.H. Freeman, 
San Francisco, pp.1-776. 

SOUTHWOOD, T.R.E., 1966. "Ecological methods with particular reference 
to the study of insect populations". Chapman & Hall, London, 
pp.1-390. 

SPECHT, R.L. and BROUWER, Y.M., 1975. Seasonal shoot growth of Eucalyptus 
spp. in the Brisbane area of Queensland (with notes on the shoot 
growth and litter fall in other areas of Australia). Aust. J. Bot. 
23,"459-74. 

STAINES, B.W., 1978. The dynamics and performance of a declining populat
ion of red deer, (Cervus e1aphus). J. Zool. London 184, 403-19. 



STEBBINS, L.L., 1978. Some aspects of overwintering in Peromyscus 
manicu1atus. Canad. J. Zool. 56, 386-390. 

STEEL, R.G.D. and TORRIE, J.Il., 1960. "Principles and procedures 
in statistics". !4cGra\~-Hill, New York, 481 pp. 

STENSETH, N.C. et a1., 1974. A method for calculating the size of 
the trapping area in capture-recapture studies of small rodents. 
NOrl~. J. Zool. 22, 253-71. 

STICKEL, L.F., 1954. A comparison of certain methods of measuring 
ranges of small mammals. J. Mammal. 35, 1-15. 

STODDART, E. and MYERS/ K., 1966. The effects of different foods on 
confined populations of wild rabbits, Oryctolagus cunnicu1us 
(L.) C.S.I.R.O. Wi1d1. Res. 11, 111-124. 

SULLIVAN, T.P., 1977. Demography and dispersal in island and main
land populations of the deer mouse, Peromyscus manicu1atus. 
Ecology 58, 964-978. 

SULLIVAN, T.P., 1979. Demography of populations of deer mice in 
coastal forest and clear-cut (logged) habitats. Canad. J. 
Zool. 57, 1636-1665. 

TABER, R.D. and DASMANN, R.F., 1957. The dynamics of three natural 
populations of the deer, Odocoilous hemionus colombianus. 
Ecology 38, 233-46. 

TABER, R.D. and DAS~mNN, R.F., 1958. The black-tailed deer of the 
chaparral. Calif. Dept. Fish & Game, Game Bull. No.8. 

TANTON, M.T., 1965. Problems of live-trapping and population estimat
ion of the wood mouse, Apodemus sylvaticus (L.). J. Anim. 
Ecol. 34, 1-22. 

TAYLOR, ST. C.S., 1968. Time taken to mature in relation to mature 
weight for sexes, strains and species of domesticated mammals 
and birds. Anim. Prod. 10, 157-169. 

TAYLOR, ST.C.S. and FITZHUGH, H.A., 1971b. Genetic relationships 
bet,reen mature weight and time taken to mature within a breed. 
J. Anim. Soi. 33, 726-731. 

TAYLOR, ST.C.S. and YOUNG, G.B., 1968. Equilibrium weight in relation 
to food intake, and genotype in twin cattle. Anim. Prod. 9, 
295-311. 

THORNWAITE, C.W., 1948. An approach towards a ratioflill classificdtion 
of climate. Geogr. Rev. 38, 55-95. 

TROUGHTON, E.Le G., 1967. Furred Animals of Australia. 9th edition. 
Angus & Robertson, Sydney. 

LUU 

TURNER, F.B., JENNRICH, R.I. and WEINTRAUB, J.D., 1969. Horne range and 
body size of lizards. Ecology 50, 1076-81. 

TYNDALE-BISCOE, C.H., 1955. Observations on the reproduction and 
ecology of the Brush-tailed possum Trichosurus vulpecula Kerr 
(Marsupialia) in New Zealand. Aust. J. Zool. 3, 162-84. 



289 

T~DALE-BISCOE, C.H. and CALABY, J.H., 1975. Eucalypt forests as refuge 
for Wildlife. Aust. For. 38, 117-138. 

TYNDALE-BISCOE, C.H. and SMITH, R.F.C., 1969. Studies on the marsupial 
glider Schoinobates vo1ans (Kerr). II. Population structure and 
regulatory mechanisms. J. Anim. Eco1. 38, 637-50. 

TYNDALE-BISCOE, C.H. and SMITH, R.F.C., 1969b. 
glider, Schoinobates vo1ans (Kerr). III. 
destruction. J. Anim. Eco1. 38, 651-659. 

Studies on the marsupial 
Response to habitat 

VERME, L.J., 1965. Reproduction studies on penned white-tailed deer. 
J. Wi1d1. Mgmt. 29, 74-9. 

WARBURTON, B., 1978. Fogd of the Australian brush-tailed possum 
(Trichosurus vu1pecu1a) in an exotic forest. N.Z. J. Eco1.1, 126-131. 

WARD, G.D., 1972. Techinques for tracking opossums (Trichosurus vu1pecu1a) 
by radio-telemetry in New Zealand lowland rainforest. N.Z. J. Sci. 
15, 628-36. 

WARD, G.D., In Press. Habitat use and horne range of radio tracked 
Trichosurus vu1pecu1a (Kerr) in New Zealand lowland forest. 
G.G. Montgomery, (ed.) "The ecology of arboreal folivores". 
Nat. Zool. Park. 

opossums, 
In: 
Proc. 

WATSON, A. and MOSS, R., 1972. A current model of population dynamics 
in red grouse. Proc. 15th Int. Orinth. Congr. 134-149. 

WHITE, T.C.R., 1978. The importance of a relative shortage of food in 
animal ecology. Oeco10gia 33, 71-86. 

WIDDOWSON, E.M. and McCANCE, R.A., 1960. Some effects of accelerating 
growth. I. General Somatic development. Proc. Roy. Soc. B. 152, 188-215. 

WILEY, R.H., 1974. Evolution of social organisation and life-history 
patterns among grouse. Quart. Rev. Bio1. 49, 201-227. 

WILSON, P.N. and OSBOURNE, D.F., 1960. Compensatory growth after under
nutrition in mammals and birds. Bio1. Rev. 35, 324-63. 

WINDBERG, L.A. and KEITH, L.B., 1976. Snowshoe hare response to artificia1 2 

. high densities. J. Mammal. 57, 523-553. 

WINTER, J., 1962 .. Observations on a population of the brush-tailed 
opossum. Unpublished M.Sc. Thesis, University of Otago, N.Z. 

WINTER, J.W., 1976. The behaviour and social organisation of the 
brush-tailed possum (Trichosurus vu1pecu1a Kerr). Unpublished 
Ph.D. Thesis, University of Queensland, Australia. 

WODZICKI, K.A., 1950. Introduced mammals of New Zealand. N.Z. Dept. 
Scient. Ind. Res. 98. 

WOLF, L.L., HAINSWORTH, F.R. and STILES, F.G., 1972. Energetics of 
foraging: rate and efficiency of nectar extraction by humming
birds. Science 176, 1351-1352. 

WOOD, A.J., COWAN, I.McT. and NORDAN, H.C., 1962. Periodicity of 
growth in ungulates as shown by deer of the genus Odocoi1eus. 
Canad. J. Zool. 40, 593-603. 



WOOD , D.H., 1 970 . An ecological study of Ant echinus stuartii 
(Harsupialia) in a south-east Queensland r a info r est. 

Aust . J. Zool. 18 . 185 - 207. 

WQODGOERD, W., 1964. Population dynamics o f bighorn sheep on 
Wildhorse Island. J. fiildl. J.lgmt. 28. 381-391. 

ZOTOV, V.D., 1949. Forest deterior at i on in t he Tararuas ' due t o 
deer and opossum. Trans. Roy. Soc. N.Z. 76, 162-1 65. 

-----------~ t;--._-_. ~<NN.~· ,"'_"" • . ~. ~'-- -c-o- ! 
I . _ _ ____ .~._. _"._.-_" ___ • ' 

, 

UTAS 
'---,.----- -~ 

i 
i 
J 

290 



APPENDICES 



, ' 
t, · ' .. • 

ARVE 31 & .~ __ ..:.. .. K.!=JlG HS ild S T 
INB. Arvc3/IE- . -- . - -- UDY A

f1

c

c

AS 
. ;(.51 tes p('f]ph~ral to mal~-

ar ea s,) 

Uncut Fon?sf 

Uncut 

For!?st 

I , 
I 
I 
I 

N 

SOOm 

ARVE LOOP 



. ' 
:'1 , , 
{. 

ARVE 48/50 

-Burnt 1976 

\ 
"-" . 

\~ 

Mature 

Fores t 

I 

/ 
/ 

/ 

\ 
I 
\.. ..... 
/ -

~ '-;0 Om 

/" Regrowth 



I 

\ , -- .... ---~'P' 
," A< --EDWARDS RD. 

EDWARDS RD. 

N (MATURE) 

FOREST 
50 Om 



BLUE HILL RD. 

Burnt 1966 

-'---::--:-_..J' -' 
250m ~ 

-' 

N 

I 
I Uncut 

\ 
\ 

\ 

~. 



( 

\. 

/ 
I 

/ 

PENNY RD. 

- Burnt 1914 ~ 

500m 

/" Geeveston 

/ 



-....... 

FELIX CURTAINS RD. AREA 
-Burnt 1975 

N 

SOOm 

1934 

1969 



500m 

N 

ELEVEN RD. 

-Burnt 197 I, 

Mature 

Fores t 

- ,/ 

1972 

\ 

\ 
r '" /', ./ \ 

/ "-



Un c.ut 

EIGHT ROAD AREA 

- BURNT 1960/1 

Forest 

(~ 
1 

I 

- -

~ 0--
~ "-

p~ ""\ 
I --

./ 
( 
\ 

/ 

( 

~ -~ 

- --;.->N 

-~ 
'--=5-::-00;;-:m- ..... 



RISBY BAS Ii'l /I,luydena 

-Burnt '193I,-{,5 ~ 250m 



, 

"-
" 

~ 
i"- t---

~ ~ 
\ \ 
r\ 

. 

MAYN ES RD, 

- Bl.lrnt 1934 

'" ....... -
/ 

f'... 

. 

/ v 
V 
~ 

c..... 

\~ 
~ 

~ 

N 

t 
500m 

V- I--

~ vV' - , l« ~ o· 
~ 

~ ~ \., i-
b::; ~ 

~ 
~ f;; 1/1- ' - --

I ~ ,./ - -- ..... 
1'\ J 

I 
_J 

/ , 
/ 

- _ -' Uncut 
I 
\ Forest 
) 



APPENDIX B 

Rainfall and temperature data, 1976-1979. Provided by Bureau 

of Meteorology, Hobart. 

(al Rainfall (roml - Arve Valley 

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1976 86 16 67 80 190 95 114 173 10 39 140 63 

1977 110 29 172 113 111 93 189 116 64 132 163 

1978 33 75 52 112 111 150 243 201 52 147 93 145 

1979 54 92 40 174 60 

Average 
1938 - 58 53 56 82 111 102 104 112 97 95 93 84 
1979 

(bl Temperature ("e I - Geeveston 

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

max 22 22 21 16 13 11 11 14 14 17 17 18 
1977 

min 10 9 9 7 3 2 0 2 3 7 7 8 

max 20 20 19 16 15 11 10 11 15 17 18 19 
1978 

min 9 8 5 5 4 2 0 3 4 6 7 9 

max 22 23 21 18 14 12 12 13 15 16 18 21 
Average 

min 9 10 8 7 5 3 2 2 5 S 7 9 

------

• 



APPENDIX C. Listings of major computer programs 

written for Hewlett-Packard 9825A desk-top computer. 

The programs were: a) Fitting of 

the von BeTtalanffy growth curve.b) Probit 

Analysis. 



a) Fitting of the von Bertalanffy growth curve. 
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b) Proh:tt AnfllyJ'li.s. Program includes the fitting of regression 

line tq probit-transformed data and subsequently calculates 

median doses. 
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