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STl\TEMENT OF RESPONSIBILITY 

This thesis is my own worl~, except where 

specifically acl<nowledged. 

(Christopher R. Dickman) 



The Brown Antechinus, Antechinus stwirtii. 

The Dusky Antechinus, Antechinus swainsonii. 



Antechinus, my hero, small furred friend, 
I come to bury, not praise you, in yow· house. 
The sclerophyll forest • yet, if I commend 
Your brief fierce life, intrepid marsupial mouse, 
It is that your image, mirrored in my mind, 
Strangely reflects features of my own kind. 

First to rehearse your scarcely credible tale: 
Born in September, reared two months in the pouch, 
You live life as a solitary malei 
By day in hollow trees or logs you crouchi 
By night hunt worms and insects in the dew, 
While owl and snake and native cut hunt you. 

And, if you should survive till next July, 
The time is ripe for you to find a mate; 
Then, knowing that, hnving mated, you will die, 
Your small, wild heart grows grim with rage and hate, 
To hunt and savage all members of your race, 
Even the female clutched in your embrace. 

That copulation, charged with love and death, 
May last ten hours and even more, they sayi 
And / though it trips the trap that stops your breath / 
Does that supreme delirium repay 
The solitude, the darkness, the blind strife 
Of this short, savage irony, your life? 

"Antechinus", A.D. Hope 1981. 
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SUMMARY 

This thesis describes an experimental investigation of competition 

between the dasyurid 1mwsupials, AntciC"him1s stuilrtii and A. 

swainsonii. Most of tho research was conducted in the Brindnbella 

Range, Australian Ciilpital '.Territory, between May '1978 and November 

Initial experiments,· conducted between May 1978 and December 

1979, were designed to establish whether competition occurred. Five 

natural, semi-isolated enclosures (four experimental, one control) 

were established in tall open-forest; each contained populations of 

both species. Removal of the larger species, A. swainsonii, resulted 

in many shifts in the population parameters and resource use of the 

smaller ~· stuartii. These included increased numbers, enhanced 

survival of newly weaned young, increases in movements, home range 

areas, home range overlaps, the use of complex terrestrial habitat, 

and the proportion of large, terrestrial invertebrate prey in the diet 

and decreased arboreal activity. The reintroduction of A. swainsonii 

produced reciprocal shifts in most of these parameters. In contrast, 

the removal and reintroductio1~ of A. stuartii had little evident effect 

on A. swainsonii. It was concluded thnt competition occurred between 

the two species but that the effects of A. swainsonii on A. stuartii 

were more marked than the converse situation. 

Subsequent manipulation experiments 1 conducted between January 

1980 and November 1981 1 were designed to investigate the effects on 

A. stuartii of reducing and enhancing the numbers of A. swainsonii. 

When the numbers of A. swainsonii were reduced, the numbers of A· 

stuartii increased, and movements and arboreal activity decreased. 
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individuals also l!Sed more complex terrestrial habitat, and ate 

proportionately more terrestrial invertebrate prey. Enhancement of 

the nllmbers of A. swainsonii produced less marked, but reciprocal, 

responses in most of tliese parameters. It was concluded that the 

intensity of competition on fl. stuartl!. depended, in part, on the 

relative abundance of A. swain~. 

Throughout the manipulation experiments, samples of 

invertebrates were obtained in the enclosures by pitfall trapping, 

litter sampling and sticky trapping. These samples, totalling over 

120,000 specimens, showed that whereas sessile invertebrates in the 

forest litter were abundant all year round, freely-moving 

invertebrates on the litter surface and tree trunks disappeared in 

winter. Since A. swainsonii forages principally in the litter, but A. 

stuartii takes freely-moving invertebrates, it appeared that the latter 

species could face a seasonal shortage of food. In accordance with 

the shifts in diet exhibited by A. stuartii when the numbers of A. 

swainsonii were manipulated, tl1ese findings strongly suggested that 

food was the object of competition. 

To test the food competition hypothesis, a further experiment 

was conducted in 1981. Supplementary food was provided to two 

populations of A. stuartii, but not to a third, control population. 

The additional food resulted in increases in the survival, arboreal 

activity and body weights of A. stuartii 1 but a decrease in its 

movements. Reciproc'll changes were observed when supplementary 

feeding was discontinued in one of the study areas. The findings 

demonstrated that A. stuartii was food limited, and also that 

competition occurred for this scarce resource. 
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Interference was shown to be the mechanism of competition. 

Antechinus stuartii probably detects A. swainsonii by smell and 

possibly by sound, and it responds, on a moment to moment basis, by 

climbing into the trees. Direct harrassment of f!!· stuartii by A. 

swainsonii has probably resL1lted in selection for specific competitor 

recognition and avoidance in the smaller species. 

Transferrin allele freqL1encies were similar in all populat;ons of 

A. stuartii, whether they were allopatric and sympatric with A. 

swainsonii, suggesting that gene flow occurred between them. It was 

proposed that gene flow between these populations could impede 

directional selection for divergence in sympatric A. stuartii, and so 

prolong competition in evolutionary time. However, some reduction in 

competition may be achieved by divergence in body size and possibly 

tail length: small body size and long tail length allow A. stuartii 

access to arboreal prey, whereas large body size allows A. swainsonii 

access to invertebrates buried in the forest litter. 

In general, competition strongly influenced the population 

parameters and resources used by Antechinus, especially A. stuartii. 

This research shows that competition, in addition to habitat and 

climate, is probably important in determining the patterns of 

distribution and abundance of these marsupials. 
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1. 1. 

THEORY 

CHAPTER 1 

GENERAL INTRODUCTION 

1. 

GENERAL INTRODUCTION ON COMPETITION AND NICHE 

A simple definition of an ecological community is that it .is an 

assemblage of organisms living together in the same area. These 

organisms may coexist passively, or they may interact in seve1°al 

ways. If only pairs of species are considered, four kinds of 

interactions may be distinguished: 1) the interaction is beneficial to 

both species (mutualism), 2) the interaction is beneficial to one 

species, but neither beneficial nor detrimental to the other 

(commensalisrn), 3) the interaction is beneficial to one species, but 

detrimental to the other (predation, parasitism), 4) the interaction is 

detrimental to both species (competition). 

A considerable amount of research has attempted to elucidate the 

nature and importance of these interactions in conferring structure on 

both model (May 1976) and natural communities (Cody and Diamond 

1975), but perhaps most controversy surrounds the importance of 

competition. On the one hand Bock (1972), Diamond (1978, 1979), 

Dobzhansky (1950) and others argue that interspeciflc competition is 

of paramount importance in shaping community structure, while on the 

other Andrewartha and Birch (1954), Wiens (1977) and others suggest 

that its effects are small or negligible. In addition, recent studies of 

cooperation among organisms (Axelrod and Hamilton 1981) and of 

epigenetic selection (Steele 1979, Rosen and Buth 1980) undermine 

discussions of competition, and hence fuel the controversy. In 

asking why such a deep and divisive dichotomy has arisen between 



2. 

the advocates and detractors of the concept of interspecific 

competition, it is instructive to review the approaches that have been 

used to study this phenomenon. such a review has two further 

purposes. First, it serves as an introduction to the voluminous 

literature on competition, and second it provides background 

information usefLil in designing a research project on mammals. 

In this chapter, "competition" and "niche" are introduced and 

defined. The theory of interspecific competition and niche is briefly 

discussed, and some of the approaches used to study competition, 

particularly among mammals, are reviewed. Studies of competition 

between small marsupial mammals are reviewed and finally a hypothesis 

is advanced that two species, Antecl1inus stuartii Macleay, 1841 and 

A. swainsonii (Waterhouse, 1840) may compete in the field. 

1.1.1. Definition of "competition" and "nict1e" 

The term "competition" is used widely in the ecological literature 

but often lacks p1•ecise definition. MacArthur (1972a) believed that a 

precise definition of competition could not be obtained, but several 

have nevertheless been advanced (Crombie 1947, Hartley 1948, 

Weatherley 1963, Williamson 1957, Birch 1957, see also Milne 1961 

for a review). A definition proposed by Birch (1957) has perhaps 

received widest acceptance in the literature (Klomp 1961, Krebs 1972, 

Schoener 1977, but cf. Van Valen 1976), and is used in this thesis: 

"Competition occurs when a number of animals (of the same or of 

different species) utilize common resources the supply of which is 

short; or i'f the resources are not in short supply, competition occurs 

when the ·animals seeking that resource nevertheless harm one or 

other in the process". 
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Schoener (1977) noted that this definition could apply either to 

populations or to individual organisms, and suggested that both 

applications could be used in ecological and evolutionary studies. It 

is important to emphasize here that only individuals can compete 

(Ehrlich and Holm ·1962). Population responses to competition reflect 

C the collective responses of individuals comprising that population. 

Competition is termed intraspecific if it occurs between individuals of 

the same species 1 and interspecific if it occurs between individLtals of 

different species. Unless otherwise stated 1 the term competition is 

taken to imply interspecific competition throughout this thesis. 

Competition, whether intra- or interspecific, is generally 

considered to be of two kinds (Park 1954, Miller 1967). Interference 

competition " .... refers to any . activity 1 which either directly or 

indirectly limits a competitors access to a necessary resource or 

requirement" 1 whereas exploitation competition "is the utilization of a 

resource once access to it has been achieved" (Miller 1967). Miller 

(1969) described further characteristics of both kinds of competition. 

Nicholson (1954) introduced the additional terms "contest" and 

"scramble" but the~e are less widely Ltsed and are considered by 

Miller (1967) to be broadly synonymous 1 respectively 1 with 

interference and exploitation. However 1 Ayala (1970) noterl that 

contest and scramble can have different effects on the outcomes of 

competition, and discussed some possible examples among Drosophila. 

Interference and exploitation are used in this thesis in the sense of 

Miller (1967). 

Central to <m understanding of competition phenomena is the 

concept of the ecological niche. The term "niche" was Ltsed by Elton 

(1927) to connote the 11 ro\e11 o:F a species, especially its energy 

- I 
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relations, in a community, and by Grinnell ("1917) to connotB the 

habitat used by a species, together with all tho essential components 

of that 11abitat. As Ayala (1970) notes, "It 11as become a commonplace 

to say that for Grinnell the niche is t11e "address" of the specit•s, 

while for Elton the niche is the "function11 or role of the organism." 

The niche remained a static and rnthar nebuloLIS concept (see for 

example Linsdale 1957) until it was formally G!efined by Hutchinson 

(1958) in terms of set theory. Hutchinson proceeded by considering 

two independent envirm1mental variables which can be measL1red along 

ordinary rectangular coordinates. The ranges of values of tlHise 

variables within which a species can su1·vive and reproduce are 

determined, and an area is U1us defined. The addition of a third 

variable produces a volume, and when all variables relative to the 

species are considered an 11 n-dimensional hypervolume" is formed. 

Since this hyporvolume describas the whole range of environmental 

conditions in which an organism or species is able to survive and 

reproduce, it was termed by Hutchinson the "fundamental niche". In 

contrast, Hutchinson (1958) defined the "realised niche" as tile actual 

range of conditions in whicl1 an organism or species lives, nnd 

pointed out that this is almost always a subset of the fundamental 

niche. This dichotomy explicitly recognises that, in nature, factors 

such as competition may restrict the occupied region 01' the 

fundamental niche. 

Although Hutchinson's original definition retains heuristic vnlue, 

"niche" has since been expanded to include behavioural, structural 

and physiological characteristics of organisms (Odllm 1959 1 

Hutchinson 1965) or restricted to refer only to 11 
••• the m1tritio11al 

role of an animal in its ecosystem •..... " (Weatherley 1963, see also 

Cohen 1978). Niche is used in this thesis in a broad sense as 

I 
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defined by Pianka {197G) "the sum totai' of the adaptations of an 

organismic Lmit," where an organismic unit is <in individual, 

populntion or species. 

1 • 1. 2. Tho mathematical theory of competition 

The population growth of some organisms follows a simple logistic 

curve (Verhulst 1338; cited in Kt•ebs 1972) which is described by the 

equation: 

where N = populntion size 
t = time 

•.. equotion 1 

r = intrinsic rate of natural increase (Malthusim1 parnmoter) 
I\ = carrying capacity or mnximal value of N. 

This equation states tiHlt the rnto of chimge (inc1•ease) in 

population size depends on the intrinsic rate of nntural increase x 

populotion size x the unusad opportunity for population growth (aftar 

l\rebs 1972). By definftion, the inhibitory effect of each individual 

on populntion growth is 1/1<. 

The population growth of species may be affected by several 

foctors, among tllem competition for food or space from other species. 

Lotl<a (1925) and Volterra (1931) modified equation 1 to describe tl1e 

population growth of two species i11 competition: 

dN
1 

= r
1 

N
1 

c1Z1 :N1 -a.,2N2) ... equation 2 
err- h1 

which is ti1e population growth of Species 1, in competition and 

dN
2 

= r
2

N
2 

(K.2:N2-a21N1) ... equation 3 

dt 2. 

which is the population growth of Species 2 in competition. 

I 



(). 

a is a coefficient of corr.petition und varies uswJ!ly betwe<:>11 O and 

1. <Y12 measures tho competitive inhibition (per individual) of Species 

2 on the population growth of Species 1 1 i.md a
21 

the reciprocal effect 

of Species ·1 on the poplllation growth of fpecies 2. The inhibitory 

effect of each N2 individual on tile N1 population is 0112tK1, and the 

reciprocal effect of each N1 individual on the N2 population is e<2.111<
2

. 

If interspocific competition docs not occur (if a12 or N2 = 0 in 

equation 2 OJ' if a
21 

or N1 = 0 in equation 3) the equations reduce to 

tile logistic form and population gPowth asymptotes at K. The four 

possible outcomes of competition between Species ·1 and Species 2 are 

well known and depend on the relative values of a12 , a21 , K1 and 

Relative values Outcomes 

Cilse 1 : a12 > K1/K2, rt21 > K2/K1 Species initially commonest 

survives, 

Case 2: c.:12 < K1/K2, a21 > K2/K1 Only Species 1 survives, 

Case 3: a12 > K1/K2' a21 < K/K1 Only Species 2 survives, 

Case 4: a12 < f<1IK2, a21 < f<2IK1 Both species survive. 

These resLllts are shown graphiqally in Krebs (1972), Fenchel 

and Christiansen (1976) and Hutchinson 0978). 
/ 

Tim logistic equation (and hence equations 2 and 3) is based on 

several assumptions (Krebs 1972) and has been criticised extensively 

for its apparent lack of relevance to nature (Andrewartha and Birch 

1953 and 1954, Smith 1952, Slobodkin 195·1, Wiegert 1979, Ayala 

1970 and references therein). Such criticism has been addressed by 

incorporating qualifying' terms into equations 1-3, which take account 

of density independent mortality (Shorrocks and Began 1975), 

I 
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gonetical heterogeneity (Levin 1971, Leon '1974), immigration/ 

emigration (Langham' 1972, Levins and Culver 1971), time lags 

(Wangersky and Cunningham :1956, MacDonald 1978), threshold 

effects (Wiegert 1974), non-linear effects (Gilpin and Ayala 1973) and 

resource renewal and availabillty (Wiegert 1974, Shorrocks et al. 

1979). Many other modi-fications of the logistic and Lotl<a-Volterra ., 

competition equations are documented in Wangersky (1978) and 

Schoener ('1977). 

The logistic equation adequately describes the growth of some 

invertebrate organisms such as protozoa (Gause 1934, Vandermeer 

1969, cf. Feller 1940) and some insects (Chapman 1928, Crombie 1945) 

in the laboratory, but it is less successf.ul in describing the 

population growth of vertebrates in the field (Sewertzoff 1933, cited 

in D'Ancona 1954, Krebs 1972 and references therein). Despite 

problems with the logistic and Lotka-Volterra equations, they have 

been of great heuristic value in the development of cqncepts of 

limiting resources, competition coefficients and diffuse competition, 

which are introduced in section 1.1.3. 

Alternative mathematical treatments of competition are provided 

by Schoener (1973,1974a), Kerner (1957,1959), Levins (1975,1979), 

Wilbert (1971), Brown (1981) and others. Some treatments, such as 

that of Herbert et ~· (1956), are mathematically related to the 

Lotka-Volterra equations (Waldon 1975); others, such as that of 

Turelli (1981), are structurally analogous. These treatments have not 

yet received wide currency in the literature. 

1.1.3. The theory of niche 

In situations where two species compete for a common and finite 

resource, the Lotl1a-Volterra equations (section 1.1.2.) predict that 

I 
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either one species or both species will survive indefinitely. To 

introduce niche theory it is convenient to examine some of the 

theoretical consequences of these predictions. 

1.1.3.1. Ecological exclusion and coexistence 

Exclusion is the elimination of one species by another species in 

a competitive situation (cases 1-3, section 1 . 1 . 2.), whereas 

coexistence (case 4, section 1.1.2.) occurs when each population 

inhibits its own popL1lation more than that of the other species. In 

this section, I conside1· ecological exclusion and coexistence that arise 

from present-day competitive interactions. The evolutionary 

consequences of past competitive interactions are considered largely 

under the heading "evolutionary coexistence" (section 1. 1. 3. 2.), 

although some overlap between sections is inevitable. 

Originally attributed to Gause (1934), the concept, or principle, 

of competitive exclusion has been stated concisely by Hardin (1960) as 

11 complete competitors cannot coexist11 • Although circular (Cole 1960, 

Slobodkin, 1961, Peters 1976), the principle has been interpreted to 

mean that two coexisting species must differ in their use of the 

environment, and hence that each exploits a different resource 

(MacArthur and Levins 1964, Rescigno and Richardson 1965). The 

principle has received its strongest support from experiments in 

which populations of microorganisms have been forced to interact to 

extinction or equilibrium in simplified laboratory environments (see 

reviews by Crombie 1947, Hassell 1976, Hutchinson 1978). However, 

Ayala (1969) has challenged the findings of such studies by 

documenting coexistence in fruit flies competing for limited food and 

space (see replies by Gause 1970, Ito 1971, Gilpin and Justice 1972), 

I 
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and additional cogent criticism of field evidence for exclusion has 

been provided by Birch (1979) and Den Boer (1980). 

Several questions arise from the principle and from attempts to 

interpret it: 

How different must species be before they can coexist? 

How are such differences measured? 

How do similar species divide the environment among themselves? 

Levins (1968) states that measurements of some niche parameters 

( sensu Hutchinson 1958) suffice to address such questions. These 

parameters are niche breadth, niche overlap, niche dimension and 

community diversity. Although the niche has an infinite number (n) 

of dimensions, for practical purposes niche parameters are usually 

calculated from three dimensions only: place, food and time (Pianka 

1978). Each dimension may, however, be subdivided (see Schoener 

1974b). 

Niche Breadth. Niche breadth (B) is the "distance through" the 

niche along a particular resource coordinate (Levins 1968). It may be 

measured by: 

log B = -2:pi log pi 

or 

where pi is the proportion of the species which is found in, or 

selects, environment i (Levins 1968, Colwell and Futuyma 1971). 

Measurements of niche breadth allow comparisons to be made of 

specialist (narrow B) versus generalist (broad B) species, and may 

lead to conclusions about patterns of exclusion. 

Levins (1968) notes that species with broad niches are often 

more abundant than species that occupy narrow niches, and are more 

I 
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likely· to occur in "uncertain" environments. Niche breadth may also 

increase when resoLtrce availability decreases (Schoener 1971, Charnov 

1976). When resource units are in sl1ort supply, it may be 

advantageous for consumers to accept each item that is encountered, 

since the expectation of encountering other, superior items / is low 

(Charnov 1976). In terms of competitive exclusion, specialist species 

are more likely to eliminate generalist species from the relatively 

narrow part of the niche axis that they occupy, but generalists may 

predominate elsewhere (Pianka 1978, d. MacArthur and Levins 1964, 

1967). Pianka (1978) discusses other effects of interspecific 

competition on niche breadth, and Van Valen (1965) and Roughgarden 

(1974) discuss consequences of differences in niche breadth of 

individuals comprising a single population. 

Niche Overlap. Niche overlap (0) is the joint use of a resource or 

environmental variable by two organismic units, and is directly 

relevant to considerations of interspecific competition and exclusion. 

If the niches of two species do not overlap, perforce they cannot be 

in competition. Conversely, if the niches of two species do overlap, 

competition may occur but its intensity may be influenced by; 

1) The degree of environmental fluctuation (Hutchinson 1958, May 

and MacArthur 1972, d. Agren and Fagerstrom 1980) 

2) The temporal stability of the place of competition (Hutchinson 

1953, 1961) 

3) The operation of density independent factors (Andrewartha and 

Birch 1954, Pianka 1972, cf. Abrams 1977) 

4) The vagifity of the competitors (Ross 1957 and summary in 

Hutchinson 1965) 

I 
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5) Predation (Paine 1966, Parrish and Saila 1970, cf. Cramer and 

May 1971) 

6) Parasitism (Utida 1953) 

7) lntraspecific regulation of numbers below environmental carrying 

capacity (Marshall 1960) 

8) Hybridisation (Alerstam et.§.!_. 1978) 

9) Agressive neglect (Ripley 1961, Brown 1971), and other factors. 

Hence, the relationship of niche overlap to interspecific competition 

and exclusion may be complex. 

Despite the complex relationship between niche overlap and 

interspeclfic competition, several studies nevertheless suggest that 

coexistence is unlikely if overlap is high (MacArthur and Levins 1967, 

May 1974). If only one resource dimension is considered, coexisting 

species are often found to assort evenly along it and exhibit regular 

niche dispersion. Well known examples are the sizes of seeds eaten 

by desert rodents (Brown 1975), altitudinal zonation of birds 

(Diamond 1973) and body sizes of mammals (Coe 1975, Fox 1982a). 

May and MacArthur (1972) suggest that the formal limit to similarity 

of such competitors corresponds (in a varying environment) to a 

pattern in which the means of the resource utilisation curves of 

adjacent species are separated by a distance of about one standard 

deviation of the curves. This model has been generalised by May 

(1974) to consider multidimensional niche space. 

For habitat, a commonly-used measure of overlap is: 

r pij pkj 
0 ik = 

I 
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where p[j refers to the proportion of resource type j used by 

consumer (MacArthur and Levins 1967). This measure may be 

related to the competition coefficient a in the Lotl<a-Volterra equations 

(MacArthur 1$68, 1972b). MacArthur (1972b) argued tl-.at to infer 

competition was reasonable if the resources consumed by two species 

were similar, and further, if there was a close correspondence 

between habitat overlap and total resource overlap. The use of 

overlap measures as approximations of competition coe'fficients has 1 

however, been criticised (Colwell and Futuyma 1971, Schoener 1974a, 

Abrams 1975, 1980), and has led to alternative methods of estimating a 

(Schoener ·1974a, Hallett and Pimm 1979). Lawlor (1980) argued 

further that measures of niche overlap reflect only 

consumer-environment interactions, and suggested that measures of 

species similarities are more appropriate in detecting past (and 

possibly present) responses to competition. 

A second approach to the question of niche overlap involves the 

concept of coevolution (Lawlor and Maynard Smith 1976, Slatkin and 

Maynard Smith 1979, Roughgarden 1976). Instead of asking how 

much overlap is tolerable along a resource dimension, these studies 

consider how species partition resources to maximise the fitness of the 

individuals. Roughgarden (1976) assumed that niche breadth was 

fixed, but niche position was free to shift under selection. Under 

these conditions, the fitness of individuals of two or more species was 

maximised at a particular niche position that represented a trade-off 

between mutual avoidance of interspecific competition (coevolution), 

and tolerance of resources that supported a lower carrying capacity 

( K). Further studies of coevolution have proposed theoretical models 

for two species and two resources (Pimm and Rosenzweig 1981), n 

) I 
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genotypes and one resource (Matessi and Jayakar 1976), n species 

and one resource (Matessi and Jayakar 1980, 1981) and variable niche 

breadth (Case 1981). A particularly lucid discussion of the 

coevolution of competing species is provided by Connell (1980). 

Niche Dimension. Most niche theory considers only a single niche 

dimension at a time. In contrast, "niche dimensionality" refers to the 

"number of factors which serve to separate species" (Levins 1968), 

and emphasises that competition may be spread among several species 

that overlap in their use of several niche dimensions. 

The theory of niche dimensionality appears to have been 

approached in two ways. First, in a direct extension of Gause's 

(1934) contention that two species cannot occupy the same niche 

(coexist on a common resource) / several studies have attempted to 

model the coexistence of n species on n or < n resources (Armstrong 

and McGehee 1976 1 Haussman 1973). Such models fall into two groups 

according to whether the regeneration of resources is described by 

(1) an algebraic relationship or (2) differential equations (Armstrong 

and McGehee 1980). Group 1 models (Waldon 1975) assume that the 

specific growth rates of competitors are linear functions of resource 

densities, and resources, such as space or nutrients, are abiotic. 

Group 2 models (Koch 1974, Hsu et ~· 1978) allow the specific growth 

rates of competitors to be non-linear functions of resource densities. 

The resources, such as prey, are assumed to be biotic and hence 

have their own dynamical properties. These models conclude that n 

competing species cannot coexist on < n resources if their densities 

are fixed and the specific growth rates vary linearly with resource 

density, but coexistence is possible if both constraints are relaxed 

(Armstrong and McGehee 1980). 

I 
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The second approach to investigating the theory of niche 

dimensionality introduces the concept of "maximum tolerable niche 

overlap" (Pianka 1972). Pianka proposed that maximum tolerable 

niche overlap should be lower in communities where interspecific 

competition is intense than in communities where it is weak. This 

proposal assumes that when the demand for resources is low relative 

to supply, competitors may tolerate some overlap in resource use. 

Conversely, when the demand/supply ratio is higl1, overlap in 

resource use may not be tolerated. The extent of niche overlap may 

be closely related to the total competitive effects of several 

interspecific competitors in a community (Pianka 1974) i this situation 

has been termed "diffuse competition" (MacArthur 1972b). MacArthur 

(1972b) noted that the numbers of potential "neighbours" (specific 

overlaps in resource use) in niche space increase roughly 

geometrically with the numbers of niche dimensions added. Hence, as 

more niche dimensions are subdivided by species, the potential for 

diffuse competition increases (Pianka 1974). Di'ffuse competition may 

also be most evident among closely related species, and so lead to a 

negative correlation between the mean population densities of species 

and their taxonomic distance (Hebert et ~· 1974, cf. Taylor and 

Woiwod 1975, Den Boer 1980). Methods of measuring niche overlap 

along two or more dimensions have received comparatively little 

attention (see also section below on the community matrix), but have 

been discussed by Pianka (1974), Cody (1974) and May (1975). 

The Community Matrix. Proceeding from the Lotka-Volterra equations 

(equations 2 and 3), Levins (1968) introduced the concept of the 

community matrix. For a community composed of n species, an n x n 

t 
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matrix may be constructed that shows the coefficient of competition 

(Ci) for each pair of species. Because competition results in the 

mutual inhibition of population levels, pairs of competing species have 

positive Cl
1
Si the magnitudes of these values, which may not be 

symmetrical, indicate the intensity of competition. Jn communities 

where diffuse competition is intense, relatively more cells of the 

matrix will contain positive a's, and the variance of 'the matrix will 

fa\\. This property Jed Pianka (1974) to propose "mean nonzero niche 

overlap" as an inverse measure of the intensity of diffuse competition 1 

after substituting a measure of overlap (Pianka 1973) for competition 

coefficients in the community matrix. Pianka (1978) and Pianka et al. 

(1979) discuss further aspects of the community matrix concept. 

1.1.3.2. Evolutionary coexistence 

The Lotka-Volterra competition equations assume, among other 

things, that intrinsic rates of natural increase ( r), competition 

coefficients (Ci) and carrying capacities (K) are constant among all 

individuals and populations. Further, two competing species are not 

allowed to diverge (they are genetically immutable), and the 

environment where competition occurs is usually assumed to be 

homogenous (cf. Levins and Culver 1971, SlatJ,in 1974). 

In natural populations, however, these assumptions are rarely 
l:_c 

justified: natural selection may favour niche separation (reduction of 

niche overlap), and hence lead to a reduction over evolutionary time 

of the mutually depressirig effects of interspecific competition. Some 

aspects of the evolution of competing species have been modelled 

(Leon 1974, Fenchel and Christiansen 1977, Roughgarden 1976, 1979 

and other references above), but the evolutionary consequences of 

interspecific competition on the patterns of resource ...1se of organismic 

, ____________________ ---~ l 
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units are nevertheless controversial (e.g. compare Dobzhansky 1950, 

Pianka 1978 with Birch and Ehrlich 1967). I outline below th1·ee 

observations that have been interpreted as evidence for the past 

action of competition in facilitating niche separation, and hence, 

coexistence: character displacement, niche dimension complementarity 

and body size stepping. 

Character Displacement. Character displacement is "the process by 

which a morphological character state of a species changes undr:r 

natural selection arising from the presence, in the same environment, 

of one or more species similar to it ecologically and/or reproductively" 

(Grant 1972a, see also Brown and Wilson 1956). Changes in the 

ecological, behavioural or physiological attributes of a species are 

considered to be analogous to morphological changes (Grant 1972a) 

and may reduce the intensity of interspecific competition. These 

changes may be convergent or divergent (Grant 1972a), and may 

involve unknown proportions of genetica/ and phenotypica/ 

components. 

MacArthur and Wilson (1967) point out that character 

displacement may arise during the process of island colonisation. An 

invading species may change (narrow) the range of habitats it 

occupies, but not the range of foods that it eats (MacArthur and 

Pianka 1966, Schoener et al. 1979). Such change may at first be 

phenntypical and reflect the species behavioural plasticity 1 but later 

br: translated into genetica/ differences by natural selection 

(MacArthur and Wilson 1967). Sequential invasions of species may 

hasten this process in the older residents of islands (MacArthur and 

Wilson 1967, see also N¢rrevang 1959). Ecological character 

displacement has been modelled by Slatl<in (1980), and an interesting 
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possible example of character displacement in the fossil record is 

discussed by Eldredge (1974). 

The converse situation to character displocement has been termed 

character release (MacArthur and Wilson 1967), and it may be defined 

in the same way. ;as character displacement above, except that the 

word absence is sLlbstituted for the word presence (Grant 1972a). 

Character release does not facilitate niche separation: it reflects 

instead a tenden")\ for 3 species to occupy a greater range of 
' 

habitats and~\- sho~v greater variability in some morphological 

characte~istics (Van Valen 1965, cf. Seever 1979) when competition 

from other species is reduced or absent. 

Niche Dimension Complementarity. If the patterns of resource use of 

two species are considered, niche dimension complementarity is the 

tendency for high overlap along one niche dimension to be associated 

with low overlap along other niche dimensions (Schoener 1974b, Huey 

1979). This pattern is presumed to reflect the past action of 

interspecific competition, and it is expected to reduce the overall, or 

multidimensional, niche overlap between the two species. Schoener 

(1974b) suggests that separation along the habitat dimension is often 

more important than separation along the food-type dimension, which 

is often more important than separ<ition along the temporal dimension. 

Separation may, however, be very fine and difficult to detect 

(Broadhead and Wapshere 1966). 

Body Size Stepping. Hutchinson (1959), Schoener (1965) and others 

have reported that a constant ratio exists in the body sizes, or sizes 

of the trophic apparatuses, of two or more coexisting, related 

species. Such "body size stepping" may allow consumers access to 

foods of different sizes or types; this may reduce dietary overlaf), 



and hen co reduce interspecific competition. Body size stopping rnay 

not be advantageous if the populations concerned diverge in other 

ways, and in this respect, the phenomenon may be a spGcial case of 

niche dimension complementarity. The biological importuncc of body 

size stepping h<is been questioned by Horn and May (1977) and 

Simberloff and Boeck I en ('1981) on the grounds that actu<1I size riltios 

differ little from randomly generated ratios. 

Past competitive interactions must be inferred from their present 

day results, and this usually necessitates comparison of allopatric 

with sympatric populations of species, or detailed knowledge of their 

past distribLttions. As Birch and Ehrlich 0967), Grant (1972a) and 

Paterson (1978) point out, such knowledge may be difficult to obtciin, 

and inferences concerning the past action of competition should be 

used with caution. 

1.2 CRITERIA FOR RECOGNISING INTERSPEClf'lC COMPETITION IN 

NATURAL COMMUNITIES 

The above introduction provides a brief and simplified view of 

some aspects of competition and niche theory. In general, the theory 

seems to be far in advance of what is known about many natural 

communities of organisms (see Colwell and Fuentes 1975), and much 

theory can be expected to be irrelevant for organisms of a particular 

community. For ex;imple, interspecific competition is more likely to 

contribute to the structure and diversity of mammalian communities 

than to communities of bivalve molluscs (Stanley 1974, see also Menge 

and Sutherland 1976), and mechanisms of competition may differ 

between individuals competing for space (a non-renewable resource) 

or for food (a renewable resource) (Yodzis 1978). Such differences 

may contribute to the dichotomy of opinion about the importance of 
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interspecific competition in shnping community structure {sGction '1.1 ); 

they also make it difficult to apply criteria for recognising competitlv,e 

phenomena in m1ture. Before considering competition between species 

of small mammals, I conside1· wl1at criteria are necessory to provide 

unm:giivocal evidence for interspecific competition from field data. 

Thcore appear to have been three bpoad approaches, where 

observations ure made of species populations 1) in sympatry only, 2) 

in sympatry and ullopatry, and 3) following the manipulation of 

abundances of resources or competitm' species. The first approacl1 

compares the relative abundances, and/or tile relative spatial 

distributions, cind/or the niche associations of populations of two or 

more species that occur together. Competition may be occurring if 

the populations show an Inverse numerical or sputial association. 

Parupatry, whether stable as in altitudinal zonation 1 or unstable cis in 

invasions, may represent the most extreme form of inverse 

association. In contrast, observations of niclie dimens.ion 

complementarity and body size stepping between the species (section 

1.1.3.2) may suggest that competition has occurred in the past. 

Competition coefficients are sometimes calculated to increase confidence 

in inferences of competition, but other, biologically intractable 

methods of estimating competition have also been advocated (e.g. ~ 

Emlen 1931). This first, observationcil approach, is widely used to 

infer the existence bf competitive interactions between organisms 

(Schoener 1974b), although the results may also be interpreted in 

other ways, such as predation (Eadie 1952), or interspecific 

differences in habitat selection (Schroder and Rosenzweig 1975, 

Rosenzweig 1977). 

I 
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The second approach compares populations of one species which 

occur in al!opatry and in sympatry with other species. Present doy 

competition muy be inforred if tho size, distribution or resource use 

of a population is depressed in the presence of, but not in the 

absence or, populations of one or more competitor species, whereas 

past competition may be inferred if character displacement or 

character release are observed (section ·1.1.3.2). As with the first 

approach, however, allopatric/sympntric comparisons provide equivocal 

evidence for competition, since the results may reflect responses to 

geographical differences in resource levels rather than responses to 

competitors. 

The third approach is the experimental mar\ipulation of resources 

or population sizes of competitor species; this provides the most 

convincing evidence for present-day interspecific competition, 

although it fails to reveal mechanisms of competition (Schoener 1974b) 

and may often be impractical and time-consuming (Pianka 1978). 

Grant (1972b) graphically illustrated three steps required to 

uneqllivocally demonstrate competitive interactions in a two species, 

two habitat syste'rn. If the investigator wishes to examine the effect 

of Species 1 on Species 2, three similar enclosed study areas are 

required, each containing similar proportions (50%) of the habitat 

preferred by each species. In the first step, Species 2 is placed into 

each of the three enclosures, but Species 1 is placed into one 

enclosure only. Competitive interactions may then be inferred if 

Species 2 occurs in the habitat preferred by Species 1 more 

frequently in the absence than in the presence of that species. This 

inference may not be valid, however, if the two-species enclosure 

differs in certain ways from the single species enclosures, or if the 
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population parameters of Species 2 differ between the enclosures. In 

the second step, al\ individuals of Species 1 are removed from the 

first enclosure and placed into a second enclosure formerly housing 

only Species 2. Competitive interactions may again be inferred if 

Species 2 occurs in the habitat preferred by Species 1 more 

frequently in the absence than in the presence of that species, but 

confidence is gained in the knowledge that otl1er factors (enclosure 

differences or differences in the population parameters of Species 2 

between enclosures) are now less likely to be important. The 

inference of competitive interaction is critically tested in the third 

step when, following the reintroduction of Species 1 back into the 

enclosLire from which it was removed in the first step, Species 2 

again exhibits the pattern of habitat use observed previously in 

two-species conditions. A discussion of the advantages and 

disadvantages of such manipulations is given by Grant (1972b). Two 

further points should be mentioned that pertain to uncertainty, or 

indeterminism, in the outcome of competition between species in the 

enclosures. Indeterminism may occur first, if the genetical 

constitutions of individuals of each species differ between enclosures 

(Lerner and Dempster 1962, King and Dawson 1972 and references 

therein), and second, if species that are superfluous to the 

investigations are present, whether as competitors, or as predators 

(e.g., Morin 1981). Indeterminism may be reduced if organisms of 

l<nown genetical constitL1tions are used, and if superfluous species are 

removed. 

Reynoldson and Bellamy (1971) discuss five criteria that 

constitute evidence for interspecific competition in tl1e field. 

Although these are essentially an expansion of the three approaches 

outlined above, these authors emphasise the additional need to show 
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that competing species use a common resoL1rce. The observational and 

the experimental approaches listed above may both be necessary to 

answer evolutionary questions of community structure and function 

that implicate interspecific competition (Grant 1978), but the 

experimental approach alone may suffice to address questions 

concerning present-day, competitive interactions. 

1.3 INTERSPECIFIC COMPETITION AMONG SMALL MAMMALS 

Studies of small mammals reflect the dichotomy that exists in the 

larger scientific literature concerning the importance of interspecific 

competition in shaping community structure. Van Va.len (1978) and 

French (1978) suggest that competition is a major organising force in 

(eutherian) mammal communities, but the subject is given scant 

mention in several recent works (for example, Stoddart 1979, 

Hendrichs 1978, Galley et .§1. 1975). Few long term studies of 

mammals have been conducted (Keith 1973), and this may have 

hampered application of classical Lotka-Volterra theory (cf. de Bruyn 

1980). 

1. 3 .1 lnterspecific competition among small eutherian mammals 

Grant (1972b, 1978) concluded that most of the evidence for 

interspecific competition among small eutherian mammals (especially 

rodents) was derived from observations of two or more sympatric 

species that exhibit either an inverse numerical or an inverse spatial 

relationship. Subsequent studies have generally supported this 

conclusion. In field studies, Drickamer (1918), Henttonen et ~., 

(1977), Montgomery (1978), Blaustein (1980) and Gi?SS and Slade 

(1980) have inferred competition from inverse numeric.al associations 

I 



23. 

between sympatric species, whereas Myllymaki (1977), Randall (1978), 

Mehlhop and Lynch (1978), Lackey (1978), Dienske (1979) and de 

Jonge and Dienske (1979), have inferred or discussed competition 

from inverse spatial associations betvieen sympatric species. Krebs 

(1977) inferred competition from an inverse numerical association 

between the voles MicrotL1s pennsylvanicus and M. ochrogaster in high 

density field enclosures, and similar inferences have also been drawn 

from inverse spatial associations between species in confined 

laboratory conditioins (Blaustein and Risser 1974, Petersen and 

Helland 1978, Petersen 1979). 

Further inferences about competition have been derived from 

other kinds of observations. Thus stable parapatry, presumC1bly due 

to competition between two species, l1as been recorded by McPhee 

(1976), Meredith ('1977) and Weigl (1978); unstable parapatry 

(invasions) by MacKinnon (1978) and Taylor (1978); character 

release by Patterson (1981) and Lawlor (1982); possible examples of 

character displacement by Erdakov et .§.[. (1978) and Niethammer 

(1978); and diffuse competition by M'Closky (1978) and Glazier 

(1980). All examples except one (Niethammer 1978) concern species 

of rodents; evidence of competition between species in other 

mammalian Orders is very weak (Fargher 1977, Hawes 1977, 

Andersen 1978, Fleming ·1979) or disputed (compare Grainger and 

Fairley 1978 with Ellenbroek 1980). 

All the above studies provide observations suggestive of 

competition, but they do not prove it (see Section 1.2). Stronger, 

less inferential evidence for interspecific competition, has been 

obtained in several studies in which resources or the population 

densities of competing species were manipulated (Table 1. 1). Most of 
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these studies were published after the reviews of Grant (1972b, 1978) 

and Brown (1978), and all concern species of rodents. Of the 13 

studies listed, only two conducted al I the steps necessary to 

demonstrate competitive interactions (section 1. 2) 1 and some dealt 

with the more complicated situations of three or more species. Most 

studies discussed other, corroborative, evidence for competition 

however 1 so that objections to the interpretation of competition may as 

Diamond (1978) puts it, "strain one's credulity". Hence these 

experiments and those of Grant (1969, 1970, 1971) and others 

(reviewed in Grant 1972b, 1978) provide the strongest available 

evidence for interspecific competition among smal I mammals. Other 

manipulative experiments, sLlch as those of Schroder and Rosenzweig 

(1975), have shown that present-day competitive interactions do not 

always occur, although they may have occurred in the past. 

In general 1 mechanisms of competition among species of smal I 

mammals are poorly known, although Brown (1978) has suggested that 

interference interactions are characteristic of rodents inhabiting 

grasoland and mesic forest, whereas exploitation interactions 

characterise those inhabiting desert and arid grassland. Laborato1·y 

observations of interspecific intolerant (aggressive) behaviour 

sometimes conflict with expectations derived from Fieldwork (see 

Baenninger 1973). The outcomes of interspecific encounters may 

depend on the prior intraspecific experience o·f the combatants 

(McElman and Morris 1977) or prior experience of elements such as 

shelters in the test arenas (Banks et ~· 1979). The intensity of 

such encounters may depend also on the reproductive status of one or 

both of the interacting species (Rowley and Christian 1977). 
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Further generalisations about competition between species of 

small mammals and introductions to the extensive literature on this 

topic are provided by Grant (1972b, 1978) and Brown (1978). 

1. 3 .2 I nterspecific competition among small marsupial mammals 

Evidence for competition among small marsupials is almost wholly 

observational, and only one stt1dy (Serventy 1951) has been explicitly 

concerned with competition. Marsupials have traditionally been 

considered as second-class, inferior mammals, able to flourish only 

because of the lac!< of early eutherians to compete with them 

(Lillegraven 1974, 1975). Although this view is disputed (Kean 1961, 

Kirscli 1977, Low 1978), until recently very few studies have 

attempted to examine the possible importance of competition in shaping 

community structure (but cf. Fox 1981, 1982a,b; Main 1978). 

Laboratory studies of competitive interactions are even more sparse, 

although some preliminary and unpublished encounters have been 

conducted by Kenner (1972), Braithwaite (1973) and Biggins (1979). 

This situation stands in sharp contrast to the large number of 

competition studies conducted on small eutherians (section 1. 3 .1) 1 and 

suggests either that small marsupials rarely compete, or that the 

interpretation of competition is seldom applied. 

In view of the paucity of direct evidence for interspecific 

competition, much of the literature on the geographical distributions, 

ecology, behaviour, taxonomy, biogeography and reproduction of 

Australasian small marsupials has been reviewed for inferences 

suggestive of competition (Dici<man in press,a). The inferences were 

adduced from a review of 356 published and unpublished studies 

(Appendix 1), and were based largely on observations of differences 
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in patterns of niche use by two or more species. The inferences led 

to three preliminary generalisations (Dicl<man in press,a). First, 

differences in the patterns of niche exploitation between guilds (sensu 

Root 1967) of small marsupials lead to differences in the patterns of 

competition among member species. Second, interference competition 

is probably most prevalent among arboreal marsupials (Biggins 1979) 1 

whereas exploitation competition may occur among some of the smaller / 

terrestrial species. Third, competition between small marsupials 

occurs only in the peripheral, forested areas of Australia and 

possibly in New Guinea. 

Apparently nothing is known of competitive interactions between 

species of Neotropical small marsupials (Hunsaker 1977, Streilein 

1982), although interesting patterns of niche separation among 

sympatric species of Mouse Op possums ( Marmosa spp.) are discussed 

by O'Connell (1979). 

McNab (1980) concluded that marsupials are competitively inferior 

to eutherians because (other things, such as body weights, being 

equal) their basal metabolic rates and intrinsic rates of natural 

increase (r) are relatively low. This conclusion ignores the success 

of invasions of marsupials such as Cuscuses (Phalanger spp.) into 

faunas already rich in eutherians (Hooijer 1950, 1958; Groves 1976), 

but it should also serve to stimulate research on the actual 

competitive abilities of species of marsupials, and on the importance, 

prevalence and nature of interactions that occur between these 

species. 

------------~------~~~- ·-· -



1.4 A HYPOTHESIS: COMPETITION BETWEEN TWO SPECIES OF 

SMALL MARSUPIALS, ANTECHINUS STUART11 1 AND A. 

SWAINSONll. 
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The foregoing sections have attempted to introduce some of the 

mathematical and conceptual approaches to the study of interspecific 

competition, and to show further how some of these approaches have 

been used in studies of small mammals. This section introduces two 

species of small dasyurid marsupials, Antechinus stuartii Mac\eay, 

1841 and Antechinus swainsonii (Waterhouse, 1840), and proposes a 

hypothesis that these species compete with each other in natural 

conditions. 

Antechinus stuartii and A. swainsonii occur sympatrically 

throughout much of their geographical ranges, although the smaller 

species, A. stuartii, occurs in a wider range of habitats than its 

larger congenor (Appendices 2a and 2b). The two species are similar 

in several aspects of their biology (compare Appendices 2a and 2b), 

but additional evidence on which to propose a hypothesis of 

competition is provided by the following observations. 

1) The arboreal activity of A. stuartii increases when the 

activity of A. swainsonii increases on the ground (Hall and Lee 1982). 

2) Correlations of the numbers of captures of each species at a 

trapsite are sometimes negative (Hall and Lee 1982). 

1 Preliminary genetical evidence suggests that the form of A. stuartii 
encountered in this study differs at least subspecifically from 
populations of the nominate subspecies A. ~· stuartii of coastal New 
South Wales. There are, however, no evident genetical differences 
among any of the populations sampled in this thesis; hence until 
definitive taxonomic evidence is obtained, it is convenient to refer to 
them as A. stuartii. The taxonomic status of A. stuartii is currently 
under review (P.R. Baverstocl~ and D. H. King, personal communic­
ations; unpublished findings). 
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3) A negative correlation o·f percentage capture rates of the two 

species over several trapping sessions has been recorded (Reed and 

Wallis 1975). (Note: this correlation was not discussed by these 

authors, but a correlation coefficient r of -0.89, P < 0.001 was 

calculated from Table 1 of their paper. This value excludes data 

from their area "X" where no animals were captured). 

4) The absence of A. stuartii from apparently suitable forest 

may be attributable to the "unusual abundance" of A. swainsonii 

(Emison et.§.!_. 1975). 

5) The two species show an inverse spatial association at 

certain times of the year (D. P. Woodside, personal communication). 

Although tenuous 1 these observations suggest that the 

distributions of the two species may at times vary inversely in space, 

or their numbers may vary inversely. As Grant (1978) notes, such 

observations are consistent with the interpretation of competition 1 but 

they do not prove it. From May to August 1978, a pilot study was 

conducted in the Brindabella Range near Canberra to investigate 

whether the hypothesis of competition was indeed sufficient to account 

for shifts in the population parameters or resource use of the two 

species. It was. Consequently, a series of manipulative experiments 

was designed and carried out to test more fully the hypothesis of 

interspecific competition, and to investigate in more detail the extent 

and kinds of changes that were attributable to such competition. 

These experiments are described in Chapter 2. 



Table 1.1. Studies of interspecific competition among small eutherian mammals in \vhich population (or resource) manipulations have 
been conducted. Underlining sho\vs \Vhich paran1eters {population or resource) w~re meesured but did not change; ticks indicate those 
parameters that changed, after manipulations, in one or more of the species investigated. Pnrameter changes 'vere in the direction 
expected if competition ,.,.as occurring, except \Vhere stated befo\v. 

Steps 
con-

* Source ducted 

Joule and 1,2 
Jameson (1972) 

Cameron (1977, 1,2 
Cameron !:! !!.!. • 
1979) 

Redfield et~· 1,2,3 
(1977) 

Price (1978) 1,2,3 

Mann and 1,2 
Bindra (1978) 

Chappel (1978) 1,2 

Terman (1978) 1,2 

Wondolleck (1978) 1,2 

Abramsky et~· 1,2 
(1979) 

Pitcher and 1,2 
Keller (1979) 

Holbrook 1,2 
(1979) 

Gliwicz (1981) 1,2 

Montgomery 1,2 
(1981) 

* 

l\1anipulations 
conducted 

Effects of manipulations 

on one or** -------~P-o~p~u=la_t~io~n-'-,.'p~a~r_a~m"°e~t~e_r~s--------~--
more spp? Numbers Survival Sex ratio Breeding f/lovements Body 

Wt. 

2/3 

2/2 aj a.J 

1/2 b.J 

3/4 

1/3 ? 

2/3 

2/2 

1/2 

3/5 

1/2 ?j 

3/3 

1/3 a.J 
2/2 

Resource use 
Habitat Micro- Activity 

habitat 

c.J 

Step 1 refers to observations of l\VO or more species in sympatry; step 2 refers to observations of one species after 
one or ffiore competitor species have been removed; step 3 refers to observations of the same species after the competitor 
species have been reintroduced. These steps are a simplification of the procedure described in section 1.2. 

** The first figure (numerator) sho\'lfs ho\v many species were manipulated, the second figure (denominator) shows the 
total number of Scf.ecies used in the study. 

Notes: Changes in these parameters were in the opposite direction to those expected if competition was 
occurring. bTrappability also changed. cArboreal activity changed. 

29. 



30. 

CHAPTER 2 

COMPETITION BETWEEN A. STUARTll AND A. SWAINSONll: THE 

EFFECTS OF COMPETITOR REMOVAL AND REINTRODUCTION 

2.1 INTRODUCTION 

Experimental manipulations of resources or the population sizes 

o'f sympatric species provide the best test of the hypothesis that 

these species are cu1·rently competing (section 1. 2). What kinds of 

experiments are most appropriate? At the beginning of this study, 

competitive interactions between A. stuartii and A. swainsonii were 

only suspected, and the demonstration of such interactions, or the 

lack of them, was the most important initial aim. Appropriate 

experiments to demonstrate the existence of current competitive 

interactions are those in which one species is observed in the 

presence of a second species, and again when the second species has 

been removed. Hence this chapter describes only the effects of 

complete removal of one species of Antechinus on population 

parameters and patterns of resource use of the other species. These 

experiments were conducted between May 1978 and December 1979. 

The success of experimental manipulations depends largely on 

where and when they are conducted, and on a basic knowledge of the 

species that are to be manipulated. These considerations are 

discussed briefly before the experimental design used in this chapter 

is presented. 

Where should experimental manipulations of Antechinus 

populations be ·conducted? Grant (1972b) noted that species 

manipulation experiments can be conducted more easily on enclosed 

populations than on unrestrained ones, and in his experiments, actual 

fenced-in enclosures were used. Although such enclosures may give 
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predators (Grant 

control over the interacting species and 

1972b), they suffer two disadvantages. 

31. 

their 

First, 

enclosures are expensive and laborious to construct, and second, 

they artificially restrict movements and may lead to unu •.•ally high 

population densities (Krebs et al. 1973). In contrast, unenclosed 

populntions are more "natural", but the investigator usually has little 

control over the numbers of animals present or their population 

structure. 

In the present study, artificially enclosed populations of 

Antechinus were not available, but a population that was naturally 

enclosed had been identified by Stewart (1979a, b) in the Brindabella 

Range, near Canberra, Australian Capital Territory. Stewart (1979a, 

b) found that populations of A. swainsonii, and to a lesser extent l\. 

stuartii, were restricted to dense habitat along the bottom of a 

valley; few captures of either species occurred in more open habitat 

or in an exotic pine plantation on the surrounding slopes. The use 

of such a "natural enclosure" would, it was hoped, overcome the 

disadvantages of studying artificially enclosed populations and 

unrestrained ones, and hence was considered potentially suitable for 

conducting manipulation experiments. Other "natural enclosures" 

were found near the one trapped by Stewart (1979a, b), and these 

are described in section 2. 3. Henceforth 1 "natural enclosures" are 

referred to simply as "enclosures". 

When should experimental manipulations of Antechinus populations 

be conducted? Both species of Antechinus live in relatively 

predictable, seasonal environments, and, within any population, 

reproductive and population events usually occur at the same time 

each year (Lee et ~· 1977, 1982). As far as possible, it was felt 

r 
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desirable to time population manipulations to coincide with times of 

natural population upheaval or movement, since this would involve less 

trauma for displaced animals and also allow subsequent observations to 

begin when populations were "settling down" again. Studies of A. 

stuartii in Queensland suggested that two such times would be 

appropriate. The first would be in May-June when juveniles disperse 

from their maternal home ranges and nest alone (Braithwaite 1979). 

The second would be when male movements increase prior to mating in 

late September (Wood 1970). Near Canberra, A. stuartii mates at 

least a month earlier than in Queensland (Moore 1974), so 

corresponding increases in movements were also expected to occur 

earlier. Antechinus swainsonii mates even earlier (July) than A. 

stuartii in the Canberra area (Moore 1974); hence appropriate times 

' to conduct manipulati/s for 

March-April and July;' 

both species · were considered to be in 

' ' 

What are the Ii kely responses to competition in the two species of 

' Antechinus? In rodents, interspecific competition may influence a 

wide range of population phenomena and patterns of resource use 

(section 1.3.1), and it is reasonable to expect that competition, if it 

occurs, may also influence populations of AntechinLIS in similar ways. 

Hence, to investigate the kinds of responses to competiti,on in 

Antechinus, observations were made of several population parameters, 

and also of the resources used by these populations. These are 

listed below. 

Population parameters 
Numbers 
Composition 
survival 
Trappability 
Reproduction 
Movements 
Home range (size and overlap) 
Body size (weight and 

length). 

Resources 
Habitat (terrestrial) 
Habitat (arboreal) 
Food (type and size) 
Time (periodicity of 

activity), 
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Some population p11ramete1·s, such as trappabilily and body size, 

hi1Ve little relevance for understanding population structure and 

dynamics, but are included becciuse they may nevertheless be affected 

by competition. The terms "population pararneters" and "pattern" of 

resource use" ~re used throughout this thesis to refer either 

collectively or specifically to 1.he population parcimeter~, and resources 

listed above. 

2.2 EXPERIMENTAL DESIGN 

A series of simple experiments designed to investigate 

competition between A. stLlartii and A. swainsonii is shown in Fig. 

2.1. Each of the rectangles (EXPT. 1 - EXPT. 4 and CONTROL, Fig 

2.1) represents an enclosure containing the two species. In the first 

step, conducted between May and early July 1978 (July I), population 

parameters and patterns of resource use of th€ two species were 

monitored in all enclosures. In the second step conducted between 

late July 1978 (July II) and early April 1979 (April I) A. swainsonii 

was removed from two enclosures ( EXPT. 1 and <::XPT. 2), A. stuartii 

was removed from two other enclosures (EXPT. 3 and EXPT. 4), and 

the fifth enclosure was left intact as a two species control. If one 

species exhibited an expansive shift1 in population parameters or 

patterns of resource use in the enclosures from which its congener 

1 "Expansive" here refers to an increase in population size and 
associated parameters such as survival, as well as to an increase in 
the kinds and amounts of resources used. Conversely / a decrease in 
such parameters in the absence but not in the presence of a congener 
would indicate not competition, but mutualism. 
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had been removed, but not in the control enclosure where its 

congenor remained, it would be 1·easonable to infer that competition 

occurred. In the third step, conducted between late April 1979 

(April 11) and December 1979, this inference would be critically tested 

by reintroducing the species whi,f'h was formerly removed from two 
".)· 

enclosures back into one of these enclosures (A. swainsonii into 

EXPT. 1, A. stuartii into EXPT. 3, Fig. 2.1); a reciprocal shift in 

population parameters or patterns of resource use of the other species 

would confirm that competition occurred. 

This experimental design has several advantages and a 

disadvantage. On the positive side, the enclosures are natural and 

semi-isolated, and the effects of A. swainsonii on A. stuartii, and of 

A. stuartii on A. swainsonii, are clearly separable. In addition, the 

entire experiment was designed to last 11; years, so that a further 

replication of the entire design would be possible within the three 

year duration of a Ph.D. scholarship. (This design was not, after 

all, repeated in ·1980-81, due to unforeseen events that are described 

in later sections.) On the negative side, a superfluous and abundant 

third species, the Bush Rat Rattus fuscipes (Waterhouse, 1839), was 

also present. lhis disadvantage is discussed in section 2.6. 

2.3 THE ENCLOSURES 

Preliminary trapping in May 1978 revealed three enclosures, 

including the one trapped originally by Stewart (1979a, b), that 

appeared to be suitable for manipulation experiments. The enclosures 

occur along Lees Creek and BlundeII Creek in the Cotter Catchment, 

Brindabella Range, Australian Capital Territory (35°21 1S 1 148°50'E). 

The enclosures may be thought of as "islands" of relatively dense, 
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wet vegetation that occur along the banks of the cr<eeks. They are 

surrounded by extensive areas of drier, more open vegetation or pine 

plantations that occur on the valley sides and ridges. The zone of 

contact between the dense valley vegetation and the vegetation of the 

slopes is usually clearly defined, but transition zones of mixed 

vegetation ( <20 m wide) also occur. 

For the purposes of the present study, the perimeters of the 

enclosures were defined to extend 10-30 m beyond the edges of the 

dense valley vegetation or transitional vegetation onto the open 

slopes. Preliminary trapping results, and the findings of Stewart 

(1979a), suggested that relatively dense populations of both species 

of Antechinus occurred within the enclosures, and, moreover, that 

movements into and out of the enclosures occurred infrequently. So 

defined, the enclosures were actually only semi-enclosed, but 

immigration to and emigration from them appeared limited. Movement 

of Antechinus in relation to the enclosures is discussed further below 

(see also Tables 2.1 and 2.2). 

Before proceding further, it will be remembered that five 

enclosures, not three, were called for in the design described in 

section 2.2. Unfortunately, two further enclosures could not be 

found 1 and it was decided to subdivide the two larger enclosures to 

obtain the required number. Splitting these enclosures by the 

erection of a fence would have introduced an undesirable, artificial 

barrier to the movements of Antechinus. However, extensive 

trapping in these areas in May 1978 suggested that the creeks 

themselves already formed a partial barrier to movements, and 

moreover, that they split the two larger of the three enclosures into 

roughly equal parts. 
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The possibility of using the creeks as barriers was attractive for 

several reasons; they already formed partial barriers, they are 

continuous, at least 1 m wide throughoL1t their lengths and, since 

Antechinus appear to be extremely reluctant to enter water or to wet 

their fur (personal observations), they were a potentially very 

effective means of dividing the two largest enclosures. In addition, 

unusually heavy rainfall in 1978 (Fig. 2.2) increased the speed and 

volume of water flow in the creel<s ( D. Platts, personal 

communication), and the only obvious crossing points for small 

mammals were fallen logs and overhanging shrubs. To increase the 

effectiveness of th~ creeks as barriers to the movements of 

Antechinus, small fallen logs and debris were removed throughout the 

lengths of the creeks in the enclosures, and overhanging shrubs were 

cut back. Large Jogs were di1'ficult to remove and were leH in place. 

Ta render them less attractive as creek crossing points / however / 

they were wrapped with a sheet of black polythene. It was hoped 

that this material, 1m wide, shiny and durable, would act as a 

deterrent in itself and also provide a slippery substrate for animals 

attempting to cross it. The effects o'f these efforts are described in 

section 2. 5. 1 . 

The habitat of the five enclosures is tall open-forest ( sensu 

Specht 1970), dominated by Ribbon Gum Eucalyptus viminalis, Brown 

Barrel E. fastigata and Narrow-leaved Peppermint E. radiata. The 

understorey vegetation is dense and dominated by Water Fern 

Blechnum nudum with patches of Bracken Pteridium esculentum, Tree 

Fern Dicksonia antarctica and Blackberry Ru bus frL1ticosus. Leaf 

litter up to 20 cm deep occurs under g_. nudum; elsewhere the litter 

is 1-10 cm deep and composed of leaves, bark and decaying logs. 
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The proportional abundances of plant species appeared, subjectively, 

to differ little between the five enclosures. 

The habitat of the slopes and ridges surrounding the enclosures 

is mostly tall open-forest with some open-forest (sensu Specht 1970), 

but in marl<ed contrast to the enclosures, the understorey vegetation 

and ground litter are far less dense. No ferns or Blackberry occur 

on the slopes, but species that are characteristic of drier sites, such 

as Cassinia acu\eatum 1 Coprosma hirtella and Lomatia myrcoides are 

relatively abundant. On some slopes exotic pines ( Pinus radiata) 

have been p\antedi these areas are largely devoid of understory 

vegetation and ground litter. The vegetation of the enclosures and 

the surrounding slopes is compared in Figs. 2. 3a and 2. 3b; more 

detailed information and plant species lists are provided by Florence 

(1973) and Stewart (1979b). 

All five enclosures are linear and follow the shapes of the valley 

floors (Figs. 2 .4a-2. 4c). The control enclosure ( C1) encompasses 

both sides of the creek (Fig. 2. 4a), since no attempt was made here 

to clear the creek of bridging points. The experimental enclosures 

EXPT, 1 and EXPT. 2 (abbreviated henceforth as E1 and E2), in 

contrast, are separated from each other on either side of the creek 

(Fig. 2.4b), as are experimental enclosures EXPT. 3 and EXPT. 4 

( E3 and E4, Fig. 2. 4c). The maximum distance separating the 

enclosures is 2.3 km (from C1 to E1 and E2), and the minimum 

distances are the widths of the creel<s that separate E1 from E2 and 

E3 from E4. 

The enclosures differ slightly in mean altitude above sea level: 

C1 is 825 m a.s.l. 1 E1 and E2 are 740 m a.s.I., and E3 and E4 are 

835 m a.s.1. The areas of each enclosure are also slightly different: 
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C1 is 1.75 ha, E1 is 1.73 ha, E2 is 1.72 ha, E3 is 1.73 ha and E4 is 

1. 75 ha. The rainfall and temperature regimes of the enclosures are 

almost identic<il / although mean minimum winter temperatures are 

1-2°C less at E3 and E4 than at E1 and E2 (Fig. 2. 2). 

In summary, the enclosures may be thought of as islands of 

relatively dense vegetation that occur along the "floors of wet river 

valleys. These enclosures are surrounded and separated from each 

other by relatively large areas of drier / more open forest or pine 

plantation. Four enclosures (E1-E4) are boLinded along one side by a 

creek, whereas the fifth enclosure (C1) encompasses the creek. The 

enclosures are similar in size, shape, climate and vegetation. 

Relatively dense populations of both species of Antechinus occur 

within the enclosures, and immigration to and emigration from them 

appear to be limited. In short, the enclosures appear to conform 

very well to the requirements discussed earlier for an experimental 

study of competition. 

2.4 METHODS 

Antechinus populations were usually sampled once or twice a 

month to assess population parameters and patterns of resource use. 

In months when two sampling sessions were conducted, the first 

session is denoted by the name of the month followed by the numeral 

I (in the text and tables), or by the initial of the month (in the 

figures). The second session is denoted by the name of the month 

followed by the numeral II (in the text and tables), or by the initial 

of that month followed by an asterisl< (in the figures). For example, 

two sampling sessions were conducted in each of July 1978 and April 

1979, one immediately before Antechinus were manipulated, and the 
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other immediately afterwards. These are denoted July I 1978 (prior 

to removal), July 11 1978 (after removal), April I 1979 (prior to 

reintroduction) and April 11 1979 (after reintroduction). 

The methods used to assess population parameters and resoL1rce 

use are described below. 

2.4.1. Field methods for assessment of population parameters. 

Live trapping was used to assess the effects of population 

manipulations of one species of AntechinL1s on the population 

parameters of the other species. Two kinds of Jive traps were used. 

The first kind of trap, the Elliott type B folding metal trap (33x10x10 

cm), was used for most trapping. These traps were baited with a 

mixture of rolled oats, honey, peanut butter and bacon pieces, and 

provided with non-absorbent cotton wool for bedding. In wet or cold 

weather traps were placed in plastic bags and covered with bark or 

other debris; in very cold weather extra bedding was provided in a 

polystyrene cup. Elliott traps were used in gri'! trapping (section 

2.4.1.1), line trapping (section 2.4.1.2) and source area trapping 

(section 2.4.1. 3). The second kind of trap used was the pitfal I trap. 

These traps were constructed from two commercial fruit cans that 

were bolted one on another to form a cylinder 50 cm deep and 23 cm 

diameter. Traps were sunk flush to ground level under ferns and 

covered when not in use. A polystyrene egg carton containing bait 

and cotton wool bedding was placed at the bottom of each pitfal I to 

provide a warm, relatively waterproof "nest" for captured animals, as 

well as a place to hide if two or more individuals were captured. The 

use of pitfall trapping is described in section 2.4.1.4. 
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2. 4 .1.1 Grid trapping 

Grid trapping was conducted entirely within each enclosure to 

obtain information on all of the population parameters listed in section 

2..1. Trap stations were located at 10m intervals (± 2m) on a grid 

that extended to the perimeter of each enclosure (Figs. 2. 4a-2. 4c). 

Except for months when manipulations were conducted (July 1978 and 

April 1979) and when matings and births in Antechinus occurred 

(July-September in both years), grid traps were set for four days a 

month. In other months, traps were set either for eight days ( 4 

days immediately before and 4 days immediately after manipulations 

had been conducted) or for up to 12 days, at irregular intervals, to 

obtain precise information on the timing of reproductive events. 

Traps were set at the trap stations on every fourth line of the grids 

and moved daily to the next line along; hence each trapping session 

of four days resulted in each trap station being trapped once. This 

procedure was a compromise between the toil of setting traps at each 

trap station each day, and the need to maintain adequate capture loci 

to assess movements (see Flowerdew 1976a). Traps were set for four 

consecutive days at a time except in the winter months (June-August) 

when animals were susceptible to hypothermia. In these months, 

traps were set for two consecutive days, closed for one to two days, 

and then re-opened for the Final two days of the session. In May 

1978 one trap was placed at each trap station, but subsequently, to 

reduce competition for traps, two were placed at most stations that 

were located in very dense vegetation near creeks. 
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2.4.1.2 Line trapping 

Line trapping was conducted in areas immediately surrounding 

each enclosure for two reasons. It was hoped to provide, 'first, a 

yardstick for assessing movements of individuals into and out of the 

enclosures (it must be remembered that the enclosures were actually 

only semi-enclosed), and second, a buffer zone for picking up and 

removing any incoming individuals that were extraneous to the 

experimental design. (Extraneous individuals would be, for example, 

A. stuartii if this species had previously been removed from the 

enclosure). Line trap stations were located 25m apart (± 4m) on the 

valley slopes above the enclosures, as well as along the creel<.s 

beyond the ends of the enclosures (Figs. 2.4a-c). Line traps were 

always set singly. 

month concurrent 

They were operated for 2-3 consecutive days each 

with grid trapping, except in June 1978 and 

September 1979 when no line trapping was conducted. 

2.4.1.3 Source area trapping 

Source area trapping was conducted on an irregular basis 

between June 1978 and July 1979 at sites 3-11 km away from the 

enclosures. In June 1978, such trapping was undertal<en to find 

suitable sites in which to place individuals that were to be removed 

from enclosures E1-E4 the following month. Although both species of 

Antechinus were found to occur already at most such sites, it was 

hoped that the individuals displaced from the enclosures would 

increase the densities of these populations, and so, after breeding, 

ensure large populations for the following year. These were then 
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used as source populations to restock enclosures E1 and E3 in April 

1979 (see Fig. 2.1). 1 

Between November 1978 and April 1979, source area trapping was 

conducted for 3-4 days a month to obtain information on tl1e spatial 

relationships of mothers and their young. Since young A. stuartii 

remain for some time within the maternal range (Wood 1970), it was 

hoped that family groups could be identified and transferred together 

to restock enclosures E1 and E3 in April 1979. Although the 

restocking of these enclosures was timed to coincide with a population 

upheaval (section 2.1), it was thought tl1at related or familiar 

individuals would settle more easily then unfamiliar ones. After the 

initial restocking of enclosures E1 and E3 in April 1979, several 

reintroduced individuals disappeared. Between April and July 1979, 

source area trapping was conducted for 2-3 days a month to capture 

replacement individuals. Source area trapping procedures were 

similar to those used in line trapping, except that traps were placed 

irregularly in habitat where, by experience, I thought Antechinus 

would be captured. 

2.4.1.4 Pitfall trapping 

All trapping procedures outlined above depe1 d on folding metal 

traps. At the beginning of the study, it was not known whether 

these traps would catch all individuals within the enclosures, althoL1gh 

such knowledge was obviously important for conducting precise 

manipulations of population numbers and for measuring numerical 

1secause of the unusual life history of Antechinus, it was not 
possible to reintroduce the same individuals that were removed from 
enclosures E1-E4 in July 1978. 
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responses· As a check on the efficiency of the folding metal traps, a 

line of 28 pitfall traps was established in the E2 enclosure in June 

1978. These traps were spaced 10-25m apart, and were operated for 

2-4 days a month three days after grid trapping had finished. 

Unfortunately, pitfall traps proved to be very inefficient at 

capturing Antechinus. No more than 69% of A. stuartii individuals 

known to be alive from grid trapping were captured in pitfalls in any 

month, and no unmarked individuals of either species of Antechinus 

were ever caught. Consequently, pitfall trapping was discontinued in 

February 1979. 

2.4.2 Animal handling 

Except when trapping to determine the periodicity of activity 

(sections 2.5.4.4 and 2.,5,6.4), all traps were checked, cleared and 

reset as soon as possible after sunrise. (In practise, when mdny 

animals were captured, 11 as so0n as possible" could mean up to nine 

hour~, later). Newly captured Antechinus spp. were given a unique 

toe clip. At each capture all animals were individually identified, 

sexed and weighed, and their general appearance and reproductive 

condition were noted. 

Reproductive condition was assessed by the appearance of the 

pouch in females and the penis and scrotum in males (Woolley 1966). 

If young were present in the pouch they were counted, measured 

(see Lyne and Verhagen 1957) and, when possible, sexed. Sexing 

the pouch young was possible only in the last few days of pouch life. 

Males were identified by the presence of a minute, stalk-like scrotum 

(always translucent in the po Lich young of A. stuartii, but 

translucent or blue-pigmented in \hose of A. swainsonii), females by 
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the presence of a translucent, triangular-shaped patch on the pink 

ventral surface where the pouch would late1' develop. Lactation in 

females could not be accurately assessed. In contrast to the findings 

of Wood (1970), I was unable to express milk from females of either 

species of Antechinus at any time. A rough assessment of the 

duration of lactation was ther :fore based soley on the appearance of 

the nipples and pouch (Woolley 1966). 

In the course of a four day grid trapping session in each 

enclosure, head-body alld tail measurements were tal<en from most 

individuals. Measurements were made by holding the animal against a 

measuring rule, usually after it had been lightly anaesthetised wiU, 

ether. Such meas1.1rements were tal<en once only from any individual 

in a trapping session, and not from females with pouch or nestling 

young. 

Weak or hypothermic animals were encountered occasionally, 

especially in winter. Every attempt was made to revivG such animals 

by providing them with a mixture of honey and water, and by 

warming tl1em in the investigator's shirt. Very weak, moribund 

animals were sometimes injected intraperitoneally with a solution of 10% 

glucose. These efforts substantially reduced trap mortality. 

Excluding males trapped at the time of mating and die-off, only 2% of 

A. stuartil and <1% of A. swainsonii individuals died in traps in the 

enclosures throughout the study. 

2.4.3 Field methods for assessment of resource use 

Live trapping and tracking methods were used to assess the 

effects of population manipulations of one species of Antechinus on 

the patterns of resource use of the other species. 
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To assess the types and sizes of food eaten, scat material war 

taken from the floors of occupied folding metal traps. Si:ats wei·e 

collected only at the first apture of an individual in a trapping 

session, and were transferred within 18 ho1;rs to 70% ethanol for 

preservation. 

To assess the periodicity of activity, a variation of grid trapping 

was used. Thirty-six to forty-one traps were set singly at trap 

stations on a section of each enclosure, and checked at three hourly 

intervals, beginning at 12.00h, for a continuous period of 24h. All 

individuals captured were identified and released immediately, so that 

none remained in traps for more than three hours. Such t1·app!ng 

was conducted for one 24h period a month, one day after ordinary 

grid trapping had finished. 

To assess habitat user live trapping and tracking methods were 

used. Tracking, using hair sampling tubes (Suckling 1978), was 

used to compare the relative use of t'3rrestrial and arboreal habitat by 

Antechinus. In each enclosure, 25 tubes were attached to the bases 

of trees, and 25 more were attached to tree trunks 2!z-4m abov,e 

ground. All tubes were baited with rolled oats and honev7 and lined 

with double-sided sticky tape (Suckling 1978). At the end of each 

monthly grid trapping session, bait was replaced and the sticky tape 

was examined for hairs left by visiting mammals. Hairs were later 

identified to species and used to provide an index of the extent to 

which Antechinus spp. used terrestrial and arboreal habitat. 

Live trapping provided more detailed information on the use of 

terrestrial habitat by Antechinus spp., and followed a method 

described by Barnett et .e.J.. (1978) and Newsome and Catling (1979); 

These authors "split" habitat into its most obvious components, and 

, 
' 
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rated the quantity of each component around each trap st;ition on a 

subjective numerical scale of 0-3. In the present study, the fol lowing 

habitat components were recognised: 1) Logs (> 8 cm diameter and 

> 100 cm long), 2) litter, 3) rocks, 4) vegetation < 1m high, and 5) 

vegetation > 1m high. The amount of e~ch component 1m above and 

around each trap st3tion was assessed visually and given a score of 

0-3. A score of 0 denoted that the component was absent neat the 

trap site, a score of 3 that it was relatively abundant. 

To obtain an overall index of structural habitat complexity 

(S. H. C.), at each trap station / the scores for al I the habitat 

components were summed. This yielded total scores that ranged from 

0 (no S.H.c.) to 15 (maximum S.H.C.) per trap station. The 

proportional abundances of sites of different S. H. C. were similar in 

the five enclosures (G( 56 d.f.)= 55.33, n.s.). 

2.4.4 Analytical methods for assessment of population 

parameters 

Population parameters of both species of Antechinus were 

estimated largely from grid trapping within each enclosure. Line 

trapping results we1·e used only where stated specifically below. 

. Population numbers were expressed as the minimum number 

known to be alive (MNA) during each trapping session, and were 

calculated from the total number of animals captured during a 

trapping session plus those marked animals that were captured at a 

later date (Krebs 1966, Hilborn et~· 1976). Most individuals of both 

species of 6!;ltechinus were normally captured during grid trapping 

within each enclosure, but occasionally some individuals were captured 

also on one of the trapping lines (Fig. 2.5). Such individuals were 

counted as enclosure residents only if <10% of their total captures 

------------------ - -
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occurred outside the enclosures (Fig. 2.5); other individuals were 

considered either as transients or as residents of open habitat outside 

the enclosu1·es and were excluded From estimates of population 

numbers. 

Minimum survival between trapping sessions was calcL1lated as the 

percentage of those animals known to be alive in one trapping session 

that were recorded in subsequent trapping sessinns. This method 

does not distinguish death from emigration ( Flowerdew 1976a), but it 

has nevertheless been used successfully in manv studies of small 

mammals (e.g. Watts '1969, Wood 1970, 1971). 

Trappability was defined as the nL1mber of individuals captured 

in a trapping session divided by the MNA at that time (Krebs 1966). 

Movements were calcL1lated as the average distance moved 

between successive captures in a single trapping session (Av. D., 

after Brant 1962). This measure is correlated with heme range size 

in Peromyscus leucopus (Wolfe 1968) and has been used as an index 

of movement in several studies of Antechinus spp. (Braithwaite 1973, 

Barnett~~· 1977, Wainer 1976). 

Home range was calculated by the minimum area method, as 

modified by Jennrich and Turner (1969). This method defines an 

area (the smallest convex polygon containing all the capture points) 

by joining capture points in a counter clockwise direction about their 

geometrical centre. The method is biassed by sample size (Jennrich 

and Turner 1969); hence only those individuals captured 8-12 times 

in two-four consecutive trapping sessions were used in this analysis. 

Only grid captures were used; occasional captures of individuals on 

the trapping lines were considered to be "expioratory sallies" (Burt 

1943) and were ignored. To calculate overlaps in home range, the 
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home range of an individual was first mapped. The home ranges of 

other individuals of the same sex, and then of the opposite sex, and 

finally of both sexes togetl1er were then drawn over that of the first 

individual, so that an estimatF: was obtained of the percentage of that 

individlials area that was overlapped by the ranges of neighbouring 

individuals in the population. This procedure was repeated for each 

individual fo1· whom a home range could be defined, and the values 

used to obtain mean overlaps for males 1 females, and for both sexes 

together. Home ranges and overlaps were determined with a 

planimeter or digitiser board. 

No attempt is made here to review the very large literature on 

methods of home range and movement analysis, since excellent reviews 

exist elsewhere (Jennrich and Turner 1969, Flowerdew 1976a, 

Trevor-Deutsch and Hackett 1979). I selected the methods used in 

the present study because they are simple to use, comparable with 

other studies and intuitively easy to understand. 

No calculations were necessary to interpret the remaining 

population parameters (population composition, reproduction and body 

size), and information on these was drawn directly from field data. 

2.4.5. Analytical methods for assessment of resource use 

The foods e.aten by the two species of P.ntechinus were analysed 

entirely from preserved scat material. Scats from individual animals 

were placed in petri dishes, gently broken up, and examined under 

low power magnification. Invertebrate fragments were assigned to one 

of 24 categories of prey type and, when possible, to one of 10 

categories of prey size. Minimum numbers of prey items were scored. 

For example, if 1-6 similar beetle tarsi were identified only one beetle 
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was recorded, but if 7 similar tarsi were found, 2 beetles were 

recorded. This method probably underestimates the numbers of a 

particular kind of prey that may have been eaten. In practise, 

however, such bias may not be extreme, since large numbers of tarsi 

or other identifiable fragments were seldom found in scats. 

Identification of prey to Order or above was based on comparison 

with reference specimens collected in the enclosures, and with 

descriptions in CS1RO (1970, 1974), Main (1976) and McColl (1977). 

Size classification, where only single body parts were available, was 

based on the establishment of ratios of body parts to body 5ize 

(overall length from the tip of the head to the tip of the abdomen) 

for the whole organism (Hall 1980b, see also Calver and Wooller 1982). 

The diVel"sity of types and sizes of pPey eaten by Antechinus 

was calculated using Hurtubia's (1973) modification of the Brillouin 

index H. This index is calculated by the formula: 

H = _1_ loge 
N 

N! 

where N represents the total number of individuals in the collection, 

n. represents the number of specimens of type i, and units are 
I 

natural bels (Poole 1974). Brillouin's index is influenced by three 

factors: the numbers of types or taxa in the collection, the total 

number of individuals, and "evenness" J, where J = H/H maximum, 

and H max. = 
1 
N 

loge 
N! 

([N/S)!) S-R[([N/S]+1)!]R 

where s represents the total numbet' of types contributing to N / 

[N/S] represents the integer part of N/S and R = N-S[N/S] (Poole 

1974). 
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The method treats each scat as a 
' 

sample, and its trophic 

diversity {Brillouin's H) is calculatei<i separately. The prey contents 

for each scat sample are then pooled, one at a time, for K samples 

and H is recalculated at each step. The accumulated trophic 

diversity Hk increases wi.th progressive pooling until an asymptote is 

reached. This point may be considered as an estimate of the trophic 

diversity of the population (Hurtubia 1973). 

Hairs left by mammals visiting the hair sampling tubes were 

identified by cross-sectioning and scale typing methods described by 

Brunner and Coman (1974), using reference hairs obtained from 

individuals in the enclosures. 

No analyses were necessary to interpret the use of other 

resources (time and terrestrial habitat), and information on these was 

drawn directly from field data. 

2.4.6. Treatment of data. 

The experimental dasign (Fig. 2.1) calls for the comparison of 

population parameters and patterns of resource use of one species of 

Antechinus when it occurs in the presence and in the absence of the 

other species. At each step of the experiment, three populations are 

to be compared. Thus, to assess the effect of A. swainsonii on A. 

stuartii, for example, it is necessary to compare A. stuartii 

populations in enclosures E1, E2 and C1, but to assess the effect of 

A. stuartii on A. swainsonii, it is necessary to compare A. swainsonii 

populations in enclosures E3, E4 and C1 (Fig. 2.1). 

Comparisons between enclosures were made for separate months 

or for groups of months. Months were grouped to conform both to 

-JI 
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the schedule of manipulations and to different demographic events. 

For example, months when females were with young (either in the 

pouch or in the nest) were considered together 
1 

as were months 

before and during mating. 

To assess whether differences existed between these populations, 

several statistical tests were used. In general, when series of 

measurements were available from each population, analysis of 

variance (ANOVA) was used; when frequency data were available, 

G-tests were used. ANOVAs were performed only after Box's (1949) 

test had demonstrated that the variances of samples were equal, and, 

when necessary, after appTriate transformations had been made 

(Sokal and Rohlf 1969), 

An important point is that all ANOVAs performed were of the 

Medel 1 type (Sokal and Rohlf 1969). Model 1 analyses assume tHat 

differences among sample means, if any are revealed by a 

preliminary, overall ANOVA, are due to fixed treatment effects that 

are planned in advance by the investigator. In such experiments, 

comparisons of interest among the sample means are known and 

planned before the experiments are actually carried out and the 

results obtained. Planned comparisons are applied irrespective of the 

results of the preliminary, overall AN OVA. They are conducted by 

simply partitioning the treatment sum of squares and the treatment 

degrees of freedom of the preliminary ANOVA into separate, planned 

comparisons, and using these as part of the ANOVA (Sokal and Rohlf 

1969). To distinguish the two kinds of ANOVA, F
0 

was used to 

denote the result of an overal I, or preliminary comparison, whereas 
' ' F was ·used to denote the result of a planned comparison. 

p ' 
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The following planned comparisons, stated as null hypotheses 

(Ho), may be derived from Fig. 2.1: 

A. stuartii A. swai11sonii 

May-Ju!Yi I Ho µC1 = µE1 = µE2 Ho : µC1 = µE3 = µE4 
1978 

July I I 1978-
Ho µC1 = µ(E1 and E2) Ho µC1 = µ(E3 and E4) April I 1979 

April II-Dec. Ho 
1979 

µ(C1 and E1) = pE2 Ho µ(C1 and E3) = µ,E4 

where µ is the parameter mean of the population. 

Although the planned comparisons were of principal interest, 

unexpected differences among sample means sometimes occurred 

between "unplanned" comparisons. Where, for example, Ho : µC1 = 

µ(E1 and E2) and a preliminary ANOVA revealed that differences 

occurred among the sample means, it may be of interest to test Ho : 

µE1 = µE2. Tests of such an §_ posteriori hypothesis (so termed 

because interest in it arose only after the results had been obtained) 

were made using the Student-Newman-Keuls (SN I<) test (Sokal and 

Rohlf 1969, Zar 1974). 

To summarise the results of ANOVAs, the sample means were 

arranged in a row, and those means that were not significantly 

different were underlined. If the result was derived from a pla~i;>.Q-.., 

' 
(F P) comparison, a solid line was used in underlining, but if the 

result was from an overall (F 
0

) comparison 1 a broken line was used. 

1 The null hypothesis for May-July 1978 is stated for the sake of 
completeness only. This is not actually a planned comparison, since 
there are no fixed treatment effects at this time and no ~ priori 
reason to expect that one sample mean differs from any other. 
Sample comparisons may still be made by ~ posteriori tests, however, 
as described in the text of this section. 
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If, for example, the null hypothesis stated that µC1 = µ(E'l and E2) 

and it was found in the planned comparison that pC1 < p( E1 and E2), 

this was expressed simply as C1 "'E-"1--'E=2. In contrast, if (using 

the same null hypothesis) the planned comparison was not statistically 

significant but it was found in the .§'. posteriori comparison that µCl = 
pE1 < µE2, this was expressed as c;_l_ __ ~J 

E2. The actual 

numerical values for mean, standard deviation and sample size for 

each population are shown in the data summary. 

To test for differences in frequency data between enclosure 

populations, G-tests were used. The G-test has several advantages 

over the conventional x2 test, the major one being ease of 

computation (Sokal and Rohlf 1969). By analogy with ANOVA, G may 

be used to test planned or "unplanned" comparisons, but in contrast 

to ANOVA, test procedures are the same for both kinds of 

comparisons (Sokal and Rohlf 1969). were used 

respectively to distinguish overall from planned comparisons. In all 

G-tests using one degree of freedom (1 d. f.), a correction for 

continuity was applied when the sample size was <200 (Sokal and 

Rohlf 1969). 

A final test statistic used in this chapter was Kendall's 

coefficient of concordance, W (Siegel 1956). This statistic: tested the 

degree of association of activity periods of Antechinus between the 

enclosures, after capture frequencies within each of the eight 

3-hourly trap intervals had been converted to ran ks. 

Throughout this thesis, a probability level of 5% or less (P -( 

0.05) is considered to be statistically significant. Unless otherwise 

stated, values of P ~ 0.05 are designated by*, values 4 0.01 by**, 

. and values 4 0.001 by***· 



54. 

2.5 RESULTS 

2.5.1. Effectiveness of the removal experiments. 

Between 12 and 17 July 1978 1 14 A. swainsonii were removed 

from enclosure E1 and from surrounding trap lines, and 19 were 

removed from E2 and surrounding trap lines. Very few new, 

extraneous individuals were captured subsequently in or close to 

either enclosure (Table 2.1), suggesting that little immigration 

occurred. When A. swainsonii was reintroduced to E1 in April 1979, 

however, several individuals subsequently crossed the creek barrier 

into E2 (Table 2.1). Until December 1979, no more than two 

individuals (11-14% of the number removed the previous year) were 

known to cross in any one month, and they were immediately returned 

to E1. These results suggest that, although enclosures E1 and E2 

could not be kept entirely separate and free of A. swainsonii, they 

nevertheless permitted the numbers of this species to be kept at very 

low levels. 

Between 12 and 19 July 1978, 23 A. stuartii were removed from 

enclosure E3 and from surrounding trap lines, and '17 were removed 

from E4 and surrounding trap lines. Several new individuals were 

captured subsequently in both enclosures (Table 2. 2), suggesting 

that limited immigration had occurred. Following the reintroduction of 

A. stuartii to E3 in April 1979, the numbers of extraneous individuals 

in E4 and on surrounding trap lines increased slightly. Most of these 

had crossed the creek barrier from E3 to E4 (Table 2.2), and were 

returned immediately to E3. No more than four extraneous A. stuartii 

(24% of the number removed from E4 the previous year) appeared in 

either enclosure in any month throughout the removal experiments. 
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As with A· swainsonii, these results show that E3 and E4 were not 

always separate and entirely free of A. stuartii, but the numbers of 

this species were nevertheless maintained at very low levels. 

2.5.2. EffectiV<''1ess of the reintroduction experiments. 

Reintroductions of f::.. swainso,1ii to E1 and of A. stuartii to E3 

were made on 6 April 1979 (see Fig. 2. 1), BecaL1se it was impossible 

to reintroduce the same individuals that had been removed from these 

'' enclosures in 1978, I reintroduced the same number of individ~1als of 

each species that were known to be alive in early April (April I) 1979 

in the control popul11tion, C1 (20 A. swainsonii, 2'1 A. stuartii). 

Several of these reintroduced individuals subsequently disappeared 

from the enclosures, so further minor additions of both species had to 

be undertaken from late April to July 1979. In E1, the numbers of 

A. s\.vainsonn added were: 7 (April 11), 3 (May), 7 (Juna) and 3 

(July). In E3, the numbers of fl· stuartii added \vere: 12 (April 

11) I 9 (May), 4 (June) and 4 (July). Tl'1e !£Jct tl1at minor 

reintroductions had to be made at all indic<ites that the two species of 

Antechinus are not entirely suitable for m£Jnipulation G'.·;pe1·iments. 

Nevertheless, the reintrodl1ctions maintained the numbers of A. 

swainsonii in E1 to within -'1 to -3 of tho monthly MNA in Cl (until 

May 1979), and the numbers of A. stuartii in E3 to within +2 to -5 of 

the monthly MNA in C1. In terms of the experimental design (Fig. 

2.1), both the removal and reintroduction experiments may be 

considered reasonably successful. 
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2.5.3. Effects of the removal and reintroduction of A. 

swainsonii on the population pa1·ameters of A. stuartii. 

2.5.3.1. Population numbers and composition 

Over the entire period of study, the population numbers of A. 

stuartii in enclosures C1, E1 and E2 fluctuated more or less 

synchronously (Fig. 2.6a). In 1978 and 1979, the MNA in each 

enclosure was lowest from September to December, when only females 

>1 yr old were present, and highest from February to May due to an 

influx of juveniles born the previous year (Fig. 2.7). 1 Between May 

and August 1978, MNA in all enclosures fluctuated between 15 and 20 

individuals, but over the same period in 1979, MNA in all enclosures 

declined before increasing again slightly in August (Fig. 2.6a) 

Between February and August, most individuals were males and 

females <1 yr old. Numbers of females >1 yr old were generally low 

after March or April, and only one was known to survive for more 

than two years (Fig. 2. 7). 

The removal of A. swainsonii from E1 and E2 by July 11 1978 had 

no immediate effect on the population numbers or composition of A. 

stuartii, and MNA in these enclosures remained similar to that in C1 

until December 1978. Thereafter / until September 1979, the numbers 

of A. stuartii in E1 and E2 were consistently higher than in C1 (Fig. 

2.6a), although none of the separate monthly comparisons achieved 

statistical significance. The greatest monthly increases were in early 

April (April I) 1979 (the population of E1 was 57% greater than that 

1The terms "juvenile" and "female (or male) <1yr old" are synonymous 
and used interchangeably throughout the text, as are the terms 
"parous female" and "female >1yr old". 
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of C1), June 1979 (E1 was 59% greater than C1), and July 1979 (E2 

was 64% greater than C1). It is wc,rth noting that, for a control 

population of 20 individuals, E1 and E2 would each require 

populations of more than 36 (an increase of >80%) to be statistically 

different. It would also reqL1ire exceptionally high survival (>90%) of 

pouch young until they were of trappable age (see section 2.5.3.2). 

Considering the months February to August 1979 together, the 

populations of E1 and E2 were greater overall than that of C1 <x2 = 

26.7, 16 d.f., P < 0.05; test for combining probability values, Sokal 

and Rohlf 1969). There was, however, no evident change in the 

numbers of A. stuartii in E1 when A. swainsonii was reintroduced 

there in April 1979. 

The proportions of males to females did not differ between the 

three enclosures, whether comparisons were made monthly or over 

several months combined. 

2.5.3.2. Survival 

As with population numbers, minimum sessional survival rates of 

A. stuartii fluctuated more or less synchronously in the three 

enclosures (Fig. 2.6b). Survival was lowest in August each year 

(28·50%), due largely to the disappearance of all males (Fig. 2.7, 

Table 2.3). Jn other months, survival was never less than 60% (Fig. 

2.6b). 

Manipulations of A. swainsonii numbers had little immediate effect 

on the survival of A. stuartii, and there were no statistically 

significant differences between any of the populations in any month. 

The survival rates of males, females <1 yr old and females >1 yr old 

between the enclosures were also similar (Tables 2.3 and 2.4), and 

again, no statistically significant monthly differences were found. 
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Despite the lack of significant monthly differences, between 

February and June 1979 sur·vival in populations in E1 and E2 was 

consistently greater than in the control population (Fig. 2.6b), and it 

was of interest to compare survival over these consecutive months. 

Thus, of those individuals known to be alive in February 1979, the 

following survived ta April 1979: C1, 6/7 males, 8/15 females (64% 

survival); E1, 11/12 males, 14/18 females (03% survival); E2, 6/8 

males, 15/18 females (81% survival). Ther!l was no significcint 

difference in survival between enclosures ( G = 2. 94, 2 d. f., P n. s.) 

or between sexes ( G = 1. 67, ·t d. f., P n. s.), and the effects of 

survival, sex and enclosure were, overall, independent (G = 7.26, 7 

d.f., P n.s.). Of those individuals known to be alive in April 

1979, the fallowing survived to June 1979; C1, 6/9 males, 7/12 

females (62% survival); E1, 9/15 males, 13/17 females (69% survival); 

E2, 5/10 males, 10/19 females (52% survival). Again there was no 

significant difference in survival between enclosures (G = 1.86, 2 

d.f., P n.s.) or between sexes (G = 0.11, 1 d.f., P n.s.), and the 

effects of survival, sex and enclosure were independent (G = 4.03, 7 

d.f., P n.s.). Clearly, despite the trends in Fig. 2.6b, there were 

no differences in the minimum sessional survival of A. stuartii 

between the three enclosures at any time. 

The above analyses refer only to independent, trappable 

individuals, and not to pouch, nestling or newly weaned ya\.lng. 

What was the survival of these individL1als? 'Before weaning in late 

December 1978 and early January 1979 at about three months of age 

(section 2.5. 3.4), the survival of young was presumably dependent 

on the survival of lactating females >1 yr aid. Further, because the 

mean numbers of young suckled per female between September and 
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December "i978 were uniformly high in each enclost.1re (9.6 in C1, 10.0 

... in E1 and 9. 5 in E2), it is reasonable to expect that the surviv<il 

rates of young in these months closely approximated the survival ·. 

rates of lactating females (Table 2.4), and hence differed little 

·~. 

-between the enclosur·es. After weaning, in contrast, the survivi'll 

rate of newly independent A. stuartii was lower in G-1 than in E1 and 

E2 (Table 2.5). This was probably due to reduced female surviva·I in 

C1. In October 1978, when pouch young were sexed, 32 of 47 young 

in this enclosure were female (68%); yet ·females compriseCi only 16 of 

27 juveniles (59%) captured between January and April I 1979. This 

reprnsents a survival rate of 50% for newly weaned females, compared 

witl1 73% for newly weaned males. 

In summary, minimum survival of A. stuartii tended to be less in 

the presence than in the absence of A. swainsonii, but a statistically 

significant difference was found only for riew~y weaned young. 

2.5.3.3 Trappability 

Trappability was never less than 75% in any enclosure in any 

trapping session (Fig. 2. 6c). Tl·,.fre was a tendency for trappability 

to be relatively less in September to December in 1978 and 1979, when 

oniy females were present (Fig. 2. 7), but separate monthly 

comparisons and comparisons of groups of months failed to reveal 

differences that were statistically significant. Manipulations of the 

numbers of A. swainsonii had no evident effect on the trappability of 

A. stuartii. 

I 



60. 

2.5.3.4. Reproduction 

Reproductive events in A. stuartii occurred synchronously in all 

enclosures in the winters of both 1978 and 1979 (Table 2.6), and 

provided no evidence that manipulations of the numbers of A. 

swainsonii had effects on the timing of any stage of the reproductive 

cycle. Judged by the lengths of white hairs surrounding the pouch, 

pregnancy usually lasted 4-5 weeks. Young remained in the pouch 

for 5 weeks before they were left in the maternal nest; they were 

not captured as independent young until at least three months (92 

days) of age in late December or early January. Some aspects of the 

behaviour of nestling yoL1ng are reported elsewhere (Dickman 1982b). 

2.5.3.5. Movements 

Movements of male A. stuartii generally increased from January, 

when young individuals first appeared in traps, to August, when 

mating occurred (Fig. 2. 8a). In contrast, the movements of females 

were more constant throughout the year, and Av. D. values were 

often less than for males (Fig. 2.8b,c). 

In most trapping sessions 1 there were large differences in the 

average distances moved by different individuals. Sometimes, 

variances were larger than mean values. To assess the effects of 

removing and reintroducing A. swainsonii on the movements of A. 

stuartii, it was convenient to compare groups of months (Table 2. 7). 

These results show that: 

1 . Prior to the removal of A. swainsonii there were no 

differences in the movements of A. stuartii in the three 

enclosures. 
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\ 

2. Immediately after removal, the movements of female A. 

stuartii increased. 

3. Six to nine months after removal (between January and 

April 1979), the movements of mal'es and females were, 

overall, greater in the absence than in the presence of A. 

swainsonii. 

4. Immediately after the reintroduction of A. swainsonii to E1 

(and to the end of the experiment), the movements of A, 

stuartii in this enclosure decreased to control levels. This 

was most consistently evident among females. 

Hence, the movements of A. stuartii (especially females) were 

:;ienerally restricted in the presence of A. swainsonii. 

2.5.3.6 Home range 

The home range sizes of male A. stuartii were generally greater 

in July and August 1978 and 1979 than at other times, whereas those . 

of females fluctuated throughout the experiment (Table 2. 8). Mean 

male home range sizes were almost always larger than those of 

females, although individual ranges usually varied considerably at any 

time in any enclosure. The effects of removing and reintroducing A. 

swainsonii on the home range size of A. stuartii are summarised from 

Table 2.8: 

1. Prior to the removal of A. swainsonii, there were no 

differences in home range sizes in the three enclosures. 

2. Immediately after remov 1! .(and until A. swainsonii was 

reintroduced), the home range sizes of male and Female A. 

stuartii increased. 



3. 

62. 

Immediately after the reintroduction of A. swainsonii to E1 

the home range si2es of A. stuartii in this enclosure 

decreased to control levels. There were no differences in 

home range si2es between the enclosures 3-4 months after 

reintroduction (in July and August 1979), but thereafter, 

the ranges of females were again smaller where A. 

swainsonii was present than where it was absent. 

Overlaps in the home 1·anges of A. stuartii are shown in Tables 

2.9 and 2.10. Except in the January-April I period, when their 

ranges were relatively small, individual males often shared 50% or 

more of their home ranges with other males and with females (Table 

2. 9). The ranges of individual females also overlapped extensively 

with males, but mean female/female overlaps were small (8.4-46.9%) in 

al\ enclosures from July to December in both 1978 and 1979 (Table 

2. 10). 

There was little evidence that manipulations of the numbers of 

A. swainsonii influenced home range overlaps of male A. stuartii, and 

only one out of 13 planned comparisons was statistically significant 

(Table 2.9). Overlaps in the home ranges of females (Table 2.10) 

changed as follows: 

'i. Prior to the removal of A. swainsonii, mean overlaps of 

2. 

females with females, with males and with brith sexes 

together, were the same. 

Immediately after removal, overlaps of females with males 

and females together increased. 
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3. Six to nine months after removal (between January and 

April I 1979), juvenile females (<"lyr old) in E1 and E2 

overlapped more with other juvenile females, and with males 

and females together, than did juvenile females in C1. In 

the same period, parous females (>1yr old) in E1 and E2 

also overlapped more with other parous females than those 

in C1. 

4. Immediately after the reintroduction of A. swainsonii to E1, 

no statistically significant differences could be detected in 

the overlaps of female ranges between enclosures. 

However / from July 1979 (3 months after reintroduction) 

until the end of the experiment, female/female home range 

overlaps were greater where A. swainsonii was absent than 

where it was present. 

In summary, the home range sizes and home range overlaps of 

A. stuartii were larger in the absence than in the presence of A. 

swainsonii. However 1 these trends were statistically significant in 

some sampling sessions only, and differences were more evident for 

females than for males. 

2.5.3.7 Body size 

Body weight: The body weights of male A. stuartii generally 

increased from January until August, although a lull in growth 

occurred from April I to June 1979 (Fig. 2.9a). Females <1yr old 

also increased in weight from January until March 1979, b•.1t from 

April I until early August 1979 little further increase was evident 

(Fig. 2. 9b), In contrast, the weights of females >1 yr old increased 
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rapidly between September and October in both years (when young 

'were in the pouch) and decreased more slowly from November (when 

young were in the nest) until the winter of the following year (Fig. 

2.9c). 

What were the effects of manipulations of A. swainsonii on the 

body weights of A. stuartii? The results (Fig. 2.9 and Appendices 

3a,b,c) show that: 

1. Prior to removal, there were no differences in the body 

weights of A. stuartii in the three enclosures. 

2. Immediately after removal, females <1yr old weighed less in 

E1 and E2 than in the control population. 

3. Six to nine months after removal (between January and 

April I 1979), males and females <1yr old weighed less in E1 

and E2 than in C1. 

4. After the reintroduction of A. swainsonii to E1, there were 

no differences in the body weights of A. stuartii in the 

three enclosures in some months, but in others, males and 

females <1yr old in E1 and E2 continued to weigh less than 

those in C1 (Appendices 3a,b). That is, no evident shifts 

in body weight were associated with the reintroduction of 

A. swainsonii. 

5. There were no statistically significant planned differences in 

the body weights of females >1yr old in any month. 

Head-body length: As with body weights, the head-body 

lengths of male A. stuartii increased until August, with ci lull in 

growth occurring in the popul3tions of C1 and E2 in April 11 and May 

1979 (Fig. 2.10a, Appendix 3d). The head-body lengths of females 

<1yr old increased from January to August, with a lull in growth 
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occurring in the populations of E1 and E2 in May 1979 (Fig. 2.10b, 

Appendix 3e). Females >1yr old showed little variation in head-body 

length (means between 91 and 100 mm) throughout the experiment 

(Fig. 2. 10c and Appendix 3f). 

There was little e0-idence that manipulations of the numbers of 

A. swainsonii had consistent effects on the head-body lengths of A. 

stuartii: Differences were recorded only between males in E2 compared 

with males in C1 and E1 in April 11 and June 1979, and between 

females <1yr old in E2 compared with those in C1 and E1 in August I 

1979 (Appendices 3d,e). 

In summary, removal of A. swainsonii reduced the body weights 

of fl· stuartii, whereas reintroduction had little consistent effect. 

Head-body lengths of A. stwirtii were generally similar in the three 

enclosures throughout the expel"irnents. 

2.5.4. Effects of the removal <1nd reintroduction of A. 

swainsonii on the patterns of resource use of A. stuartii 

2.5.4.1. Arboreal and terrestrial habitat. 

Antechinus stuartii visited arboreal and ground level hair 

sampling tubes every montl1 in each enclosure (Fig. 2. 11a 1 b). Levels 

of activity (numbers of hair tubes visited) differed between months, 

but generally followed differences in overall population size (compare 

Fig. 2.11 with Fig. 2.6a). Fig. 2.11a shows that (';_. stuartii was 

much more arboreal in the presence than in the absence of A. 

rwainsonii: the former species was more arboreal in C1 than in E1 

and E2 together between September and December 1978 (G(l ) = d. f. 

7.25, p < 0.01) and between January and April I 1979 (G(l d,f) = 
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12. 74, P < 0.001)1 but it was also more arboreal in C1 and E1 

together than in E2 between April 11 and June 1979 (G(.I 
d.f.) -

22.27, P < 0.001). The most striking increase in arboreal activity 

(217%) occurred betw~en April I and April 11 1979 in E1 1 following the 

reintroduction of A. swainsonii to that enclosure after April I (Fig. 

2.11a). Antechinus stuartii generally visited fewer ground level hair 

lubes when A. swainsonii was present than when it was absent (Fig. 

2.11b)1 but a statistically significant difference (G(ld.f.) = 6.68 P < 

0.01) was observed only between April II and June 1979, when 

ground level activity was greater in E2 than in C1 and E1. 

Overall, the activity of A. stuartii in terrestrial habitat 

increased after A. swainsonii was removed, but arboreal activity 

increased again dramatically when A. swainsonii was reintroduced. 

2.5.4.2. Terrestrial habitat (structural habitat complexity) 

Antechinus stuartii was captured most frequently at sites of 

moderate structural h3bitat complexity (S. H. C.), although a few 

captures often occurred in open or structurally very complex sites 

(Table 2.11). Because the proportional abundances of sites of 

different s. H. c. were similar between the enclosures (Section 

2.4.3. ), capture frequencies of Antechinus between the enclosures 

were compared directly. The effects of manipulations uf A. swainsonii 

on the terrestrial habitat use of A. stuartii (Table 2.11) may be 

summarised as follows: 

1. Prior to the removal of A. swainsonii, there were no 

differences in the proportional use of sites of different 

S.H.C. between the enclosures. 
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2. Immediately after removal (and until A. swainsonii was 

reintroduced after April I 1979), both sexes of A. stuartii 

were captured in structurally more complex habitat. 

Between January and April I 1979 this effect was highly 

statistically significant, and partitioning G revealed further 

differences in habitat association among the population 

components. Thus, in each enclosure, females >1yr old 

occupied the most complex habitat, followed by males and 

then females <1 yr old in less complex habitat. 

3. Immediately after the reintroduction of A. swainsonii to E1 1 

A. stuartii shifted its use of S. H. C. bock to a level similar 

to that in the control population. As before, males and 

females >1yr old were captured in more complex habitat than 

females <1 yr old. 

4. In July and August 1979 (3-4 months after the 

reintroduction of A. swainsonii) / there were no sex 

differences in the use of S. H. C. in any enclosure. The 

planned comparison (C1 and E1) vs. E2 was not statistically 

significant because E1 = E2, but the habitat used by both 

sexes in E2 continued to be more complex than that used in 

C1. No differences were found in the habitat used by 

female A. stu&rtii in the three enclosures between 

September and December 1979. 

Overall, A. stuartii was captured in structurally more complex 

habitat in the ab$ence than in the presence of A. swainsonii. This 

effect was most evident for females >1yr old and males, and least 

evident for females <1yr old. 
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2.5.4.3. Food 

Food type: The analysis of scats proved to be extremely 

laborious and time-consuming, hence I have examined material from 

five months only (Table 2. 12). Overall, the remains of 23 types of 

food, mostly invertebrates, were found. Of these, Coleoptera 

(excluding Carabidae), Aranea, Amphipoda and larvae were found 

most frequently; others such as Dermaptera, Chilopoda, Diplopoda, 

\soptera and Blattodea were found less frequently or seasonally. 

Some types of food, such as Collembola, Acarina and Thysanoptera 

were small ( <2. 0 mm long) and occurred sporadically in the scats; 

these may have been ingested accidentally. Vertebrate remains 

(probably of a small skink, Leiolopisma sp.) and hair were each found 

in two scats. In one scat the hairs appeared to be those of the 

House Mouse Mus musculus (only four Mus were captured on all 

enclosures throughout the study), but in the other scat the hairs 

were those of the Bush Rat Rattus fuscipes. Since adult 3_. 

fuscipes weight up to 150 g, hairs of this species may have been 

scavenged as carrion. Plant material was also foL1nd in several scats 

(Table 2.12a). In July and August 1978 fragments of leaf cuticle 

were found, but in April 1979, seeds and fruits of Blackberry Rubus 

frutico5us occurred. 

The numbers of types of prey eaten by all individuals in an 

enclosure in any one month varied from 11 in E1 in July I 1978 

(mid-winter) to 18 in E1 in April I 1979 (autumn) (Table 2.12a). 

Prey type diversity also differed between months, but was generally 

lowest in winter. The evenness with which prey types were 

represented in the diets varied little (Table 2. 12a); hence 

differences in prey type diversity arose mostly from differences in 

the numbers of prey types represented. 

• 
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The inflllence of moniplllations of the nllmbers of A. swainsonii 

on the types of prey eaten by A. stuartii may be summarised as 

follows: 

1. Prior to the removal of A. swainsonii there were no overall 

differences in the proportional frequencies or diversities of 

types of prey eaten by A. stuartii in the three enclosures. 

2. Immediately after removal (July 11 and August 1978), the 

types of prey eaten by A. stllartii in C1 differed overall 

from those eaten in both E1 and E2. In JL1ly 11 1 

proportionally more Blattodea were found in the scats of A. 

stuartii in E2 than in either C1 or E1 (G(2 d.f.) = 8.72, P 

< 0.05), and more Aranea were found in scats of individuals 

in E1 and E2 together than in C1 (G(1 d 
0 
f • ) : 3, 97 f p < 

0.05). In August proportionally more Amphipoda were 

found in E1 and E2 scats combined than in C1 (G(1 d.f.) = 
4.67, p < 0.05). In both July I l and August, prey type 

diversity was higher in E1 and E2 than in C1. 

3. Nine months after removal (April l 1979), the types of prey 

eaten by A. stuartii in C1 were still different from those 

eaten in both E1 and E2 together. In particular, A. 

stuartii in C1 ate proportionally more Coleoptera (G(1 d.f.) 

= 5.59, p < 0.05) and Hemiptera (G(1 d.f.) = 6.51, P < 

0.05), and less lsoptera (G(l d.f.) = 17.81, P < 0.001) 

than those in E1 and E2. Prey type diversity was also 

higher in E1 and E' than in C1. 

4. Immediately after the reintroduction of A. swainsonii (April 

JI 1979), A. stuartii in C1 and E1 together ate more Aranea 
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d. f.) = 7.29, P < 0.01) than in E2, but les.~ra 

) = d. f. 17.70, p < 0.001). In addition, the diversity 

of prey types in the scats of A. stuartii in E1 decreased to 

near the control value. 

Food size: Of the fragments identified to type from scats, only 

a fraction (54-84%) could be reliably assigned to a size class (Table 

2.'12b). ln all enclosures, most prey items were <10 mm long. As 

with prey type diversity, the evenness with which prey size classes 

were represented was relcitively constant between enclosures and 

between months; hence difference::; in prey size diversity arose 

largely from differences in the numbers of prey size classes 

represented (Table 2.12b). 

The influence of manipulations of the numbers of A. swainsonii 

on the sizes of prey eaten by A. stuartii may be summarised as 

follows: 

1. Prior to the removal of A. swainsonii, there was no 

difference in the proportional representation of prey sizes 

or in the diversity of prey sizes between the three 

enclosures. 

2. Immediately after the removal of A. swainsonii (July II 

1978), there was still no difference in the sizes of prey 

eaten between the enclosures. In August 1978, however, 

the sizes of prey eaten in E1 and E2 differed overall from 

' those eaten in C1. In particular, proportionally more prey 

1-2.4 mm Jong were eaten by A. stuartii in C1 than in E1 

and E2 (G( 1 d.f.) = 4.90, P < 0.05), and proportionally 

less in the 5-7.4 mm size class (G( 1 d.f.) = 5.42, P < 
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·o.05). further inspection revealed that the majority of 

longer prey items (>5.0 mm) eaten in E1 and E2 were 

Amphipoda, Blattodea and Coleoptera. At least some 

Coleoptera were water beetles (Family Noteridae), 5.D-9.9 

mm I orig, that were not detected in the scats of A. stuartii 

in C1. Prey size diversity fell in all enclosures between 

July I and JL1ly II/August. 

3. Nine months after ;·emovi31 (April I 1979L the sizes of prey 

eaten by .A. ptllartii in El and E2 still differed overall from 

tho\e eaten in Cl. In C1, A. stuartii ate proportionally 

more items 1-2.4 mm long than in E1 and E2 (G( 1 d.f.) = 
10.51, P < 0.01), but proportionally fewer items 2.5-4.9 mm 

long' (G(1 d.f.) = 7.22, P < 0.01). Further inspection 
. 

revealed that proportionally mo're of the longer prey items 

eaten in E1 and . E2 were; Derrn<ipte#~ Amphipoda, I soptera 

ar'fd · 'Noterid beetles. Prey size d\~~rsities were only 

slightly higher in E1 and E2 than in C1. 
··1 

4. Immediately after the reintroduction bf A. swainsoDii (April 
~ I-· 

II 1979), there was no overcill detectable difference in the 
(¥ 

sizes of prey eaten by A. stuartii in the three enclosures. 

NeverthE}less, partitioning G showed that A. stuartii in C1 

and E1 together ate proportionally more prey 1.:-2.4 mm long 

than in E2 (G(; d.f.) = 4.08, P < 0.05). Prey size 

diversity was also higher in E2 than in C1 and E1. 

In summary, both the types and sizes of food items eaten by A. 

stuartil were affected by manipulations of the numbers of A. 

swainsonii. After removal of its larger congenor-, A. stuartii ate more 

longer prey such as Amphipoda, Dermaptera and lsoptera, and the 



72. 

diversity of prey types tilken also iricreased. After A. ~~nii 

was t'einfrodLtced, tt1ese dietary shifts were largely reversed. 

2. 5. 4. 4, Periodicity of activity. 

Most captures of A. stuartii occurred at night i11 all months in 

the three enclosures (Fig. 2. '!2). Activity was usually contim10L1s 

throughout the night, bL1t in the winter of 1978 captures, especially 

of females, declined temporarily after midnight. There was no 

evidence that manipulations of the numbers of A. swainsonii had any 

effect on tho periodicity of activity of A. stuartii (Fig. 2.12, Table 

2.13). 

2.5.5 Effects of the removal and reintroduction of A. stuarti,i. on 

tlie population parameters of A. swainsonii. 

Before beginning this section, it is necessary to descr'''a an 

incident that influenced the direction of the second half of my Ph.D. 

programme. Between mid May and eat !Y June 1979, someone illegally 

removed most of the A. swainsonii population from the C1 enclosure. 

The identity of this human intruder was never dio.covered, but clues 

to his activities were found in the destruction of small patches of 

vegetation, trails through the vegetation, numerous coloured flagging 

tapes attached to shrubs, and rats with skinned tails, presumably 

suffered on capture in improperly set traps. Two years later, just 

beyond the edge of the C1 enclosure, an illegally set trap containing 

a (very) dead Antechinus was also found. Because I was unprepared 

for such a crash in numbers in the control population, and because I 

was not sure whether further raids would occur, I did not attempt to 

reintroduce further A. s\Yainsonii to the area. (It turned Ollt later 
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t!1at this option WO\ild also have beer. impossible, however, since 

illegal trapping an.d removal of A. swainsonii had also been conducted 

in my source areas). Instead, I decided to run the experiment until 

December 1979 as planned, and then examine the status of the A. 

swaj_nsonii population in C"l before deciding whether to try to replicate 

the same experiment or to <ibandon C1 altogether. By December 1979, 

only four individuals were found in C1 (compared· wlth. 15 the 

previous year) so that, of necessity, the use of C1 as a contra! 

population was discontinued. A different experiment was planned and 

is described in Chapter 3. Comparisons of population parameters and 

i;atterns of resource use of A. swainsonii in C1 1 E3 and E4 have still 

been made for the period J\me-December 1979, but because of the low 

numbers in C1, conclusions are likely to be less reliable. 

2.5.5.1. Population numbers and composition 

The population numbers of A. swainson~l in the three enclosures 

(C1, E3 and E4) fluctuated more or less synchronously (1-ig. 2.13a). 

MNA was lowest in each enclosure from August to October, when only 

females >1 yr old 1.vere present, and hifpest in December and January 

Followii1g the influx of juveniles into th•~ trappable population (Figs. 

2.13a and 2.14). 8<'tween November and July most individuals were 

males and females <1 yr old. Numbers of females >1 yr old declined 

slightly after December or January, but several individuals survived 
(/ 

for more than two years, and one (in E4) survived for more than 

three years (Fig. 2.14). Consequently, in contrast to A. stuartii 

(Fig. 2.7), populations of A. swainsonii were often comprised of males 

and of females gf three different age classes (Fig. 2.14). Peaks and 

l 
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troughs in the numbers of A. swainsonii occurred about a month 
' -~ ... ----

earlier thnn in A. stl1artii 1 bL1t othc•r1·'iso t!1e d t • · - · • · emogr<ip i1c pntlorns of 

the two species were similar. Calculation of MNA for A. ~insonii 

was rendered difficult because a small number of marked individuiJls 

sometimes disappeared from the trap record for 3-10 months. Those 

individuiJls were not c<iptl1red during grid, line or pitfall trapping, 

and had presumably moved outs"1de of tl1e I re enc osu s. 

that were not captured for three or mote coni;eculive months were not 

included in estimates of MNA, population composition or trappability, 

but they were included in estimates of survival. 

The removal and reintroduction of A. stuartii had no evident 

effect on the population numbers of A. ·swainsonii (Fig. 2.13a). Until 

May 1979 there were no statistically significant monthly or overall 

differences in A. swainsonii numbers in the three enclosures, and no 

evident differences in population composition. Following hum;m 

interference in May 1979, more A. swi'.linsonii were found in E3 and E4 

together than in C1 in both June (G(1 d.f.) = G.47, P < 0.05) and 

Ju I y 1379 ( G ( 1 d . f. ) = 5. 10 I p < 0. 05). 

2.5.5.2 Survival 

Minimum sessional ·survival rates fluctu~ted synchronously in the 

three enclosures (Fig. 2.13b). Apart from the human interference in 

C-1, survival was lowest in July each year (17-39%, combining July I 

and July 11 1978) due to the disappearance of all males (Fig. 2.14, 

Table 2.14). survival was also relatively low (70-78%) in J;muary 

1979 in all three enclosures, again largely because of the 

disapr" 1rance of males but also because females >1yr old sw•vived 



poorly (compare Tnblos 2. ·i·l <ind 2. lS). In other months, survival 

w;:m nevor less thnn 60~ nntl suldom less tllon uoo,, (Fig. 2. l3b). 

Manipt1lations of thu • ' numoors 01 A. stuarl!i h;,id little evidc;nt -· -~·--

clfL:ct on the survivnl of f-,. l'i\•,·,~1·r".''011'11'. A 'd f " _ ~.:::.__ · Hi · e ram 1v111y 197!1, tlwre 

were no statistically signific::;ml differences in ovorall surviv0 1 between 

llic enclosures in. m1y month, nncl no difforonces i11 t11'~ survival rates 

or nwles mid fomalos <'l "t' ,~ncl '·1 "I' old. 1 '1 1"''<J · 1 1 " , ' n ""1Y .i. SUi'VIVil was 

lower in C1 thm1 in l'.3 and !04 tor1ether: for nlillos, G = (1 d.f.) 

1s.·1n, P < 0.001; for fGm<iles, G(1 d.f.) = ·10.95, P < 0.001; for 

males and femnles combined, G( 1 d.f.) = 29.75, p < 0.001. 

If the survival of pouch, nestling ancl newly weaned f!J •• 

~;:,~insoni,i is considered, diftoronces in survival belween the sexes 

emerge. In enrly Sept;Jml)er '1978, 7 out of 11 A. 1~~ each 

carried ei~)ht young in the pouch. In C1 one fomule curriod 7 young, 

and in E3 one female carried 6, 1md another· 7 young. In E4 one 

fem11le had 10 nipples and ·10 young, whercms 111! other A. ~Qln~li 

had C nipples. The total m1mbers of pouch young per enclosure 

ware: C1 I 31 cz1u, 10,,); E3, 29('J6<f, ·13<;>); Etl, 26(18(!, G\'). 

Judged by the numbers of used nipples on the lm;tnting females, ;:ill 

of these young wero successfully transferrod to nests in late 

September '19713, and all survived through the following month. 

However, when newly weaned 8.. sw<1insonii 11ppC3<:l!'ed In November, 

female young in t:3 appeored to have survived poorly (Table 2.16). 

Here, the effects of survival, sex and enclosure departed from 

independence (Tablo 2.16) due to the poor survival of females in E3 

(G(1 d.f.) = 14,1·1, p < 0.001). Considering males <1nd females 

together, however, no overall differences in survival were found 

between the enclosures (G(2 d. f.) = '1.05, P n • s ·). These findings 
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provide no evidence that i\. t c !....· s \Wr 1J. affects the survival of A. 

swainsonii at any time. 

2.S.5.3. Trappability 

As with A. _stll"t't'1i, tt'".PP'•b1'l'1t" f A · {;{ ... ~ ~ o • S\'Vfltnsonii \\'~S nfJVer less - - . 

than '/5!~ in any enclosure in any month (Fig. 2.'l3c). Trappability 

was relatively low in July 11 and 5eptembGr 1!l7C, especiully in C1, 

<•nd in l\u9ust ·1979 in E3, when only small numbers of r,~1l'1ales >'I yr 

old were present. Separate monthly comparisons ilnd comparisons of 

groups of months revealed no difforences ir1 trappability between the 

enclosures, however, <incl provided no ovidoncs U1.1t manipulations of 

tile numbers of A. stu<'lrtii had any effGct on the trappability of A. 

2.5.5.4. Reproduction 

Reproductive events in A. swainsonii occurred synchronously in 

the three enc:losuras in the winters of 1978 and 1979 (Table 2.17). 

Pregnancy appeared to last 4·5 weeks, and young remained in the 

pouch for 51;,-6!,; weeks before they were left in the maternal nest. 

The young first cippear!.'d as trappable individuals in November (Table 

2. 17) at tho nge of ~32 days. There was no evidence that 

mimipulations of the numbers of fl· stuartii influenced the timing of 

oiny part of the reproductive cycle of A. swai11sonii. 

2.5.5.5 Movements 

Movements of male f!l· swainsonii generally increased from 

November to July whereas movements of females <1 yr and >'I yr old 

fluctuated in an apparently erratic fashion (Fig. 2.15). As with A. 
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stuartii, there were often large diff' , · . et encos 111 the distcinces movod by 

it1dividual animals in any montl1, and mean Vlllues were sometimes 

exceeded by their ossociated standard doviations. Difforences in 

movements between tho enclosures were examined by comparing 

groups of months (T<ible 2.18). There wore no statistically 

significant differences at any time (Ttible 2.12) 
1 

<ind hem:e no 

evidence that mcinipulations of the numbers of 8_. stunrtii had eny 

offect on the movements of their larger congenor. 

2.5.5.6 Home range 

The mean home range sizes of both· male and female A. swainsonii 

were generally similar, and in the order of 2000-3000 m2 (0.2-0.3 ha) 

(Table 2. '19). There was little seasonal variation in home range size, 

cilthough me<1n v<1lues for the period FebrL1ary•April l 1979 were 

slightly smaller than at other times throughout the experiment. Tho 

relatively large home ranges of females >1 yr old for the period July 

I I -October 1973 and the relatively small home ranges of such females 

during the same period in 1979 were associated with low soimple sizes. 

In 1978, especially in C1 and E3, I felt that the females were not 

mal{ing uniform use of l<1rge areas, but rather were making short 

movements over relatively small local areas or loci, and shifting these 

loci at regular intervals. This feeling was supported by the 

relutively smal I Av. D. measurements recorded between July II and 

October 1978 in C1 <1ndE3 (Fig. 2.15). 

Manipulations of the numbers of A. stuartii had no effects on 

home range sizes of A. swainsonii; there were usually considerable 

differences in the home roinge sizes of different individuals in each 

enclosure, and no statistic<1lly significant differences between 

enclosures were found at any time (Table 2.19). 
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Overlaps in home range wure not calcu1~·"d for A · ·· 
•·•~ _. swamson11. 

2.5.5.7 Body >.llze 

Body weight: The mean body weights of male and juvenile 

femalra A. swainsorfil increased rapidly from November 1972 to March 

'1979, and then more slowly until July 1979 (Fig. 2.·16 a,b). Males 

w"'rc heavier than females <1 yr old from December 1973 until July of 

tile following year, and heavier than females >1 yr old from February 

1979. Females >1yr old were heaviest in September 1973 when they 

carried young in the pouch; their mean body weights declined slowly 

until February 1979 after their young were weaned, and remained 

rt.llatively constant before increasing to a second peak in September 

1979 (Fig. 2. '16c). As males aged, individual differences in body 

weights became pronounced, In each of the three enclosures it was 

not uncommon to find some males weighing almost twice as much as 

others. Standard deviations were correspondingly large (Fig. 2.16a). 

Body weight comparisons between enclosures are shown in Appendices 

4a,b,c. There was no evidence that male body weights were 

influenced by manipLtlations of the numbers of A. stuartii (Appendix 

4a), but in April I and May 1979 females <1 yr old were heavier in 

the absence than in the presence of A. stuartii (Appendix 4b). In 

contrast, in November 1978 females > 1 yr old were heavier in C1 

than in both E3 and E4, where A. stuartii had been removed 

(Appendix 4c). 

Head·body length: The mean head-body lengths of male and 

juvenile female A. swainsonii increased smoothly from November 1978 

until July 1979 (Fig. 2.'17a,b). Females >1 yr old were measured 

infrequently and are not shown. 
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Manipulations of the numbers at· A t t·· h d 1· 1 · . s uer 11 a 1tt e consistent - --
effect on the head·body lengths of t:J.. swainsonii (Fig. 2.17a,b, 

Appendices 4d I e). Thus I although in Febnrnry ·1979 the head-body 

lengths of males were larger in E3 and E4 than in C1 (Appendix 4d), 

the head·body lengths of females <1 yr old were gt-c,atest in the 

control population in December 1978 and February 1979, but gre;:itest 

in E4 in May 1979 (Appendix 4e). 

Although they are inconsistent, these findings provide evidence 

that, in some months, A. swainsor.ii was he<ivier and longer in the 

absence than in the preser1ce of its smaller congener. 

2.5.6 Effects of the removal and reintroduction of A. stuartii on 

the patterns of resource use of A. swainsonii 

2.5.6.1 Arboreal and terrestrial habitat 

Antechinus swainsonii visited both arboreal and ground level hair 

sampling tubes in most months, but levels of activity were always 

higher on the ground (Fig. 2.18a and b). Monthly differences in the 

numbers of hair tubes visited reflected differences in population size, 

with peaks of activity occurring in December and January, and 

troughs occurring between August and October (Fig. 2.18). 

There were no statistically significant differences in arboreal 

activity between enclosures in the numbers of hair tubes visited in 

any month or combination of months. On the ground, differences 

were detected when the months July to October 1978 were combined 

swainsonii visited more hair tubes in C1 and E4 than in E3, 

G(
2
d.f.) = 8.07, p < 0.05), and after the A. swainsonii population in 

C1 was decimated in May 1979. Between June and August 1979, A. 
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swainsonii visited more tubos in E4 than in c1 and E3 (G = 
(2d.f.) 

9.37, P < 0.01), and in November and December 1979 more tubes were 

visited in E3 and E4 than in C1 (G (2d.f.) = 19.35, p < 0.001). None 

of these differences derived from planned comparisons; hence 

m<inipL1lations of the numbers of A. stuartii had little evident effect 

on the arboreal or terrestrial activity of A· swainsonii. 

2. 5.6. 2 Terrestrial habitat (structural habitat complexity) 

p.ntechinus swainsonii was cciptured most frequently at sites of 

relatively high S. H. C. (Table 2.20), and mean habit<it scores for this 

species were usually slightly higher than for A. stuartii (compare 

Table 2.11). In contrast to the findings fo1· A. stuartii, no 

differences were found at any time in the habitat used by males and 

females <1 yr and >1 yr old (Table 2.20). Comparisons between 

enclosures showed that between November 1978 and January 1979, the 

planned comparison C1 vs (E3 and E4) was not statistically 

significant, but the habitat used by !::_. swainsonii in C1 and E3 

differed overall from that used in E4. Only one planned comparison 

between enclosures achieved statistical significance (in the period 

June-October 1979, Table 2.20); hence there was little evidence that 

manipulations of the numbers of A. stuartii had any consistent effect 

on the use of terrestrial habitat by A. swainsonii. 

2.5.6.3 Food 

Food type: The remains of 23 types of food were found in the 

t f A · 'i (Table 2 21a) These types were the same as sea s o . swainson1 · · 

those eaten by A. stuartii, except that Thysanoptera were absent 

from the scats of A. swainsonii, and I sopoda were absent from the 

scats of A. stuartii (Compare Tables 2.12a and 2.21a). The most 
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frequently encountered types of prey in the scats of A. swainsonii 

were Coleoptera, Aranea, Amphipoda and larvae, but Chilopoda and 

"others" were also consistently present. Although the diet of f::.. 

swainsonii consisted largely of invertebrates, vertebrate remains 

(probably Leiolopisma sp. ), hair and plant material were also found 

(Table 2.21a). In July I and 11 1978 all hairs were those of A. 

swainsonii (possibly ingested during mating or from scavenging the 

bodies of dead males), but in April 1979 the hairs appeared to be 

those of the Eastern Pygmy-possum Cercartetus nanus. This arboreal 

species was never trapped at E3 or E4, but its presence was known 

from spotlighting it at night and from its hairs in the arboreal hair 

sampling tubes. In July I 1978, fragments of at least two seed cases 

were found i11 a single scat, and in April I and 11 1979 the remains of 

berries ( Rubus fruticosus and possibly Coprosma hirtella) were 

found. 

Prey type diversity was generally similar in July I 1978 and 

April I and 11 1979, but was reduced in July 11 and August 1978 due 

to small sample sizes (Table 2.21a). Differences in the number of 

prey types eaten, from 8 in C1 in August 1978 to 16 in E3 in April 11 

1979, more than differences in the evenness with which such types 

were represented / contributed to diffe1·ences in prey type diversity. 

The influence of manipulations of the numbers of A. stuartii on 

the types of prey eaten by A. swainsonii may be summarised as 

follow5: 

1) Prior to removal (July I 1978), the types of prey eaten in 

E3 differed from those eaten in C1 and E4. This was due 

largely to the higher incidence of Chilopoda remains in the 

scats of individuals in the former enclosure (G( 2d.f.) = 

7 .13, p < 0. 05). 
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2) Immediately after removal (July II and August 1978), there 

was no overall d1'f·f · h erence in t e types of prey eaten 

between the enclosures, l;lut partitioning G showed that in 

July 11 1978 proportionally fewer Amphipoda were eaten in 

E3 and E4 together than in C1 (G(ld.F.) = 4.16, P < 
0.05). 

3) Nine months after removal (April l 1979), the types of prey 

eaten in Cl and E3 together differed from those eaten in 

E4. Tests showed that differences existed in the 

representation of three types of prey between the three 

enclosures: Collembola (G(2d.f.) = 9.14, p < 0 • 05) J 

Amphipoda (G(2d. f.) = 6. 15, p < 0.05) and "other 

invertebrates 11 
(G(2d.f.) = 9,01 J p < 0.05). No planned 

comparisons (C1 vs E3 and E4) were, however, statistically 

significant. 

4) Immediately after the reintroduction of A. stuartii to E3 

(April I I 1979), differences were found in the proportional 

representations of Collembola (G( 2d.f.) = 7.37, P < 0.05) 

and "other invertebrates 11 (G(Zd.f.) = 6.21, P < 0.05) 

between the three enclosures. (Differences were calculated 

also for Hemiptera and lsoptera, but for these prey types 

the statistical tests may have been unduly influenced by 

zero values, which comprised two of the six cells of the 

contingency tables). Only one planned comparison, for 

"other invertebrates", achieved statistical significance 

(G(ld.f.) = 6.21, P < 0.05). 
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5) In all months, prey type diversities in C1 and E4 were 

usually comparablei values for these enclosures were 

always less than in E3 (Table 2.21a). 

Food size: Between 67 and 90% of the invertebrnte fragments 

identified to type from scats could be reliably assigned to a size 

class. In July 11 and AL1gust 1978 most prey items were <1 O mm long, 

but sample sizes were small (Table 2.21b). In July I 1978 and April 

I and 11 1979 appreciable numbers were >10 mm long, and 9 or 10 size 

classes of prey were consistently represented. Prey size diversity 

was relatively high in July I and April I and 11, and comparable in all 

three enclosures. In July 11 and August 1978, diversity was 

relatively low due to the smaller number of prey size classes 

represented (Table 2.21b). 

The influence of manipulations of the numbers of A. stuartii on 

the sizes of prey eaten by A. swainsonii may be summarised as 

follows: 

1) Prior to removal, the sizes of prey eaten in C1 and E3 

differed from those eaten in E4. In E4, A. swainsonii ate 

proportionally Jess prey 2.5-4.9 mm long (G( 2d.f.) = 9.92, 

p < 0.01) and more prey 7.5-9.9 mm long (G( 2d.f.) = 

11.00, P < 0.01) than in the other two enclosures. Most of 

the larger items eaten by A. swainsonii in E4 were larvae, 

and these were eaten by three individuals only. 

2) Immediately after removal (July II and August 1978), th~re 

were no differences in the sizes of prey eaten by A. 

swainsonii in any of the enclosures. 
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3) Nine months after removal (April I 1979) / differences in the 

prey sizes eaten between the three enclosures were found 

for the 1.0-2.4 mm class (G( 2d.f.) = 9.17, p < 0.05) and 

the 7.5-9.9 mm class (G(2d.f.) = 8.11, p < 0.05). In the 

planned comparison of C1 vs (E3 and E4), proportionally 

more prey in the latter size class were ta l~en by A. 

swainsonii in C1 than in E3 and E4 (G(1d.f.) = 7.42, P < 
0. 01). The larger prey taken in C1 were principally 

Coleoptera, Amphipoda and larvae. 

4) Immediately after the reintroduction of !'!· stuartii to E3 

(April 11), no statistically significant differences could be 

detected in the sizes of prey eaten between the enclosures. 

In summary 1 the types, sizes and diversities of food items eaten 

by A. swainsonii differed between the enclosures in some months. 

However / there was little evidence that these differences were 

associated with manipulations of the numbers of A. stuartii. 

2. 5. 6 .4 Periodicity of activity 

Captures of A. swainsonii occurred throughout the day and 

night in all months in all enclosures (Fig. 2.19), but levels of 

activity between enclosures were usually not concordant (Table 2. 22). 

Inspection of Fig. 2.19 suggested that this lack of concordance arose 

largely from the absence of a definite 24-hour cycle of activity, 

rather from manipulations of the number of A. stuartii. 

2.6 DISCUSSION 

The central question considered in this chapter is whether 

competition occurs between A. stuartii and A. swainsonii. The 
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results of the manipulation experiments, summarised in Tables 2.23 

and 2 · 24, show that shifts occur in the population parameters and 

patterns of resource use in A. stuartii when the numbers of [:._. 

swainsonii are manipulated, but that reciprocal shifts in A. swainsonii 

are much less clear. Although these findings are strongly suggestive 

of interspecific competition, the first part of the discussion addresses 

possible alternative explanations, and also problems encountered with 

the experimental design. The biological consequences of competition 

are considered in _later sections. 

· A first and obvious alternative explanation for the rather 

one-sided effect of A. swain son ii on A. stuartii is that the smaller 

species is eaten by its larger congener. Hairston (1980) has argued 

convincingly that similar patterns of population and resource use 

among salamanders, although ostensibly the outcome of interspecific 

competition, are really due to predation. Direct observational 

evidence of predation was not obtained in the present study (see 

Chapter 6), nor has it been reported in any other study of the two 

species of Antechinus (Hall and Lee 1982 1 Kenner 1972). Indirect 

evidence of predation was similarly lacking: hairs were found in 11 

out of 183 scats of A. swain son ii examined from five trapping 

sessions,. but none came from A. stuartii (section 2. 5. 6. 3). The 

partly arboreal habits and spectacular agility of A. stuartii probably 

suffice to keep it out of reach of the larger species; hence the 

· ·predation alternative may be rejected. 

A second alternative explanation for the shifts in population 

parameters and patterns of resource use, especially by A. stuartii, is 

that they were caused by the presence of the superfluous third 

species, the Bush Rat Rattus fuscipes. If previously unsuspected 
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interactions occur between rats and the two species of Antechinus, it 

is conceivable that removal of A. swainsonii or A. stuartii would 

induce changes in the rat population which could, in turn, influence 

population parameters and resource use by the remaining species of 

Antechinus. Diffuse competition probably occurs in relatively diverse 

communities of small dasyurids and murid rodents near Sydney· (Fox 

1981), and competitive interactions have been suspected between A. 

stuartii and B_. fuscipes in Queensland (Braithwaite 1973). 

In the present study, mutually detrimental interactions between 

rats and Antechinus ;:ire likely to have been minimal a11d unimportant. 

Within the enclosures, .8_. fuscipes is strictly herbivorous (Stewart 

1979b), and hence there is little or no overlap in food resources with 

Antechinus spp. Rats construct their own nests and subterranean 

burrows (Warneke 1961, Woodside 1983), and hence overlap only 

slightly with Antechinus spp. in their nest requirements. In 

addition, all rats captured within the enclornres and on the trapping 

lines we1·e individually ear-tagged, sexed, weighed and released along 

with Antechinus. Although these data have not yet been fully 

analysed and are not presented here, aspects of the demography of 

R. fuscipes in E1 and E2 in 1978 and 1979 have been assessed 

elsewhere (Woodside 1983). Woodside found no evidence of changes in 

the demography or social behaviour of R. fuscipes when the numbers 

of A. swainsonii were manipulated, suggesting that interactions 

between rats and A. swainsonii, if they occur, are not mutual Jy 

harmful. Other evidence, obtained by calculating traditional measures 

of numerical and spatial association, suggests that interactions 

between the two species of Antechinus are much stronger and more 

negative than interactions between either species of Antechinus and 

.. ~ 
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R · fuscipes (Dickman and Woodside in press). Jn view of these 

studies, it seems reason.able to conclude that shifts in the population 

parameters and resource use by one species of Antechinus were 

caused only by changes in the numbers of the other species, and not 

/b.y any interaction with the rat. 

Although removing rilt.5 from the enclosures may have simplified 

the interpretation of competition between the two species of 

Antechinus, removal was not conducted for several reasons. First, 

there are few areas in Australia where A. stuartii and A. swainsonii 

together occur in the absence of R. fuscipes (compare maps in 

Dickman 1982a for Antechinus, and Watts and Aslin 1981 for B_. 

fuscipes). Hence the removal of rats from the enclosures would have 

produced a situation that was artificial for these specific areas, and 

for both species of Antechinus over their entire ranges. Second, B_. 

fuscipes may actually be beneficial to Antechinus by constructing 

runways or providing (as carrion) a source of food (see section 

2.5.4,3). Third, removal of rats would preclude any later assessment 

of possible rat- Antechinus interactions. And finally, why stop at 

removing rats? Throughout much of the year large numbers of 

insectivorous birds and reptiles occurred in the enclosures, and 

nectarivorous and insectivorous mammals (pygmy-possums and gliders) 

were present in the trees. Any of these species may be regarded as 

potential competitors of Antechinus, but their wholesale removal 

would, to say the least, be unethical and impractical. This final 

point is further discussed in Chapter 7. 

A third alternative explanation for the observed shifts in 

resource use and population parameters is that the individuals in the 

experimental enclosures were genetically different from those in the 
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control enclosure. G"n t" I · · 
c e 1ca Vilr1at1on has been found to be import<int 

in determining the outcomes of competition in Tribolium beetles 

(Lerner and Dempster '1962), but it is irrelevant here. The 

enclosures were not absolutely isolated, and even il relatively small 

percentage of individuals moving into an out of tile preferred val Icy 

habitats every few generations would be sufficient to prevent 

genetical divergence (see Lewontin 1974). Also, actL1al electrophoretic 

comparisons of variable enzyme systems between the enclosure 

populations have revealed no differences in gene frequencies (section 

7.2). 

None of the above alternative e>(planations for the shifts in 

population parcimeters and patterns of resource use of Antec:hinus, 

especially A. stuartii, is as complete or convincing as th<Jt of 

interspecific competition. At this point the null hypothesis of no 

competition may be rejected and restated: 11 Antechinus stuartii is 

affected adversely by competition from A. swainsonii, whereas A. 

swainsonii is probably affected much less by competition from its 

smaller congener". The effects of competition, especially of A. 

s\vainsonii on A, stuartli, are now discussed in more detail. 

The most obvious consequence of removing A. swainsonii was 

that population sizes of A. stuartii increased. Increases occurred in 

all three enclosures after breeding, but were greatest in E1 and E2 

due to enhanced survival of newly weaned young. Reduced survival 

of weanlings in C1 may have arisen from direct harrassment by A. 

swainsonii, or because they were l<illed by lactating mothers who were 

unable to meet the energetic costs of feeding all their young in the 

presence of competitor individuals. 
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J\nt9_chinus J!Wninsonii wns the more ti;>rrestrial of tho two species 

of ~chin~)§., and it w11s generuily captured in structurally more 

complex habitilt than its smallor congenor (compare Tables 2.11 and 

2.20). The removal of A. sw~r~ wws followed by increases in 

movemonts, home range sizes nnd home range overlaps in A, stwi.-tii, 

by a sh1'ft to1v,~1·d" u00 of I l b' " - vw mo!'e comp ex 10 1tnt, and also by a 

docrease in the use of trol.ls by this species. Anteehinus !il.!Jil!.:lli 

evidently has a threl.l dimensional home range, but its relo:itive use of 

the vertical component depends on the presence or ab:oence of A. 

swainsonii on the ground. These findings strongly support the 

suggestion of Hall and Lee (19G2) tlwt A. stuartii uses trees to avoid 

confrontations with its larger congenor, and suggest that the major 

arena for competition occurs on the ground. Differences in arboreal 

activity may also facilit<:1te coexistence among other species of 

mammals, such as Venezuelon Mouse Opossums (O'Connell 1979) and 

some rodents (Taylor and Mccarley 1963, McCrocl<en 1978, Imaizumi 

1979). 

The sl1ifts described above provide strong evidence of 

interspecific competition. In discussing diet, however 1 the evidence 

is ostensibly not so convincing. Shifts in the diet of A· stuartii 

certainly occurred when A· swainsonit was removed and reintroduced, 

but invertebrnte food, unlike space ancl time, is a renewable resource 

that interacts with the animals using it, and it may change rapidly in 

abt1ndance and availability. Hence, without measurements of the food 

resource it is not possible to state confidently that shifts in the diet 

of one species are due only to manipulations in the density of a 

competitor species. In an attempt to address this problem, month by 

mont11 censuses were made of the invertebrate populations in all five 
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enclosurt?s tl11•ougl:~~1t the period of study. The findings are 

presented in dotail in Chapter 4, but ilre summarised briefly here for 

convenience. First, invortebrutes th<ll move freely on the forest 

litter surface were most abundant and diverse in summer, but lilast so 

ir1 winter. Fluctuotions in their abunclance and diversity occurred 

concord<intly in all enclosures. Second, tl1e more sessile 

invertebrates thnt live in the forest tilter rem11ined abundant and 

diverse all year round. Patterns of abundance and diversity were 

again concordant in all enclosures. These findings demonstrated that 

patterns of food availability were similar between the enclosures at all 

times, a11d suggest that observed shifts in diets of Antechinus were 

due only to tile effects of the manipulation eJ(periments. These 

effects are now considered in more detail below. 

Comparison of Tables 2.12a and 2.21a shows that, although the 

two species of Antechinus ate broadly similar types of p1·ey, there 

were differences in the proportional representation of prey types in 

the diets. Overal I, A. stuartii tended to eat more prey such as 

Dermaptera, lsoptera, Diptera, Blattodea, Hemiptera and Orthoptera 

than A. swainsonii. These prey are generally inhabitants of logs, 

tree bark or the surface of the litter, and they tended to be well 

represented in pitfall traps (Chapter 4). In contrast, A. swainsonii 

tended to eat more prey such as lsopoda, Ampl1ipoda, Oligachaeta and 

larvae that are more strictly terrestrial and are inhabitants of sail 

and sub-surface litter. Ostensibly, these findings support the 

general view that A. stuartii is an agile, partly arboreal predator, 

whereas A. swainsanii is a soil·fossicking insectivore (Wakefield and 

Warneke 1963, 'IS67; Calaby 1967; Recher et al. 1975; Braithwaite 

~ §.!_. 1978). 
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These conclusions were, however, challenged by the results of 

tl1e removal experiments. Following the removal of A. swain son ii, for 

example, A. stl1artii ate more Amphipoda and lsoptera, bL1t less 

Hemiptera and Coleoptera than in the control popul<ition. (Differences 

were also recorded in the proportions of Blattodea and Aranea eaten). 

The Amphipoda all belonged to a strictly terrestrial species 

Arcitalitrus sylvaticus (J. A. Friend, personal communication), 

whereas many of the Coleoptera and Hemiptera (especially nymphs of 

the Family Lygaeidae) were almost certainly arboreal. The switch to 

eating proportionally more terrestrial and fewer arboreal prey in A. 

stuartii suggests that this species is an opportunistic predator, and 

that, when given access to terrestrial sources of food by the removal 

of its larger congener, it will eat a variety of types of prey there. 

In addition, there were proportionally more invertebrates 2.5-4.9mm 

long in samples of forest litter than in pitfall traps (Chapter 4). The 

tendency for A. stuartii to eat these longer 1 terrestrial prey items 

when given access to them by the removal of A. swainsonii (section 

2.5.4.3.) again reflects an opportunistic and competition-mediated 

switch in diet. 

Changes in the proportions of prey types eaten by A. swainsonii 

also occurred between the enclosures (section 2.5.6.3), but these 

changes concerned mostly terrestrial prey such as Collembola and 

Amphipoda. There was no further evidence that A. swainsonii ate 

arboreal prey items in the absence of its smaller and semi-arboreal 

congener. 

Hall ('1980b) concluded that the two species of Antechinus draw 

prey opportunistically from the same large population of prey. The 

above findings fully support this conclusion, but suggest further that 
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the types and sizes of prey eaten depend I h a so on t eir accessibility. 

And, as earlier sections have shown, access of A. stuoirtli to 

terrestrial populations of prey is hindered by the presence of its 

terrestrial congener, A. swainsonii. 

Both species of Antechinus breed seasonally, but the timing of 

reproductive events in each species was unaffected ·by manipu1ations 

of the numbers of the other species. The above findings 

nevertheless confirm the earlier work of Wood (1970), Braithwaite 

(1973), Moore (1974) and others that mating occurs only vver a short 

period (about 2 weeks) in winter, after which all males die. Mating 

is also remarkably synchronous from year to year in any locality 

(Wood 1970, Braithwaite 1973) 1 and invites speculation on what 

triggers mating and why mating is so precisely timed. 

Neither tl1e proximate nor the ultimate factors controlling 

reproduction are clearly known, but Lee ~ ~- (1977) and Braithwaite 

and Lee (1979) have suggested that mating is so timed that lactation 

and the weaning of young coincide with a flush in insect abundance 

in spring and summer. Wainer (1976) has further suggested that 

reproductive phase differences in a two species system (A. stuartli 

and A. minimus in Victoria) arise from dietary preferences for 

different insect groups that peak at different times, but this proposal 

has not been adequately tested. Hall (1980b) found that the diets of 

A. stuartii and A. swain son ii overlapped broadly, while Dickman 

(1982a) postulated that differences in the timings of matings of the 

two species at different altitudes were too great to be explicable 

solely in terms of differences in diet. The question of seasonal 

breeding is returned to in Chapter 7, where suggest that, on a 

geographical scale, differences in the times of matings of the two 

species may lead to a reduction in levels of interspecific competition. 
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There were two Lmexpected findings in the results. The first 

was tl1at the consequences of competition in A. stLiartii were more 

obvious in females than in males. In the presence of A, swainsonii, 

female sLirvival 1 movements and home ranges were mo 1·e affected tl1an 

in males. There is no obvious explanation for these findings, since 

male A. stuartii are closer in size to A. swainsonii and may be 

expected to compete more intensely than the smaller females. Some 

differences may, however, be more apparent than real: sample sizes 

of females were usually larger than of males, and variances were 

often smaller; hence differences of statistical significance were easier 

to obtain. 

The second unexpected finding in the results was that the body 

weights of male and juvenile female A. stuartii were less in the 

absence than in the presence of A. swainsonii. Since the foregoing 

sections have suggested that the removal of A. swainsonii allowed A. 

stuartii access to a wider range of terrestrial habitats and to 

terrest1·ial populations of prey, it is of interest to ask why this 

should be so. There are three possible explanations. First, A. 

stuartii exploited cryptic prey that were flushed out and made 

available by the foraging activities of A. swainsonii (resource 

enhancement - see Charnov et ~· 1976). Removal of the larger 

species would have rendered these prey unavailable, so that the food 

intake and body weights of A. stuartii declined. However, this 

explanation is unlikely 1 since the diversity of prey types in the diet 

of A. stuartii actually increased after A. swainsonii was removed 

(Table 2.12a). The second explanation is that small A. stuartii 

individuals suffered disproportionately in competition with A. 

swainsonil. Removal of the larger species would then have increased 
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the survival of these small individuals and so reduced the body 

weight mean 01' the population while simultaneously increasing the 

variance. Again, there is no evidence for this explanation, since 

variances in body weights differ little between enclosures (Appendices 

3a,b,c). The tl1ird explanation is that removal of !::..· swainsonii 

allowed the numbers of A. stuartii to increase so that intraspecific 

interference competition occurred. Interference could have reduced 

access to food so that body weights declined. There is some evidence 

for this explanation, since reductions in body weight were greatest in 

the months (especially February-April I 1979) when the population 

sizes in E1 and E2 were unusually high (compare Fig. 2.6a with 

Appendices 3a 1 b). The importance of intraspecific competition is 

discussed at length below. 

The inference that intraspecific competition occurred at all 

follows from the expectation that overlaps in resource use, and the 

potential for competition, should always be greater between 

conspecific individLtals than between congeners. Hence, when two 

species compete, it may be assumed that individuals of each species 

also compete among themselves. For A. stuartii, the immediate 

consequence of removing A. swainsonii was to directly alleviate 

inter5pecific competition 1 but intraspecific competition was presumably 

also reduced, as individuals shifted and expanded the ranges of 

resources they used. Indeed 1 these shifts were almost certainly 

caused by intraspecific population pressure. However 1 the additional, 

long term consequence of removing A. swainsonii was to allow A. 

stuartii populations to increase in size. These increases - by up to 

64% more in E1 and E2 than in the control population (section 

2.5.3.1) - not only produced unusually high population densities, but 
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they may also have led to fertile conditions for increased intraspecific 

competition. 

It is not immediately clear why this should be so, because 

resources in the experimental enclosures may not have been limiting: 

until the illegal removal of individuals from the control population in 

May 1979, the total numbers and biomass of both species of 

Antechinus in C1 were never less than the numbers and biomass of 

A. stuartii alone in E1 and E2. If, as suggested above, A. stuartii 

was able to exploit the terrestrial food resource of A. swainsonii, 

food should have been relatively abundant in E1 and E2 and hence 

have pre-empted intraspecific competition for this resowce. 

However, the key is that increased frequencies of fntraspecific 

contacts in the 'dense A. stuartii populations in E1 and E2 interfered 

with individuals access to resources, especially to food. Antechinus 

stuartii is basically a solitary animal, and most interactions other than 

those of mother and dependent young are aggressive (Braithwaite 

1973, Lee 1972, Settle and Croft 1982a,b). High frequencies of such 

interactions could have reduced food intake and have led, in turn, to 

the reduced mean body weights. 

Apart from the high densities of A. stuartii in E1 and E2 

between February and April I 1979, several other pieces of evidence 

suggested that the potential for intraspecific interference contacts in 

these enclosures was high. First, A. stuartii was considerably less 

arboreal in E1 and E2 than in C1; consequently there was little 

opportunity for individuals to avoid contact with each other on the 

ground. Second, home ranges generally overlapped more extensively 

in E1 and E2 than in C1; tl1is would again have increased the 

chances of ihtraspecific contacts. Third, survival of newly-weaned 
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A. stuartii was enhanced in E1 and E2 (Table 2.5), so that average 

family sizes and frequencies of contacts among family members were 

probably increased. 

There are two further observations that may be attributable to 

intraspecific competition. The first observation is that overlaps in 

the home ranges of individual juvenile females with other female$ were 

relatively small, especially in July and August (Table 2.10). Lee 

(1972) has shown that, in staged dyad encounters, levels of 

aggression among female A. stuartii increase towards the time of 

mating. In the field, increased levels of aggression may contribute to 

reduced overlap among females 1 and in this sense they may be 

thought to be territorial (Brown 1964, Kaufmann 1983). Female 

aggression and territory formation may arise in the face of a declining 

food supply before rr.ating (Chapter 4) to ensure individuals priority 

of access to this resource. The decline in food may be less serious 

for males than for females, since males were captured consistently in 

structurally more complex habitats than females (Table 2.11) and thus 

had access to a more constant supply of food there (Chapter 4). 

Moreover 1 males may eat foods such as snails which appear to be less 

available to females. (The evidence for this is admittedly indirect 

and based on the increased incidence in pre-breeding males of a 

parasitic trematode Brachylaime antechini, for which the only known 

intermediate host is the snail Strangesta capillacea (Moore 1974, 

Peisley and Howell 1975). If the removal of A. swainsonli effectively 

increased the food available to A. stuartii, female-female overlaps in 

July and August (just prior to mating) might also be expected to 

increase, since the territorial need to defend scarce food is 

decreased. This occurred in both 1978 and 1979, but only in the 

latter year was the increase statistically significant (Table 2.10). 
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Tl1e second observation is that Antechinus mothers differed in 

the proportions of males to females they carried in the pouch. In A. 

stuartii the sex ratio was biassed .0warcis females (section 2.5.3.2)
1 

Whereas in A. swainsonii it was biassed towards males (section 

2.5.5.2). Several authors have discussed sex ratio deviations 

(l<olman 1960, Trivers and Willard 1973, Myers 1978, Clutton-Brock et 

al. 1982), but an explanation for Antechinus has been proposed by 

A. Cockburn (personal communication). Cockburn has proposed that 

adjustments of sex ratios may facilitate reduction of competition 

between mothers and their daughters. In species where the 

expectation for females of breeding in a second year is relatively high 

and where daughters remain in or near the maternal range (such as 

A. swainsonii), individual reproductive output may be maximised by 

the production of relatively few female offspring, which reduces the 

probability of mother-daughter conflict in the following year. In 

contrast, in species such as A. stuartii where the expectation of 

breeding in a second year is remote, individual rep1-oductive effort 

may be maximised by the production of more female offspring or equal 

numbers of both sexes. 

2.7 SUMMARY 

This chapter considered the question of whether competition 

occurs between A. stuartii and A. swainsonii. Five enclosures were 

established in May 1978 1 each containing relatively dense populations 

of both species. Antechinus stuartii was removed from two enclosures 

in J\Jiy 1978 and later reintroduced to one, whereas A. swainsonii was 

removed from two othe• enclosures and later returned to one. 

Populations of both species were not manipulated in the remaining 
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enclosure; this served as a control. Comparisons of the population 

parameters and patterns of resource use were made for each species 

when it occurred in the presence and in the absence of the other 

species. 

Manipulations of the numbers of A. swain son ii produced several 

effects on 6_. stuartii that were consistent with the interpretation of 

competition. These were: increases in numbers 
1 

survival of 

weanlings, movements, home range areas and overlaps; shifts in 

arboreal activity / terrestrial habitat use, and the types and sizes of 

food eaten. Unexpectedly, some effects 1 such as increases in 

survival, movements, home ranges and overl:;ips, were more evident in 

juvenile females than in males or parous females. A second anomalous 

finding was that mean body weights of A. stuartii declined when A. 

swainsonii was removed. Since the decline coincided with unusually 

high population densities in A. stuartii, however, I have suggested 

that this was due to increased levels of intraspecific competition. 

Competition with A. swainsonii had little evident effect on 

trappabi!ity 1 reproduction, body length and periodicity of activity of 

A. stL1artii. 

Manipulations of the numbers of A. stuartii were sometimes 

followed by changes in tl1e population paramters or resoL1rce use of 

A. swainsonii, Some changes were consistent with the interpretation 

of competition, such as the increase (in two sampling sessions) in 

body weight of juvenile A. swainsonii when A. stuartii was removed, 

but more often, they occurred irrespective of the presence or absence 

of the smaller species. Hence, the competitive effects of A. stuartii 

on A. swainsonii were considered to be small. 
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Several alternative explanations of the above findings were 

discussed and rejected; none was as complete or as convincing as 

that of interspecific competition. The findings of the present Chapter 

show, then, that A. stuartii and A. swainsonii do compete, but 

further that the strongest effect is that of the larger species on the 

smaller species. Due to decimation of the A. swainsonii population in 

C1 in 1979, no attempt could be made to replicate precisely the 

experimental design followed in this chapter. In following chapters 

different questions are asked. What are the effects of high and low 

numbers of A. swainsonii on population parameters and resource use 

in A. stuartii? What is the scarce resource for which competition 

occurs and what is the mechanism of competition? 
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Table 2.1 The numbers of extraneous Antechinus swainsonii in enclosures E1 and E2 and on surrounding 

trap lines in 1978 and 1979. 

1978 1979 

July 11 A s 0 N D Jan. F M Al M J J A s 0 N D 

E1 
In enclosure 0 0 0 0 0 1 1 0 0 0 

On trap lines 1 0 0 0 1 0 1 1 0 0 None extraneous 

E2 
* * * * * * In enclosure 0 0 0 0 0 0 1 0 0 0 1, 1 1 2 1 0 1 0 4 

On trap lines 0 0 0 0 0 0 0 1 0 1 * * 1 0 1 0 0 0 2 0 

* Denotes individuals that moved from E1. Antechinus swainsonii was removed from E1 and E2 in July 1978 after the 
first of two trapping sessions (July I and July 11) in that month, 
trapping sessions (April I and April II) in April 1979. 

and reintroduced only to E1 after the first of two 

··-----------------------~-------------------·--------' 
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Table 2.2 The numbers of extraneous Antechinus stuartii in enclosures E3 and E4 and on surrounding 
trap lines in 1978 and 1979. 

1978 1979 

July 11 A s 0 N D Jan. F M Al M J J A s 0 N D 

E3 

In enclosure 0 1 0 1 0 0 0 3 2 1 

On trap lines 1 1 0 0 0 0 0 0 1 1 
None extraneous 

E4 

* * * * * In enclosure 2 0 0 0 0 0 0 1 1 1 1 2 1 1, 1 0 1 0 1 

* On trap lines 0 0 0 0 0 0 0 1 1 3 0 1 1 2 0 0 0 0 

* Denotes individuals that moved from E3. Antechinus stuartii was removed from E3 and E4 in July 1978 after the 
first of two trapping sessions (July I and July 11) in that month, and reintroduced only to E3 after the first of two 
trapping sessions (April I and April 11) in April 1979. 
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Table 2.3 Minimum sessional survival (%)of male Antechinus stuartii. 
Sample sizes are shown in brackets. 

May 1978 
Jun. 
Jul. I 

Jul. 11 
Aug. 

Jan. 1979 
Feb. 
Mar. 
Apr. I 

Apr. II 
May 
Jun. 
Jul. 
Aug. 

C1 E1 

Antechinus swainsonii not manipulated. 

89 ( 9) 
90 (10) 

100 ( 9) 

100 ( 7) 
86 ( 7} 
89 ( 9) 

E2 

67 ( 9) 
ioo c 8) 
83 (12) 

Antechinus swainsonii removed from E1 and E2 

78 ( 9) 
0 (10) 

100 ( 1) 
86 ( 7) 
86 ( 7) 
67 ( 9) 

67 ( 9) 
0 ( 8) 

100 ( 3) 
92 (12) 

100 (12) 
81 (16) 

91 (11) 
0 (12) 

100 ( 1) 
100 ( C) 

78 ( 9) 
70 (10) 

Antechinus swainsonii reintroduced only to E1 

60 (1 O) 86 (14) 78 ( 9) 
89 ( 9) 92 (13) 92 (13) 
78 ( 9) 69 (13) 35 (13) 
88 ( 8) 89 ( 9) 85 (13) 
0 (11) 0 (13) 0 (13) 
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Table 2. 4 M~nimum sessional survival (%) of female Antechimis stuartii. Sumple 
sizes are shown in bracl<ets. 

May 1978 
Jun. 
Jul. I 

Jul. II 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Jan. 1979 
Feb. 
Mur. 
Apr. I 

Apr. 11 
May 
Jun. 
Jul. 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 

Cl 
<1yr >'!yr 

E1 
<1yr >1yr 

Antechinus swainsonii not manipulated 
88 ( S) 100 (1) 86 { 7) 100 (1) 
75(8) 100('1) 86(7) 0(1) 

100 ( 7) 0 ( 1 ) 100 ( 7) - ( 0) 

Antechim1s swainsonii removed from E1 and E2 

86 ( 7) 
63 ( 8) 
- ( 0) 
- ( 0) 
- ( 0) 
- ( O) 
50 ( 2) 
70 (10) 
78 ( 9) 
80 ('JO) 

- (0) 
- (0) 
83 (6) 
60 (5) 

100 (5) 
·100 (5) 
100 (5) 
100 (5) 

40 {5) 
100 (2) 

78 ( 9) 
100 ( 8) 
- c 0) 
- ( 0) 
- ( 0) 
- ( 0) 
80 ( 5) 
93 ('14) 
93 (14) 
87 (15) 

- (0) 
- (0) 
63 (8) 

100 (5) 
80 (5) 

100 (4) 
100 (4) 
100 (4) 

50 (4) 
100 (2) 

Antechinus swainsonii reintroduced only to El 

89 ( 9) 100 (2) 86 (14) 100 (2) 
78 ( 9) 50 (2) 100 (12) 50 (2) 
71 c 7) 0 (1) 83 (12) 100 (2) 
83 ( 6) - (0) 80 (10) 50 (2) 
71 ( 7) - (0) 67 ( 9) 0 (1) 
- ( 0) 100 (5) - ( O) 100 (6) 
- ( 0) 83 (6) - ( 0) 83 (6) 

( 0) 80 ( 5) - ( 0) 80 ( 5) 
( 0) 100 ( 4) - ( 0) 75 ( 4) 

E2 
<1yr >1yr 

70 (10) 
83 ( ()) . 

100 ( 8) 

75 ( 8) 
83 ( 6) 
- ( O) 
- ( 0) 
- ( 0) 
- ( O) 

100 ( 4) 
86 (14) 
88 (17) 
93 (15) 

87 (15) 
73 (15) 
75 (12) 
89 ( 9) 
80 ('10) 
- ( 0) 
- ( 0) 
- ( 0) 
- ( 0) 

- (0) 
- (0) 
- (0) 

- (0) 
- (0) 
80 (5) 

100 (4) 
100 (4) 
100 (4) 
100 ( 4) 
100 (4) 
100 (4) 

75 (4) 

67 (3) 
50 (2) 

100 (1) 
100 (1) 
100 (1) 

78 (9) 
71 (7) 
80 (5) 
75 (4) 
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Table 2.5 Survival of newly weaned Antechinus stuarlii in late 
December 1978 and early January 1979. 

Number of nestling Numbers surviving Overall 
young in until January to survival 
December 1978 April I 1979 (%) 

C1 48 27 56 

E1 40 35 88 

E2 38 31 82 

G(Zd.f.) ~ 12.67, P < 0.01. 

The numbers of nestling young in December 1978 were obtained by 
counting the numbers of used nipples on lactating females (Woolley 
1966). The survival of these young as wean lings in late December 
1978 was assessed by counting the numbers of new juveniles that 
appeared in each enclosure between January and April I the 
following year. Since nestling young were not marked individually, 
these calculations assume that no individuals born outside the 
enclosures moved into the encloslwes prior to April. 



·--·-~----------·~--------~~---------------···· 

Table 2.6 The range in timing of reproductive events in Antechinus stuartii in 1973 and 1979. 

Enclosure 

C1 

E1 

E2 

* 

Last male 
captured 

3 Sept. 

1 Sept. 

4 Sept. 

Pregnancy 

* 22 Aug.-
23 Sept. 
(N=16) 

* 24 Aug.-
30 Sept. 
(N=13) 

* 20 Aug.-
29 Sept. 
(N=17) 

Birth 

23-29 
Sept 
(N=11) 

21-31 
Sept. 
(N=14) 

25-30 
Sept. 
(N=14) 

Young 
in nest 

27 Oct.-
2 Nov. 
(N=10) 

27 Oct.-
2 Nov. 
(N=9) 

30 Oct.-
3 Nov. 
(N=10) 

End of 
lactation 

8 Jan. 

29 Dec. 

11 Jan. 

First juvenile 
captured 

6 Jan. 

12 Jan. 

3 Jan. 

These dates were estimated from the condition of the hairs surrounding the pouch (Woolley 1966). Sample sizes ( N) 
are in brackets. 
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Table 2. 7 r~ovements of A.nt~chinus stu<irtii. Values are mean average distances 
rroved (m) - standard dev1at10n. Sample sizes are in brackets. 

i 

i 

~'ay­

July ! 
1978 

1 july 11-
1 Aug. 
i 1978 

C1 

43. 3±15. 9 
(27) 

36.0±11.5 
(23) 

40.1±14.5 
(50) 

59.6±31.1 
('19) 

30.0±5.0 
(15) 

46.6±27.6 
(34) 

Sept. - 'i? 31.7±8.7 
(20) Dec. 1978 

Jan. -
,Apr. I 
i 1979 
' 

Apr. I!-

d' 37.9±28.2 
(21) 

'?<1yr 34.0±17.8 
(24) 

<;>>1yr 34.3±19.1 
(18) 

d'+<;> 35.4±21.9 
(63) 

June 'i? 
1979 

44.6±15.3 
(24) 

46.3±21.5 
(27) 

45.5±18.7 
(51) 

<i'+'i? 

July-
' Au~. 'i? 
I 1979 

67.4±23.1 
(22) 

39.4±19.5 
(19) 

54.4±25.5 
(41) 

Sept. - 'i? 
Dec. 1979 38.4±15.6 

(19) 

E1 E2 F 
0 

F 

Antechinus swainsonii not manipulated 
52.9±26.1 47.4±29.4 0.93 

(21) (26) 
43.8±20.8 34.9±18.7 1.66 

(20) (24) 
48.5±23.8 41.4±25.4 1.88 

(41) (50) 

Antechinus swainsonii removed from E1 and E2 

67.0±33.2 
(16) 

50.5±23.2 
(15) 

59.0±29.6 
(31) 

41.5±21.4 
(20) 

42.2±17.7 
(29) 

40.3±20.3 
(42) 

41.8±22.5 
(16) 

41.2±19. 7 
(87) 

62.2±26.9 
(20) 

47.9±23.2 
(13) 

56.6±26.1 
(33) 

35.7±19.9 
(15) 

50.3±19.8 
(23) 

43.0±18.1 
(41) 

44.6±19.8 
(16) 

45.4±18.9 
(80) 

0.26 

* 5 .11 

1.86 

1.62 

1.86 

1.73 

1 .15 

* 4.39 

0.30 

** 10.08 

3.59 

2.30 

1.94 

3.04 

2.15 

** 6.95 

Antechinus swainsonii reintroduced only to E1 

46.7±19.9 
(34) 

41.9±17.6 
(40) 

44.1±18.7 
(74) 

78.1±38.5 
(25) 

36.8±14.6 
(27) 

56.6±35.2 
(52) 

40.1±18. 7 
(20) 

66.6±23.5 
(31) 

56.6±34.5 
(46) 

60.6±30.8 
(77) 

81.8±37.5 
(30) 

50.4±15.7 
(30) 

66.1±32.6 
(60) 

48.5±14.4 
(24) 

*** 10. 81 

* 3.46 

*** 10.57 

1.15 

** 5.46 

2.01 

2.48 

*** 21.46 

* 6.48 

*** 21.00 

1.18 

** 10.64 

* 3.91 

* 4.86 

Conclusion 

C1 E1 E2 

C1 E1 E2 -------.... 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 

C1 

C1 

C1 

C1 

C1 

C1 

E1 

E1 

E1 

E1 

E1 

E1 

E1 

E2 

E2 

E2 

E2 

E2 

E2 

E2 

For Jan.-April I 1979, females >1 yr and <1 yr old are considered separately; for other I '""h' >hoy m groopod '"'"'hoe. 
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'i 

1 
be 2.8 Hom~ r.anges of Ante~hinus stuartii. Values are mean minimum areas (m2) 
l standard dev1at1on. Sample sizes are in brackets. 

. f 
, I 

Sept, -
:ec. 1978 

·:;::1. -

' ·~:ir, I 
• >;;g 

d'+9 

O' 

9<1yr 

9>1yr 

C1 

2054±894 
(7) 

1421±483 
(8) 

1716±752 
(15) 

2468±499 
(7) 

1555±480 
(7) 

2012±668 
(14) 

1801±801 
(6) 

1405±427 
(6) 

1182±510 
(8) 

1163±708 
(4) 

1252±511 
(18) 

2177±793 
(8) 

1658±691 
(8) 

1917±767 
(16) 

2719±902 
(8) 

1758±548 
(6) 

2307±893 
(14) 

E1 

Antechinus swainsonii not manipulated 

2248±780 
(7) 

1590±534 
(7) 

1919±728 
(14) 

2365±757 
(8) 

1397±609 
(7) 

1913±833 
(15) 

0.28 

0.27 

0.33 

Antechinus swainsonii removed from E1 and E2 

3164±464 
(6) 

2239±412 
(7) 

2666±636 
(13) 

2716±709 
(5) 

1862±435 
(7) 

1618±467 
(11) 

2234±1202 
(4) 

1807±647 
(22) 

3297±758 
(9) 

2419±512 
(5) 

2983±790 
(14) 

2570±371 
(4) 

2741±817 
(7) 

1828±494 
(10) 

1960±409 
(4) 

2157±719 
(21) 

* * 3.89 7.61 

* ** 6.12 11.81 

** ** 6.94 12.51 

* 2.83 5.55 

** 8.55 

* 3.97 

1. 76 

*** 9.85 

** 9.49 

* 6.96 

3.30 

*** 16.46 

Antechinus swainsonii reintroduced only to E1 

2235±671 
(11) 

2245±1262 
(13) 

2240±1013 
(24) 

2306±581 
(7) 

1598±537 
(7) 

1953±651 
(14) 

3210±964 
(8) 

2586±902 
(13) 

2824±954 
(21) 

2587±914 
(9) 

2039±654 
(8) 

2329±827 
(17) 

* 4.40 

2.05 

* 4.57 

0.05 

1.08 

1 .02 

** 8.75 

2.46 

** 8.00 

0.03 

1.92 

0.66 

l Sept.. 'I 1676±393 1322±611 2303±665 
. , ~ec, 1979 (5) (5) (6) 

* 4.12 * 7.30 

Conclusion 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 

C1 

C1 

C1 

C1 

C1 

C1 

E1 

E1 

E1 

E1 

E1 

E1 

E1 

E2 

E2 

E2 

E2 

E2 

E2 

E2 

l ~or Jan.-April I 1979 females >1 yr and <1 yr old are considered separately; 
onths they are consldered together. 

for other 

, 



. fan;e 2.9 Overlaps in home ranges of male Antechinus stL1artii. Values are mean 
Jieriap (9.) and 95% confidence limits (cl). 

' h1a~·~ 

. Jell I 
FB 

'i 

i 
' J 
' 

hpr. ; 1-
.;L!ne 

i ·Jy 
.J ~"' -

·4f..ug. 
i1979 

overlap 

d/d 

d/d 

d/'?<1yr 

d/'?>1yr 

tf/d+'? 

t!/d 

d/'? 

x 
cl 
x 
cl 
x 
cl 

x 
cl 
x 
cl 
x 
cl 

-x 
cl 
x 
cl 
x 
cl 
x 
cl 

x 
cl 
x 
~I 
x 
cl 

-x 
cl 
x 
cl 
x 
cl 

C1 E1 E2 

Antechinus swainsonii not manipulated 

N=7 N=7 N=8 
51.2 41.2 40.3 0.17 

28.5-73.5 12.2-78.8 7.4-79.4 
53.3 64.9 46.5 0.80 

32.4-73.6 38.4-87.3 21.3-72.6 
72.7 80.9 53.8 2.10 

60.7-83.2 59.5-95.5 23.2-82.9 

Antechinus swainsonii removed from E1 and E2 
N=7 N=6 N=9 
52.6 86.8 69.1 2.78 3.60 

21.9-82.4 65.1-98.8 48.6-86.2 
49.5 58.7 71.5 1.43 1.96 

25.8-73.3 32.4-82.5 50.5-88.4 
74.7 94.1 87.9 2.20 3.69 

49.8-93.0 75.3-(100.0) 75.9-96.1 

N=7 N = 6 
19.2 

0.5-56.3 
53.2 

21.3-83.7 
21.9 

0.9-59.1 
72.7 

N = 7 
21.0 

1.0-56.6 
47.2 

8.5-88.1 
48.8 

10.8-87.6 
93.4 

81.7-99.4 

45.8 1.22 
16.2-77.2 

66.0 0.40 
33.0-91.9 

9.5 2.03 
(0.0)-42.9 

88.4 3.28 
53. 7-88.1 72.7-98.6 

Antechinus swainsonii reintroduced only to E1 
N = 8 N = 11 N = 8 
51.5 66.4 68.6 0.63 

29.9-72.0 40.1-87.6 35.5-93.5 
71.5 80.8 82.1 0.46 

58.8-82.5 58.5-95.8 61.4-95.9 
83.1 88.6 92.4 0.43 

72.5-91.4 68.6-99.1 71.3-(100.0) 

N = 8 
69.5 

50.5-85.6 
67.4 

51.2-81.7 
90.4 

79.0-97.6 

N = 7 
45.6 

13.9-79.5 
45.5 

20.6-71.6 
67.8 

48.1-84.6 

N=9 
51.8 

31.0-72.4 
75.7 

59.2-89.1 
80.5 

69.9-89.3 

1.37 

* 3.47 

* 4.39 

0.72 

0.03 

0.07 

* 5.95 

0.35 

0.26 

0.55 

0.29 

3.76 

0.01 

108 . 

Conclusion 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 

C1 E1 E2 T_,_ __ -T 

C1 E1 E2 , .... -~-r 

~~data Were submitted to the arcsine transformation before statistical analysis. 
~his reason, although the above values were transformed back to percentages1 

~onfidence limits were generally not symmetrical about the mean (Zar 1974). Brackets 
enote confidence limits <O or >100. 
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• • 

faole 2.10 Overlaps in home ranges of female Antechinus stuartii. 
6veriap (%) and 95% confidence limits (cl) . Values are mean 
• 

Overlap C1 E1 E2 Fa FP Conclusion 

Antechinus swainsonii not manipulated 

- N = 8 N=7 N=7 
~1ar· \'/<; x 36.4 49.8 51. 4 0.45 C1 E1 E2 

. uc!y I si 14.8-61.1 24.5-75.1 15 .4-86. 5 -------
ms ri/cr x 58.0 55.3 32.2 0.90 C1 E1 E2 cl 21.3-90.1 27. 0-81. 9 4.4-70.4 - ------

9/0'+1' x 83.2 68.2 77.1 0.62 ~l _E.l _§£ cl 61.6-96.9 36.9-92.4 52.6-94.3 

Antechinus swainsonii removed from E1 and E2 
N = 7 N=7 N = 5 

July 11- 9/9 - 17.6 28.7 4.21 C1 E1 E2 x 46.9 3.21 
, :'.Aug. cl 3.4-39.6 14. 8-45.1 26.6-67.8 
;.·'.i13i8 \'/Cf x 75.8 66.8 77.8 0.33 0.12 C1 E1 E2 'j 

Si 47 .8-95.1 43.9-86.1 41.6-98.8 I * <;/Cf+<; x 74. 7 91.4 93.7 3.23 6.33. C1 E1 E2 .• 
cl 55.5-89.9 77.3-99.0 79.8-99.8 

N = 6 N = 5 N=4 
! ;;Sept. - 9/9 - 26.5 33.9 36.9 0.21 0.39 C1 E1 E2 x 
i pee. 1978 cl 4.0-59.4 8.9-65.2 5.4-77.1 ~ ;J 

! 
3 .·J 
W :r N = 8 N = 11 N = 10 * ** l .~ 9/9<1 yr - 28.9 61. 9 60.2 4.05 8.08 C1 E1 E2 x 
~ ·~Jan. - cl 4.6-63.3 47.9-75.0 46.3-73.3 ~ f' 9/1?>'1 yr 26.4 50.0 12.3 1. 79 0.04 C1 E1 E2 ~ •"Pr. I x "'! ... , ,1919 cl 8.0-50.7 13.7-86.4 (0.0)-46.5 ** l •(Females l?/Cf x 51.6 55.5 87.5 5.66 3.08 C1 E1 E2 ... 1"1 -----,, , yr c,ol 18.7-83.7 35.7-74.4 81.6-92.4 *** *** :~ ;Cid) 1?/"+1? x 69.8 S4.0 91.6 9.63 18.87 C1 E1 E2 

cl 55.2-82.5 86.3-98.6 85.5-96.1 

N=4 N = 4 N = 4 
9/9<1yr - 52.3 46.3 19 .5 0.65 0.51 C1 E1 E2 x 

Jan,- cl 17.3-86.0 (0.0)-100.0 (0.0)-96.6 
* Apr, I l'/1'>1 yr x 1.5 19. 1 25.2 3.47 6.74 C1 E1 E2 1~79 cl (0.0)-13.1 (0.0)-74.2 19.3-31.6 

(Females l?/Cf x 26.9 76.9 43.4 1.37 1. 56 C1 E1 E2 ' >1yr si (0.0)-85.7 20.8-(100.0) (0.0)-(100.0) * iold) 9/Cf+I? x 73.4 94.3 51.0 5.70 0.06 C1 E1 E2 
l 

cl 56.1-87 .6 70.5-(100.0) 9 '7-91.4 't: -,.. 
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1ib!e 2.10. (Cont'd.) 

Overlap C1 E1 E2 F Fp Conclusion 
0 

Antechinus swainsonii reintroduced only to E1 

N = 8 N = 13 N = ·13 
9/9 x 38.9 66.1 65.0 1.76 0.55 C1 E1 E2 

•. Anr. II- cl 24.5-54,4 36.4-90.1 50.8-78.0 
· JJne '.(/O' x 83.7 64.6 50.0 3.19 4.10 C1 E1 E2 
•. 1979 si 75.6-90.5 46.9-80.5 25.6-74.4 .. 

'.(/d+'.( x 88.5 87.5 81.5 0.50 0.98 C1 E1 E2 ' 
cl 78.7-95.6 73.3-96.8 68.2-91.7 

N=6 N = 7 N = 8 
* C/19 x 16.9 9.8 30.6 2.96 5.14 C1 E1 E2 

• Jui. - cl 2.3-41. 1 2.5-21.2 15.5-48.3 
• Aug. C//d x 84.7 71.6 75.2 0.67 0.08 C1 E1 E2 
. 19)9 ct 68.7-95.7 45.0-91.9 54.2-91.3 
i .: 9/o'+C/ x 86.4 72.2 78.5 0.82 0.01 C1 E1 E2 
;. i cl 64.8-98.6 45.5-92.4 63.1-90.7 
__ -! 

~ N = 5 N = 5 N=6 
* -~Sep.~ C//C/ x 11. 8 8.4 37.7 2.42 4.74 C1 E1 E2 

iDec. 1979 cl 0.0-40.6 (0. 0)-36. 2 9.3-71.9 
~ 

·.~All data were submitted to the arcsine transformation before statistical analysis. 
·.:!See footnote to Table 2.9). Brackets denote confidence limits <0 or >100. For 
: )anuary-April I 1979, females <1yr and >1yr old are conside1•ed separately; 
•,for other months they are considered together. 
) ., 

- -~-- . ·- '-····--·-·-----·""·~--····---·-·-·- _______ ,, __ 
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i Table 2.11 Frequency of capture of Antechinus stuartii at sites of different 

1 structuraL habitat complexity (S.H.C.). The number of captures (N), mean 
' s.H.C. (x) and standard deviation (s.d.) are given. ! 
! 
! 

' i May-July l 1978 
~ ; -sex/age Structural habitat complexity N x s.d. 

class 3 4 5 6 7 8 9 10 11 12 13 
l' 

' 
: f (I (2) 4 3 2 22 11 24 11 2 8 (3) 92 8.41 2.21 , ' 

: lc1 ¥<1yr 1 3 1 5 10 15 18 9 6 2 2 72 8.44 2.01 
: r ¥>1yr 0 0 0 1 2 1 3 0 3 0 1 11 9. 18 2.14 
-·) (j 2 1 5 3 14 16 17 4 4 4 0 70 8.06 1.98 ! 

'El 9<1yr 2 4 5 3 7 11 9 8 2 4 (3) 58 8.14 2.56 
J 9>1yr 0 0 0 0 0 2 1 2 0 0 0 5 9.00 1.00 

.:1 
o' 3 3 8 12 10 19 17 2 (2) 80 8.33 2.05 I 1 3 

1;? ¥<1yr (2) 6 2 7 10 14 20 6 6 4 (3) 80 8.21 2.35 i"" 

J 1 
!Summary SHC x E x S, Go (52 d.f.) = 57.84 

.. Jul~ I I-August 1978 -sex/age Structural habitat complexity N x s.d. 
class 3 4 5 6 7 8 9 10 11 12 13 

.. !c1 o' (3) 1 0 8 5 14 17 10 2 1 2 63 8.27 2.07 I; ¥ 0 3 2 4 1 5 11 15 7 2 (2) 52 9.02 1. 70 ', 

;j . c=1 
'" 

(j (1) 2 1 0 3 9 10 14 8 4 (2) 54 9.28 2.10 
9 

, , 0 1 2 1 2 8 10 8 9 5 1 47 9.36 1 .52 . 
j E2 (j 0 0 1 3 4 2 12 18 11 5 1 57 9.63 1. 70 
I 9 0 0 1 0 3 5 4 8 9 6 ( 4) 40 10. 13 1.92 
I 

, Summary 1 
SHC x Ex S, Go (52 d.f.) = 82.43** 

SHC x E, G0 ( 20 d.f.) = 42.22** 
11 

C1 vs (E1 + E2), Gp(10 d.f.) = 29.15** 
j 
! SHC x S, Go(10 d.f.) = 14.41 ;i 
' ' 

Ex s, G0 ( 2 d.f.) = 0.61 

j 1 

! 
I 

--- -~·-· ·-··. --- - ·- -- - -·-·---... ---- ·--=-----"""""· ~,,;,.· ... :.-.;-__ 
> ----- -· ··----·----------



e ' 
' i 

t 

; I 112. 

! I ' ; 

l I 
: I 
\ \Table 2.11. (Cont'd.) 
; t 
! i 
ljse~tember:December 1978 

Structural habitat complexity -l 1 sex1age N x s.d. 
! I class 3 4 5 6 7 8 9 10 11 12 13 

I I 
I 

0 2 1 7 6 1 -JC! " 11 15 16 4 2 1 65 8.63 1.86 
~ ·-, 
<oi 
l.' 
[ ~!E1 ¥ 0 2 1 2 5 5 9 17 12 4 (3) 60 9.50 2.00 

'[j ! ; E1 'I (1) 1 3 1 4 2 10 11 6 7 2 48 9.33 2.36 

! ;i 
'·] 1 i I. SHC x E (or S), Go (20 d.f.) = 26.68 !'. ,,~mary 

: I C1 vs (E1 + E2), G p (10 d.f.) = 19 .. 05* 
' 

i .,;enuary· April I 1979 -: sex/age Structural habitat complexity N x s.d. 
! 1 class 3 4 5 6 7 8 9 10 11 12 13 ii 

'l 

l d 3 1 5 11 9 8 14 9 0 1 0 61 7.52 2.00 
; !:1 1'<1 yr (6) 4 12 13 18 9 4 1 2 0 0 69 6.35 1.84 
•4 '?>1 yr 0 0 4 2 4 16 7 9 6 2 2 52 8.79 1.95 

d 1 0 3 1 17 10 17 28 12 4 5 98 9.19 1.92 
: E1 9<1yr (4) 8 18 11 20 34 17 15 3 0 2 132 7.38 2.06 

'1>1yr 0 0 1 3 1 10 10 7 4 5 (5) 46 9.54 2.06 

1: d 0 0 2 10 8 9 12 24 3 5 0 73 8.75 1.82 
; E2 '?<1 yr (5) 11 16 22 14 12 26 19 21 1 1 148 7.74 2.44 

1'>1yr 0 1 0 1 1 12 2 8 5 4 4 38 9.63 2.10 

,~~~~~~~~~~~~~~~~~~~~~--~~~~~~~ 

i Summary 1 

i. 
G =316.99*** 

0 (84 d.f.) SHC x Ex S, 

~- : G = 51 10*.!I'* 
0 (20 d,f.) . SHC x E, 

C1 vs (E1 + E2), G - 29 35** p (10 d.f.) - . 

SHC x S, Go (20 d.f.) = 149.99*** 

Ex S, G = 21 88*** 
0 (4 d.f.) . 

- --------_, ..: ... : . .:.: .... :..:.::::: .. -... :..:..:·;::::::.; ... 
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j bble 2.11. (Cont'd.) 
' I 
: iAoril II-June 1979 • 1- sex/age 
, class 3 4 
'j 

5 
Structural habitat complexity 
6 7 8 9 10 11 

113 . 

-
N x s.d. 

12 13 

{'~----~~~~-~~~~~~~~-~~-~~~--~~~~ 
. j 
~ <! 

•cir, Q<1 yr 
: ::!"'' 

:1 Q>1yr 
: '1 
. 'l 

lE1 
(f 

!1<1 yr 
Q>1yr 

1 6 
(3) 4 
0 1 

4 4 
(6) 5 
0 0 :i 

:I • I (f 1 0 
'·•-, "<1yr (4) 5 ' I,_ ¥ 

4 
6 
0 

9 
10 
0 

1 
3 
2 

13 14 18 19 
16 11 9 3 
1 2 6 1 

9 24 17 19 
14 15 22 21 
2 2 3 4 

8 8 15 21 
6 9 18 32 
3 3 4 1 

10 0 0 (1) 86 7.57 1.85 
4 1 2 0 59 6.81 2.06 
3 2 1 0 17 8.53 2.00 

10 11 1 0 108 7.73 2.10 
16 1 1 (2) 113 7.53 2.17 
3 3 3 0 20 9.25 1.92 

22 10 13 (2) 101 9.24 1.94 
28 14 2 ( 4) 125 8.70 2.16 
4 5 1 27 8.89 2.64 •1 9>1yr 0 1 

.:1------------------------------------
wummary 

1 
SH c x E x s I G 0 ( 84 d . f. ) = 201 . 83*** 

(3) 

I SHC x E, G0 ( 20 d.f.) = 80.65*** 

~ ' 

~ 
~ ' . !•July-August 1979 

(C1 + E1) vs E2, 

SHC x s, 

Ex S, 

G - 67 67*** p (10 d.f.) - . 

Go ( 20 d . f. ) = 32. 68* 

Go ( 4 d. f.) = 8. 66 

-
' l• sex/age ' . Structural habitat complexity N x 
I;; class 3 4 5 6 7 

j; 
l 'I 

El (j 

' l 9 

IE2 (j 

'I 

1 
' ! 

~i 

(4) 1 
(2) 3 

(1) 5 
1 5 

1 1 
0 4 

5 
6 

3 
3 

7 
0 

4 
7 

2 
4 

4 
6 

SHC x Ex S, 

SHC x E, 

11 
15 

12 
9 

12 
8 

(C1 + E1) vs E2, 

C1 vs E1, 

C1 vs E2, 

SHC x S, 

EX S, 

8 9 10 

9 16 13 
5 8 12 

15 25 7 
22 15 14 

12 29 14 
19 22 18 

11 12 13 

2 3 (1) 69 
5 2 0 65 

7 1 0 78 
5 4 1 83 

5 5 (3) 93 
10 4 (4) 95 

Go ( 52 d. f. ) = 79. 04** 

Go (20 d. f.) = 38. 73** 

Gp (10 d.f.) = 16.46 

Go (10 d.f.) = 22.27* 

Go (10 d.f.) = 23.29** 

Go (10 d.f.) = 15.04 

Go (2 d.f.) = 0.21 

8.10 
7.78 

8.18 
8.34 

8.61 
8.93 

s.d. 

2.26 
2.25 

1.91 
2.07 

2.04 
1.96 

....---------~~;.;;.;...;;... .. ~--·~··-· ~ .. '=:;' =-·=.. =-====· =-..... : .... :-~·-"--· --· 
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1'jE1 g 0 2 1 
t .. 

i 1 i: s~mmary SHC x 

. 
(C1 

E 

StructL1ral habitat complexity 
6 7 8 9 10 11 

3 6 9 11 13 5 

0 7 13 11 16 9 

3 5 14 18 11 14 

12 13 

0 (1) 

1 0 

2 (2) 

(or S), Go (20 d.f.) = 22.29 

+ E1) vs E2, G p (10 d.f.) = 9.50 

N 

52 

63 

72 

1h~e G statistic was used to test the joint independence of S. H. C. , sex/age 
!il'c,ass (5) and enclosure (E). If dependence was found, G was partitioned to 
, examine which pairs of criteria were associated. 

· <"techinus swainsonii Wa5 removed from E1 and E2 between July I and July 
"1978, and reintroduced only to E1 between April I and April II 1979. A 

/ewcaptures occured in S.H.C. categories 1, 2, 14 and 15. These were 
grouped with captures in category 3 or 13 and are shown in brackets. For 

· ;anuary-June 1979, females < 1 yr and> 1 yr old are considered separately in G 
tests; for other months they are considered together. 

:-' 
~ : 
... 
ii 

i 
i' 

! 
i 
~ 
l 

' ' 

I 

' 
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x s.d. 

8.58 1.94 

8.70 1.96 
" 

9.08 1.85 
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Table 2.12 1·he dietary diversity of Anlechj11us sluartii. N :: Nu1nber of individU<:ils. 
(a) Prey type diversity ----

July I 1978 July II 1978 August 1978 April I 1979 April 11 1979 

Prey type C1 E1 E2 C1 E1 E2 C1 E1 E2 C1 E1 E2 C1 E1 E2 

N=16 N=16 N=16 N=15 N=17 N=15 N=18 N=16 N=17 N=20 N=31 N=27 N=18 N=26 N=25 

Collembola (1 0 0) 0 3 5 (2 0 1) 2 1 6 1 4 0 
Coleoptera 15 21 14 10 8 19 21 13 15 21 26 15 15 21 18 
Dermaptera (0 0 1) 2 2 1 (0 1 O) 4 14 9 3 6. 11 
Aranea 14 15 9 17 7 11 10 6 8 10 12 10 15 14 9 
Acarina (1 1 0) (1 0 0) (0 0 0) (O 1 O) (0 0 O) 
Chilopoda (1 0 2) (1 0 2) (1 1 1) 4 4 2 2 1 4 
Diplopoda (0 0 0) (4 0 0) (1 2 0) 2 7 5 4 4 7 
Amphipoda 2 12 7 4 1 2 5 9 16 3 10 8 2 4 7 
lsoptera 4 1 2 0 4 2 (0 0 4) 0 4 29 2 0 16 
0 ligochaeta (0 0 1) (O 1 1) (1 1 O) (0 0 1) (0 1 2) 
Lepidoptera (0 0 0) (O 0 0) (0 3 O) (1 0 1) (0 0 2) 
Diptera co 0 0) (1 3 0) (O 0 1) (1 0 0) (0 1 1) 
Formicoidea (0 1 2) (0 1 1) 4 1 2 (0 0 0) (1 0 1) 
Other Hymenoptera (2 0 1) (0 1 2) (O 0 0) (O 1 O) (0 0 O) 
Blattodea 1 3 5 1 8 2 1 5 4 3 5 4 3 2 3 
Hemiptera (1 0 1) (0 1 O) (0 0 0) 9 3 8 2 11 5 
Orthoptera (0 1 1) (1 0 O) (0 1 O) 1 2 3 4 1 2 
Thysanoptera (0 0 0) (0 0 0) (0 0 1) (1 1 O) (0 0 0) 
Larvae 2 7 9 7 3 3 6 5 12 2 6 11 6 9 18 
Other invertebrates 3 1 2 3 6 4 6 4 3 1 5 4 3 4 4 
Hair (0 0 0) (O 1 0) (0 0 0) (O 1 O) (0 0 0) 
Vertebrates (O 0 0) (0 0 0) (O 0 O) (0 0 1) (0 1 O) 
Plant (0 1 0) (0 0 1) (1 0 1) 2 8 5 1 2 4 

Total no. prey 
items 47 64 57 52 so 56 59 52 69 67 111 122 64 86 114 
No. prey types 

12 11 14 12 15 14 12 13 13 16 18 17 15 16 17 represented 
Evenness J 0.77 0.74 0.84 0.81 0.90 0.80 0.79 0.86 0.82 0.81 0.86 0.87 0.85 0.84 0.88 
Diversity H 1.63 1.59 1.92 1. 74 2.06 1. 83 1.73 1. 91 1.86 1.97 2.25 2.27 2.00 2.08 2.28 
G o(d.f.) 11.75(12) 34.87**c1s) 16.14(12) 10.29***c2s) s3.16**c26 ) 

G 
p(d.f.) 23.80**c 8) 12. 98* (6) 35 12*** . (13) 38.04*** 

--
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(b) Prey size diversity 

July I 1978 July 11 1978 August 1978 April I 1979 April 11 1979 
Prey size class 
(mm) C1 E1 E2 C1 E1 E2 C1 E1 E2 C1 E1 E2 C1 E1 E2 

N=16 N=16 N=16 N=15 N=17 N=15 N=18 N=16 N=17 N=20 N=31 N=27 N=18 N=26 N=25 

0.0-0.9 3 5 2 3 1 3 5 2 1 5 2 3 1 3 1 
1.0-2.4 9 6 4 10 11 15 23 10 17 17 7 13 15 10 10 
2.5-4.9 6 g 12 10 6 7 11 15 14 4 18 24 16 11 27 
5.0-7.4 5 12 g 3 2 4 1 3 12 8 21 15 7 15 11 
7.5-9.9 3 10 5 3 4 5 3 6 8 4 12 7 7 4 17 
10.0-12.4 (1 1 1) (0 1 2) 4 2 2 2 0 3 3 2 5 
12.5-14. g (0 0 1) (0 0 O) (0 0 2) (0 1 2) 1 2 3 
15.0-17.4 2 1 4 (1 o 1) (1 1 O) (0 1 0) (0 1 2) 
17 .5-19.9 (1 2 0) (0 1 0) (0 1 1) 2 4 3 0 1 4 
~ 20.0 (O 1 1) (0 1 1) 1 2 1 1 4 1 (1 0 2) 

Tota! no. prey 
items 30 47 39 30 27 38 49 42 58 43 70 71 51 49 82 

No. prey size 8 9 9 6 8 8 8 9 g 8 g 9 8 9 10 
classes represented 

Evenness J 0.89 0.85 0.85 0.85 0.79 0.83 0.73 0.81 0.79 0.83 0.81 0.81 0.80 0.82 0.82 
Diversity H 1.54 1.64 1.59 1.30 1.36 1.48 1.34 1.53 1.55 1. 51 1.62 1.62 1.47 1.59 1.72 

G 
0 (d.f.) 11.45(10) 3. 01 (8) 23.19* (12) 32.62**(14) 21. 93(14) 

G p (d.f.) 2.21(4) 16.95**(6) 21. 18** (7) 4.87(7) 

Antechinus swainsonii was removed from E1 and E2 between July 1 and July 11 1978, and reintroduced 
only to E1 between April I and April I l 1979. G-tests were performed on the raw frequency data, el(Cluding 
values in brackets. Data for males and females were pooled. 
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Table 2.13 Comparison of activity periods of Antechinus stuartii 
three enclosures, using l~endall's coefficient of concordance, w. 

in 

Males Females Both 

w x2 p w x2 p w x2 p 

June-July I 0.96 20.2 <0.01 0.85 17.9 <0.05 0,95 20.0 <0.01 
1978 

July II- 0.93 19.6 <0.01 0.89 "18.7 <0.01 0.97 20.4 <0.01 
Aug. 1978 

Sept.- 0.82 17.3 <0.05 
Dec. 1978 

Jan. -Apr. 0.90 18.8 <0.01 0.88 18.4 <0.05 0.89 18.8 <0.01 
1979 

Apr. II- 0.95 19.9 <0.01 0.88 18.5 =0.01 0.98 20.6 <0.01 
June 1979 

July-Aug. 0.91 19.1 <0.01 0.80 16.9 <0.05 0.91 19 .1 <0.01 
1979 

Sept. - 0.86 18.0 <0.05 
Dec. 197 3 

All x2 values are associated with 7 d. f. Values of P < 0.05 show that the 
frequencies of captures within 3-hour time periods are concordant between 
enclosures. 

d 
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Table 2.14 Minimum sessional survival (%) of male Antechinus swainsonii. Sample 
sizes are shown in brackets. 

May 1978 
Jun. 
Jul. I 

Jul. 11 

Nov. 
Dec. 
Jan. ·1979 
Feb. 
Mar. 
Apr. I 

Apr. II 
May. 
Jun. 
Ju I • 

Nov. 
Dec. 

C1 E3 

Antechinus stuartii not manipulated 

91 (11) 
90 (10) 
18 (11) 

89 ( 9) 
100 ( 9) 

30 (10) 

E4 

82 (11) 
90 (10) 

0 (10) 

Antechinus stuartii removed from E3 and E4 

0 ( 4) 

83 ( 6) 
88 ( 8) 
71 (14) 
91 (10,1) 

100(11,1) 
92 (1211) 

0 ( 3) 

100 ( 5) 
91 (11) 
67 (15) 
83 (12) 

100(9,1) 
90 (9,1) 

- ( 0) 

80 ( 5) 
93 (15) 
71 (14) 
92 (13) 
92(12,1) 
92 (12,'I) 

Antechlnus stuartii reintroducad only to E3 

100 (11,1) 
29 (13,1) 
75(3,1) 

0 (4) 

- (0) 
50 (2) 

90(9,1) 
100(8,1) 

89 (9) 
0 (9) 

75 (4) 
75 (8) 

100 (11,1) 
92(11,1) 
91 ( 11) 

0 (12) 

67 (3) 
89 (9) 

Where two values are given in brackets, tile first denotes the number of 
individuals regularly present in the enclosure, the second the number of 
individuals that were absent from the trap record for ~ 3 months. 
Both values were summed to obtain estimates of survival. 
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Table 2.15 Minimum sessional survival 
Sample sizes are shown in brackets. 

(%) of fema1e Antechinus swainsonii. 

C1 E3 E4 
<1yr >1yr <1yr >1yr <1yr >1yr 

Antechinus stuartii not manipulated 

May 1978 80 (S) 100 (2) 100 (S) 100 (2) 100 (S) 50 (2) 
.Jun. 100 (4) 100 (2) 100 (S) 100 (2) 80 (5) ·100 (1) 
Jul. I 100 (4) 50 (2) 83 (6) 100 (2) 100 (4) 100 (1) 

AntechinL1s stuartii removed from E3 and E4 

Jul. 11 75 (4) 100 (1) 100 (S) 100 (2) 100 (4) 100 (1) 
Aug. - (O) 100 ( 4) - (O) 86 (7) - (0) 100(4,1) 
Sep. - (0) 100 (4) - (0) 100 (4,2) - (O) 80 (4, 1) 
Oct. - (0) 100 (4) - (0) 100 (4,2) - (0) 100 (3,1) 
Nov. 100 (4) 100 (4) 100 (1) 100 (4,2) 100 (1) 100(3,1) 
Dec. 75 (3,1) 75 (4) ·100 (3) 100 (4,2) 80 (5) 100 (3,1) 
Jan. 1979 100 (5,1) 67 (3) 83 (6) 67 (4,2) 100 (5) 75 (3,1) 
Feb. 100 (4,2) 67 (3) 100 (5) 100 (3,1) 100 (5) 100 (2, 1) 
Mar. 100 (5,2) 100 (2) 80 (5) 75(3,1) 100 ( 4, 1) 100 (2,1) 
Apr. I 86 (6,1) 100 (2) 100 (4) 100 (3) 100 ( 4, ·1) 100(2,1) 

Antechinus stuartii reintroduced only to E3 

Apr. II 83 (5,1) 100 (2) 100 (4) 100 (3) 80 (4, 1) 67 (2,1) 
May 17 (6) 50 (2) 100 (4) 100 (3) 100 (3,1) 100 (2) 
Jun. 100 (1) 100 (1) 100 c 4) 67 (3) 75 (3,1) 100 (2) 
Jul. 100 (1) 0 (1) 75 (4) 100 (2) 75 (3, 1) 100 (2) 
Aug. - (0) 100 (1) - (0) 100 (5) - (0) 60 (5) 
Sep. - (0) 100 (1) - (O) 100 (4,1) - (0) 100 (3) 
Oct. - (0) 100 ( 1) - (0) 100 (4, 1) - (0) 100 (3) 
Nov. - (0) 100 (1) 50 (2) 100 c 4, 1) 100 (2) 100 (3) 
Dec. 100 (1) 100 (1) 100 ( 4) 80 (4,1) 67 (3) 100 (3) 

See footnote to Table 2.14. 
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Table 2.16 Survival of newly weaned Antechinus swainsonii in late October 
and early November 1978. 

Sex Number of Numbers surviving Overall 
nestling young until November survival 
in October 1978 1978 to January (%) 

1979 

C1 d 21 16 76 
9 10 7 70 

E3 d 16 16 100 
9 13 6 46 

E4 d 18 16 89 
9 8 6 75 

Dependence of survival x sex x enclosure: G(7d.f.) = 17.52, P<0.05. 

The numbers of nestling young in October 1978 were obtained by counting 
numbers oF used nipples on lactating females (Woolley 1966). The sexes of 
these young were checked in early September 1978. (In contrast to A. 
stuartii, precise numbers of sexed young were obtained because all the 
lactating females and young counted in September were present in October, 
and no new females entered the enclosures in the intervening time). The 
survival of these young as weanlings in late October 1978 was assessed by 
counting the numbers of new juveniles that appeared in each .enclosure 
between November 1978 and January 1979. The calculations assume that 
no individuals born outside the enclosures moved into the enclosures 
prior to Januaryc 
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Table 2.17 The range in timing of reproductive events in Antechinus swainsonii in 1978 and 1979. 

Last male Young End of First juvenile 
Enclosure captured Pregnancy Birth in nest lactation captured 

* 3 July- 10-18 19-27 
C1 24 July 17 Aug. Aug. Sept. 25 Nov. 6 Nov. 

(N=6) (N=S) (N=4) 

* 12 July- 12-23 22-26 
E3 19 July 22 Aug. Aug. Sept. 12 Nov. 13 Nov .. 

(N=11) (N=11) (N=7) 

* 5 July- 9-19 17-29 
E4 13 July 18 Aug. Aug. Sept. ? 7 Nov. 

(N=9) (N=8) (N=6) 

* These dates were estimated from the condition of the hairs sur·rounding the pouch. Sample sizes (N) 
are in brackets. 
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Table 2.18 Movements of Antechinus swain son ii. Values are mean average distances moved {m) t standard deviation. Sample sizes are in brackets. 

Cl E3 E4 Fa Fp Conclusion 

Antechinus stuartii not manipulated 
d 50. 7±42.3 63.7±40.3 55.7±34.5 0.76 Cl E3 E4 (29) (26) (29) -------

May- 9 36.6±20.9 46.1±24.1 39.2±15.8 1.06 £1 __ El_§i_ July I (17) (21) (16) 
1978 <1+9 45.5±36.3 55.8±34.8 49.8±30.1 1.09 Cl E3 E4 

(46) {47) (45) -------
Antechinus .stuartli rernoved from E3 and E4 

July II- 9 41.2±18.7 37.8±29.0 51.5±22.4 1.46 0.05 Cl £3 E4 
Oct. 1978 (17) (22) (15) 

Nov.1978- C! 37.7±19.8 43.1±23.2 41.6±18.6 0.49 0.90 Cl E3 E4 
Jan. 1979 (26) (29) (30) 

9<1yr 36.8±17.6 26.2±9.0 41.1±15.1 2.48 0.32 Cl E3 E4 
{11) (9) (9) 

9>1yr 38.2±11.4 38.2±26.0 46.1±18.6 o.so 0.21 Cl E3 E4 
(10) ( 11) (9) 

"+9 37,6±17.5 38.9±22.6 42.3±17.8 0.76 0.75 Cl E3 E4 
(47) (49) (48) 

Feb.- " 4·1.6±17 .6 40.4±23.7 37.5±18.9 0.29 0.29 Cl £3 E4 
Apr. I (25) (29) (28) 
1979 9<1yr 43.5±29.9 31.6±12.1 32.4±13.3 1.37 2.73 Cl E3 E4 

(13) (14) (11) 
9>1yr 44.9±7.8 42. 0±14.1 51.1±20,6 0.80 0.06 Cl E3 E4 

(7) (9) (9) 
d+9 42.6±20.6 38.3±19.9 38.9±18.8 0.66 1.30 Cl E3 E4 

(45) (52) (48) 

Antechlnus stuartli reintroduced only to E3 
d 44.9±23.8 S1.3±1s.7 56.4±29.6 1.14 1. 70 Cl E3 E4 

Apr. 11- (22) (14) (19) 
May 9<1yr 41.2±19.4 41.9±14.6 37.2±8.3 0.17 0.33 Cl E3 E4 
1979 (10) (7) (6) 

~>1yr 40.5±18.4 38.5±23.1 53.5±36.4 0.42 0.83 Cl E3 E4 
(4) (6) (4) 

cl+~ 40.4±21.1 46.0±17.5 52.0±27.9 1.18 2.15 Cl E3 E4 
(36) (27) (29) 

" 59.0±22.6 71.8±33.7 66.1±34.8 0.38 0.02 Cl E3 E4 
June- (7) (15) (18) 
July 9 30.5±8.4 46.1±21.3 45.0±15.7 1.25 0.20 Cl E3 E4 
1979 (4) ( 11) (12) 

<1+9 48.6±23.1 60.9±31.4 57.7±30.2 0.66 o.oo Cl E3 E4 
(11) (26) (30) 

Aug.- ~ 52.3±17,5 34.3±14.6 42.0±11.s 2.12 0.30 Cl E3 E4 
Oct. 1979 (3) (9) (10) 

C! 52.0 35.7±20.8 30.4±15.8 0.36 
Nov.- (1) (9) (9) 
Dec. 9<1yr 48.0 32.2±16.4 30.8±11.8 0.02 
1979 ( 1) (6) (S) 

* 9;i.1yr 41.0 35.7t8.2 48.0±8.6 5.26 
(2) (6) (4) 

d+9 45.5±10.5 34.7±16.1 34.4±14.8 0.94 0.17 C1 E3 E4 
(4) (21) (18) 

For some months, females <1 yr and >1 yr old are considered separately; 
for other months they are grouped together. 

I 
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Table 2.19 Home r~nges of AntechJnus S\vainsonii. Values are mean minimum areas 
2 ± standard deviation. (m ) Sample sizes are in brackets. 

Cl E3 E4 F F Conclusion 
0 p 

Antechinus stuartii not manipulated 

cl 2110±1245 3026±2141 is:.: !:1156 0,64 Ct E 3 E4 
(8) (7) (7) -----~-

May- 'I 2140±757 2556±1003 .,J41±940 0.47 Cl E3 Eli July 1 (5) ( 6) ( 4) ------
1978 d+\' 2122±1047 2809±1665 2355±1062 0. 93 £.1_f3_J'~ (13) ( 13) ( 11) 

Antechinus stuartii removed from E3 and E4 

July 11- 9 3322±940 3212±728 2474±1386 0.70 0.34 Cl E3 E4 
Oct. 1978 (3) (5) (3) 

Nov .1978- cl 2303±911 2068±707 2514±943 a.so o.oo Ct E3 E4 
Jan. 1979 (5) (7) (8) 

~<lyr 2728±1116 2541±671 2045±776 0.49 o. 49 Cl E3 E4 
(3) (3) (3) 

'f>l yr 2211±776 3224±1301 2'195±573 1.06 1. 21 Cl E3 E4 
( 4) (3} (3) 

C)+Y 2379±860 2444±919 21109±613 0.02 0.03 Cl E3 e11 
(12) (13) (14) 

Feb.- d 1920±902 1794±593 2156±793 0.39 0.02 Cl E3 E4 
Apr. I (8) (7) (7) 
1979 ? 1763±702 2562±879 1927±618 2.09 1.87 Cl E3 E4 

( 6) (7) (6} 
dt9 1653±797 2176±823 2050±698 0.62 1.06 Cl E3 E4 

( l 11) (111) ( 13) 

Antechinus stuartii reintroduced only to E3 
' 

0 2454±1166 2399±942 2470±1357 0.01 0.01 Cl E3 E4 
Apr. II- (7) (6) (1 0) 
May 'I 3060±902 2229±520 '268±'!46 2.38 o. 90 Cl E3 E4 
197? (5) ( 5) ( 4) 

<»9 2706±1065 2322±748 2412±1153 0.46 0. 10 Cl E3 E4 
( 12) (11) ( 14) 

0 3035±247 3166±1803 2183±1064 1,6!J 
June~ (2) (6) (8) 
July 'I 1945 2718±788 3167±1217 0.38 
1979 (\ l (4) (4) 

d+? 2672±653 2967±1438 7.511±1166 0.40 0.65 Cl E3 E4 
(3) ( 1 0) ( i 2) 

Aug.- 'I- 2360 1362±634 1885±776 :o.s2 
Oct. 1979 ( 1 J (3) (3) 

For the period November 1'978.-January 1979, females <1 yr and l>-1 yr old are considered 
separately; for other months they are considered together, 
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Ta_ble 2.. 2.0 Frequency of capture of Antechinus swain son Ii at sites of different 
st,.ructural habitat complexity (S.H.C.). The number of captures (N) means H c 
(x) and standard deviation (s.d.) are given. ' ' ' · 

Ma):'.-JUI)' I 1978 
sex/age Structural habitat complexity N -

S~d. x 
class 3 4 5 6 7 8 9 10 11 12 13 

d 1 2 4 4 4 18 16 21 8 12 (4) 94 9.20 2.18 
C1 9<1yr 0 1 1 0 5 6 6 7 4 0 2 32 8.94 1.98 

<;>>1yr 0 0 0 2 2 2 1 5 5 2 (4) 23 10.09 2.21 

d 2 0 6 7 7 11 10 17 13 5 (6) 84 9.-00 2.40 
E3 <;><1yr (1) 0 2 4 2 4 9 7 8 2 (5) 44 9.34 2.40 

9>1yr 0 2 1 0 4 1 4 1 3 1 2 19 8.74 2.75 

d 0 3 1 4 9 17 17 14 16 4 (3) 88 9.05 1.98 
E4 <;><1yr 0 0 0 2 2 6 8 7 2 1 1 29 9.07 1.60 

<;>>1yr 1 0 0 p 2 1 2 4 0 1 1 12 9.00 2.59 

Summary1 SHC x EX S, G 0(52 d.f.) = 60.52 

Jul)' I I-October 1978 
sex/age Structural habitat complexity N x s.d. 
class 3 4 5 6 7 8 9 10 11 12 13 

Cl <;> 0 1 0 3 5 7 12 10 6 2 47 9.04 1.83 

E3 <;> (4) 2 1 5 12 10 18 10 2 66 8.79 2.26 

E4 <;> 2 2 0 4 4 13 6 3 1 3 39 8.77 2.36 

Summary1 SHC xE(orS), Go(20d.f.) = 23.43 

C1 vs E3 + E4 1 Gp(lOd. f,) = 10.47 

November 1978-Januar~ 1979 
sex/age Structural habitat complexity N x s.d. 
class 3 4 5 6 7 8 9 10 11 12 13 

d 0 0 0 6 5 11 8 21 14 6 (3) 74 9.54 1.82 
C1 <;><1yr 0 2 0 1 0 3 5 12 6 2 2 33 9.67 2.04 

<;>>lyr 0 1 1 2 1 8 7 8 2 1 (2) 33 8.94 2.00 

ct 1 2 0 6 4 12 15 15 18 2 1 76 9.09 1.96 
E3 <;><1yr 0 0 1 2 4 2 2 7 8 2 0 28 9.32 1 .98 

9>1yr (1) 0 2 0 0 4 4 10 9 2 (3) 35 9.80 2.18 

d 0 1 0 6 7 17 28 20 4 2 2 87 8.86 1.56 
E4 <;><lyr 0 0 0 2 0 4 7 7 4 1 1 26 9.46 1. 61 

<;>>1yr (2) 0 1 0 2 4 8 2 7 2 1 29 9.07 2.42 

Summary1 ** SHC X EX S,. G0 ( 84 d.f.) = 120.07 

* SHC X E, Go(20d.f.): 32.08 

C1 Vs (E3 + E4), Gp( 10d.f.): 13.33 

* (C1 + E3) vs E4, G(10d,f.) = 21.76 

SHC X S, Go(20d.f.): 30.79 

Ex S, Go(4d.f.) : 2.66 
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Table 2.21 The dietary diversity of Antechinus swciinsonii. N =number of individuals. 126. 

(a) Prey type diversity 

July I 1978 July 11 1978 August 1978 April I 1979 April 11 1979 

C1 E3 E4 C1 E3 E4 C1 E3 E4 C1 E3 E4 C1 E3 E4 

Prey type N=17 N=17 N=15 N=7 N=10 N=4 N=4 N=7 N=4 N=18 N=16 N=16 N=17 N=15 N=16 

Collembola (2 0 0) co 4 O) (0 0 2) 2 5 0 0 5 1 
Coleoptera 29 15 16 11 8 5 4 6 11 23 13 21 17 26 19 
Dermaptera (0 0 1) (0 0 0) (O 1 O) 2 0 2 (1 0 3) 
Aranea 15 23 9 7 9 5 2 6 6 8 11 8 17 21 10 
Acarina (1 3 0) (0 1 0) (0 0 O) (O 3 0) (2 1 0) 
Chilopoda 2 8 1 1 2 3 1 3 1 1 3 2 8 6 2 
Diplopoda 0 2 2 C1 0 2) (O 2 O) 2 4 2 2 4 4 
lsopoda (0 0 O) (1 0 1) (O 1 0) 2 4 2 0 2 3 
Amphipoda 18 10 16 20 1C 3 2 1 6 18 10 30 18 13 10 
lsoptera (O 0 0) (0 0 O) co 0 1) (0 1 0) co 0 3) 
Oligochaeta (2 1 0) (1 0 0) (1 0 2) 2 0 2 (3 1 0) 
Lepidoptera (O 0 O) (0 0 0) co 0 0) (O 1 O) (0 0 1) 
Diptera (0 0 O) (0 0 O) (O 0 0) (0 0 0) (1 1 0) 
Formicoidea co 1 0) (0 0 O) (1 0 O) (3 0 0) (4 0 0) 
Other Hymenoptera co 0 0) (0 0 0) (0 0 0) co 0 1) (O 1 0) 
Blattodea (1 2 O) (2 1 0) (1 0 1) 2 0 2 (4 0 0) 
Hemiptera (1 0 0) (O 0 O) (0 0 O) (2 0 O) 0 5 0 
Orthoptera (0 0 O) (0 0 O) (0 0 0) (0 0 1) (O 1 0) 
Larvae 25 11 17 4 2 2 3 4 2 13 9 23 18 10 12 
Other invertebrates 4 7 5 2 3 1 0 4 2 3 5 0 4 4 10 
Hair 1 5 3 (O 1 O) (0 0 O) (0 0 0) co 0 1) 
Vertebrates (O 0 1) (O 0 O) (0 0 O) (0 0 1) (0 0 O) 
Plant (0 2 O) (0 0 0) (0 0 O) 3 2 4 co 1 1) 

Total no. prey items 101 90 71 50 41 22 15 28 34 86 71 101 99 102 80 
No. prey types 

12 13 10 10 10 8 8 9 10 15 13 14 13 16 14 represented 
Evenness J 0.74 0.85 0. 81 0.75 0.86 0.93 0.93 0.91 0.85 0.81 0. 91 0.74 0.85 0.80 0.85 
Diversity H 1. 68 1. 98 1.69 1. 51 1.69 1.54 1.44 1. 64 1.62 1. 96 2.06 1. 77 1.98 2.01 2.00 

G o(d.f.) 3o.so**c14) 9.75(10) 11. 39(10) 42.16*(24) 38.92**c1s) 

G . p(d.f.) 6.97(5) 3.84(5) 4.85(12) 16.67(9) 
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-1 Table 2.21 (cont.) 127. 
(b) Prey size diversity 

July I 1978 July 11 1978 August 1978 April I 1979 April 11 1979 

Cl E'.3 E4 C1 E3 E4 C1 E3 E4 C1 E3 E4 C1 E3 E4 

Prey size class N=17 N=17 N=15 N=7 N=10 N=4 N=4 N=7 N=4 N='18 N=16 N=16 N=17 N=15 N=16 
(mm) 

0.0- 0.9 8 2 5 2 1 1 (O 1 1) 4 3 7 9 5 10 
1.0- 2.4 11 8 8 9 4 2 2 4 3 11 21 10 14 15 8 
2.5- 4.9 18 18 4 7 4 2 4 3 7 4 8 14 18 28 14 
5.0- 7.4 12 16 17 10 9 2 2 5 5 5 8 17 15 20 18 
7.5- 9.9 12 5 17 12 7 3 2 4 6 20 12 11 7 7 4 

10.0-12.4 5 6 1 (1 0 1) (0 0 0) 5 3 9 5 5 3 
12.5-14.9 2 4 1 1 2 1 (1 0 1) 2 2 5 6 1 3 
15.0-17.4 4 2 0 (2 1 0) (0 1 O) (1 0 2) 1 2 2 
17.5-19.9 4 1 2 (1 2 O) co 2 O) 4 2 1 1 1 3 
;, 20.0 2 3 1 (O 0 3) (1 1 O) 2 3 2 3 1 2 

Total no. prey items 78 65 56 45 30 15 12 21 23 58 62 78 79 85 67 
No. prey size classes 

10 10 9 9 8 8 6 8 6 10 9 10 10 10 10 represented 
Evenness J 0.91 0.85 0.79 0.83 0.88 0.96 0.93 0.92 0.88 0.85 0.85 0.90 0.88 0.78 0.87 
Diversity H 1.90 1. 75 1.54 1.58 1.52 1.48 1.23 1 .51 1.30 1.73 1.67 1.87 1.84 1 .. 63 1.80 

G o(d.f.) 35.67**(18) 3.05(10) 2. 25c6) 27.99*(16) 16.67(18) 

G p(d.f.) 1.85(5) 0.74(3) 13.75(8) 7.43(9) 

Antechinus stuartii was removed from E3 and E4 between July I and July 11 1978 and was reintroduced only to E3 between 
April I and April II 1979. G-tests were performed on the raw frequency data, excluding values in brackets. Data for males 
and females were pooled. 
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Table 2.22 Comparison of activity periods of Antechinus swainsonii 
in thr~e enclosures, using Kendall's coefficient of concoraance, w. 

Males Females Both 
w 2 p x2 x2 x w p w p 

June-July I 

1978 
0.63 13.1 n.s. 0.21 4.5 n.s. 0.45 9.4 n.s. 

July I I-Oct. 

1978 0.41 8.7 n.s. 

Nov. 1978-

Jan. 1979 0.39 8. 1 n.s. 0.13 2.8 n.s. 0.27 5.6 n.s. 

Feb.-Apr. 

1979 0.09 1.8 n.s. 0.08 1. 7 n.s. 0. 12 2.6 n.s. 

?, 
Apr. 11-

May 1979 0.44 9.2 n.: .. 0.67 14.1 <0.05 0.63 13.2 n.s. 

June-July 

1979 0.57 11.9 n.s. 0.22 4.6 n.s. 0.56 11.8 n.s. 

Aug. -Oct. 

1979 0. 2.1 4.4 n.s. 

All x2 values are associated with 7 d. f. Values of P < 0.05 show that the 

frequencies of captures within 3-hour time periods are concordant between 

enclosures. Not significant (n. s.) values denote a lack of such concordance. ' ,, 
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Table 2.23. Summary of the effects of removal and reintroduction of A. s\va;nsonii 
on the population parameters and resource use of~- stuartii. 

j Effects of removal Effects of reintroduction 
d' 'I Both d' 'I Both 

Population parameters 

Numbers '1 
Survival '1 '1 '1 
Trappability 

Reproduction 

Movements 1 '1 '1 11 11 
Home range ·N 11 11 1 1 1 

[ 
Home range overlap 1 1 1 1* 

1* * ·~ l Body weight 1 1' 
Body length 1* 1 •' 

Resources 

Habitat (arboreal) 1 ' v 

Habitat (terrestrial) 11 11 11 .j 1 
Food type 11 11 
Food size 1 
Time 

~ denotes that statistically significant effects occurred in some sampling sessions (months 

or groups of months) only; 11 that effects occurred in all sampling sessions; - that 

no statistically significant effects were detected at any time. Al I effects were consistent 

with the interpretation of interspecific competition, except where marked*· 
l ,. 

( 
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Table 2. 24. Summary of the effects of removal and reintroduction of A. stuartii 

on the population parameters and resource use of A. swainsonii. 

Population parameters 

Numbers 

Survival 

Trappability 

Reproduction 

Movements 

Home range 

Home range overlap 

Body weight 

Body length 

Resources 

Habitat (arboreal) 

Habitat (ter1·estrial) 

Food type 

Food size 

Time 

Effects of remova I Effects of reintroduction 
rJ !i' Both o' !i' Both 

-l 

./ 

~denotes that statistically significant effects occurred in some sampling sessions (mo11ths 

or groups of months) only; - that no statistically significant effects were detected at any· 

time. Effects were consistent with the interpretation of i11terspecific competition, except 

where marked *· ' 

• 
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Fig. 2.1 Requirements for the experimental demonstration of 

competition between A. stuartii (A. st) and A. swainsonii (A .sw). 

All steps are described in detail in the text. Rectangles (EXPT. 

1 - EXPT. 4 and CONTROL) represent enclosures. Solid arrows 

within rectangles represent an expansive shift in population 

parameters or patt0rns ·Of resource use when one species is 

removed 1 broken arrows a return shift when that species is 

reintroduced. The effect of A. swainsonii on A. stuartii is 

assessed by comparing populations in E1, E2 and C1, whereas 

the effect of A. stuartii on A. swainsonii is assessed by 

comparing populations in E3, E4 and C1. 
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Fig. 2.2 Rainfall and temperature regimes of the enclosures: (a) 

and (c), enclosures E1 and E2; (b) and (d), enclosures E3 and 

E4. The control enclosu 1·e is <1 km from E3 and E4, and may be 

expected to have a similar climate. In (a) and (b), shading 

represents the monthy rainfall average over the eleven years 

(1966-1976) prior to the commencement of this study, the solid 

line represents monthly rainfall throughout the study. In (c) 

and (d), the broken lines represent average monthly maximum 

and minimum temperatures between '1966 and 1976, the solid lines 

represent temperatures throughout this study. 
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Fig. 2.3 Vegetation of (a) the enclosures and (b) the surrounding 

slopes. Note that the relatively dense fern understorey and 

litter cover of the enclosures is absent on the slopes. 

".~\~ 

~~--~.....>.:. '=-~------'-=-=--=-"-='- -,,·-·---··----~----------
I 
\ 

zti 



Fig. 2. 3 (a) 

Fig. 2. 3 (b) 



Fig. 2. 4 The enclosures. (a) the control enclosure, C1; (b) 

experimental enclosures E1 and E2. E1 lies on the south bank of 

Lees Creek, E2 on the north bank; (c) exie1'imental enclosures 

E3 and E4. E3 lies on the west bank of Blundell Creek, E4 on 

the east bank. Solid circles represent grid trapping stations, 

open circles line trapping stations. The major creeks are shown 

in solid heavy lines, minor watercourses in brol,en heavy lines. 
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Fig. 2.5 Residence and transience of Antechinus in the enclosures. 

Animals were constdered to be resident in the enclosures if <10% 

of their total captures occurred outside the enclosures, and 

transient or resident on the trapping lines if )10% of their total 

captures occurred outside the enclosures. 
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Fig. 2.6 Population parameters of A. stuartii in enclosures Cl, E1 

f - ---..._._ 

and E2. (a), minimum numbers known to be alive; (b), 

minimum sessional survival of individuals known to be alive; 

(c), trappability of individuals known to be alive. July and 

July II 1978 are 

respectively / 

respectively. 

April 

* represented by the symbols J and J 

and April I J 1979 by A * and A 
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Fig. 2.7 Population composition of A. stuartii in enclosures C1, E1 

and E2. Different female year classes are represented by solid, 

hatched and stippled shading, male year classes by no shading. 

* * J and A represent July 11 1978 and April 11 1979 respectively. 
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Fig. 2. S Average distances moved by A. stuartii in enclosures C1
1 

E1 and E2 (a) males, (b) females <1 yr old, (c) females >1 yr 

old. Solid circles represent means for C1, open inverted 

triangles means for E1 1 and open upright triangles means for E2. 

* * * J , A and A represent July 11 1978, April 11 1979 and August 

11 1979 respectively. 
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Fig. 2.9 Body weights of A. stuartii in enclosures C1 1 E1 and E2. 

(a) males, (b) females <1 yr old, (c) females >1 yr old. Solid 

circles represent means for C1, open inverted triangles me,ms 

for E1, and open upright triangles means for E2. Vertical lines 

represent standard deviations about the means (sample sizes are 

given in Appendices 3a,b,c). * * * J , A and A represent July 11 

1978, April II 1979 and August JI 1979 respectively. 
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Fig. 2.10 Head-body lengths of A. stuartii in enclosures Cl / E1 and 

E2. (a) males, (b) females <1 yr old, (c) females >1 yr old. 

Solid circles represent means for C1 1 open inverted t1·iangles 

means for E1 1 and open upright triangles means for E2. 

Vertical lines represent standard deviations about the means 

(sample sizes are given in Appendices 3d, e, f). * * * J , A and A 

represent July 11 1978, April 11 1979 and August 11 1979 

respectively. 
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Fig. 2.11 Activity of A. stuartii in enclosures C1, E1 and E2. (a) 

arboreal activity (b) ground level activity. Solid circles 

represent numbers of hair tubes visited in C1, open inverted 

triangles those in E1, open upright triangles those in E2. Tapes 

from hair sampling tubes were usually checked at intervals of 

25-31 days; in months marked by open stars they were checked 

* at-intervals of <25 days. A represents April 11 1979. 
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Fig. 2.13 Population parameters of A. swainsonii in enclosures Cl, 

E3 and E4. Solid lines represent the population in C1, dashed 

lines the population in E3 and dotted lines the population in E4. 

(a), minimum numbers known to be alive; (b), minimum 

sessional survival of individuals l<nown to be alive; (c), 

trappabi!ity of individL1als known to be alive. * * J and A 

represent July JI 1978 and April 11 1979 respectively. 
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Fig. 2.14 Population composition of A. swainsonii in encloSL/res C1, 

E3 and E4. Different "female year classes 9re represented by 

solid, hatched and stippled shading, male year classes by no 

shading. * * J and A represent July 11 1978 and April 11 1979 

respectively. 
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Fig. 2.15 Average distances moved by A. swainsonii in enclosures 

C1, E3 and E4. (a) males, (b) females <1yr old, (c) females 

>1yr old. Solid circles represent means for C1, open inverted 

triangles means for E3, and open upright triangles means for E4. 

* * J and A represent July II 1978 and Aprll Ii 1979 respectively. 
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Fig. 2.16 Body weights of A. swainsonii in enclosures C1, E3 and 

E4. (a) males, (b) f@males <1 yr old, Cc) females >1 yr old. 

Solid circles 1·epresent means for C1, open inverted triangles 

means for E3, and open upright triangles means for E4. Vertical 

lines represent standard deviations about the means (sample 

* * sizes are given in. Appendices 4a,b,c). J and A represent July 

II 1978 and April ~I 1979 respectively. 
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Fig. 2.17 Head-body lengths of A. swainsonii in enclosures C1, E3 

and E4. (a) males, (b) females <1 yr old. Solid circles 

represent means for C1 1 open inverted triangles means fo1· E3, 

and open upright triangles means for E4. Vertical lines 

represent standard deviations about the means (sample sizes are 

given in Appendices 4d / e). * * J and A represent July 11 1978 

and April I I 1979 respectively. 



----!11!1._Jl!!J~.--.~Lllllllfft .. l.~-~~~·~-"';;;z;;:;;;;;wmzaJtaLLtsLJklltJ.,,$.,,41i!!tiiiiQZJJl!!E"'~~:;;,.i;Q .. 
140 (a) 

.c -Ol 
c 

-9! 

>­u 
0 
.a 

I 
u 

"' OJ 
:c 

iOO 

90 

80 

i20 

110 

100 

90 

80 

I I I (b) 
1·1 I 111 11 ' h 

J 1 I I n, t'" . I I' 

l11 
I· 1, I vi 

/l l!t I I I ir A.st removed 1~1 
I fi{/1 Iii 

l fl 
"'" v" 
I I 1 I 

I A.st aclcled Joi ~ 

•J 
'l A YI 
I I A 

I ' I" h 

' w 
" I 

J J J' A S 0 N D J F M A A'. M J J A S 0 N D 

' 



--~· 

Fig. 2.18 Activlty of A. swainsonii in enclosures C1, E3 and E4. 

(a) arboreal activity, (b) ground level activity. Solid circles 

represent numbers of hair tubes visited in C1, open inverted 

triangles those in E3, open upright triangles those in E4. Tapes 

from hair sampling tubes were usually checked at intervals of 

25-31 days; in months marked by open stars they were checJ,ed 

at intervals of <25 dE1ys. * A represents April II 1979. 
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Fig. 2.19 Periodicity of activity of A. swainsonii in enclosures C1, 

E3 and E4. Captures of males are represented by no shading, 

femi31es <1 yr old by light shading and females >1 yr c;ild by 

heavy shading. Inverted arrows represent times of sunset, 

upright arrows times of sunrise . 
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CHAPTER 3 

COMPETITION BETWEEN A. STUART!! AND A. SWAINSONll; 

THE EFFE:CTS OF COMPETlTOR REDUCTION ANO ENHANCEMENT 

3.1 JNTROOUCllON 

The experiments of Ch11pter 2 were designed to investigate 

whether competition occurred batween A. stuartii and &· swainsonll., 

and used the crude but effective method of completely removing or 

reintroducing all individuals of the putative competitor species. The 

experiments provided strong and consistent evidence of interspecific 

competition, :;ind showed that A. swairsonii had a disproportionati; 

effect on its smaller congenor. Although, at 1.he outset of m'r' Ph.D. 

stL1dies, I had planned to replicate the experiments of Chapter 2, 

these findings suggested that further insight into competition would 

be obtained by asking different questions about the nature and 

effects of the process. What, for example, woLJid be the effects on 

£:,,. stuartii of removing only some A. swainsonii individuals? Would 

the response of A. stuartii be a function of the numbers of A. 

swainsonii that were removed, or would the outcome of competition be 

qualitatively different? What would be the effects of increasil'l'J the 

numbers of A. swainsonii individuals? This chapter addresses these 

questions by investigating the effects on f!::... stuartii of reducing and 

enhancing the numbers of A. swainsonii. 

Plant ecoioglsts have long been conce/ned with the effects of 

varying competitor population densities (Jackson 1981), and their 

experiments have yielded much information on the nature of species 

interactions and the resources for which competition occurs (deWit 

1960, Hall 1974a,b, Etherington 1975). Usually, plant species are 



grown alone or together in precisely defined ratios, and the 

quantities of space and other resources that are available to them tire 

strictly prescribed. However, for the animal ecologist tho problem of 

reducing or enhancing competitor numbers is not so straightforward, 

To create a situation in which1 for example, A· stlli:Wtii was four 

times as abundant as A. swainsanii, the numbers of one or both 

species would have to be artificially fixed. Aside from the p1•octical 

difficulty of maintaining a precise ratio of 4:1 (or any other ratio), 

there would be no way of knowing whether numbers were fixed above 

or below the ievel at which resources were limiting. In addition, in 

the absence of such information, it would be unreason;;ible to expect 

competition effects to be simple functions of competitor· ratios, and 

this would reduce the chance to make accurate predictions about the 

magnitude and direction o'f competition effects, 
~ 

In Chapter 2, removal experiments were conducted on relatively 

undisturbed, equilibrium populations o'f Antechinus. ldeallY1 species 

reduction or enhancement experiments should also be ~onducted on 

such populations, and have predictable effects. Thus, reduction of 

the 11umbers of one species of Antechinus should ir1crease the 

availability of mutually limiting resources, and reduce the intensity of 

interspecific competition. In contrast, enhancement of the numbers of 

one species should intensify the' shortage of such resources and 

exacerbate interspecific competition. In th is chapter, the effects of 

reducing and enhancing the numbers of A. swainsonli on the 

I populations and resource use of A. stuartii are described. Except 

for time (perit ·icity of activity), home range area and overlap, the 

resources used and population parame;ters are the same as those 
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connidcwed in Ch<ipter a. The uxpcriments were performed between 

January 1900 and Novmnbor 191)1. 

3.2 EXPERIMENTAL OESIGN 

Ideally 1 the design for these experiments would havo been tho 

sumo 1Js that used in Ch<ipter 21 except that urn numbers of species A . 
would be redl1ced (01· enhnnced) <ind not complotoly r~moved. ·rwo 

tnctors prQvented the use of this design. r:irst, the deciniation of 

t11e Antechinus population in the control enclosure C1 (and in liam•ce 

nrea :;;ites) meant t11at this enclosure h<id to be abandoned. Second, 

ns tr<ipping in the exparimental enclosures continued in 1979, it 

becnme obvious that tt'e creeks separating i::·1 from E2 a11d ES from E4 

wore no longer acting as effeetive barriers to Antechinus movements. 

(The numbers of individuals crossing the creel~s increased 

particularly towards the end of 1979 (Tables 2, 1 and 2,2)1 probably 

because a prolonged dry spell (Fig .• .2.2) reduced water flow in the 

creeks to a level at which crossings could be made), Consequantly, 

enclosures E1 and E2 had to be considered together as a single large 

enclosure (3.45 h11) and E3 and E4 os <mother (3,48 ha). No further 

attempts were made to l~eep debris out of the creeks flowing through 

these et1closures. 

Simple experiments using only two enclosures are .o;hown in Fig. 

3.1, with the rectangles representing et1closures containing both 

species of Antechinus. In the experimental enclosure in 1980, some 

8_, swai11sonii were removed so that its numbers were low rt!!lative to 

thosa of fl· stuartii, whereas in 1981 A. swainsonii was reintroduced 

to make it the more abundant of the two species. (I stress that no 

attempt was made to maint<'lin a constant 1 atio of the numbers of one 

I 
\ 
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f species to the other, as implied in Fig. 3.1. 1 attempted to 
' 

manlpl1latEl tl1e nltmbers of A· sw<JinsoqJl so th11t they were relatively 

low or relatlvelv. high comp11red to the nLJmbors of A. stuartii). Jn - ~ 

the c011trol onclosltre the numbers of the two species were similar in 

l both years. In '1980 the redi.tction of fi· ~insonii mnnbers was 

l o~;pccted to reduce competition on A. stuartii and produce 

f pl'oclictable / expansive shifts in the population parameters omd 
ii 
~ resource use of this species, but in 1981 the Increase in fi· 

fil!tlinsonii numbers W'ls expected to reverse these shifts. For 

convenience, er1closuros E1 and E2 of Chapter 2 were combined and 

usod /JS the "new" experimental enclosure, whereas enclosures E3 and 

1:4 were combined and used as the 11 new 11 control enclosL1re. 

Menceforth, the control imd experitmmtal enclosures will be designated 

C imd E respectively, and the suffix 80 or 81 will be used to 

i designate the year. (For example, C80 will refer to tl1e control 
' ;t 
~ enclosure in 1980; FlSO to the experimental enclosure in 1980 \Vhen 

the numbers of A. stuartii were high relative to those of A. 

swninsonii), 

If niche shifts are observed in A. stuartii in the experimental 

<mclosure, it may be reasonable to infer that they have been caused 

by changes in the numbers of A· swainsonii, and hence to changes in 

the ~mount of interspecific competition, Unlike the design of Chapter 

2, however 1 the infer.ence here cannot be critically tested by 

returni11g A· swainsonii numbers to normal, control levels due to the 

lack of a third <mclosure. NevertheleS$ 1 confidence may be gained in 

the ititerpretation of competition by simultaneously comparing the 

effects of relatively high 1 low and "medium" (control) numbers of A. 

?wainsonii on !::..· stuartii, and by showing that the effects vary in 

consistent and predictable ways. 



3.3 METHODS 

3.3.1 
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Methods far assessment of population parameters and 

patterns of resource use. 

Except where stated below, the field and analytical methods used 

In the reduction/enhancement experiments were exactly the same as 

those described in Chapter 2. Grid trapping was conducted for fom• 

days a month every month except in January 1980 and 1981 and 

between July and September in both years. Jn January, trapping 

was conducted for four days in the first half of the month and for a 

further four days in the secorrd half of the month. Between July and 

September, additional, irregular trapping was conducted far up to 

seven days in each month to obtain information on the timing of 

reproductive events. In 1980 two traps were set at every grid trap 

station, but in 1981 this practice was continued only at trap stations 

I located in dense, creek vegetation. All grid traps were checked 

, l twice daily, once near dawn and once ne.ar dusl<. Na pitfall traps 
± 

were set for Antechinus, ground level hair sampling tubes were not 

set, no head-body measurements were taken, and no 24-hour trapping 

was conducted to investigate periodicity of activity. 

3.3.2 Treatment of data. 

Ostensibly, the experiinental design allows a separate comparison 

to be made of control versu'> experimental populations in 1980 and in 

1981, using appropriate one-tailed 1 two-sample tests. However, 

although statistically legitimate, such comparisons do not use all of 

the .Q121ogical information that is available. Hence, although it is of 

interest to compare the effects an A. stuartil of A· swainsonii 
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~ reduction versus no reduction {control) in 1980
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and the effects of A. t 

r swainsonii enhancement versus no enhancement (control) in 1981, it is 

Ei 
\i( 

:i 

l 

~ 

ii 
~ • 
u 
~ 

ff 
,,g 
g 
ti n 
~ 
~· ! 
' ' ; 
g 
m 
' ~ 
t 
'· t' 
'"! 

s 
ij 

';. 

j 
k·l 

I . 

of still greater interest to compare both controls and experimentals 

simultaneously. Such a comparison is obviously unbalanced, however 
/ 

and it introduces the con.fusing ef1'ects of between-year differences in 

addition to the diffE'!rent enclosure and treatment effects that already 

exist. Nevertheless, it may be argued that between-year effects 

could not be detected at all if separate comparisons were made in 1980 

and in 1981, and such effects may subsequently be helpful in 

interpreting particular results. Hence, only 4-sample comparisons 

(C80, C81, E80 and E81) are considered below. 

To assess whether differences existed between populations, Model 

1 ANOVAs and G-tests were used 1 as described in section 2. 4. 6. 

Planned comparisons involved four populations, and the appropriate 

null hypothesis 1 for A. stuartii 1 is stated as follows: 

HD µ EBO = µ ( C80 and C81) = p E81 

Where µ is the parameter mean of the population. 

In normal circumstances appropriate orthogohal comparisons for a 

two-experimental / two-control design would be i) µ (C1 and C2) vs µ 

(E.1 and E2), ii) µ C1 vs µ C2 and iii) µ E.1 vs µ E2, with 3 

degrees of freedom (Chew 1976). Since the experiments in '--"·and 

E81 were expected to have different consequences, however, it would 

be illogicaJ to combine them as in t) above. There are, instead, two 

biologically interesting (and statistically legitimate) planned tests: 

and 

µ EBO = p (C80 and C81) 

µ E.81 = µ (c80 and C81) 

~ ... ~ (1) 

(2) 
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Unexpected (unplanned) differences between means \\e,..e detected 

by the Student-Newman-!\eu!s (SN!\) test. 

To summarise the resuits of ANOVAs and the planned ccmparls·:m 

tests, the following notation is used: F 
0 

denotes the F rat lo for the 

overall ANOVA, F pl the F ratio for the plannl;'d comparison {1) 

above, and F p2 the F ratio for the planned comparison (2) at:ove. 

i As before, sample means that were not significantly d(ffei·ent are 
~ 
~ underlined, and the n1,1merh:al values for mean, standard deviation 
~ 

end sample size are shown in the data summary. Equivalent notation 

is used to distinguish overall and planned G-tests. 

3.4 RESULTS 

3.4.1 Effectiveness of th.e reduction and enhancement 

experiments 

At the end of 1979, both species of Antechinus were present in 

the control and experimental enclos1,1res. In the control enclosure, A. 

stuartii established itself after its reintroduction in April 1919, and 

by early 1930, after breeding successfully, the numbers of the two I 

species there were similar (Fig. 3.2). The numbers of the two 

species remained similar throughout the periods February-July 1980 

and 1981, and no removals or additions of A· swainsonii werie 

necessary. The numbers of both species were considerably lower ln 

1981 than in 1980. 

In the experimental enclosure, A. swainsonii also established 

itself successfully after its reintroduction in April 1979, and in early 

January 1980 eleven individuals were removed to make its numbers low 

' ,_ 
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in relation to those of A. stuartli (Fig. 3, 2).. Between February and 

July 1980, the numbers of A. swainsonii were between 13% and 21% of 

the numbers of A. stuartii, and no fllrther mardplllations of the 

numbers of the former species were made. In the experimental 

enclosure in 1981, it was necessary to increase the nllmbers of A. 

swainsonii relative to those of A. stL1artii. The nllmbers of A. 

stuartii in this enclosL1re declined between 1980 and 1981, and A. 

swainsonii was increased by adding 6 individuals in early January, 4 

in late January, 5 in Febrlla1'y / and 4 in March. No further 

additions were made, and between February and JLtly 1981 the 

numbers of A. swainsonii were 38-56% greater than those of A. 

stuartii (Fig. 3.2). 

In contrast to the experiments of Chapter 2, reductions and 

enhancements of A. swainsonii numbers were relatively unaffected by 

the comings and goings of individLlafs that were extraneous to the 

enclosures. No more than five such individuals were recorded on the 

trap lines in any month, and since they did not upset the ratio of 

one species to the other / they were not removed. Because the two 

species breed at different times and the yollng appear in the 

trappable population up to two months apart, consistent differences in 

the numbers of one species to the other could be maintained only 

between February and J:.1ly. In the following analyses, comparisons 

are restricted to this six month period each year. 
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3.4.2 Effects of the reduction and enhancement of A. swainsonii 

numbers on the population parameters of A. stuartii 

3.4. 2.1 Population numbers and composition 

The population numbers of A. stuartii fluctuated synchronously 

in both enclosures in 1.980 and 1981 (Fig. 3 .3a). Numbe1's were 

lowest between September and December each year when only females 

>1 yr old were present, and highest usually between February and 

April when jLtveni\es were present. 

Comparisons between the enclosures between February and July 

showed that the population in E80 was consistently larger than any 

other population, whereas that in E81 was consistently smaller (Fig. 

3.3a). The population in EBO was never less than 91% larger than 

that in E81 (May), and in February it was 183% larger. Between-year 

'i j differences were also found in the A. stuartii population in the 

" l control enclosure, but these varied between only 6% (July) and 38% 

(February). In 1980 the population in the expe1·imental enclosure was 

always 5-44% greater than that in the control, and in 1981 the 

population in the experimental enclosure was always 19-89% less than 

that in the control. Statistically significant differences were found 

only in planned (1 d. f.) comparisons of ( C80 and C81) vs E80 in 

February (G = 4,94 1 p < 0.05), March (G = 4.31, P < 0.05) and April 

(G = 3.88, P < 0.05). Planned male versL1s female comparisons for 

these months revealed no significant differences, suggesting that 

neither sex contributed disproportionately to the relatively large 

population of EBO. 

These findings suggest that when the numbers of A. swainsonii 

were reduced (1980), the population of A. stuartii predictably 
I 



,, 
f 

140. 

increased; when the numbers of A. swainsonii were enhanced, the 

' .j however, statistically significant). Although h_. stuartii populations 
(# 

population of A. stuartii predictably declined. (The decline was not, 

. -~ 
declined in both enclosures between 1980 and 1981, the decline was 

much greater in the experimental than in the control enclosure. 

3.4.2.2 survival 

Minimum sessional survival rates of A. stuartii again fluctuated 

more or less synchronously in both years (Fig. 3. 3b). Low survival 

(22-57%) always occurred in August due to the disappearance of all 

males, but survival rates of 60-100% were recorded for all other 

months. 

Reducing and enhancing the numbE;!rs of A. swainsonii had little 

evident effect on the overal I survival of A. stuartii, and no 

statistically significant overall or planned diffe1·ences were detected in 

any month (or combination of months) between February and July of 

either year. The survival rates of males, females <1yr and females 

>1yr old were also similar between enclosures in both years (Tables 

3.1, 3.2 and 3.3), and again, no .significant differences were found. 

Considering females alone, however, survival in June in C80 was less 

than in C81 (Fisher exact probability test, P ~ 0.02). 

The survival of pouch and nestling A. stuartii was uniformly 

high in both enclosures in both years (Table 3.4a). In contrast, the 

survival of newly-weaned individuals in E81 was less than in EBO (G = 

4.35, 1d.f., p < 0.05), and also less than in the control enclosure 

When results for 1980 and 1981 wet'e combined (G = 3.87, 1d.f.
1 

P < 
0.05) (Table 3.4b). I 
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Despite between-year differences in survival (e.g. Table 3.4b) 

these results suggest that newly Weaned individuals survive less well 

when A. swainsonii numbers are high than when they are low. Jn 

contrast, manipulation of A. swainsonii numbers had no effect on the 

survival of A. stuartii pouch or nestling young, or independent 

individuals between February and July. 

3.4.2.3, Trappability 

Outside the months September to December, when sample siz.es 

were small, trappability of A. stuartii was usually 90-100% (Fig. 

3.3c). Monthly comparisons of al I individuals and of males and 

females fafled to detect any statistically significant differences, and 

suggested that reduction and enhancement of the m1rnbers of A. 

swainsonii had no effect on A. stuartii trappability. 

3. 4. 2. 4 Reproduction 

Reproductive events in A. stuartii occurred at about the same 

time as in previous years, although they may have occurred slightly 

earlier in 1981 than in 1980 (Table 3.5). However, the differences 

WN'd of the order o'f only 3-4 days, and were not associated with 

manipulations of the numbers of A. swainsonii. (It should be noted., 

however, that breeding occurred outside of the months 

February-July, when ratios of the numbers of !':_. swainsonii to A. 

stuartii were maintained). All males disappeared by early September 

each year, and females gave birth in the last 11 days of September 

after a pregnancy of 4-5 weeks. Young were carried in the pouch 

for about 5 weeks but continued to be suckled for a further two 

. ! 
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months. Independent young began to appear in traps at about three 

. months of age. 

3.4.2.5 Movements 

Beci'!Use morning and evening trap rnunds were conducted, it 

was possible to calculate movements between traps that occurred, in 

the daytime and at night. These calculErtions showed that night-time 

movements were almost always greater than daytime movements 

(compare Tables 3. 6 and 3. 7). The movements .of males and females 

were generally comparable, and there was little evidence that 

movements increased in either sex throughout the period February to 

July (Tables 3.6 and 3. 7). 

Comparisons between the enclosures revealed several statistically 

significant planned differences in movements (Tables 3. 6 and 3. 7): 

1) The night-time movements a·f 'females were Jess in EBO 

between February and April and between May and July than 

in C80 and C81. 

2) In contrast1 the daytime movements of females between 

3) 

February and April were least in E:81. 

Between May and July 1 the dayti1ne movements of females 
/ 

and of males and females together / were less in ESQ than in 

In summary 1 reductions in the numbers of A. swainsonii 

generally reduced the movements of A. stuartii, especially of females 
/ 

whereas enhancement had little consistent effect. 
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3.4.2.6 Body size 

Body weight: Between February and JLrly the body weights of 

male A. stuartii generally increased (Table 3.8), whereas those of 

females <1yr old remained more or less constant (Table 3.9). 

Statistically significant planned differences were evident ln several 

months 1 and may be summal'ised as follows: 

1) Males weighed less in March and May in EBO than in any 

other enclosure. 

2) Males weighed more in June in E81 than in any other 

enclosure. 

3) females <1yr old weighed less in ~une in EBO than in any 

other enclosure. 

The results show that reduction of the numbe\'S of A. swainsonii 

reduced the body weights of male and female A. stuartii in some 

months, whereas enhancement increased the body weights of male A. 

stuartii in one month only. 

The' sample sizes o·f females >1yr old were small (Table 3.10) 1 

and no statistical comparisons were made. 

3.4.3 Effects of the reduction and enhancement of A, 

swainsonii numbers on the resource use of A. stuartii 

3.4.3.1 Arboreal habitat 

Antechinus stuartii was active in trees throughout the year in 

both the control and experimental enc/osLrres (Fig. 3. 4). Between 

February and July 1 there were several statistically significant 

differences between enclosures. Overall differences were detected in 
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May (G = 12.69, 3d.·f., P < 0.01) and June (G = 9.56, 3d.·F., p < 

O. 05), and were due to the relatively low arboreal activity in the 

experimental enclosure in 1980 (Fig. 3.4), After combining the 

·months February to April, arboreal activity was less in EBO than in 

C80 and C81 together (G = 4.25, 1d,f., P < 0.05), but there was no 

difference in the comparison of EB1 vs ( C80 and C81) ( G = "1. 51
1 

1d.f., P n.s.). After combining the months May to July, arboreal 

activity was very much less in EBO than in C80 and C81 together (G = 
24.11, 1d.f., P < 0.001), but again the planned comparison o·f E8'1 vs 

(CSO and C81) was not significant (G = 0.74, 1d.f., p n.s.). 

These results show that the arboreal activity of A. stuartii was 

reduced when the nLlmbers of A. swainsonii were reduced, but was 

relatively unaffected when the numbers of A. swainsonii were 

enhanced. 

3.4.3.2 Terrestrial habitat (str).lctural habHot complexity) 

As before (see section 2.5.4.2), A. stuartii was captured most 

frequently at sites offering some structural habitat complexity (Table 

3.11). Comparisons <Jf the terrestrial habitat use of A. stuartii 

between enclosures are shown in Table 3. 11, bL1t they may be 

summarised as fol lows: 

1) February-April. The habitat used by A. stuartii in ESQ 

was structurally more complex than that Used in any other 

enclosure. The comparison o·f E81 vs (C80 and C81). was 

not significant. Females >1yr old consistently used sites 

offering greater s. H. C. than either males or females <1 yr 

old, and the relatively large number o'f these older females 

in E80 contributed to the significant sex x enclosure 

comparison. 
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2) May-July. There were no sex differences in the use of 

S.H.C. by A. stuartii within enclosures, but differences 

existed in the overall use of S. H. C. between enclosures. 

The between-enclosure comparisons showed that A. stuartii 

was captured in more complex habitat in EBO than in CBO 

and C81, but in Jess com;>lex habitat in E81. 

The results show that A. stuartii generally used structurally 

more complex habitat when the numbers of A. swainsonii were low 

(E80), but (in the period May-July only) structurally Jess complex 

habitat when A· swainsonii numbers were high (EB1). 

3.4.3.3 Food 

Food type: Scat material collected between March and May 1980 

and 1981 comprised the remains of 24 types of food (Table 3.12a). 

Coleoptera, Aranea, Dermaptera and larvae were generally found most 

frequently, but Amphipoda, Lepidopfera and other types of 

invertebrates occurred sporadically. The vertebrate remains appeared 

to be those of skin ks ( Leiolopisma spp.), whereas the hair was that 

of A. stuartii. The plant material was identified as the seeds and 

soft, mauve-staining tissues of Blacl<berry ( Rubus fruiticosus). 

Berries were ingested largely in March after they had ripened ·and 

fallen to the ground. 

Comparisons between the enclosures showed that: 

1) The types of prey eaten by A. stuartii in EBO differed 

overall from those eaten in CBO and CB1, but there was no 

difference in the comparison of EB1 vs ( C80 and C81). 

Partitioning G showed that A. stuartii in EBO ate I 
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proportionally more Amphipoda (G(1d.f.) = 5.46, p < 0.05), 

more larvae (G(1d.L) = 10.40 1 p < 0.01) and less Aranea 

(G(1d.f.) = 4.67, P < 0.05) than in CBO and C81 together. 

2) Prey type diversity was greatest in EBO .and least in E81. 

This was due largely to the difference in the nwmbers of 

prey types represented (21 in E80 and 18 in E81), and 

appar:ently not to differences in the evenness with which 

prey types were represented in the diets (Table 3.12a). 

Food size: As in section 2.5.4.3, only a fraction (54"65%) of the 

fragments identified to type could be qssigned to a size class (Table 

3.12b). Most prey were 1·12.5 mm Jong, although a few were f20 mm 

long (Table 3.12b). 

Comparisons between the enclosures showed that: 

1) Prey sizes differed overall between the enclosures. 

However, the differences were between C80 and C81 

(G(5d.f,) = 15.35 1 P < 0.01) and between C81 and E81 

(G(5d.f.) = 14.97, P < 0.05) bLrt not between E80 and E81 

(G(5d.f.) = 8.38 1 P n.s.). Partitioning G showed that A. 

stuartii ate proportionally more prey (especially Arahea and 

Coleoptera) in the 1·2.4 mm size class in cso thari ih CB1 

(G(1d.f.) = 4.60, p < 0.05), and more (especially 

Chilopoda, Diplopoda and larvae) in the 2.5-4.9 mm size 

class in C81 than in the other enclosures together 

(G(ld.f.) "7.631 P < 0.01). 

2) Prey size diversity was greatest in ESO and least in CS1. 

This difference presumably arose because more prey size 
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classes we1•e represented in the diets of A, stliartii in t:80 

than i11 the other enclosures, and because the evenness of 

represent.ition of prey size clcisses in C81 was relatively low 

' (lab le 3.12b). 

Jn Sllmmary, the redt1ction in the nt1mbers of A· swainsoniii was 

followed by an increase in the proportion of terrestrial 0 prey 

(Amphipoda, larvae) eaten by A. stuartii. !he diversity of types 

and sizes of prey in the diet of the smaller species also increased. 

In contr<1st, enhancement of the numbers of 6.· swninsonii had little 

evident effect on the diet of A.. stuartii. 

3.5 DISCUSSION 

Reductio.ns in the numbers of fl· swainsonii were expected to 

produce shifts in the population parameters and patterns of resource 

use of A· stuartil that were similar in direction but less in magnitude 

to those produced by the removal of A. swainsonii (see Chapter 2). 

In contrast, enhancement o"f the numbers of A. swainsonii was 

expected to produce reciprocal shifts. Comparison of lab I es 2.23 arid 

3.13 show that these expectations were largely (bllt not completely) 

borne out, and lend strong support to the conclusion of Chapter 2 

that fl· stuartii is affected adversely by competition from fl· 

swainsonii. Much of the discussion of Cl1apter 2 is applicable also to 

the results of the present chapter, so here I only discuss some of the 

problems associated with the experimental design, unexpected 

findings, and some of the biological consequences o·f reducing and 

increasing competitor numbers. 

A restriction of conducting competitor reduction and enhancement 

experiments on Antechinus is that they can be effective for only 
i 
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those months (February to July) when juveniles of both species JJro 

present and trappable.. ln other months, only small numbers of 

pregnant or lact;itlng females are preser1t, and these are difficult to 

maniplllatc. This restriction w;is not particLtlarly seriolls, however, 

becilllse it inclllded some of the winter months whet1 interspecific 

competition was expected to be most intense (Chapter 4), Provious 

attempts at vnrying the numbers of one competitor species to another 

l1ave usually been conducted over periods of only a 'few days (e.g, 

Price 1978). 

Only two enclosures were available in 1980 and 1981, so only two 

approaches to manipulating comp!;ltitor numbers were. possible. These 

were 1) to compare control ve1·sus experimental manipulations in the 

same enclosure at different time.s / and 2) to compare control versus 

experimental manipulations in different enclosures at the same time. 

The first ~pproach controls fo1· between-enclosL1re differences, 

whereas the second approach eliminates temporal (seasonal or annual) 

differences (see Grant 1972b). stnce prevfoL1s expel'ience (Chapter 

2) suggested that between-enclosure differences shaL1ld be minimal / 

the second approach, controlling for between-year differences, was 

the one that was used here. 

The advantages of using the second approach became apparent 

between 1980 and 1981 1 when populations of both species of 

Antechinus in the control enclosure declined (i=ig. 3,2). The decline 

was accompanied by an increase. in the severity or a drought (Fig. 

2.2), and by a decrease in the abundance of invertebrate food 

(Chapter 4). lhe. decline ln Antechinus numbers could have 

influenced the results of the experiments in two ways. First, the 

frequencies of interspeeific contacts in, low density 1 
11 rarefied" 

-
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populations would be less than in dense ones, and any resultant 

competitive effects would thus be difficult to detect. Second, such 

effects would be still more difficult to detect by statistical analyses 

due to the inevitably small sample sizes obtained from tl;ese 

populations. A further difficulty with interpretation of the results is 

that, <ilthough the population densities of two species and the 

frequencies o'f inter.specific contacts between their constituent 

individuals are usually positively correlated (Terman 1978, Glass and 

Slade 1980), the behaviour of individuals can vary unpredictably at 

different densities (Lomnicki 19781 Taylor and iaylor 19791 Cohen et 

al. 1980 .and papers therein), The results of the present chapter 

showed that enl1ancing the numbers of A. swainsoni1 generally had 

less measurable effect on the A. stuartii populations than had the 

corresponding reductions of A. swainsonii numbers. Because of the - ---

overall decline in A.!:l.!echinus numbers throughout the study, 

however, it is not clear whether competitot' enhancement' actually 

failed to intensify interspecific competition, or whether this simply 
' 

could not be detected, 

Reductions in the numbers of A. swaiJ1sonii were followed by a 

predictable increase in the numbers of A. stuartii 1 and by predictable 

shifts in the arboreal activity, habitat use and diet of the latter 

species. !here is, however 1 one interesting ql1estion: Why 1 

contrary to the 'findings of Chapter 2 1 did movements of A, stuartii 

decrease when A.· swainsonit numbers were reduced? lhe most 

attractive explanation is that removal of some I:!.- swainsonii al lowed A. 

stuartii access to additional terrestrial sources of food, but still 

curtailed extensive ground-level foragihg movements. I his 

explanation is supported by the decreased arboreal activity of !:;_. 

-
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stuartii in E80 1 and by the finding that this species ate more 

terrestrial invertebrates (Amphipoda, larvae) when A. swainsonii 

numbers were reduced. 

lf reduci11g the numbers of A. swainsonii increased the food 

available to A. stuartii, why did the mean body weights of the latter 

species decrease in some months in this situation (section 3.4:2.6)7 

This thorny problem was tackled in Chapter 2, where I suggested 

that, contrary to expectation, intraspeciflc interference effects arising 

in unusually high de11sity populations could actually reduce food 

intake. The problem is now considered "fu1°ther in the light o·f 'fresh 

evidence. 

While clearing traps in the mornings and evenings, it b~came 

obvious that A. stuartii was considerably more active by day in E80 

than in any other enclosure, especially in the winter months (Table 

3.14). This 'finding was unexpected, since no shifts in the 

periodicity of activity of A .. stuartii were detected during 24 hour 

trapping (section 2.5. 4. 4). ·Conceivably, in the presence of only a 

few interspecific competitor individuals, individual foraging efficiency 

is maximised by becoming partially diurnal and moving less at ground 

level, whereas in the complete absence of competitor individuals it is 

maximised by maintaining a normal, nocturnal activity pattern, but 

moving more at ground level. However, this explanation invokes 

optimal foraging analyses, which have not been attempted, and also 

credits A. stuartii with considerable behavioural plasticity. 

An alternative explanation for the increase in diurnal activity, 

for Which there is supporting evidence, is that fl. stuartii was 

actually short of food, In addition to the reduced mean body Weights 

o·f th"1s • speer es in EBO, it was noticed that individuals in this 

i 
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enclosura lost mora weight in tha course of the four day trapping 

sessions than in any other enclosure. Moreover / the magnitude of 

the weight losses in E80 appeared to coincide with levels of diurnal 

activity. Averaga weight losses of females captured three or more 

times in each monthly trapping session in ESO were -0.0Sg 

(February), -0.08g (March), -0.56g (April), -1.00g (May), -"0.41g 

(June) and -0.77g (July). These weight losses were correlated with 

the proportions of daytime captures of females in these months 

(r(4d.f.) = -0.84, P < 0.05). Cprresponding weight losses of males 

were +0.07g (February), -0.25g (March), -1.25g (April), -1.57g 

(May), -0.83g (June) and ·0.86g (JL1ly), which were almost correlated 

with the proportions of daytime captures of males in these months 

(r(4d.f) = -0.76, P < 0.1). It is reasonable to suggest that, as 

individuals lost weight, their need to find food increased and 1·esulted 

in unusually high daytime activity. It is irrelevant whether trapping 

provided a true indication of diurnal activity in A. stuartii, or 

whether such activity inc1·eased because trapped individuals were 

deprived of their natural invertebrate food: because correlations of 

weight losses and diurnal activity were recorded only in ESO, food 

was presumably less abundant, or less available, in this enclosure 

than in any other. 

So far, the discussion has provided arguments that lead to two 

quite different conclusions. on the one hand p ra posed th at 

reducing the numbers of A. swainsonii should increase the food 

available to A. stuartii; while on the other I suggested that the 

decreased body weights and associated Increases ln diurnal activity 

were due to a decrease in available food. How are these conclusions 

-
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to be reconciled? Other findings (shifts in diet, arboreal activity and 

terrestrial habitat Lise) suggest that reduction of the numbers of ~­

swainsonii does indeed allow A. stuartii access to additional, 

terrestrial sources o·F food, while in Chapter 4 it is shown that there 

were no detectable differences in overall food abundance between the 

enclosures in 1980 or 1981. Since the numbe1·s of A. stuartii in EBO 

were considerably greater than in C80 or C81, it seems reasonable to 

conclude that individual A. stuartii interfe1·ed With one another in 

gaining access to food, even though that food did not appear to be 

limiting. A point in support o·f this conclusion is that large average 

monthly weight losses and increased diurnal activity in A. stL1artil 

occurred only after March, when levels of agonistic behaviour 

increase and the social structure of the population begins to breal< 

down (Chapter 4). 

How does the existence of intraspecific interference influence the 

interpretation of competition between A. stuartii and A. swainsonii? 

In E81, where the competitive effects of A. swainsonii on A. stuartii 

were expected to be most intense, the numbers and survival of 

newly-weaned A. stuartii were relatively low. Daytime movements of 

females were curtailed between February and April, and the 

terrestrial habitat used by both sexes between May and July was less 

complex than that used in c80 and C81. Assuming that intraspecific 

interference effects were no greater in E81 than in C80 and C81 (this 

is reasonable in view o·f the low numbers of A. stuartii in E81) 
1 

these 

effects were presumably due to increased competition from the 

enhanced numbers bf A. swain son ii. In contrast, the recip1'ocal 

effects observed in EBO when A. swainsonii numbers were reduced 

Were presumably due to decreased interspeci"Fic competition. 
I 
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Since most niche shifts in A. stuartii may be explained by shifts 

in the intensity of interspecific competition, decreased body weights 

and increased diurnal activity were probably the only consequences of 

intraspecific competition. Moreover·, since such intraspecific effects 

were observed only when A. swainsonii was removed or reduced, 

increased intraspecific interference competition may be seen .. as a 

further consequence of alleviating interspecific competition. These 

conclusions sqpport the tentative conclusions o·f Chapter 2. 

3.6 SUMMARY 

An investigation was made o·f the effects of reducing and 

enhancing the numbers of A. swainsonii on the popul.ation pariimeters 

and resource use o·f A. stuartii. Populations O"f the two species were 

observed in two enclosures (control and experimental) between 

February and July in 1980 and 1981. In the control enclosu1·e, the 

numbers of both species were similar in both years, whereas in the 

experimental enclosure the number's of A. sWainsonii were reduced 

relative to A. stuartii in 1980, but increased in 1981. Reduction in 

the numbers of A. swainsonii was expected to alleviate the e'ffects of 

interspecj·fic competition on A. stuartii, whereas enhancement was 

expected to exacerbate these effects. 

When th.e numbers of A. swainsonii were reduced, the numbers 

of A. stuartii increased. Individuals generally used structurally more 

complex habitat and moved less at g1·ound level, and a decline in 

arboreal activity was associated with an increase in the proportion of 

terrestrial invertebrates (Arnphipoda and larvae) in the diet. These 

effects were gene.rally consistent with the interpretation that 

interspecific competition had been reduced, and suggested that the 

-------------~----~~ ------
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reduction of A. swainsonii allowed the smaller species access to 

terrestrial sources of food. An apparently inconsistent effect was 

that body weights o·f fj_. stuartii decreased in some months. There 

was some evidence that this was due to increased interference among 

A. stuartii individuals in obtaining access to food, even though food 

did not appear to be limiting. 

When the numbers of A. swainsonii were enhanced, the numbers 

and survival D"f A. stuartii de<;:reased (although the decrease in 

numbers was not statistically significant). Individuals used 

structurally less complex habitat in some months (M~y to July), and 

the daytime movements of females were curtailed between February 

and April. These effects suggested that competition from A. 

swain son ii had been increased. The single effect that conflicted With 

this interpretation was an increase in the mean body weight of male 

A. stuartii that occurred in June 1981. 

Although manipulations of the numbers of A. swainsonii had 

predictable effects on A. stuartii, the effects of reduction were 

generally stronger and more consistent than those of enhancement. 

The Investigation of enhancement used relatively small and "rarified" 

populations of A. stuartii and A. swainsonii, so that frequencies of 

interspecific contacts, and hence competitive effects 011 A. stuartii, 

may have been difficult to detect. 

Changes in the intensity of interspecific competition, produced 

by the reduction and enhancement experiments, had largely 

predictable effects on population parameters and resource use of A. 

stuartii, and hence ·support the conclusions o·f Chapter 2. Problems 

that arose in the interp1·etation of these experiments concerned the 

nature of the resource for which competition occurs, and this is 

considered in the next two chapters. 
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may have been difficult to detect. 

Changes in the intensity of interspecific competition, produced 

by the reduction and enhancement experiments, had largely 

predictable effects on population parameters and resource use of A. 

stuartii, and hence support the conclusions of Chapter 2. Problems 

that arose in the interpretatio1, of these experiments concerned the 

nature of the resource for which competition occurs, and this is 

considered in the next two chapters. 

--.. ·····--·------···- -- _______ .. _ ------·----·--·-··· 
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Table 3.1 Minimum sessional survival (%) of male Antechinus stuartii. 

Sample sizes are shown in brackets. 

EBO C80 C81 E81 

Feb. 83(12) 89(9) 100(4) 100(3) 

JYlar. 70(10) 67(9) 100(5) 75(4) 

Apr. 73(11) 89(9) 60(5) 100( 4) 

May 100(9) 78(9) 100(5) 83(6) 

Jun. 92(12) 75(8) 83(6) 80(5) 

Jul. 75(12) 63(8) 57(7) 80(5) 

I 

-·-···-------~~· 
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Table 3. 2 Minimum session al survival (%) of female Antechinus stuartii 

(<1yr old). Sample siz.es are shown in brackets. 

E80 cso C81 E81 

Feo. 88(17) 77(13) 78(9) 100(7) 

Mar. 83(18) 92(12) 100(9) 86(7) 

Apr. 65(17) 91 (11) 78(9) 57(7) 

May 91 ( 11) 80(10) 100(8) 100( 4) 

Jun. 90(10) 55(11) 100(8) 75(4) 

Jul. 70(10) 100(6) 78(9) 75(4) 

·-----
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Table 3 .3. Minimum sessiona\ survival (%) of female Antechinus stuartii 

(>1yr old). Sample sizes are shown in brackets. 

E80 C80 C81 E81 

Feb. 100(5) 100(2) 100(2) 100(2) 

Mar. 60(5) 100(2) 50(2) 50(2) 

Apr. 33(3) 50(2) 100(1) 100(1) 

May 100(1) 100(1) 100(1) 0(1) 

Jun. 50(2) 0('1) 100(1) 

Jul. 100(1) 50(2) O('I) 
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Table 3A Survival of pouch, nestling and newly weaned Antechinus 

stuartii. 

(a) Pouch and nestling young 

Number of pouch 

young in. September 

1980 or 1981 

E80 36 

C80 37 

C81 37 

E81 18 

(b) Newly weaned young 

EBO 

C80 

C81 

E81 

Number of nestling 

young in December 

1979 or 1980 

61 

48 

36 

34 

Numbers surviving 

until December 

(1980) or November 

(1981) 

34 

36 

35 

18 

Overall 

survival 

(%) 

94 

97 

95 

100 

Numbers surviving Overall 

until January SL1rvival 

to April 1980 or (%) 

1981 

40 66 

34 71 

19 53 

14 41 

Go($d.f.) = 8.90 1 p < 0.05. 

In (a), results for pouch young are derived only From those parous 
females that survived from September 1980 to December 1980, and 
those ':hat survived from September 1981 to November 1981. The 
numbers of pouch young in September each year were obtained by 
counting young in the pouch, but the numbers of those young 
surviving until November or December were obtained by counting 
the numbers of used nipples on their mothers (Woolley 1966). 

In (b), the numbers of nestling young in December 1979 and 
December 1980 were also obtained by counting used nipples on 
lactating females. The survival of these young as weanlings in late 
December 1979 and 1980 was assessed by counting the numbers of 
new juveniles that appeared in each enclosure between January and 
April of the following year. 

--------------~~~-.. --------·-·-
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Table 3.5. The range in timing of reproductive events in Antechinus stuartii in 1980 and 1981. 

Enclosure 

E80· 

C80 

C81 

E81 

* 

Last male 

captured 

3 Sept. 

** 5 Sept. 

29 Aug. 

30 Aug. 

Pregnancy 

* 18 Aug.-

30 Sept. 

(N=9) 

* 23 Aug.-

27 Sept. 

(N=B) 

* 26 Aug.-

25 Sept. 

(N=8) 

* 15 Aug. -

21 Sept. 

(N=S) 

Birth 

27-31 

Sept. 

(N=8) 

23-28 

Sept. 

(N=6) 

22-26 

Sept. 

(N=B) 

20-22 

Sept. 

(N=2) 

Placed End of 

in nest lactation 

31 Oct.- 4 Jan. 

3 Nov. .. 
(N=5) 

26 Oct.- 28(?) Jan. 

2 Nov .. 

(N=S) 

27-31 

Oct. 

(N=7) 

24 Oct. 

(N=1) 

Estimated from the condition of the hairs surrounding the pouch (Woolley 196C). 
!J~ 

First 

juvenile 

captured 

2 Jan. 

10 Jan. 

A male that was castrated in a trapping accident in July survived beyond 5 September. He 

was removed to the laboratory on 24 September. Sample sizes (N) are in brackets. 
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Table 3.6 Night-time movements of Antechinus stuartii. Values are mean average distances moved 

Cm) ± standard deviation. Sample sizes are in brackets. 

E80 C80 C81 E81 FD F. 1 Fp2 Conclusion 
p 

Feb- a 44.2±23.4 38.0±15.0 44. 1±16.8 48.8±34.8 0.63 0.43 1.12 E80 C80 C81 E81 

April (26) (21) (14) (10) 

9 34.7±19.9 43.6±20.2 40.3±17.1 41.7±12.3 2.07 ** 5.13 0.01 E80 C80 C81 E81 

(62) (36) (27) (24) 

a+9 37.3±21.3 41.5±18.5 41.6±16.9 43.8±21.1 1.14 1.71 0.31 E80 C80 C81 E81 

(88) (57) (41) (34) 

May- a 54.9±30.5 41.5±24.1 53.9±28.9 44.0±21.2 1-34 1.49 0.09 EBO CSO C81 E81 

July (30) (23) (17) (11) 

9 36.0±19.5 50.1±23.0 36. 7±16.1 37.5±17.9 * 3.12 * 2.94 0.94 E80 C80 C81 E81 

(34) (26) (26) (13) 

a+9 44.9±26.8 46.1±23. 7 43.5±23.4 40.5±19.3 0.31 0.00 0.62 E80 C80 C81 E81 

(64) (49) (43) (24) 

I 



Table 3. 7. Daytime movements of Antechinus stuartii. Values are mean average distances 

moved (m) ± standard deviation. Sample sizes are in brackets. 

EBO C80 C81 E81. Fo Fp1 Fp2 Conclusion 

cj 31.4±7 .0 . 28.0±1.8.9 30.3±5.6 40.7±23.5 0.60 0.51 1.72 EBO C80 C81 EB1 

Feb.- (9) (5) (4) (3) 

April !? 36.2±17.4 29.6±15.1 34.1±10.9 17.4±3.1 2.29 0.71 3.61 * EBO C80 C81 E81 

(31) (7) (10) (5) 

Ci'+<j? 35. ~±15. 7 28.9±1.6.0 33.0±9.6 26.1±17.6 1. 11 1-10 0.68 E80 C80 C81 E81 

(40) (12) (14) (8) 

Ci' 35.0±18.8 36.8±16.4 44.5±21.1 14.0 0.53 0.53 

May- (21) (8) (5) (1) 

July !? 28.2±11.6 42.6±28.1 31.6±10 .. 3 32.3±16.4 * 1.57 2.95 0.23 E80 ~C81 E81 

(25) (7) (7) ' (3) 

cS+<j? 31.3±15.5 39.5±22.0 37 .. 0±16.2 27.8±16.3 1 .19 * 2.92 1.35 EBO C80 C81 E81 

(46) (15) (12) (4) 

--



Table 3.8 Body weights of male Antechinus stuartii. Values are me,ans (grammes) ± 

standard deviation. Sample sizes are in brackets. 

E80 C80 C81 881 Fo Fp1 Fp2 Conclusion 

Feb. 21.5±2.4 20.5±1.3 20.9±1. 7 19.5±2.3 0.97 1.21 0.73 EBO CBO Cfll E81 

(12) (8) (4) (3) 

Mar. 21.5±2.3 22.8±2.1 24 .. 1±3.0 22.9±2.0 1.40 3.19 
:I:: 

0.10 E80 CBO C81 E81 

(9) (9) (5) (4) 

Apr. 21.9±2.l 23.7±2.8 22.5±1.7 24.B±L 7 2.03 2.33 1.29 EBO CBO CBI E81 

(10) (9) (5) (4) 

May 22.3±2.l 24.1±1. 6 24.1±1. 7 25 .5±1.5 * 3.76 ** 5.34 2.33 EBO C80 C81 E81 

(9) (8) (5) (5) 

Jun. 22.7±2.5 22.3±2.2 23.5±2.2 25.4±1.8 2.25 0.02 4.81 ** E80 CBO C81 E81 

(12) (8) (6) (5) 

Jul. 24.7±3.0 24.2±1. 7 26.5±1.9 24. 7±1.5 1.44 0.46 0.23 EBO CBO CBI E81 

(12) (B) (7) (5) 

--
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Table 3.9 Body weights of female Antechinus stuartii (<1 yr old). Values are means 

(grammes) ± standard deviation. Sample sizes are in brackets. 

EBO cso C81 EB1 F Fp1 Fp2 Conclusion 
0 

Feb.· 16.9±1.3 16.9±1.2 17.2±1.3 16.5±0.4 D.45 0.02 0.92 EBO CBO C81 EB1 

(17) (11) (9) (7) 

Mar. 16.4±1.0 16.1±1.0 16 .. 6±1.3 16.3±0.6 0.42 0.01 0.00 EBO C80 C81 E81 

(18) (11) (9) (6) 

Apr. 15.4±1.2 16.3±1.2 15.7±1.6 16. 9:t0 .8 2.72 2.47 2.27 ESO C80 CB1 E81 

(17) (11) (7) (6) 

May 16.4±1.6 16.5±1.1 17.4±1 . .5 17.8±1.3 1.55 0.78 1.27 EBO C80 CBI E81 

(11) (10) (7) (4) 

Jun. 15.7±1.0 16.7±1.6 16.B:t1 .1 17.1±0.6 2.14 4.96 ** 0.36 EBO C80 C81 E81 

(10) (11) (7) (4) 

Jul. 16.0±1.1 16.2±0 .. 7 16.9±1.9 17 .1±0.5 1.19 1.27 0.51 ESQ CSO C81 EB1 

(10) (6) (9) (4) 

-
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Table 3.10 Body weights of female Antechinus stuartii (>1 yr old). 

Values are means (grammes) ± standard deviation. S<:\mple sizes are 

in brackets. 

EBO cso C81 E81 

Feb. 22.4±1.7 (5) 23.5 (2) 25.0 (1) 24·: 5 (2) 

Mar. 20.9±1.3 (5) 23.5 (2) 21.8 (2) 20.5 (2) 

Apr. 21.0±1.3 (3) 23.0 (2) 22.0 (1) 24.0 (1) 

May 18.5 (1) 24.0 (1) 24.0 (1) 25.0 (1) 

Jun. 19.5 (2) 20.0 (1) 24.0 (1) 

Jul. 22.0 (1) 20.0 (2) 21.0 (1) 
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J,: 1.65. 

Table 3.11 Frequency of capture of Antechinus stuari.ii _at sites of different structural habitat complexity 
(S.H.C.). The number of captures (N), mean S.H.C. (x) and standard deviation (s.d.) are given. 

Februar'i-A[:>ril 
sex/age Structural Habitat Complexity 

class 3 4 5 6 7 8 9 10 11 12 13 N x s.d. 

cr (2) 3 8 7 7 25 17 14 13 8 1 105 8.51 2.24 
EBO !?<1 yr (5) 7 9 29 25 58 41 20 11 14 3 222 8.10 2.10 

ll>1yr (1) 2 2 14 4 6 15 11 7 3 (5) 70 8.63 2.41 

cr (2) 4 6 9 18 16 11 8 4 5 1 84 7.81 2.20 
C80 ll<1 yr (6) 8 13 20 24 14 10 10 3 0 (3) 111 7.00 2.22 

!?>1yr 0 1 0 0 5 3 3 3 1 0 0 16 8.19 1.72 

cr 0 6 4 5 7 6 4 3 4 2 (1) 42 7.57 2.52 
C81 !?<1yr 2 1 3 10 22 18 16 3 5 3 0 83 7.81 1.82 

!?>1yr 0 0 0 2 3 4 1 2 2 1 0 15 8.53 1.88 

cr 1 1 2 8 12 5 4 5 4 2 0 44 7.80 2.12 
E81 !?<1yr 0 2 6 14 16 10 9 5 2 2 1 67 7.52 1.93 

ll>1yr 0 1 0 1 6 2 3 4 1 1 0 19 8.32 1.95 

Summary1 *** SHC x E x S, Go(116 d.f.) = 199. 04 

SHC x E, G o(30 d. f.) *** = 70. 71 

ESQ vs (C80+C81), *** G p1(10 d.f.) = 42.26 

E81 VS (C80+C81), G p2(10 d.f.) = 8.03 

SHC x s, G o(20 d.f.) ** = 38.53 

E x S, G o(6d.f.) ** = 21.07 

-



Table 3.11 (cont.) 

Ma)l'.-JUl)I'. 

sex/age Structural Habitat Complexity 
class 3 4 5 6 7 8 9 10 11 12 13 N x 

cr (3) 6 10 25 10 39 23 14 20 4 3 157 8.08 
E80 9 (5) 5 8 19 5 24 28 36 30 7 7 174 8 .. 81 

C80 cr (2) 2 6 14 11 17 9 5 4 13 1 84 8.15 
9 (3) 4 2 15 17 17 8 10 7 6 1 90 7.93 

C81 cr (4) 2 7 7 10 9 8 3 4 3 1 58 7.48 
9 2 3 3 10 18 19 14 11 6 9 1 96 8.27 

E81 cr 4 3 2 5 4 4 8 6 3 1 1 41 7.66 
<;> (3) 1 4 9 4 11 10 7 3 0 0 52 7.62 

Summary1 *** SHC x E x S, G . = 131.28 
SHC X E, o(73 G1. f.) 

*** o(30 d. f.) = 78.13 
ESQ vs ( C80+C81) Gp1(10 d.f.) = 57.76 *** 
E81 vs ( C80+C81) G * p2(10 d.f.) = 21.24 

5HC x S, ~o(10 d.f.) 
= 15.09 

E x S, 
o(3 d.f.) = 4.95 

The G statistlc was used to test the joint independence of S.H.C., sex/age class (S) and enclosure 
(E). r·F dependence was found, G was partitioned to ex.amine which pairs of criteria were associated. 

A few captures occurred in S.H.C. categorles 1, 2, 14 and 15. They were groL1ped with 
captures in category 3 or 13 and are shown in brackets. Morning and evening captures are pooled. 

' 

-- . 
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s.d. 

2.29 
2.37 

2.45 
2.29 

2.47 
2.19 

2.57 
2.10 



Table 3.12. The. dietary diversity of Antechinus stuartii 

(a) Pt·ey type diversity 

E80 C80 C81 
Prey type N = 28 N = 20 N = 24 

Oligochaeta ( 4 1 2 
lsopoda ( 4 2 0 
Amphipoda 12 5 1 
Chilopoda 1 3 5 
Diplopoda 2 2 4 
Aranea 14 12 26 
Acarina 0 2 2 
Collembola 7 2 3 
Coleoptera 18 15 26 
lsoptera ( 1 0 2 
Dermaptera 17 11 6 
Lepidoptera ·1 2 3 
Diptera ( 2 3 1 
Formicoidea 4 2 6 
Other Hymenoptera 1 1 0 
Blattodea 3 2 5 
Hemiptera ( 3 2 0 
Orthoptera c 1 2 3 
Thysanoptera ( 0 1 0 
Larvae 24 4 9 

Other inverts 3 2 5 
Hair ( 0 0 0 

Vertebrates ( 4 0 4 
Plant 6 5 3 

Total no. pre.y items 132 81 116 
No· prey types rep resented 21 21 19 
Evenness J 0.85 0.88 0.84 
Diversity H 2.36 2.34 2.24 
G 

78 92 *** a (d.f.) . (39) 
G 

34 94 *** P1 (d.f.) . (13) 

G 
P2 (d.f.) 16.58(13) 

167. 

E81 

N = 25 

0 ) 

0 ) 

4 

6 

1 

18 

4 

4 

29 

0 ) 

5 

10 

0 ) 

2 

2 ) 

3 

0 ) 

1 ) 

0 ) 

7 

6 \_ 
2 ) 

1 ) 

1 

106 

18 

0.83 

2.16 

I 
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Table 3.12 (cont.) 

(b) Prey size diversity 

E80 C80 C81 E81 
prey size class (mm) N = 28 N = 20 N = 24 N = 25 

0.0-0.9 4 5 2 
1.0-2.4 12 16 8 
2.5-4.9 23 10 26 
5.0-7.4 20 7 14 
7.5-9.9 10 8 4 

10.0-12.4 6 2 5 
12.5-14.9 ( 1 0 2 
15.0-17.4 c 2 3 0 
17.5-19.9 ( 2 0 0 

~20.0 ( 3 1 2 

Total no. prey items 83 52 63 
No. prey size 10 8 8 
classes represented 

Evenness J 0.83 0.88 0.79 
Diversity H 1.75 1.62 1.49 
G 

25.78(15)* o(d.f.) 
G 

2.42(5) p1(d.f.) 
G 

5.45(5) p2(d.f.) 

Samples for CSO and ESO were collected in March-May 1980, whereas 

samples for C81 and E81 were collected ih March-May 1981. G-tests were 

performed on the raw frequency dat;;i, excluding values in brackets. Data 

for males and females were pool.ed . 

9 

18 

14 

10 

9 

4 

4 ) 

0 ) 

1 ) 

0 ) 

69 

8 

0.90 

1.70 

... ----~ 

'~ 



Table 3_ 13 Su1nrnary of' the cf"fects of reducing and cn11c:i.ncir1g the numL:H~rs of A. swilinsonii on u,o 

population para1neters and resource use of A. stuartii 

Effects of 1·eduction Effects of enhancernent 

!;' Both !;' Both 

Population pa1·ameters 

Numbers 

Survival 

Trappability 

Rep1·oduction 

1\i\ovements 

Body weight 

Resources 

Habitat (arboreal) 

Habitat (terrestrial) 

Food type 

Food size 

I* 

.; .; .;.; 

.; 

.;.; 
II 
II 

.; 

.; I 

All 1·esults (except reproduction} refer to comparisons during the pel"iod February-July in 

1981. I denotes that statistically significant effects occu1·red in some sampling sessrons only; 

1980 and 

II that 

effects occurred in all sampling sessions; - that no statistically significant effects were detected at 

any time. All effects were cons.istent witl~ the interpretation of 1nterspecific competition, 

except where marked * 

.; 

. .; 



~~--------------......... 
170. 

< Table 3.14. Diurnal activity of A. stuartii. Frequencies of daytime 
1 } captures are expressed as a percentage (%) of the total number of all 
f J captures (N) for each month. Males and females are shown separately. 

, " EBO C80 C81 E81 
' n J· [f 
' "'), 

·~ 
; cf 

·~ . i Feb. 'i'<1yr 

t 
1 '*' 

1 
t 

1 
v 
~ 

i 
~ 

I 
~ 
I 

'i'>1yr 

1'>1yr 

cf 

Apr. 11<1yr 

1'>1yr 

cf 

May " 
cf 

Jun. I' 

cf 

.... I 
\ 5 Jul. I' 

! ff 
] £ 
' j 
; I\ 

: :j 
' 

i -~ 

% (N) 

7 (30) 

14 (59) 

23 (26) 

22 (37) 

14 (74) 

21 (24) 

29 (38) 

35 (89) 

40 (20) 

32 (38) 

34 (67) 

38 (58) 

30 (53) 

31 (61) 

26 (54) 

% (N) 

7 (28) 

6 (32) 

14 c 7) 

10 (31) 

12 (41) 

0 ( 5) 

12 (25) 

5 (38) 

0 ( 4) 

15 (26) 

6 (36) 

12 (33) 

10 (30) 

4 (25) 

8 (24) 

% (N) 

18 (11) 

8 (26) 

0 ( 3) 

13 (15) 

19 (31) 

13 ( 8) 

6 (16) 

15 (26) 

25 ( 4) 

6 (16) 

14 (29) 

14 (21) 

10 (31) 

14 (21) 

8 (36) 

% (N) 

18 (11) 

8 (24) 

13 ( 8) 

25 (16) 

9 (22) 

0 ( 7) 

18 (17) 

5. (21) 

0 ( 4) 

0 (10) 

5 (19) 

0 (15) 

6 (16) 

6 (16) 

12 (17) 



Flg. 3 .1. Experiments designed to investigate the effects of 

reducing and increasing competition on A. stuartii (A.st) from '2· 

swainsonil (A. sw). All steps are described in detail in the text. 

Rectangles (CONTROL and EXPT.) represent enclosures. Solid 

arrows within enclosures represent an expansive shift in population 

parameters or patterns of resource use of A. stuartii when '2· 

swainsanii numbers are reduced, the broken arrow a return shift 

when A. swainsonii numbers are enhanced. 
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Fig. 3.2. The minimum numbers of A. stuartii and A. swainsonii 

known to be alive in the control and experime11tal enclosures ln 1980 

and 1981. The numbers of 6.· swainsonii were adjusted in the 

experimental enclosure in both years (see text), 
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Fig. 3.3. Population parameters of A. stuartii (a) minimum numbers 

known to be alive, (b) minimum sessional survival of individuals 

known to be alive, (c) trappability of individuals known to be alive . 
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Fig. 3.4. Arboreal activity of A. stuartii. 
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CHAPTER 4 

THE RESOURCE BASE 

4.1 INTRODUCTION 

1; Although strong evidence for competition between A. stuartii and 
[· 

A. swainsonii has been presented in chapters 2 and 3
1 

the 

manipulation experiments have provided little insight into the nature 

or identity of those resources for which competition occurs. 

However, there are several clues that an important scarce resource 

might be invertebrate food. Thus, following the removal or reduction 

of A. swainsonii, the dietary diversity of A. stuartii expanded, and 

the proportion of large, typically terrest1·ial forest litter invertebrates 

(e.g. larvae and Amphipoda) in the diet increased (sections 2.5.4.3 

and 3.4.3.3). Casual observations also suggested that invertebrates 

were less abundant, or less conspicuous, in winte1·: at this time, 

females occupy more or less exclusive .borne 1·anges
1 

or territories 
-'.-:.'.'' ..... -.· 

(section 2.5.3.6), and individuals can spend a relatively large amount 

of time foraging by day, as wel I as by night, to maintain their body 

weights (section 3.5). Moreover, Lee et .'!l·i Wainer 1976 and others 

have proposed that mating in Antechinus is timed so that lactation 

and the weaning of young coincide with increased insect activity in 

spring and summer; this again implies that seasonal peaks and 

shortfalls may occur in food abundance. 

This chapter describes an investigation of what food was 

available to both species of Antechinus in the enclosures throughout 

the entire 3\ year period of study / and attempts to determine whether 

seasonal changes occurred in either the abundance or availability of 

this food. I 
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4.2 METHODS 

Invertebrates were collected systematically by sticky strip 

sampling, pitfall sampling and litter sampling, .>'d casually by turning 

logs and rocks, looking under loose or d:·~::irticating bark, and 

beating vegetation. These methods were designed to sample 
.. 

invertebrates in each of the enclosures in habitats where Antechinus 

was known to forage. For consistency within this chapter, the 

enclosures are te1·med C1 1 E1, E2 E3 and E4 throughout (see Chapter 

2). However, it will be remembered that, in 1980 and 1981, 

enclosures E1 and E2 were considered together as one enclosure, and 

E3 and E4 were considered together as another enclosure. 

4. 2. 1. Sticky strip sampling 

Braithwaite (1979) obtained an index of general insect abundance 

by using Aeroxon sticky strips. This method was also adopted here: 

at a site in each enclosure, two strips were suspended 1-2 m above 

ground, hanging loose from an Acacia or Cassinia branch. In 

addition / two further strips were wound around the trunks of nearby 

Ribbon Gum trees, one about 1 m above ground on old, residual and 

accumulated bark, and the other 2-3 m above ground on smooth bark. 

All strips were replaced at the end of each month. All invertebrates 

(except mites) on each strip were counted: the mean for the two 

hanging strips at each site was used to compare with Braithwaite1s 

(1979) findings, but the results for the two tree-bark strips are 

presented separately. Jn 1978 and 1979, four strips (two hanging, 

two on trees) were used irt each of the "five enclosures, bL1t 

thereafter, in 1980 and 1981, four strips were used in each of E1 -E4, 

but not in c1. 
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4.2.2. Pitfall trap sampling 

Pitf<Jll traps were glass jars (opening diameter 7. O cm), sunk 

Flush to ground level, and provided with 2-3 cm of 5% formalin as 

preservative. To prevent the capture of small mammals, the opening 

of ec.ch trap was cove1·ed With 1 cm chicken wire mesh. All traps 

were left open and cleared at the end of each month; preserved 

invertebrates were removed and stored in 70% ethanol. Five pitfall 

traps were established in each of the five enclosures in late June 

1978, and maintained until December 1979. In 1980 and 1981, five 

pitfalls were ope1·ated in each of E1-E4, bLtt those in the control area 

were removed. 

ln each enclosure, pitfall traps were set 5-7 m apart in a line 

adjacent to the sticky strip sites, and run frorn the creek up to near 

the perimeter of the enclosures on the lower slopes of the valley. 

Pitfall traps were set singly along the lines, each in a different 

habitaL These were a) At the base of a mature Ribbon Gum ( 

Eucalyptus viminalis) tree; b) under Water Fern (Blechnum nudum; 

c) under a rotting log (> 30 cm diameter and > 3 m long); d) in 

open groundi and e) on a dry slope above the valley floor. From 

trapping records, these habitats were known to be visited by both 

species of Antechinws. Arachnida captured in the pitfall traps were 

deposited with Mr. R. Moran (CS I RO, Division of Plant Industry 
1 

Canberra) for detailed identification, but most of the remaining 

invertebrates were deposited with the Australian National 1 nsect 

Collection, Canberra. 

111111 
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4.2.3. Litter sampling 

Four samples of litter and topsoil were taken in each enclosure 

at approximately three monthly intervals. To ensure that the volume 

of each sample was rnlatively constant (aboLrt 7900 cm3) 
1 

a steel 

quadt'at (31.5 cm by 31.5 cm and 8 cm deep) was sunk into the 

ground, and the contents dug out with a trowel. Samples were 

collected on dry mornings and placed into large plastic bags in the 

field, and returned to the laboratory for processing the same day. 

The samples wet'e placed separately into Berlese funnels and subjected 

to an increasing heat regime over 5-6 days. Invertebrates were 

driven out of the litter and preserved in picric acid, before later 

transfer to 70% ethanol. 

Four samples of litter and topsoil were taken in each enclosure 

in four of the five habitat types sampled by pitfall trapping. (Due to 

the open, stony composition of the slopes and the genet'al lack of 

litter, no attempt was made to obtain samples from this habitat). All 

litter samples were collected within 10 m of pitfall tt'aps in the 

respective habitats. Sampling was conducted ·from October 1978 to 

January 1981 1 in October (Spring), January/February (Summer), 

April (Autumn) and July (Winter). Unfortunately, it was not feasible 

to obtain monthly samples of litter, since the collection and extraction 

procedures were extremely laborious and time-consuming. Extracted 

litter invertebrates wet'e donated either to Mr. R. Moran OI' to the 

Australian National Insect Collection. 

4.2.4. Casual sampling 

Several potentially important groups o'f invertebrates were 

consistently under"represented in the systematic monthly collections 
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described above. These groups generally Jive in particular, local 

habitats (although they are potentially available to Antechinus), and 

they were recorded or collected casually each month. The most 

important of these habitats are logs, under rocks, Linder old, residual 

bark at the base of Ribbon Gum trees, on fern fronds and angiosperm 

leaves, and on creeks and c1·eek banks. These habitats provide 

homes for a wide range of larvae, termites, beetles, cockrnaches and 

other invertebrates. Detailed estimates of diversity and abundance 

could not be obtained from casual sampling of inverteb1·ates, and 

observations are discussed in general terms only. 

4.2. 5. Alternative sources of food, and the dispersion of food 

In addition to the systematic and casual sampling procedures 

described above, some observations were made of gross seasonal 

changes in some plant species in each of the enclosures. Such 

changes may influence the food available to Antechinus in two ways: 

first, by directly providing alternative sources of foods, such as 

fruits (section 2.5.4.3 and 2.5.6.3) and flowers (Statham 1982a); 

and second by altering the dispersion, abundance and availability of 

invertebrate microhabitats, and hence, indirectly, o·f invertebrates 

themselves. Observations were made of the decortication of Ribbon 

Gum bark, the spring growth and autumn death o·f Water Ferns, and 

of the fruiting times of certain species o·f shrubs (Table 4.1). 

Observations were quantified monthly by recording phenological 

changes of individually marl<ed plants (Table 4.1) . 
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4.2.6. Treatment of data 

In many studies where an attempt has been made to examine the 

food available to insectivores, only the biomass of such food has been 

measured (e.g. Morton 1978, Statham 1982a, Dunham 1980). Biomass 

is easy to measure, and it may provide some indication of seasonal 

changes in the gross amount of available food. Unfortunately, 

estimates of ·biomass alone fail to take account of seasonal differences 

in the composition, palatability and energy content of food, or to 

recognise that predators may prefer to eat prey of a certain type or 

size. In this study, the biomass of available food was not estimated. 

Instead, all specimens obtained by pitfall and litter sampling were 

counted and identified (usually to the level of Order). Although 

laborious, this procedure allowed estimates to be made of the 

numerical abundance and diversity of invertebrates available to 

AntechinL1s 1 and facilitated statistical comparison o·f invertebrate type 

and size distributions between seasons and also between the 

enclosures. 

Estimates of the numerical abundance of invertebrates were 

obtained by counting all individuals (except mites < 0.5 mm) collected 

on sticky strips and from pitfall and litter samples. Estimates of 

invertebrate type and size diversity were obtained only from pitfall 

and litter samples, as many sticky-trapped invertebrates dissolved 

into the glue and could not be further identified. Brillouin's (1956) 

index H (section 2. 4. 5) was used as a measure of diversity 

throughout. This index is particularly appropriate if collections of 

invertebrates are n·ot made randomly (pitfall samples are biassed 

towards freely-moving invertebrates, and littet' samples towards more 

sessile invertebrates; Plowman 1981), and if all individuals in the 

collection are identified and counted (Poole 1974, Pielou 1975). 
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Brillouin's index has been criticised by Hurlbert (1971) on the 

groLtnd that it lacks biological relevance, and by Peet (1974) on the 

grounds that it may be unduly biassed by the differenr:es in the 

sample sizes of collections. However, the non-random sampling 

procedures adopted here (pitfall and litter sampling) fail to satisfy 

the conditions required by alternative indices, such as the 

commonly-used Shan11on-Weaver index. The Brillouin index is used 

consistently here as a comparative measure of diversity, and it is 

consistent also with the method used to estimate the dietary diversity 

of Antechinus in section 2.4.5. 

Forty-six different types of invertebrates (listed in Appendix 5) 

were identified by reference to CS! RO (1970), (1974) 1 Womersley 

(1939), Main (1976) and McColl (1977). Jn addition, all litter 

invertebrates and all invertebrates collected in pitfall traps in 1979 

(some months only) and 1980 were measured from the tip of the head 

to the tip of the abdomen, and placed into one of 10 size classes 

(Appendix 6). The sizes of invertebnites recognised here are those 

used in the analysis of dietary diversity of Antechinus (sections 

2.5.4.3, 2.5.6.3 and 3.4.3.3). However, some of the more abundant 

types of invertebrates, such as Coleoptera, Collembola and Hemiptera, 

have been subdivided into smaller groups than were used in the 

dietary analysis (Appendix 5). Some invertebrates - such as carabid 

and lycid beetles, snails and crayfish - as well as lizards - were 

found commonly in pitfall traps, but appea1·ed to be eaten 

infrequently by Antechinus (sections 2.5.4.3, 2.5.6.3 and 3.4.3.3, 

see also Statham 1982a). These groups were therefore discarded, and 

abundance, prey type and prey ·size diversity were calculated only 

from those groups that were eaten or probably eaten by Antechinus. 

----------~~~~ ·------·····. 
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Because Brillouin's index measures the diversity of a fully 

censused collection, it has no standard error (Poole 19}4). Prey type 

and prey size diversity are therefore shown graphically. Differences 

in the distributio11s of prey types and prey sizes between study areas 

were tested by Kendall's coefficient of concordance, W (Siegel 1956). 

This statistic has been used specifically to compare the abundance 

distributions of invertebrates from two (or more) samples (Ghent 

1963, Pielou 1975) and has been shown to be robust by Bullock 

(1971). Rare invertebrates, represented by a singl<> individual in a 

comparison of several samples, were omitted from further analysis 

(Ghent 1963). No attempt was made to statistically compare absolute 

differences in the abundances of different invertebrate groups within 

or between study areas. Such methods are available (e.g. 

multivariate analysis of variance), but their assumptions are often 

restrictive and the results difficult to interpret (A. J. Campbell, 

personal communication) .. 

4.3 RESULTS 

4.3.1. Sticky strips 

The numbers of invertebrates collected on sticky strips are 

shown in Fig. 4.1. In all study areas, invertebrates (70-100% flying 

insects) were most abundant in summer and least abundant in winter. 

There were no obvious differences in the distributions o-F abundances 

of these invertebrates either between enclosures, or between hanging 

and tree-bark strips at a site in any one enclosure (Table 4. 2). In 

terms of absolute aoundance, sticky strips on the rough bark near 

the base of Ribbon Gums usually collected more invertebrates than 

strips placed higher up on the smooth bark. The rough-bark strips 
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collected insects alighting on the outside of the strip, as well as 

insects that moved in the interstices o·f the bark that were caught on 

the inside surface of the strip. These findings provide evidence that 

some invertebrates, particularly flying insects, show very marked ,, 

seasonal changes in abundance, and that these changi;is occur 

synchronously in each of the e11c\osures. 

4.3.2. Pitfall sa.mpling 

A total of 72,036 invertebr9tes were captured in pitfall traps in 

this study; of these, 21735 (30%) were Collembola. Collembola were 

the most numerous invertebrates captured in pitfall traps in most 

months although Coleoptera also occasionally predominated (Fig. 4.2). 

Other invertebrates 1 such as Arachnida (especially Aranea), 

Dermaptera, Hymenoptera, Dipte1·a and Hemiptera were abundant only 

in spring and summer. Amphipoda and larvae were usually less 

abundant components of the fauna, but they were trapped 

consistently in low numbers throughout the year (Fig. 4.2
1 

see also 

Dic.kman et~·, in press). 

In view of the large numbers of Co\lembo\a in the pitfall traps 

and the fact that they were not eaten frequently by either species of 

Antechinus (sections 2.5.4.3 1 2.5.6.3 and 3.4.3.3), the components 

of prey type diversity (numbers of individuals, numbers of types of 

prey, and evenness) have been calculated with 1 and without, these 

invertebrates (Appendices Sa, b 1 c, d 1 e). However, perusal of these 

appendices suggests that Co\Jembola do not seriously bias estimates of 

prey type diversity, and the comments below apply irrespective of 

Whether these invertebrates are considered as part of the overall 

pitfall 'fauna. 

1111111111 
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Figure 4.3 shows that prey type diversity peaked in summer 

(November- February), but was usually Lowest in wiriter 

(June-August) each year. These differences appear to be due to 

differences in the total numbers of prey captured and the numbers of 

prey types represented (both of which were higher in summ"r), 

rather than to seasonal differences in evenness (Appendix 5). 

Trends in diversity were broadly similar in the five habitats. Prey 

type diversity genet·ally decreased from 1978 to 1981 (Fig. 4.2). 

Inspection of the raw data far invertebrates in each habitat 

(Appendices 5a,b,c,d,e) sLlggested that this was probably due to a 

marked decrease in the numbers o·f invertebrates captured. The 

decline in prey abundance and diversity towards the end of the study 

may have been due to drought. 

Comparisons between the enclosures (Appendix 5) show that, for 

some months, there was statistically significant concordance in the 

abundance distributions o·f prey. In every habitat, this was 

particularly evident in summer, but less so in winter. The lack o·f 

concordance at this time may be expl<'lined in two ways. First, 

flooding of the pitfall traps occurred mare often in winter than in 

summer. This presumably washed out already preserved insects, and 

subsequently rendered the trap inoperative. On other occasions, 

rainwater diluted the preservative so that trapped insects began to 

rot. This apparently attracted large numbers of predacious beetles 

or their larvae. In turn, this greatly reduced the evenness of 

representation of all prey types, and hence, diversity. Since some 

pitfall traps were mare prone ta flooding than others / concordance in 

the wet winter months was often low. Second, very few prey iteh'ls 

Were captured in pitfall traps in winter, and this may have unduly 

influenced the test statistic. If, for example, one pitfall captured 1 

\ 
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beetle, 2 spiders and 3 ants, and a second captured 1 ant, 2 beetles 

and 3 spiders, there would be little concordance in the ranked 

abundances of these prey 1 and the test statistic W would yield a 

value of only 0 .25. It is difficult to be certain that such low 

numbers represent true diffe1'ences in prey abundance, or simply 
.. 

chance events. It seems reasonable to suggest that the abL1ndance 

distributions of prey are concordant between the enclosures for much 

of the year, but in winter the appropriate statistical evidence is 

d iffi cu It to obtain . 

Fig. 4.4 shows the sizes o"f pitfalJ trapped prey. In al I months, 

prey less 2.5 mm long predominated, and the overwhelming majority of 

prey was always less than 7.5 mm long. Most very small prey Wel"e 

Collembola, Hymenoptera (especially. Formicoidea) and Diptera, 

whereas longer prey (> 7 .5 mm long) were usually Oligochaeta, 

Amphipoda 1 Chilopoda, Diplopoda, Dermaptera, Orthoptera and larvae. 

In all habitats (except perhaps under logs), size diversity was 

highest in summel' and lowest in winter (Fig. 4.3). As with changes 

in prey type diversity 1 these differences appear to arise la1'gely from 

differences in the total numbers of prey captured and the numbers of 

size classes represented (both of which were higher in summer), 

rather than from differences in evenness (Appendix 6). 

Comparisons between the enclosures (Appendix 6) show that 

there was statistically significant concordance in Pl'eY size 

distributions in all habitats every month. 

4.3.3. Litter sampling 

A total of 48330 invertebrate prey items was collected from litter 

samples. Jn contrast to the results fol" pitfall trapping, the most 

f 
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abundant litter inverteb~ates were usually larvae and Hymenoptera 

(especially Formicoidea); only 3513 Co\lembola were collected, 

representing just 7% of the total litter fauna (Fig. 4.2 and Appendix 

7). Co{eoptera, Arachnida (especially Aranea and Pseudoscorpiones) 

and Hemiptera tended to be well represented throughout the year, 
.. 

but other types of invertebr<ites appeared to be seasonal or were 

represented by low numbers (Fig, 4.2). 

Changes in the diversity of litter invertebrates ;ire shown in 

Fig. 4.5, and the components of dive1·sity in Appendix 7. Figure 4.5 

shows that the diversity of prey types in litter was relatively 

constant throughout the year, particularly for samples taken from 

under Jogs or from Ribbon Gum litte1·. In contrast to the findings 

for pitfal I samples (section 4.3. 2.) 1 the total numbers of individuals 

and the numbers of prey types represented from litter were not mt1ch 

lower in winter than in summer. Low diversity values appezired to be 

associated with low evenness values (Appendix 7): in such samples, 

a single type of prey (e.g. larvae) usually contributed more 

individuals to the sample than all others combined. 

Comparisons of prey abundance distributions between the 
~ 

enclosures show that there was statistically significant concordance in 

all sample tnonths in all habitats (Appendix 7). 

The sizes of prey in litter samples are shown in Fig. 4.4. 

Overall, most prey were less than 7 .5 mm long, with prey in the 

2.5"4.9 mm size class usually predominating (Fig. 4.4). Most of the 

prey less than 5 mm Jong were larvae, Collembola, Formicoidea and 

Arachnida (especially Pseudoscorpiones), but longer prey (:::-7 .5 mm) 

were LJsually Amphipoda, Chilopoda, Diplopoda, Coleoptera and other 

larvae. 

\ 
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The prey size diversity of litter invertebrates was relatively 

consta11t throughout the year in the four habitats from which samples 

were drawn (Fig. 4.5). The number of prey size classes represe11ted 

in winter samples {usually 5-8) was lower than in summer samples 

(usually 6-10), but in contrast to the pit"faJJ trap results, the 

distribution of individL1als in each size class appeared to be more even 

in winter than in Slimmer (Appendix 8). Unusually low values for 

prey size diversity (for example in 11 open habitat" at E4 in February 

1980, Appendix 8d) were associated largely with low evenness va/.ues. 

There were no di'fferences in the prey size distributions in 

similar habitats between the enclosures, and coefficients of 

concordance were statistically highly significant in all sample months 

(Appendix 8). 

4.3.4. Ccisual sampling 

The invertebrate fauna under old, residual bark, logs and rocks 

was prese11t at al I times of the year. No attempt was made to 

quantify seasonal changes in abundance or diversity 1 but little 

difficulty was experienced in finding the invertebrates of these 

habitats at any time. In contrast, the invertebrates or fern fronds 

and leaves alld the creek and its banks appeared to be abundant only 

in spring and summer. Except for some small spiders (Family 

Toxopidae) on the undersides of fronds of the Water Fern, It was 

difficult to find even single specimens of the ir1vertebrates of these 

habitats in winter. The patterns o·f abunda11ce of this latter group of 

invertebrates appeared to be qualitatively similar to the pitfall trap 

findings, whereas the more constant representation of invertebrates 

under old, accumulated bark, Jogs and rocks appeared to be 
-

qualitativefy more simifar to the litter sample findings. 
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4.3.5. Alternative sources of food, and the dispersion of food 

Each species of fruiting plant (Table 4.1) fruited at almost 

exactly the same time in each enclosure, In all years, Rubus 

triphyJILls fruited from early January to early February, R. fruticosus 

from early Febr1.1ary to mid March, and Coprosrna hirtella from mid 

February to late March. Changes in the dispersion patterns ct' some 

invertebrates were co1•related with phenological Changes in the Water 

Ferns and Ribbon Gums. The Water Ferns produced young fronds 

from late September to early December each year, and die back of the 

fronds occLirred between March/ April and June. Some types bf prey 

(e.g. Heteropter'!, Opiliones 1 some Arane'! and some Coleoptera) were 

found only on the growing fronds in l<!te spring 'Ind e<!rly summer, 

bL1t in winter only toxopid spiders lived among the dead fronds. 

Perhaps the most important se'!son<!I change in the dispersion o·f 

invertebrate food W<!S associated with the decortication, or peeling, of 

Ribbon Gum b'lri<. In late winter each year in all enclosures, the 

grey outer layers of overwintered bark loosened and detached from 

the soft, cre'lmy wood underneath, and provided an extensive but 

protected rnicrohabitat for invertebrates, In spring, many types of 

invertebrates use this microhabitat 1 possibly having migrated upwards 

from overwintering haunts in the permanent, bid, accumulated bark at 

the bases of the trees. Some, such as elaterid beetles, some 

cockroaches (Family Blaberidae), Dermaptera and huntsmen spiders 

(Family Sparassidae) are flattened dorso-ventrally and apparently 

specialised for this habitat (Hamilton 1978), Others, such as some 

Heteroptera nymphs, and many species of beetles and spiders appear 

to use the bark space opportunistically and are also found elsewhere. 

In November and December the bark splits and begins to peel (Fig. 

\-. 
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4.6a). As peeling continues through January /March each year, the 

invertebrates that lived under the barl< migrate to the old, 

accumulated bark at the bases of the trees, or ro the ground. Large 

numbers of invertebrates were captured on sticky strips at this time 

(Fig. 4.6b). In Februa1'y and March, relatively large m1mbers of 

earwigs, Weevils and other invertebrates were captured in pitfall 

traps situated under the trees, and the diversities of types a11d siz.es 

of prey at this time were correspondingly high (Fig, 4.6c,d). Very 

few invertebrates were captured on the freshly-peeled trunl<s of 

Ribbon Gum$ (Fig. 4.6b), but some appear to overwinter in the 

accumulated bark at the bases of the trees (section 4.3.4.). 

4.4 DISCUSSION 

At the beginning of this chapter it was suggested that food was 

an important limiting resource for Antechinus. To investigate this 

suggestion, invertebrates were sampled in each of the enclosures over 

a period of 3\ years. In general 1 pitfall-trapped invertebrates 

peaked in abundance and diversity in summer and declined in winter, 

whereas sessile invertebrates 1 buried in the forest litter, were 

relatively constant throughout the year. Seasonal fluctuations in the 

abundance of pitfall fauna have been demonstrated by other authors 

(e.g. Neumann 1978, 1979), but the constancy of the litter fauna was 

somewhat surprising, Leonard (1976) stated that litter invertebrates 

peak in winter and decline in summer, but he presented no data to 

support this assertion. Conversely, in a detailed analysis of the 

litter and soil fauna· of rainforest and tall open-forest in Queenslahd
1 

Plowman (1979) found that peak invertebrate abundances occur1'ed in 

summer. In view of the conflicting findings of the present study 
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with others, the reliability of the present data base will be briefly 

assessed before further conclusions are drawn. 

The major problem in the present study was that systematic 

sampling for invertebrates was conducted on a small scale. Only five 

pitfall traps were operated in each enclosure each month, and only 

four litter samples were taken from each enclosure every' three 

months. Unfortunately, it was not possible to increase the numbers 

of samples collected or to sample in other parts of the enclosures; 

over 120 000 invertebrates were collected using a "small scale" 

sampling programme, and the counting and identification of these 

specimens alone was an extremely laborious tasl~ for this investigator 

and numerous "volunteers11 • However, in view of the very high 

degree of concordance in the type, size and abundance distributions 

of prey sampled from similar habitats between the enclosures, it seems 

faun al representation / and hence increase confidence in the results. 

A second problem in determining the prey available to free"iiving 

predators, particularly insectivores, is that the prey Ii.Ve in a very 

wide range of microhabitats. Although an attempt was made to 

systematically or casually rec:ord some of these prey, many were 

probably overlooked. (One such example was a transient influx of 

jewel beetles (Family Buprestidae) on spring-flowering wattles that 

was noticed only in the final year of the study). Howeve1·, failure to 

census transient prey items and other local or ephemeral sources of 
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food, suci1 as carrion, and nectar and mann<i from Eucalyptus (Smith 

1980), may not be very important, since they probably contribute 

little to overall trends in food abundance. It seems reasonable to 

conclude that the sampling methods used in the present study 

provided at least an index of invertebrate prey, and hence that 

trends in the levels of food abundance are reliable. 

Freely-moving invertebrates, sampled casually and by sticky 

strips and pitfall traps, were abundant and diverse in summer, but 

not in winter (see also Braithwaite 1979). In contrast, sessile 

invertebrates, which were sampled most effectively by sifting forest 

litter and by looking under logs, rocks and tree bark, were 

represented quite const;mtly at all times of the year, with only slight 

drops in abundance and diversity in wi.nter. Antechinus stuartii 

appears to be better adapted than A. swainsonii fat' finding and 

catching freely-moving invertebrates (e.g. Dermaptera, some 

Coleoptera 1 Diptera), and such prey are well represented in its diet 

(sections 2.5.4.3 and 3.4.3.3). In contrast, A. swainsonii appears to 

be better adapted to digging out the sessile invertebrates in forest 

litter (e.g. larvae, Diplopoda), and these prey are frequently 

represented in its diet (section 2.5.6.3). Given these findings, it is 

reasonable to expect that A. stuartii (but not A. swainsonii) 'faces 

considerable seasonal fluctuations in the abundance, type and size 

diversity of its food. Further, in view of the ve1'y low numbers of 

freely-moving invertebrates in winter, and the lack of possible 

alternative food sources at this time (for example manna (Smith 1980), 

and fruits (section 4.3.5) it is l'easonable to suggest that A. stuartii 

may be food limited in winter. 
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Antechinus stuar@ does not, of course, have an immutable 

preference for freely-moving invertebrates, and it is usually 

considered to be an opportunistic predator (section 2.6, Hall 1980b). 

This is not surprising; in an environment where food resources 

fluctuate seasonally, dietary specialisation may be difficult to achieve, 

and natural selection may instead favour dietary generalism (Fretwell 

1972). It is therefore relevant to inquire whether A. stua1°tii faces a 

real shortage of food in winter, or whetl1er it is able to take 

advantage of the more constant source of food in the forest litter. In 

Chapter 2 this was clearly demonstrated: after A. swainsonii was 

removed, A. stuartii became more terrestrial (Section 2.5.4.1) and its 

dietary intake of typical forest litter invertebrates such as larvae and 

Amphipoda, increased markedly (Section 2.5.4.3). Thus, A. stuartii 

may indeed be food limited in winter, but the shortage is likely to be 

more severe in the presence than in the absence of (2. swainsonii, 

since this species apparently denies its smaller congener access to the 

Jftter fauna. In contrast, A. swainsonii does not appear to be 

food-limited at any time of the year, although juvenile females may 

nevertheless achieve larger body weights in the absence than in the 

presence of A. stuartii (Section 2.5.5. 7). 

These combined findings suggest that food shortage and 

consequent interspecific cotnpetition are most severe in winter. But, 

the winter decline in invertebrate food may have other 1 less obvious 

effects. In the enclosures, A. stuartii usually constructs hests above 

ground in hollows in Ribbon Gum trees. Until about March each 

year, mothers and some o"f their independent young continue to use 

the same nest, and they sometimes forage together as a loose group 

(Dickman 1982b). Group foraging presumably benefits individuals 
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while food 1·esources are relatively abundant and clumped under the 

bark of trees, but by the time all invertebrates have migrated to the 

ground at the end of bark peeling, the advantages of foraging in a 

group would disappear. Thus, with invertebrate food "scattered" on 

the forest floor / foraging returns are presumably higher for lone 

individuals than for individuals in groups (Krebs and Davies 1978, 

but cf. Taylor 1977), and after March, the family 11 hL1nting group" 

breaks up and individuals disperse (Dickman 1982b) .. 

Conceivably, the break-up of the family foraging unit in March 

could subsequently lead to increased interspecific competition. Since 

the foraging area traversed ln a given time by a group of individuals 

(one "large predator") w111 almost certainly be Jess than that 

traversed by a much larger number of independent, solitary 

individuals 1 the frequency of interspedfic contacts aHer March may 

increase markedly. If the frequency of such encounters can be taken 

as a measure of the intensity of competition (see Chapter 3, also 

Terman 1974, 1978), A. stuartii would then be expected to compete 

most strongly with A. swainsonii after March and throughout the 

winter months. Hence, competition for A. stuartii would be 

exacerbated both by dwindling food resources in winter, and by a 

change ill the dispersion of food from clumped to dispersed. 

Com1r1unal nesting and foraging, and subsequent break-ups of 

family groups, evidently occur in populations of A. stuartii that do 

not inhabit Ribbon Gum forest (Braithwaite 1973, 1979, D.H. King, 

personal communication). However, bark peeling is a common 

phenomenon in many other species of Eucalyptus (e.g. Gill 1980, E.W. 

Pook, personal communication). It would be of great interest to 

investigate seasonality in the bark fauna of these species using 
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specialist emergence traps (Glen 197,6), and to compare this with 

demographic and social events in Antechim1s. The bark fauna of 

some eucalypts which do not shed their bark (e.g. E_. andrewsii) are 

relatively constant throughout the year (Lawrie 1974). Conceivably, 

in forests where all or most of the trees do not shed their bark, 

demographic and social events in Antechinus are less attuned to 'shifts 

in the dispersal of food, <ind interspecific competition for this 

resource is less intense. 

4.5 SUMMARY 

An investigation has been made of the invertebrate fauna of the 

enclosures used in the Antechinus manipulation experiments. Once a 

month in each enclosure, invertebrates were sampled in five habitat 

types by sticky strip trapping and pitfall trapping, and by looking 

under rocks, Jogs, tree bark and fern fronds. Every three months, 

·further sampling was conducted in four habitat types by sifting forest 

soi I and litter. 

The invertebrates sampled by the pitfall and sticky strip 

trapping peaked in abundance in summer (December to February) and 

declined in winter (June to August). Whereas the sticky strips 

captured mostly flying insects, the pitfall traps captured a wide 

range of freely-moving, largely terrestrial invertebrates. Forty-six 

types of invertebrates were obtained during pitfall sampling over 3lz 

years, but, of the 72,036 individuals captured, 30% were Collembola. 

Amphipoda and larvae were consistently represented in the pitfall 

traps throughout the year, but Arachnida, Dermaptera 1 Hymenoptera, 

Diptera, Hemiptera and Coleoptera peaked in abundance in spring and 

summer. In all months, invertebrates less than 2.5 mm long were 
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most numerous, and relatively few invertebrates exceeded 7.5 mm. 

The diversity of types and sizes of these prey fluctuated between 

peaks in summer and troughs in winter. The prey type and prey 

size distributions were very similar in alt habitats between the 

enclosures. 

The invertebrates sampled by si1'1.1ng the forest soil and litter 

were relatively constant in abundance throughout the year. Forty 

types of invertebrates were recognised (four Orders of winged 

insects, phasmids and turbellaria (flatworms) were absent) and, of 

the 48,330 individuals captured, the most abundant were larvae and 

ants. Coleoptera 1 Arachnida and Hemiptera were well represented 

throughout the year; other invertebrates were less abundant. 

Although most litter invertebrates were less than 7.5 mm long, most 

fell into the 2.5-4.9 mm size class. 'The diversities of types and 

sizes of these prey differed little between the enclosures, and were 

only slightly less in winter than in summer. 

Since A. stuartii mostly exploits freely-moving prey, it was 

suggested that this species may face a shortage of food inwinter, and 

also competition from A. swainsonii in gaining access to the more 

constant source of food in the forest litter. A breal<-up in Lhe social 

structure of the A. stuartii population in March coincides with the 

dispersal of invertebrates from under the bark of Ribbon Gum trees 

to the forest floor. After March, and through the winter months, 

individual A. stuartii probably forage alone on this scattered food; 

this may increase interspecific encounters, and hence exacerbate 

interspecific competition. 

Taken together, these findings suggest strongly that food may 

be the resource fol' which A. stL1artii and A. swainsonii compete. A 

critical test of this suggestion is presented in the next chapter. 

'.i 

\ 
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Table 4.1. Phenofogical Dbservations of plant species that may provide food 
(fruits) for Antechinus, or influence the dispersion of invertebrate food, 

Plant species Observation* No. of marl<ed individuals 
enclosure 

C1 E1 E2 E3 E4 

Eucalyetus viminalis Decorticating? 12 6 6 6 6 

Blechnum nudum Frond growth? (Spring) 8 8 8 8 8 

Frond death? (Autumn) 8 8 8 8 8 

Coerosma hirtel~ Fruiting? 5 5 5 5 5 

Rub us fruticosus Fruiting? 4 6 4 4 5 

Rubus triehyllus Fruiting? 3 3 4 4 3 

* scored as yes or no for each marked plant each month. 

per 

\. 
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Table 4.2 Comparison of abundance distributions of sticlw-trapped invertebrates 

between a) all enclosures and b) hanging and tree-bark strips in one enclosL1re. 

a) 

1978 and 1979 1980 and 1981 

Sticky strip w x.2 p w x2·· p 
(d. f.) (d .f.) 

Hanging 0.86 64.4(15) <0. 001 0.90 79.6(22) <0.001 
on rough bar!< 0.83 62.5(15) <0.001 0.85 75.0(22) <0.001 
On smooth bark 0.70 52.5(15) <O. 001 0.72 63.7(22) <0.001 

b) 
x.2 x2 Enclosure w p w p 
(d. f.) (d.f.) 

C1 0.84 37.6(15) <O. 01 
E1 0.81 36.4(15) <0.01 0.78 51.2(22) <0.001 
E2 0.82 37. 1 (15) <0.01 0.86 56.4(22) <0.001 
E3 0.78 35.2(15) <0.01 0.77 50.6(22) <0.001 
E4 0.85 <0.001 0.85 <0.001 38.4(15) 55.9(22) 

I 
-~ 



Fig, 4.1 Invertebrate abLtndance on sticky strips. In (a)-(f), solid 

circles represent the nllmbers of invertebrates captllred in C1. In 

(a) / (c) and (e), open inverted triangles represent the numbers 

captllred in E1, and open upright triangles represent the numbers 

captured in E2. In (b), (d) and (f), open inverted triangles 

represent the numbers of invertebrates captured in E3, and cpen 

upright triangles the numbers captllred in E4. 
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Fig. 4.2 The types of prey in pitfall trap and litter samples.~ In the 

months illustrated, all prey sampled in pitfall traps were combined, as 

were all prey sampled in the Jitter. To allow comparison of the 

graphs, the abundance of each prey type each month hos been 

expressed as a proportion of the most abundant type. Proportions of 

0.02 or Jess are shown by a sti'\r. 
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Fig. 4.3 The type and size diversity of prey in pitfall trap samples. 

Solid circles represent average diversity values for pitfall samples 

from all the enclosures combined, while the bar through the ci1·cle 

represents the range in diversity for the individual pitfall samples. 

(Detailed data are given in Appendices 5 and 6). 
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Fig. 4.4 The sizes of prey in pitfall trap anc< litter samples.A In the 

months illustrated, ·all prey sampled in pitfall traps were combined, as 

were all prey sampled in the lltter. To allow comparison of the 

graphs, the abundance .of each prey size class each month has been 

expressed as a proportion of the most abundant size class . 
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Fig. 4.5 The type and size diversity o-F prey in litter samples. Solid 

circles represent average dive1·sity values for Jitter samples from alt 

the enclosures combined, while the bar through the circle represents 

the range in diversity For the individual litter samples. (Detailed 

data are given in Appendices 7 and 8). 
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Fig. 4. 6 Changes in the invertebrate prey associated with bark 

peeling in Ribbon Gum trees. 

(a) Percentage of trees peeling. 

(b) The solid line represents the numbers of invertebrate prey 

captured on a sticky strip wound a1·ound the rough bark at 

the base of a Ribbon Gum tree; the dotted line represents 

the numbers captured on a stlcl<y strip wound around the 

smooth bark higher up (3m) on the same tree. 

(c) Diversity of types of prey captured in pitfall traps at the 

base of a Ribbon Gum tree. Solid triangles represent the 

total prey diversity, open triangles the diversity with 

Col lembola omitted. 

(d) Diversity of size classes of prey captured in pitfall traps at 

the base of a Ribbon Gum tree. Solid triangles represent 

the total prey diversity, open triangles the diversity with 

Collembola omitted. 
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CHAPTER 5 

FOOD: THE SCARCE RESOURCE? 

5.1 INTRODUCTION 

194. 

In Chapter 4 it was shown that invertebrates in the forest litter 

remain relatively constant in abundance and diversity throughoL1t the 

year, whereas invertebrates that me.Ne freely on the surface of the 

litter and in the trees decline mar\,edly in winter. Antec_hinus 

stuartii feeds klrgely on freely moving invertebrates, and hence is 

lil,ely to face a seasonal shortage of food. Why doesn't A. stuartii 

simply broaden its diet and forage in the forest litter? In Chapters 2 

and 3 it was suggested that this species is denied access to the 

relatively abundant litter fauna by ~· swainsonii. If A. swainsoJl!l is 

removed, not only does A. stuartii become les~ arbor·eal, but its diet 

shifts to include more typically terrestrial forest litter fauna such as 

Amphipoda and larvae. 
' 

These findings sL1ggest the hypothesis that the two species of 

Antechinus compete for food, and further that the. effects of such 

competition are greater on A. stuartii than on A. swainsonii. To test 

this hypothesis, it was desirable to provide supplernentary food to 

populations of A. stuartii, but not to those of A. swainsonii. If food 

was not, after all, a scarce resource (the null hypothesis), 

supplementary food would be expected to have no effect on A . 
. 

stuartii. If 1 on the other hand, food was the scarce resource for 

which competition occurred, supplernentary food would be expected to 

alleviate competition and cause shifts in the population parameters and 

patterns of resource use o'f A· stuartii that were sirnilar to those. 

produced when A. swainsonii was removed (sections 2.5.3 and 2.5.4). 
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This chapter describes an experimental attempt to test th"' 

hypothesis that there is competition for food by providing 

supplementary food only to populations of A. stuartii. Although, as 

in previous chaptet's it was considered desirable to conduct 

experiments on enclosed or semi-enclosed popLilations, further 

enclosures could not be found. It was therefore necessary to conduct 

experiments in similar-sized areas of similar habitat, and to compare 

population parameters and patterns of resource use between these. 

Except for food, time (periodicity of activity) and overlaps in home 

ranges, the resources and population parameters considered in the 

present chapter are the same as those considered in Chapter 2. 

5.2 EXPERIMENTAL DESIGN 

Simple experiments designed to investigate the e"ffects of 

supplementary food on populations of A. stuartii are shown in Fig. 

5.1. Each of the rectangles (EXPT. 1 1 EXPT. 2 and CONTROL) 

represents a study area containing a population of A. stuartii. (Note 

that A. swainsonil is also present, although it is extraneous to the 

simple design described here, for reasons that become apparent 

below). In the first step, conducted between September and 

December 1980, populations were trapped to ensure that each 

contained similar numbers of breeding females and their young. In 

the second step, conducted between January and May 1981, food was 

added monthly to A. stuartii populations in two study areas ( EXPT. 1 

or E1, and EXPT. 2 or E2) but not to those in the third, control 

study area (C1). If populations of A. stuartii in E1 and E2 exhibited 

an expansive shift in population parameters or patterns of resource 

use, but those in C1 did not, it would be reasonable to infer that the 

added food has produced this effect. In the third step, conducted 
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between June and November 1981, this inference would be critically 

tested. Supplemehtary feeding would be discontinued in E1, and a 

reciprocal shift in population parameters or patterns of resou1·ce Ltse 

would confirm that shifts in A. stuartii populations were due to 

manipulations of their food supply. 

This desi!iln is analogous to that presented in section 2.2; but 

differs ih that ·falsification of the null hypothesis may imply 

acceptance of not one alternative hypothesis 1 but two. The first 

hypothesis is obviously that supplementary feeding has effects on 
• 

populations of A. stuartii. The second hypothesis is. that 

supplementary feeding 1·educes competition with A. swainsonii. This 

hypothesis cannot be derived from the design. of Fig. 5.1 alone, but 

it follows logically from the findings of Chapter 2. That is, if 

exp;:msive shifts in the population' parameters .and patterns of 

resource use of A. stuartii are caused ~ by the 'reduction of 

competition, ahd the same or similar effects are produced by adding 
l 

food, the added food must perforce also serve to 'reduce competition, 

If the provision of a scarce ri=source such as food (Chapter 4) 

alleviates competition, it is reasonable to conclude further that this is 

at least one resource for which competition occurs. In this design, it 

is essential that the numbers of A. swainsonii are not manipulated, 

because it would be impossible to separate the responses of A. 

stuartii to this action from their responses to the supplementary food. 

I 
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5.3 STUDY AREAS 1 

The study areas used in the supplementary feeding experiments 

occur in localities that had been used previously in source area 

trapping (section 2.4.1. 3). These areas are similar floristically to 

the enclosures described earlier, but the forest structure and 

understorey vegetation surroL1nding the creeks are generally· more 

open. From ·earlier t1·apping in 1978 and 1979, it w<1s known that 

populations o·f both species of Antechinus occurred mostly along the 

creeks in these areas. In contrast to the study areas used in the 

previous experiments (chapters 2 and 3) however, the present study 

areas were not enclosed, as there were movements into and out of the 

areas. In addition, densities of the two species in the study areas 

were relatively low. These areas were among those raided in 1979 

(section 2.5.S) and it is possible that the m1mbers of A. swainsonii, 

in particular, were still recovering when the programme of 

supplementary feeding began. 

The study areas are each 3. 06 ha, and are 850-925 m above sea 

level. The nearest weather stations are those at Lees and Blundel I 

Creeks; . hence rainfall and temperature regimes may be expected to 

be very similar to those of the enclosures described in Cf1apter 2, 

1Although have designated othe study areas used in the 
supplementary feeding experiments C1, E1 and E2, it shm:'d be 
remembered that these are not the same as the enclosures that were 
so designated in earlier chapters. I have used the same terminology 
only for methodological consistency. 
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5,4 METHODS 

5.4.1 Provision of supplementary food 

Because of the practical difficulties O"f manipulating the 

abundance of invertebrate prey for A. stuartii, a more readily 

acceptable form of food had to be found. A simple alternative was 

the mixture that was used to bait traps throughout this study,·· since 

this wa/s eaten by both species of Antechinus with no evident adverse 

effects. Unfortunately, although the bait contains protein, sugars, 

carboh)tdrates and fat (in the peanut butter), it was not known 

whether the proportions of these components in the mixture were in 

any way representative o·f their occurrence in the natural diet. Nor 

was it known whether A. stuartfi was likely to face a shortage of any 

one component, such as protein 1 above the others. 

To remedy these problems, a dried / proprietary cat food 

(Harper's Cat Chow) containing added minerals and vitamins was 

crumbled up and added to the bait mixture. This had two further 

advantages. It was readily eaten by Antechinus in captivity 

(personal observations), and, unless moistened, it did not go mouldy 

for up to five weeks.. Approximate proportions (by Weight) of the 

mixtu1·e were: oats, 20 parts; honey, 4 parts; peanut butter, 2-212 

partsj cat chow, 12-1 part. 

The natural diet of A. stuartii is comprised largely of 

invertebrates, but also includes plant remains (sections 2.5.4.3 and 

3.4.3.3, Statham 1982a) and possibly nectar (Recher 1981 ). Thus, 

although the composition and characteristics of bait differ markedly 

from invertebrate ·food, the ability of A. stuartii to rnake 

opportunistic use of plants and plant derivatives suggested that the 

bait may be an acceptable dietary supplement. 
i 



l' 

I 

199. 

How much supplementary food should be provided? Because the 

precise energy content of bait and the particular dietary requirements 

of A. stuartii were unknown, this question was difficult to answer. 

However, the energy contents of the bait constituents are known: 

Honey contains 13.0 kJ g-\ oats 18.5 kJ g-\ peanut butter 24.9 kJ 

g -\ and cat chow 13. 8 kJ g -1 , so that 1 g of bait mixture contains 

18.1 kJ. Statham (1982a), citing unpublished work by I. Hurne, 

stated that the daily net energy requirement for maintenance, growth 

and some activity of a 35g A. stuartii was 84 kJ, or the equivalent of 

4.64g of bait. The digestible energy available in bait is unknown. 

If, however, a rather conservative guess of 50% digestibility is made, 

and it is remembered that in the present study A. stuartii averaged 

body weights of 20-25g, the provision of 6g of bait was probably 

sufficient to satisfy the daily energy requirements of the average 

individual. 

In the laboratory, it is easy to ensure that 6g of food is 

available to each individual, but in the field such certain knowledge 

is difficult to obtain. The numbers and whereabouts of A. stuartii 

individuals eating supplementary food are seldom precisely known, 

and information on spoilage and theft by other species is almost 

completely Jacking. In an attempt to address sLlch problems, bait was 

provided in the field in clean, dry, waterproo·f 1 litre cardboard 

cartons. (These were generously donated by the Bega Milk Co-op, 

Canberra, A.C.T.). Bait was placed at the bottom of each carton, 

furthest from the entrance hole (3 cm diameter) at the top of the 

carton. To reduce the chances of visJtations by the more terrestrial 

A. swainsonii and B.· fuscipes, cartons were tied with wire about 2m 

above ground on the trunks or limbs of trees, with the entrance 
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pointing slightly downwards to prevent entry of rain. Double sided 

sticl<y tape W<J& placed around the entrances to the cartons, and loose 

hairs were later removed from the tapes to checl< the identities of 

mammalian species using the bait. 

Thirty-two cartons were set out randomly in trees in each of the 

three study areas, but b<!it was provided only in those in E1 '"(until 

May 1981) and in E2. (The empty cartons in C1 were set 0ut as 

controls, so that the only difference in treatments between the study 

areas was the provision of bait). Once a month, one day after grid 

trapping had finished in E1 and E2, bait was replenished and sticl<y 

tapes were changed. The minimum quantity of food (g1·ams) provided 

each month was calculated by multiplying 6x the MNA for that month 

for that study area x 30 days.. These quantities were then divided 

by 32 and the resultant weights of food were provided in each 

carton. Additional food was provided in February (10%), April (30%), 

May (20%) and June (10%) to offset losses o·f food to other species. 

Evidence that A. stuartii actually ate the supplementary food was 

obtained in February and April "1981. In these months, one to four 

days after supplementary food had been replenished, unbaited traps 

were set at night in sites where expected A. stuartii to be 

captured. These were cleared the following morning, and the faecal 

material of captured individuals was examined for traces of the soft, 

yellaw bait. such traces were found in individuals captured in both 

study areas in February (two out of five individuals captured) and in 

April (two out of nine individuals captured), showing that at least 

some animals had eaten the supplementary food. 

. . 
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5.4.2. Methods for assessment of population parameters and 

patterns of resource use. 

Live trapping with Elliott type B folding metal traps was used to 

assess the effects of supplementary feeding on population parameters 

and use of terrestrial habitat by A. stuartii. In each study area, 

trap stations were located on a rectangular - shaped grid comp.rising 

four lines of 35 traps. Trap stations were 20m apart (± 3m) on the 

long axes and 15m apart (± 2m) on the short axes of the rectangle. 

Traps were set and baited as described in section 2,4.1, and left in 

position for three consecutive days each month. In view of the heavy 

trapping programme that was still in progress in the enclosL1res 

(Chapter 3), I was unable to clear traps more than once daily. No 

line traps were set. Animals were weighed only at the time of first 
I 

capture in any month, and no scat material was collected. Animal 

handling procedures were otherwise the same as those described in 

section 2. 4. 2. 

To assess the arboreal activity of A. stuartii, 25 hair sampling 

tubes were attached to tree trunks or branches 2!z-4m above ground 

in each of the three study areas. None was placed at ground level. 

Sticky tape was replaced at the end of each monthly trapping session, 

and hairs were identified to species. 

Analysis, interpretation and treatment of data were conducted as 

before (sections 2.4.4., 2.4.5. and 2.4.6. ). The following planned 

comparison~, again stated as null hypotheses, are derived from Fig. 

5.1: 



January-May 1981 

June-November 1981 

A. stuartii 

H0 : µC1 = µ (E1 and E2) 

H 
0

: µ ( C1 and E1) = µ E2 

where µ is the parameter mean of the population. 
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No null hypothesis is necessary for the period September-December 

1980. During this pe1'iod, trapping was conducted only to ensure 

that the three study areas contained similar numbers of A. stuartii. 

5.5 RESULTS 

Between September and December 1980, four parous female A. 

stuartii were known to be alive in each of the study areas. lhe 

numbers of pouch young carried by these females were counted (but 

not sexed) in October '1980. In C1 there were 36 young (10, 10, S 

and S), in E1 34 (10, 9, 9 and 6) and in E2 36 (10, 10, 10 and 6), 

Although no estimates of other population parameters or patterns of 

resource use were made, these findings suggested that population 

levels between the study areas were similar. Only the results of food 

supplementation (January-November 1981) are considered below. 

5.5.1 Effects of supplementary feeding on population 

parameters and patterns of resource use of A. stuartii 

5.5.1.1 Population numbers and composition 

In all three study areas, numbers were relatively low in 

January, as juveni'les were not readily trapped, and between 

September and November, when only parous 'fem;;iles were present 

(Fig. 5.2, top; Fig. 5.3). Numbers were highest between March 
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and May and also in August (Fig. 5.2, top). Between January and 

April females comprised 63-88% cif the populations in each study area, 

but as the time of mating approached in August, males became 

relatively more abundant (Fig. 5. 3). 

Comparisons between enclosures showed that the population in E2 

was larger than that in C1 in every month except January. Except 

in this month and from September to November when sample sizes 

were small, the population ln E2 was never less than 21% larger than 

that in C1; in July it was 71% larger. The populations in E1 and E2 

were similar until May, when supplementary feeding in E1 was 

discontinued. By June, the population ill E1 had declined 48% from 

its May level, whereas those in C1 and E2 changed by only -6% ( C1) 

and +5% (E2) over the same period (Fig. 5.2, top). Between June 

and November, the population numbers in C1 and E'I were similar. 

Despite the above trends,· no statistically significant differences 

in overall populations sizes, o< of the numbers of males and females, 

were found between the study areas. Taking as an example the 16 

individuals known to be alive in Cl in February and May 1 it is 

relevant to point out that populations in El and E2 would each have 

to have increased 94% (to 31 individuals) to have been different from 

C1 at the 5% level of statistical significance. Since only 34 and 36 

pouch young were counted respectively in E1 and E2 the previous 

October, such increases would require exceptionally high survival 

(86-91%) of the young. 

5.5.1.2 survival 

Minimum monthly survival of A. stuartii in the tht·ee study areas 

fluctuated seasonally (Fig. 5. 2, middle), but was lowest in August 
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due to male die-off (Table 5.1). Fluctuations in survival in C1 and 

E1 between September and November were associated with small sample 

sizes of females (Table 5.2). 

Comparisons between study areas showed that survival was 

generally greater in E2 than in C1. Survival in E1 was also greater 

than in C1 unti I April. In May, however, survival in E'i fell 

dramatically, and thereafter was generally less than in E2 (Fig. 5. 2, 

middle). Except in August and When sample sizes were small, the 

stirvival rates of males and females were generally similar (Tables 5.1 

and 5 .. 2). Statistically significant differences in survival were 

recorded in two months: In April survival in El and E2 combined 

was greater than in C1 (G(ld,f.) = 3.98, P < 0.05), and in May 

survival in E1 was less than irl C1 and E2 (G(
2
d.f.) = 9.36, P < 

0.01). Poor survival oI females in E1 contributed most to the latter 

result (for females G . - 7. 72, (2d. f.) - p < 0.05); there was no 

statistically significant difference in the survival o'i"4..i,ales between the 

study areas .. 

Of the pouch young known to be alive in October 1980
1 

56% 

(20/36) in C1, 74% (25/34) in El 1 and 65% (22/34) in E2 were 

captured as independent juveniles between January and April of the 

following year. There were no differences in the survival of these 

young b)"tween the study areas ( G ( 2d. f.) = 2. 49, n. s.). 

5.5.1.3 Trappability 

Except for the months September to November, when populations 

were comprised solely of paroPs females, trappability was never less 

than 80% (Fig. 5. 2, bottom). There were no statistically significant 

differences in the trappability of males and females prior to 



205. 

September, and no differences in trappability between the study areas 

at any time. 

5.5.1.4 Reproduction 

Because trapping was conducted for only three days a month, 

precise information on the timing of reproductive events was not 

obtained. Nevertheless, all males disappea1·ed between the final day 

of trapping in August (29th) and the ·first day of trapping in 

September (18th). In the three study areas, all ·females gave birth 

between 20 September and 17 October, and placed young in nests 

between 22 October and 23 November. From measurements of the 

crown-rump lengths of the pouch yoc.1ng in October, all births were 

estimated to have occurred between 20 September and 3 October 

(unpublished findings). These findings suggested that reproductive 

events in these study areas occurred synchronously, and also at the 

same time as equivalent events in the enclosures (see sections 2.5.3.4 

and 3.4.2.4). Hence there was no evidence that supplementary food 

influenced the timing of breeding of A. stuartii. 

5.5.1.5 Movements 

In C1 and E1, movements of male A. stuartii generally increased 

from January to August (Fig. 5.4, top). ln contrast, movements of 

females of the 1980 year class and males in E2 were relatively 

constant throughout the year (Fig. 5.4). Comparisons of movements 

between the study areas are summarised in Table 5.3 and show that: 

1. Between January and March, Av.D. values of males and 

"females were remarkably similar in all study areas. 

Variances were also very similar, and no statistically 

significant differences in movements were found. 

I 
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z. In April and May, Av. D. values for males and females 

combined were larger in C1 than in El and E2. 

3. Between June and August, after supplementary feeding was 

discontinued in E1, movements were greater in this study 

area and in C1 than in E2. This difference was more 

evident in females than in males. 

4. Between September and November, movements of females 

were the same in the three stL1dy areas. 

The findings provided some evidence that supplementary food 

reduced the movements of A. stuartii. Reduction was greatest during 

the winter months and was most evident in females. 

5.5.1.6 Home range 

Home ranges were calculated for three groups o·f months only; 

hence detailed seasonal trends in home range size are difficult to 

find. Nevertheless, between January and May, home ranges of males 

and females <1 yr and >1 yr old were generally compat'able, but 

between June and August, as the time of mating approached, the 

home ranges of males were consistently larger than those of females 

(Table 5.4). There was no evidence that home range sizes in the 

control or experimental study areas differed at any time (Table 5.4). 

5.5.1.7 Body size 

Body weight: Mean body weights of male A. stuartii increased 

from January to August (Fig. 5.5a). Mean body weights of females 

cf the 1980 year class increased from January to March, r.emained 

relatively constant until August, and increased to a peak in October 

when they carried young in their pouches (Fig. 5.5b). Sample sizes 

I 
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of females 9f the 1979 ye;;ir class were small, but their mean body 

weights generally declined from January until June before increasing 

again to a peak in September (Fig. 5.Sc). What were the effects of 

providing supplement3ry food to A. stuartii? 

Males. There were no statistically significant differences in the 

body weights of males before June. However, males were heavier in 

E2 than in C1 and E1 combined in June (Fp = 15.68, P < 0.001) and 

in August (Fp = 4.45, P < 0,05). 

Females. The body weights of females <1 yr old (1980 year 

class) were greater in E1 and E2 than in C1 in March (F .: 7.82, P < 
p 

0.01) and in May (Fp = 8.86 1 P < 0.01). However, after 

supplementary feeding was discontinued in E1 in May, body weights 

were less in this study area and in Ci than in E2 in July CF p = 
22.621 P < 0.001) and in August (F p = 6,73, P < 0.05). Differenc("~ 

in the body weights of ·females <1 yr and also >1 yr old \\i:ti'i> 

observed in other months (Fig. 5.5 b and c) but sample sizes were 

too small to make statistical comparisons. 

Head-body length: The mean head-body lengths of males and 

females of the 1980 year class increased from January to August, with 

no prolonged lulls in growth (Fig. 5.6a and b). 

The effects of providing supplementary food are summarised as 

follows: 

Males. There were no statistically significant planned 

differences in the mean head-body lengths of males between the study 

areas in any month, However 1 an over al I difference was found among 

means in July (f
0 

= 9.22, P < 0.01), and~ posteriori testing showed 

that the mean for E1 was greater than that for C1 (SNK test, q = 

5 • 93 f p ( 0, 01). 
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females. Between January and May there were no planned 

differences in the mean head-body lengths of females between tfcie 

study areas. However mean head-body lengths in E2 were larger 

than in C1 and E1 in June (F p = 15.92, p < 0.01) and in August (F p 

"6.55, p < 0.05). 

These findings show that, in some months, A. stuartii was 

heavier and longer When provided with supplementary food. These 

differences tended to be greatest in the winter months. 

5. 5. 1. 8 Arboreal habitat 

Antechinus stuart1i visited arboreal hair sampling tubes in all 

months in all study areas (Fig. 5, 7). Arboreal activity was generally 

greatest between January and August, when males and females were 

present, and !east between September an,:J November when females 

alone were present. 

The provision of supplementary food appe<'!red to have some 

effect on the arboreal activity of A. stLrartii, but there were no 

sta.tistically significant monthly differences in the numbers of hair 

tubes that were ·visited. (A difference was found in October 

(G(2d.f.) = 6.95, P < 0.05), but this was associated with small 

sample sizes). There were, however, some interesting trends (Fig. 

5. 7). Between January and August the numbers of hair sampling 

tubes visited each· month in E2 were eqqal to or greater than the 

numbers visited in both C1 and E1; betv een January and May the 

difference was significant (G(1d.f.) " 4.05, P < 0.05). When 

supplementary feeding was discontinued in E1 in May, the arboreal 

activity of A. stuartii in this study area fell by 47% over the next 
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two months (Fig. 5. 7). · I 11 July, the reduced arboreol activity was 

almost, but not quite, significantly loss than in E2 (G(
1
d.f.) :: 3,52, 

P < O.}, > 0.05). The numbers of hnir sampling tubiis visited in E1 

increased sharply between July and August, possibly due to inct•eoscd 

activity of males before mating. These findings show that fl· stuartii 

was generally more arboreal when provided witl1 supplementary food, 

and that arboreal activity decli'ned .(not quite significantly) when 

supplementary feeding was disc~ntinued . . . . 

5.5.1. 9 Tet·rostrial habitat (structurul habitat complexity} 

Although a few captures of 8, .. stuartii occurred in open ;:md in 

very complex habitat, most occurred at sites offering moderate cover 

(!able ·s,5). Unlike the enclosl.1res, the proportional representation 

of sites of different S. H. C. differed between tl1e study araas 

(G( 2Sd.f.) = 43.16, P < 0.05). Tl1is was because,·in E1, the grid 

encompassed relatively more open habitat than in either of the other 

two study areas. However, many traps that were set in open habitat 

falied to capture Antechinus. \\1!1en such unsuccessful trap sites were 

omitted from consideration, no difference was found in the proportions . . 
of sltes of different S.H.c. (G( 2Sd.f.) " 34.29, P n.s.); . hence it 

was also possible to directly compare the freqwmcies of captures of 

fl. stuartii between t~e study areas. 

Comparisons between the study areas are shown in TE\ble 5.5, 

and suggest that there was no significant effect of providing 

supplementary food on the terrestrial habitat used py A. stuartii. 

There were, however, two other statistically significant comparisons 

(!able 5.5). Between January and March in each of the study areas, I 
I 
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rmiloo ond females <1 yr old togother tonded to uso more open 11abitat 

than fomolcs ~1 yr old (G(10d.f.) :: 42.42, P < 0.001). Partitioning 

G showed that this effect wns stranger in C'l {G(
1
0d.f.) "' 25.4S 1 P < 

0.01) thim in either 1;1 {G(10d.f.) ,, 18.31, p = 0.05j or E2 

(G(10d.f.) "' 14.53, n.s.). Between June and August, there were 

proportionntely more males than females in C1 than in E1 and E2 

(G(1d.1'.) "'9.12, P < 0.01). 

A nwnmary of the effects of supplementary feeding on fi· stuartii 

is prenentod in Tablo 5.6. 

5.5.2 Tl'le numbors of 8.· ftWainsonij 

Betwoen Janrniry and July, populations of h.· swainsonii 

fluctuated moro or less synchronously in each study nrea, ond were 

comprised of males, females <1 yr old and females >1 yr old. During 

these months, tile maximum number of individu<ils known to be alive 

in C1 was 16 (Februnry) and the minimum was ·10 (Juno). !he 

rnspective maxima and minima in E1 were 12 (February and July) and 

8 (June}, and In Ell 19 (Januoi•y) and 13 (M11y). After July, and 

bnfore juveniles l)ecmne tt'appable in November, popul'1tions in each 

study zirca were compriscid of only 1•3 pregnant or porous females. 

5,6 DISCUSSION 

Food has been implicated os a frn::tor influencing the numbers 

(Bendell' 1959, Smith '1971, Froeland ond Winter '1975), reproduction 

(Symlh 1968, Andrzejewski 1975), survival (Watts 1969), distribution 

(Flowerdew 1976b) and activity patterns (Grodztnskl '1962) of natural 

populations of small mammals, and is probably the ultimate resource I 
\ 
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for which competition occurs {Grant 1978), However, providing 

supplementary food to test hypotheses concerning pop~1lation dynamics 

and competition is seldom a simple undertal~ing, .and in the preser1t 

sWdy, sovernl difficulties were encountered with the practical design 

of the feeding experiments and the interpretation of rosL1its. 

Perhaps tile most aggravating practical problem was theft of tho 

supplementary food by species other than h.· stL1artH, Traces of' hair 

·from Brushtail Possums { Tricllosuru!! vulpecula) and Ringtail Possums 

( Psoudocheirus perer-irinus), Eastern Pygmy-possums ( Cercnrtetus 
. 

namrs), Pygmy Gliders ( Acrabates pvt:tmileus), rluffy Gliders 

( Petaurus australis) and Greater Gliders (Petauroides vol ans), as well 

as from Bush R;;its ( Rattus fusclpes), were found at the food cat'tons 

in both stL1dy ;;ireas where food was provided. A I though no more 

tlMn 16~; of food cartons were visited by tl1ese species in any one 

month, food was also taken by other, less obvious thieves, such as 

ants. 

In addition to theft of tile food itself, some species of mammals 

evidently found the food cartons palatable, ond either chewed pieces 

out of them (allowing t'.ain to enter) or tore them loose from tl1e tree. 

However, such disturbance was infrequent (no more than 9~ of 

cartons were so affected in any stL1dy area in any month), and 

dameoed cartons were replaced mo11thly when food was replenished. 

Overall food losses to theft, spoilage and other disturbances 

wer" difficult to assess, but probably did not exceed 25·30i:; in any 

study area in any month. However, these estimated losses were partly 

Offset by the provision of additional supplementary food in some 

months {section 5.4.1), and should not have sig11ifica1,tly reduced the 

overall amount of supplementat•y food that wus available to A· 
I 
\ 
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stuartii · Usually, 10·25% of' c<1rtons contained some residual food 

when food was replenished each month. 

A further "problem" with the supplementary feeding experiments 

may be mentioned. In ·1ss1, popttlation densities of A. stuartii (and 

A. swainsonii) in the stL1dy areas were some 3·4 times less than when 

trapping began in them in 1978. The decline in density appeared to 

be dL1e not simply to the eurlier removal of animals for the 

manipulation experiments (Chapter 2) or to the unexpected human 

interference (section 2.S.5), but also to the general decline in 

invertebt'ate food that accompanied the drought in 1981 (Ct1upter 4). 

To overcome the problem of low animal densities, the sizes of the 

study areas and the nL1mbers of traps used were increased to the 

maximum that I could handle. Even so, the minimum numbers of 

animals known to be alive were relatively low; consequently 

differences in population parameters and patterns of resource use 

between the study areas !lad to be relatively large to be different at 

tl;e 5% level of significance. 

Notwithstanding these difficulties, it was apparent tliat 

supplementary feeding produced some effects that implied reduction of 

competition, wliereas otl1er effects implied initially that competition 

still occurred. Evidence for reduction of competition was that the 

numbers and survival of A· stuartii increased when provided with 

supplementary food (although differences in nwnbers were not 

statistically significant) 1 and decreased when supplementary feeding 

was discontinued. These effects were the same as those produced by 

the removal of A· swainsonii (sections 2.5.3,1 and 2,5,3.2). Other 

effects of providing supplementary food to A. stuartii were to 

increase body size and arboreal activity, and to decrease movements. 
I 
I 



213. 

These effects were in the opposite direction to those observed when 

A. swainsonii was removed. In addition, supplementary feeding had 

no effect on the home ranges or terrestrial habitat use of A· stuartii / 

whereas manipl1lations o·f the m1mbers of A. swainsonii strongly 

affected these parameters (sections 2.5.3.6 and 2.5.4.2). To what 

extent, then, did supplementary feeding alleviate competition? 

Because the study areas were not isolated / lt is possible that 

increased numbers in the supplemented areas were due to individuals 

moving in from surrounding habitats. However, this is unlikely 

because juvenlle A. stuartii, especially females, tend to remain in or 

near the maternal home range for several months after weaning (Wood 

1970, Dickman et £[. 1983), that is, until mid March or April in the 

present study. Hence, movements of individuals into or out of the 

study areas were unlikely to have been extensive prior to this time, 

and new individuals probably contributed little to the population 

peaks that occurred in the study areas in March and April (Fig. 

5.2). Between May and July 1 more new individuals were captured in 

C1 (nlne) and E1 (eleven) than in E2 (five). Hence, even if some or 

all of these individuals moved. into the study areas from outside, 

clearly the influxes were least in the supplemented areas. Thus it is 

reasonable to conclude that the increases in numbers in the 

supplemented study areas were due not to incoming indivlduals, but 

to the enhanced survival of residents. 

In Chapter 2, the decrease in body weights of A. stuartii after 

A. swainsonii had been removed was attributed to increased 

intraspecific interference competition. Such interference occurred 

mostly after breeding in A. stuartii, when population densities were 
i 
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unusually high· However, since densities in the present study areas 

were relatively low, even in the populations receiving supplementary 

food, strong intraspecific interference was not to be expected. 

Thus, the inc1-ease in body size when provided with SL)pplementary 

food indicated that A. stuartii was indeed food limited, and further, 

that the food alleviated competition with A. swainsonii. 

Although unexpected 1 the increases 1n arboreal activity and 

decreases in movements of A. stuartii when provided with 

supplementary food do not invalidate the argument that competition 

occurs for this resource. Instead, these effects are better explained 

by one further point. This is that placing food in the trees not only 

altered the abundance of this resource 1 but also its dispersion. In 

Chapter 2, it was suggested that the removal of A. swainsonii allowed 

A. stuartii access to an additional source of invertebrate food that 

occurred in the soil and litter layers of the forest. To exploit this 

food 1 A. stuartii inevitably had to forage at ground level, causing its 

ground level movements to increase and its arboreal activity to 

decrease. In contrast, since supplementary food was available only in 

trees in the present experiments, the decrease in ground level 

movements and increase in arboreal activity of A. stuartii in the 

supplemented areas were probably a direct consequence of its 

exploitation of this resource. Although with hindsight supplementary 

food should not have been placed only in trees, when the experiment 

began the difficulties of providing it at ground level and safeguarding 

it from raids by rats, A. swainsonii, ants and lizards appeared to be 

of greatest importance. Thus, although the responses of A. stuartii 

to the supplementary food were different from those that were initially 

expected, the results nevertheless suggest that this species took 
i 



2:15. 

advantage of the food, and so reduced competition with its larger 

congener. 

Closer inspection of the results revealed two trends that support 

this conclusion. First, the effects of providing supplementary food 

were generully most obvious in winter. Differences in the numbers of 

A. stuartii between the supplemented and non-supplemented study 

areas tended to be greatest in winter (Fig. 5.2), and statistically 

significant differences in movements between the study areas occurred 

only between April and August (Table 5.3), In addition, body 

weight differences occurred only after February, and were generally 

mast pronounced between June and August (Fig. 5. 5). Since 

supplementary feeding was most effective in winter when lnterspeci"fic 

competition was probably most intense, this again suggests that food 

is the object of competition. 

The second trend was that jL1venile females responded to the 

provision of supplementary food more strongly than either males or 

parous females. Juvenile female survival declined sha1°ply in E1 when 

supplementary feeding was discontinued there in May, and the 

reduction in female movements ln E2 between June and August was 

more pronounced than the corresponding decrease in the movements of 

males. Supplementary feeding also had more consistent effects on the 

body weights of juvenile females than males, and statistically 

significant planned differences in J1ead-body lengths between the 

stLtdy areas were found only among females. Since juvenile females 

generally responded more strongly than males or parous females to 

the redLrction of interspecific competition (Chapters 2 and 3) / and 

since they also responded most strongly to the provision of 

supplementary food, food is again implicated as the scarce resource 

for which competition occurs. 

i 
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One final point may influence the interpretation of resL1lts in this 

chapter, and this is the possible action of interspecific interference 

competition. Interference effects can occur irrespective of whether 

resources are actL1ally limiting (section 1.1 .1.), so that if A. 

swainsonii "interfered" with A. stL1artii at ground level, provision of 

supplementary food would not be expected to alleviate all the effects 

of competition. Unfortunately, the supplementary feeding experiments 

were not designed to accommodate possible interference effects 1 as I 

did not, at the time, appreciate the possible conseqL1ences of this 

form of competition. (A partial assessment of interference effects 

could have been made by providing A. stuartii with supplementary 

food and then manipulating the numbers of A· swainsonii, but such 

extensive additional experiments were beyond the scope of the 

project). Although interference complicates the issue, it does not 

outweigh the positive evidence that supplementary feeding reduced 

interspecific competition on A. stuartii, and hence does not seriously 

challenge the conclusion that food is an object of competition. The 

subject of interference competition is discussed further in Chapter 6. 

5.7 SUMMARY 

This chapter describes an experimental attempt to test the 

hypothesis that A. stuartii and A. swainsonli compete for food. 

Three study areas were established in September 1980, and trapped 

until December of that year to ensure that each contained similar 

numbers of both species. 

would suffer more than 

Because it was expected that A. stuartii 

A. swainsonii when food was short, 

supplementary food was provided to populations of this species in two 

study areas, but not to the population in the third, control, study 
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area. The supplementary food was a mixture of oats, honey, peanut 

butter and proprietary dried cat chow, placed in cartons in trees so 

that it was available only to A. stuartii. It was reasoned that, if 

food was indeed the resource for which competition occurred, its 

provision would alleviate competition and hence produce shifts in the 

population parameters and patterns of resource use of A. stuartii that 

were similar to those produced by the removal of A. swainsonii 

(Chapter 2). 

Supplementary feeding produced two effects that suggested 

alleviation of competition: an increase in nt1mbers of A. stuartii 

(albeit not a statistically significant increase) and an increase in 

survival. The body weights and body lengths of A. stuartii also 

increased in some months. However, supplementary feeding also 

produced increases in the arboreal activity and decreases in the 

ground level movements of A. stuartii that were opposite to the 

effects produced by the removal of A. swainsonii / and it had no 

effect on home range sizes or terrestrial habitat use. These 

unexpected findings were probably due to the placement of 

supplementary food in trees and perhaps also to interference from A. 

swainsonii; however, they were not considered sufficient to warrant 

rejection of the food competition hypothesis. Two further trends 

supported the hypothesis. First, the effect of providing 

supplementary food was greatest in winter when A. stuartii is most 

likely to suffer competition for food; second, juvenile females, which 

responded more strongly than males or parous females to the removal 

of A. swainsonii, also responded most strongly to the provision of 

supplementary food. 
i 
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The discussion described some of the difficulties of conducting 

supplementary feeding experiments, and concluded with an app1·aisal 

of the problems caused by possible interference competition. This 

subject is considered further in Chapter 6. 
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Table 5.1 Minimum sessional survival (%) of male Antechinus stuartii. 

Sample sizes are shown in brackets. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

C1 E1 E2 

Food added to E1 and E2 

100(2) 100(2) 0(1) 

75(4) 67(3) 83(6) 

60(5) 89(9) 75(8) 

60(5) 88(8) 100(9) 

71(7) 60(10) 89(9) 

Food added to E2, discontinued to E1 

75(8) 

75(8) 

0(12) 

83(6) 

89(9) 

0(11) 

I 

91 ( 11) 

82(11) 

0(14) 
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Table 5.2 Minimum sessional survival (%) of female Antechinus ~artii. 

Sample sizes are shown in brackets. 

C1 E1 E2 

<1 yr >I yr <1 yr >'I yr <1 yr >1 yr 

Food added to E1 and E2 

Jan. 75( 4) 75( 4) 100( 1) 100( 3) 100( 3) ·10oc 4) 

Feb. 78( 9) 100( 3) 100( 5) 67( 3) 100( 8) 75( 4) 

Mar. 91 (11) 33( 3) 87(15) 100( 2) 92(12) 100( 3) 

Apr. 73(11) 50( 2) 92(13) 100( 2) 100(12) 33( 3) 

May 75( 8) 100( 1) 46(13) 50( 2) 92(12) 100( 1) 

Food added to E2, discontinued to E1 

Jun. 83( 6) 100( 1) 83( 6) 100( 1) 100(11) 100( 1) 

Jul. 80( 5) 100( 1) 75( 8) 0( 1) 100(11) 100( 2) 

Aug. 40( 5) 0( 1) 78( 9) -( 0) 58(12) 50( 2) 

Sep. -( 0) 100( 2) -( O) 63( 8) -( 0) 88( 8) 

Oct. -( O) 50( 2) -( 0) 80( 5) -( 0) 100( 7) 

Nov. -( O) 100( 2) -( 0) 75( 4) -( 0) 100( 7) 
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Table 5.3. Movements of Antechinus stuartii. Values are mean 
average distances moved (m) ± standard deviation. sample sizes are 
in brackets. 

C1 E1 E2 Fa F p Conclusion 

Food added to. E1 and E2 
·~ 

35.0±17.4 37.2±17.1 44.6±17.0 0.99 0.86 C1 E1 E2 
(9) (11) (13) 

Jan.- '(<1 yr 33.7±18.8 37.7±21.1 41.4±26.2 0.58 0.89 C1 E1 E2 
March (19) (18) (21) 

'(>1 yr 50.8±20.7 38.1±16.2 44.5±22.3 0.83 1 .20 C1 E1 E2 
(9) (8) (11) 

d'+<;! 38.2±19.8 37.6±18.5 43.1±22. 5 0.89 0.36 C1 E1 E2 
(37) (37} (45) 

52.4±18.8 38.1±20. 9 38.8±18.3 2.0·1 4.00 C1 E1 E2 
(10) (17) (17) 

April- '?<1 yr 46.1±24.0 37.5±21.9 32.8±14.0 1.97 3.31 G1 E1 E2 
May (14) (22) (23) 

'?>1yr 36.7±10.4 41.0±18.5 42. 3±'13. 6 0.13 0.24 C1 E1 E2 .. (3) (4) (4) 
6'+9 47.4±21 .1 38.0±20.8 35.9±15.8 3. 19 * * 6.12 C1 E1 E2 

(27) (43) (44) 

Food added to E2, discontinued to E1 

3.58 ' 63.0±35.7 56.6±26.6 46.6±33.3 2.04 C1 E1 E2 
(29) (24) (34) 

* ** June- I' 45.6±14.6 43.1±18.0 33.7±21.4 3.62 7.03 Cl E1 E2 
Aug. (21) (27) (46) 

** ** d'+<j? 55.1±29.9 49.4±23.2 39.2±27.7 6.06 10.79 C1 E1 E2 
(50) (51) (80) 

Sept. - '? 39.5±13.8 33.7±13.6 35.7±18.7 0.28 0.01 C1 E1 E2 
Nov. (6) (15) (17) 

Fo;· January-May, females <1yr and >1yr old are considered separately; for 
other months they are considered together. 

' 

i 
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Table 5.~. Home ranges o'. ~ntechinus stu?rtii. Values a~e mean minimum 
areas (m ) ±standard dev1at1on. Sample sizes are in brack-ets. · 

C1 E1 E2 F Fp Conclusion 
0 

Food added to E1 and E2 
d 2475±1227 2206±1318 1917±715 0.34 0.46 tl E1 E2 

(5) (7) (6) 

Jan. - '1<1yr 1862±726 2355±1668 2078±1361 0.28 0.36 C1 El E2 . 
May (7) (10) (9) 

11>1 yr 2428±838 1883±870 1890±925 0.35 0.71 C1 E1 E2 
(3) (2) (3) 

o"+~ 2180±922 2250±1426 1993±1063 0.23 0.02 C1 E1 E2 
(15) (19) (18) 

Food added to E2, discontinued to E1 
O' 2511±953 2209±605 3289±1377 1.54 2.89 C1 E1 E2 

(5) (5) \6) 
June- 9 2028±466 1830±524 1906±913 0.09 0.00 C1 E1 E2 
Aug. (5) (5) (11) 

6'+9 2269±751 2C<::u±560 2394±1256 0.45 0.58 C1 E1 'E2 
(1 O) (10) (17) 

' ' Sept.- 9 1714±267 2251±686 2597±1146 0.68 0.89 C1 E1 E2 
Nov. (2) (4) .CS) 

For January-May, females <1yr and >1yr old are considered separately; for 
other months they are considered together. . . ' 
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Table 5.5. Frequency of capture of Antechitius stuartii ilt sites of 
different structural habitat COJnplexity (S.H.C. ). Tile number of 
captures (N), mean S.H.C. (x) :.end · standard deviution (s.d.) are 
given. 

Januar:l!-March 
sex/age Stru·ctural habitat complexity -class 3 4 5 6 7 8 9 'JO 11 12 13 N x s.d. 

a (2) 2 5 ·1 6 2 5 2 1 0 1 27 7.11 2.50 
C-1 \'<1 yr (3) 6 2 9 14 10 2 3 2 1 0 52 6.87 2.08 

\?>1 yr 0 0 3 4 3 0 3 6 4 1 1 25 O.G4 2.41 

a 0 4 2 3 7 7 4 1 2 1 0 31 7.39 2.09 
E1 9<1yr (1) 5 4 7 1'1 13 5 2 2 1 {) 51 7.16 1.95 

1!>1 yr 0 1 0 2 4 1 3 4 3 1 1 20 8.85 2.30 

(! 1 a 5. 7 6 9 3 1 1 1 0 34 7.18 1.85 
E2 0<1yr (2) 3 8 8 11 10 4 6 3 1 0 56 7.21 2.13 

1!>1yr (1) ·1 2 4 4 3 3 7 2. 0 (2) 29 8.2·1 2.51 

Summary1 SHC x Ax S, G (84d.f.)=101.88 
SHC x A, G0 (20d. f.) = 17. 07 

C1 vs (E1 + E2) 1 G
0 

(10d.f.)=4.99*** 
.SHC x S, Gp (20d.f.) = 49.41 
Ax S, G~ (4d.f.) = 1.17 

Aeril-Max: 
sex/age Structural habitat complexity 
class 3 4 5 6 7 8 9 10 11 12 13 N x 5 .d. 

(! 0 2 0 2 5 5· 6 4 2 1 0 27 8.26 1.95 
C1 \l<1yr (2) 0 1 6 9 8 5 2 3 3 1 40 8.03 2.29 

\l>1yr 0 1 0 0 2 2 1 0 1 1 0 8 8.25 2.49 

cr 0 0 1 1 9 16 8 3 2 1 2 43 8.47 1.67 
E1 9<1yr 1 4 2 8 7 17 13 7 0 0 4 63 7.95 2.15 

11>1 yr 0 0 2. 1 . 0 0 1 1 3 2 0 ·10 9.20 2.32 

cr (2) 2 4 ·2 8 10 ·10 1 5 1 (1) 46 7.87 2.28 
E2 1!<1 yr 3 3 7 6 11 9 8 8 1 2 0 58 7.38 2.22 

ii!>1yr 0 1 1 1 0 2 0 3 0 0 2 10 8.70 3.09 

Summary1 SHC x Ax S, G (52d.f ,) = 60.93 
SHC x A, Go (20d. f. ) = 22. 30 

C1 vs ( E1 + E2) I Go (10d.f.) = 1'1.48 
SHC x S, Gp (10d.f.) = 13.75 
Ax S 1 

G0 (2d.f.) = 0.44 i D 
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~~~~~~~~~~~~~~~~~--~~~~~~~~~~-

June-All t]USt 
sex/aoe Structrn•al habitat complexity 
ctoss 3 4 5 6 7 8 !l 10 '11 12 13 N 

i,)~ 

C1 ','«lyr 
9>'1yr 

E'I ;><'I~'" 
'i':>1 yr 

d' 

E2 'i!~'lyr 
;>>1yr 

Summary1 

3 
'l 
0 

9 
0 
0 

{1) 5 
(2) 4 
0 0 

4 4 9 
4 2 6 
'I 1 0 

17 '13 16 3 
13 9 6 4 
2 6 0 0 

6 
4 
0 

9 
6 
0 

'14 14 6 
'12 21 10 
0 1 2 

7 4 
7 1 
0 0 

1 
2 
1 

2 
6 
0 

(3) 
'I 
0 

2 
(1) 
(2) 

02 
43 
11 

70 
74 

5 

(5) 6 
3 5 
0 1 

3 11 19 10 13 7 4 7 
10 8 13 13 10 14 12 4 
01222302 

1 92 
{4) 104 

SHC x Ax S, 
SHC x A, 

(C1 + E1) VG E2, 
SHC x S, 
Ax S, 

'I 14 

G
0 

(52d.f.):: 65.44 
G

0 
(20d. f.) :: 21.29 

Gp ('IOd.f.) ~ 8.64 
G

0 
(10d.f.) -12.7!i~,µ 

G
0 

(2d.f.) :: 9.42 

September· November 
sex/age Structural habitat.complexity 
class 3 4 5 6 7 8 9 10 11 12 13 N 

C1 1,1 

E1 'i 

E2 I' 

Summary 1 

0 1 2 1 0 4 4 1. 0 1 1 15 

0 0 2 1 4 9 6 7 4 2 (2) 37 

0 2 2 0 4 8 13 10 2 4 3 48 

SHC x A (or S) 
(C1 + E1) vs E2, 

G (18d.f.) e 17.25 
G~ ( 9d. f. ) :: 6. 27 

. 
x s.d. 

7.91 2.42 
fl.44 2.14 
8.45 1,01 

7.64 2.26 
7.92 2.20 

10.40 2.4'1 

7.71 2.32 
C.23 2.47 
8.93 2.50 

s.d. 

8.20 2.48 

9.03 1.96 

9.08 2.10 

·i Tt1e G stiitistic was used to test the joint independence of S. H, c., 
sex/age class (S) and study area (A). If dependence w<is found, G was 
partitioned to examine wl1ich pairs of criteria were associated. A few 
captures occurred in S. H. C. categories 1, 2, 14 and 'IS. These we1·e 
grouped with captures in category 3 or 13 and are shown in brackets. 
( Cati;gory 3 was omitted from calculations of G in the period 
SeptGmber-November). For January-March, females <1 yr and >1 yr old 
were considered separately in G tests; 'for other months they were 
considered together. 

i 
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Table 5.6 summary of the effects of supplementary feeding and its discontinuation on the 
population parameters and resource use of !!!_. stuartii. 

Population parameters 
Numbers 
Survival 
Trappability 
Reproduction 
Movements 
Home range 
Body weight 
Body length 

Resources 
Habitat (arboreal) 
Habitat (terrestrial) 

Effects of providing 
supplementary food 

cJ 'l Both 

.J 

.J 

.J 

../ 

Effects of discontinuing 
supplementary fetid 

u 'l Both 

.J .J 

./ .J 
,1 .J 
../* .J 

../ denotes that effects occurred in some sampling. sessions; - that no statistically significant 
effects detected at any time. Effects were detected by planned comparisons (supplemented 
versus non-supplemented), except wher<l marked*· 



Fig, 5.1. Experiments designed to investigate th!l effects of 

supplementnry feecling ond competition on A. stuortii (A. st). All 

steps are described in detail in the text. Rectangles (EXPT. 1 and 

EXPT. 2 and CONTROL) represent study areas. Solid arrows 

represent an expansive shift in population parameters or patterns of 

resource use in fi· stuartii in response to supplementary feeding, the 

broken arrow a return shift when supplementary feeding is 

discontinued. Between September and December 1980 (rectangles 

drawn with broken lines) / the population numbers of &· stuartii and 

f::.. swainsonii (A. sw) were monitored. The effects of providing 

supplementary food were assessed by comparing populations in the 

three study areas in the periods January to May 1981 and June to 

November 1981 (1'ectangles drawn with solid lines). 
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EXPT. 1 .................................... : . 

September-December l A. st 

1980 

January-May 

1981 

June-November 

1981 

A. SW 

. . . . . _ . ., ................................ ~ 

A. SW 

Food added 

A. st g~ 

A. SW 
No food 
added 

r 



EXPT. 2 

A. st 

A. SW 

A. st-'} 

A. SW 

Food added 

A. st t 

A. SW 

Food added 

CONTROL .................................. : 

A. st 

A. SW 

. 

. 

................................... 

A. st 

A. SW 

{No food 
added) 

A. st 

A. SW 
(No food 

added) 



~~~~-----------~ 

Fig. 5.2. Population parameters of A. stL1artii in three study areas. 

Top, minimum numbers known to be alive; middle, mlnimum sessional 

survival of individuals known to be alive; bottom, trappability of 

individuals known to be alive. 
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Fig. 5.3. Population composition of A. stuartii in three study areas. 

Different female year classes are represented by solid and stippled 

shading, the male (1980) year class by no shading. 
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Fig. 5.4. Mean average distances moved by A. stuartii in three 

study areas. Top, males; bottom, females (1980 year class only). 

* A and A represent the first and second trapping sessions, 

respectively, in August 1981. 
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Fig. 5.5. Body weights of A. stuartii in three study areas. (a) 

males, (b) females (1980 year class), (c) females (1979 year class). 

Symbols (solid circles or open triangles) represent mean body 

weights, whife vertical lines represent standard deviations about the 

means. 
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Fig. 5.6. · Head-body lengths of A. stuartii in three study areas. 

(a) males; {b) females (1980 year class). Symbols (solid circles or 

open triangles) represent mean head-body lengths, while ,vertical lines 

represent standard deviations about the means. 
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Fig. 5. 7. Arboreal activity of A. stuartii in three study areas, 

measured by numbers of visits to hair sampling tL1bes each month, 
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CHAPTER 6 

THE MECHANISM OF COMPETITION 

6.1 INTRODUCTION 

Two important mechanisms of competition 

226. 

have been 

distinguished, and these are referred to below as "interference" and 

"exploitation". Park ('1954) used interference ln reference to 

situations where individuals directly affect other individuals as by 

fighting, and exploitation in reference to situations where individuals 

affect other individuals by using their resources. Miller (1967) 

sharpened the definitions of interference and exploitation as follows: 

"Interference refers to any activity which either directly or indirectly 

limits a competitor's access to a necessary resource or requirement", 

whereas "Exploitation is the utilization of a resource once access to it 

has been achieved." Fighting (Park 1954) 1 territoriality (Ori ans and 

Willson 1964, Dow 1977) and allelopathy (Gill 1972, Etherington 1975) 

are often cited as examples of interference competition. In contrast, 

exploitation competition is difficult to observe and measure, and it 

may be quantified only by precise measurements of interspecific 

differences in rates of foraging or harvesting of a limited resource 

(Schoener 1974a). Examples Of exploitation competition are given by 

Bakker (1961) Jaeger (1972) (but cf. Hairston 1980) and Reynoldson 

(1966). 

Miller (1969) concluded that interference is a "more highly 

evolved" strategy than exploitation, and listed a number of criteria 

that were characteristic of both mechanisms. Case and Gilpin (1974) 

discussed the conditions in which both forms of competition could be 

expected to occur, and argued further that interference competition 

was the most widespread form in nature. As Miller (1967) pointed 

out, however / under certain conditions both forms O'f competition may 

~--------------.......................... ----.j 
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occur, and both may restrict the densities or distributions of 

competing species. 

A further important generalisation is that the particular 

mechanism of competition that is involved in an intraspeci'fic 

relationship is often qualitatively similar to the mechanism that 

operates between species (Hinde 1956, Miller 1969). Where such 

similarity exists, intraspecific competition is usually more intense than 

interspecific competition (Wilson 1971 1 1975). 

Many studies of mammals have implicated the operation of 

interference rather than expll}itation competition. Direct interference 

competition has been inferred from observations of interspecific 

intolerant behaviour a) in the field between di·fferent species of 

chipmunks ( Eutamias spp.) (Brown 1971, Heller 1971, Meredith 1977), 

pocket gophers ( Thomomys spp.) (Vaughan and Hansen 1964) 1 and 

possums ("frichosurus spp.) {Biggins 1979) 1 <ind b) in the laboratory 

between different species of wood rats ( Neotoma spp.) (Howe 1978) 1 

voles (Microtus spp.) (Randall 1978, Murie 1971a) 1 and rats (Rattus 

spp.) (Barnett and Spencer 1951)i as well as between voles 

(Microtus californicus) and mice (Mus musculus) (Delong 1966), voles 

( M. pennsylvanicus and Clethrionomys gapperi) and deermice 

( Peromyscus spp.) (Murie 1971 b / Getz 1969), deermice ( P. 

maniculatus) and mice ( M. musculus) (King 1957)1 voles ( Microtus 

spp.) and cotton rats (Sigmodon hispidus) (Terman 1974, Terman and 

Johnson 1971), and rats and antechinuses (Braithwaite 1973, Kenner 

1972). Many other references are given in Grant (1972b). 

Interference competition among species of small mammals need not 

necessarily result from direct intolerant interactions, but it may 

result also from indirect interactions, mediated by odours. For 

I 

~~~~~--~~~~ ............ -----
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example, Daly et al. (1980) recorded differences in the numbers of 

captures of several species of rodents in traps containing conspecific 

odoL1rs compared with traps containing the odours of other ,,pecies, 

and suggested that interspecific odour,s were sought or avoided 

according to the reprodL1ctive status of the respondent. In ilddition, 

Randall (1981) found some avoidance by kangaroo rats ( Dipodamys 

spp.) of Gerbil odour / and Moore (1965) showed that the deermouse 

Peromyscus. maniculatus preferred its own odour to that of its 

congener P. polionotus. Many other studies have shown that species 

of small mammals are able to discriminate the odour of their awn 

species from that of other species (fol" example Bowers and Alexander 

1967, Hawes 1976, Stoddart 1980). 

In the present study, evidence has suggested that interference 

is the most important mechanism of competition between 6_. stuartii 

and A. swainsonii. Thus 1 A. swainsonii denies its smaller congener 

access to terrestrial sources of food, and some competition probably 

still occurs even when the scarce food resource is supplemented 

(Chapter 5). Moreover 1 intraspecific interference has already been 

implicated in high density populations of A. stuartii (see discussions 

in Chapters 2 and 3), so that this form of competition between the 

two species of Antechinus should not be surprising. The design of 

the res~arch described in this chapter was not to provide critical 

evidence for one mechanism of competition or the other 1 but rather. to 

identify the kinds of interference interactions that occur between the 

two species. Three questions are addressed: 

interactions occur between the two species?; 

1) 

2) 

Do direct 

do indirect 

(olfactory) interactions occur between the two species?; and 3) how 

Jong does it take one species (A. stuartii) to perceive changes in the 

numbers of the other species (A. swainsonii)? 
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6.2 METHODS 

The methods used to investigate each of the three questions 

above are described separately. 

6.2.1. Direct interactions 

In an attempt to obqerve direct interspedfic interactions in the 

field, systematic watches (1-3lz hours a night for 1-3 nights each 

month) were made of two nests of A. stuartii at the control study 

area from October 1978 to November 1979. Animals were observed 

from dusk onward under red or white torchlight from a distance of 

21,-4m. The two nests were in Ribbon Gum trees, separated from 

each other by about 95m. Both nest trees were near the creek and 

were surrounded by deep litter and ferns, where A. swainsonii were 

also known to occur. Pieces of ham or decapitated cockroaches were 

scattered about to temporarily attract individuals of both species to 

the bases of the trees, Where my field of view was unobstructed. 

Other than scattering food / no attempt was made to experimentally 

11 induce11 interspecific interactions (for example, by locking up 

individuals of one species in a wire mesh cage and placing them in 

the known range of individuals of the other species) since I hoped to 

watch "natural" encounters. lhe presence of the investigator sitting 

on a log in relatively close proximity to a nest and to the scattered 

food did not appear to undL1ly illfluence the activity of Antechinus / 

although some curious individuals evidently regarded the investigator 

as a new object to be Llrinated upon. All observations were recorded 

in a notebook, and every effort was made to remain silent and still 

throughout each watch. 
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6.2.2. Indirect interactions 

Antechinus stuartii deposit scats and urine in the vicinity of 

their nests (Golding 1979 1 G.A. Settle personal communication), and 

males, prior to mating, deposit secretions from glands in the sternal 

and cloaca! areas onto new objects (Braithwaite 1973, 1974, Lee 1972). 

Antechinus swainsonii exhibits similar marking behaviour, except that 

the deposition of scats near nests, usually by females, has been 

observed only in some captive individLials (unpublished findings). 

The precise functions of marking behaviour in Antechinus are poorly 

known (but see Braithwaite 1973), and except for the sternal gland 

secretions of male A. stuartii (Braithwaite 1973, 1974), the effects of 

such behaviour on individuals of the same species or other species 

are unknown. 

To investigate intra- and interspecific responses to odours in the 

field, no attempt was made to separate the effects of odours derived 

from different sources (faecal, urinal or glandular secretions). 

Instead, traps soiled by all three kinds of secretions were used to 

test the subsequent trap responses of individuals of both species. 

Such responses were tested in two ways: 

First, six separate trap lines Were established within 19 km of 

the control study area in areas of similar habitat. These lines used 

100-185 Elliott type B live traps, placed singly at intervals of about 5 

m, and were operated for sessions of 3-5 consecutive days in selected 

months between June 1978 and January 1980. Traps were checked 

each morning during a trapping session. All traps were soaked for 

36 h in "Deogen" deodorising detergent before use. Trapping and 

animal handling procedures were as described in sections 2.4.1 and 

2.4.2 (except that no head-body measurements were taken), but after 
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the capture of an individual, some of the soiled cottonwool bedding 

material was replaced. A second individual encountering the already 

used trap may then be attracted, repulsed or respond neutrally to 

tl1e lingering odours of the individual captured first. Unfortunately, 

since up to five captures could occur in one trap on consecutive 

nights of a trapping session, individuals captured on nights 3 to 5 

may respond to the odours of two or more individuals captured 

previously. have assumed (with no justification other than 

convenience) that the odour of only the last captured individual 

remains on a trap, so that only ordered or sequential pairs of 

captures are counted. If, for example, individuals A, B, C and D 

were captured on consecutive nights, the response to trap odour was 

assessed onl\ by counting the ordered pairs AB, BC and CD. The 

frequencies of ordered pairs recorded over all line trapping sessions 

were cast into a 3 x 3 table, and tested for association by x2 . 

Second, a more critical assessment of the response to trap odour 

was attempted in the control study area between March and July 1979. 

Four traps were set at· each of 48 trap stations; at each station the 

traps were placed in a cross formation, opening inwa1·ds with about 10 

cm between opposite entrances, so there was an equal chance of 

captL1re of an individual in each trap. Traps were deodorised and 

baited as described above, but the cotton wool insulation differed in 

each of the four traps in the cross. Thus, one trap contained no 

odour (clean cotton wool), but each of the other three traps 

contained cotton wool soiled with urine and faecal material taken 6-12 

hours earlier from captive individuals of either A. stuartii or A. 

swainsonii or the Bush Rat Rattus fuscipes. Following the capture of 

an animal in the ·field, the used trap was removed and replaced with a 
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deodorised trap containing cotton wool soiled with the appropriate 

odour, and the positions of t"e traps in the cross were shuffled. 

Traps were operated,,,for three days a monti;) mid-way between regular 
L 

grid trapping sessions. The frequencies of captures of each species 

in traps containing different odours were arranged in a 3 x 4 table., 

and tested for association by ·x2 

6.2.3. The "perception" Of changes in competitor numbers. 

To assess how long it tool< A. stuartii to perceive changes in the 

numbers of A. swainsonii in field conditions, it was necessary to 

manipulate the numbers of the latter species and measure the 

response of A. stuartii over very short time intervals. This 

presented very considerable logistic difficu!ties, since trapping 

procedures were relatively slow and the numbers of individuals of 

both species in an area could not be accurately censured in less than 

3-4 days. However, earlier experience had suggested that A. 

swainsonii became more active in wet conditions, when increasing 

numbers of individuals encountered traps. Assuming that the 

"effec'.:ive density" of A. swainsonii changes in wet or dry conditions, 

it was felt that short-term fluctuations in the numbers were best 

effected during wet weather. The response of A. stuartii to changes 

in the numbers of A. swainsonii was then assessed by investigating 

shifts in the arboreal activity of the former species (see sections 

2.5.4.1 and 3.4.3.1). Finally, to check that A. stuartii responded to 

changes in the numbers of A. swainsonii rather than to changes in 

the weather, the arboreal activity of A. stuartii was investigated 

during wet weather after A. swainsonii had been removed. 
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In a small section of experimental area E3 only where l"eiatively 

large numbers of A. stuartii and 6_. swainsonii occurred, 27 traps 

were set on grid points at ground level, and 26 traps were placed > 2 

m above ground on the lower limbs of Acacia melanoxylon and 

Bedfordia salicina, or in the more slender branches of Pomaderris 

aspera, or on the trunks of follen eucalypts or acacias (Fig. 6.1). 

Traps were baited and insulated as before, checked hourly for 24 h, 

and the numbers of captures of A· stuartii and A. swainsonii were 

recorded. Such trapping was conducted on three occasions: June 23 

1979 (dry weather), June 27 1979 (wet weather) and July 2 1979 (wet 

weather). Trapping was also begun on 29 and 30 June 1979, but 

abandoned because little or no rain fell. 

6.3 RESULTS 

6.3.1. Direct interactions. 

Both species of Antechinus were observed during night watches 

(Table 6. 1), but no direct interspecific encounters occurred. On 

some nights both species of Antechinus and Rattus fuscipes were 

observed eating the scattered food, but invariably only one species 

was present at a time. In contrast, groups of up to 8 individuals of 

A. stuartii, 3 of A. swainsonii, and 2 of .13.. fuscipes used the food 

source at a time (Table 6.1). There appeared to be no consistent 

pattern of visitation by each species, except that R. fuscipes was 

seldom seen until about an hour after dusk. An individual of any 

species rarely remained in view for more than 10 consecutive minutes. 

Two observations are worthy of note: First, the reactions of 

individuals of each species differed slightly if disturbed (by wind, 

bush noises or the investigator). Antechinus stuartii froze, often 

adopting an "indecision-alert" posture as also observed in Planigale 
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maculata (Van Dyck 1979). If no further disturbance occurred for 

about 30 seconds, activity was resumed. If further disturbance did 

occur 1 in 86% of observations (N = 29) the individual spiralled, 

corkscrew-like, rapidly up the nearest tree. Antechinus swainsonii 

also froze and adopted an "indecision-alert" posture, but thls species 

usually resumed activities within 10-20 seconds of the original 

disturbance. If further disturbance occurred within this time, some 

individuals (32%, N = 19) bolted for cover under the ferns, but the 

others froze again. No A. swainsonii sought refuge on a tree. 

Second, the body of a male (2. ~vainsonii that died in a trap on the 

morning of 2 August 1979 was placed at the base of a nest tree that 

evening. Soon after dusk, an A. stuartii approached the body slowly 

and with apparent c;;iution. After several approaches and 

withdrawals, this individual began to bite the carcase, and continued 

biting, but not eating, for 6 minutes. After this time the carcase 

was left alone, and no subsequent A. stuartii activity was recorded. 

Almost two hours Later, a female A. swainsonii approached the carcase 

slowly but with less hesitation. This female (the only A. swainsonii 

on the grid) uttered "chit-chit11 calls (Fleay 1932) on her approach to 

the carcase, but after inflicting two bites she disappeared under 

cover, and no subsr,quent activity was observed. 

These observations, made during some 60h of nocturnal vigil, 

show that direct encounters between A. stuartii and A. swainsonii 

occur infrequently, or not at al I. Except when an A. stuartii 

individual approached a dead A. swainsonii, no interspecific 

encounters were recorded, whereas single species groups were 

observed on several occasions. 
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6.3.2. Indirect interactions. 

Table 6. 2a shows that there is an effect of the capture of one 

species on subsequent captures of the other two species. Trends in 

the levels of association between these pairs are shown in Table 6. 2b 

as the deviation of observed to expected volues in each cell of the 

table, expressed as a percentage of the expected values (Simpson et 

~· (1960)). Values along the diagonals of the table deviate positively 

from expected values, whereas all other values deviate negatively. 

This suggests that captures of conspecifics are mare likely to occur 

consecutively than are captures of di'fferent species. 

Table 6.3a similarly shows that there is an effect of the odour of 

one species on subsequent captures of the other two species. Table 

6.3b shows further that each species was captured more frequently 

than expected in traps containing conspecific odours, but less 

frequently than expected in traps containing the odours of other 

species. In contrast, the frequencies of captures in odourless traps 

deviated little from expected frequencies. 

These findings show that each species discriminates and 

responds to diffetences in trap odours. 

6. 3. 3. The "perception" o·f changes in competitor numbers. 

The patterns of activity of both species of Antechinus (Fig. 6. 2) 

were similar to those recorded previously (Sections 2.5.4.4 and 

2.5.6.4). Antechinus swainsonii was continuously active throughout 

24 h, whereas A. stuartii was active only at night. As anticipated, 

the level of activity of A. swainsonii changed with the weather. In 

dry conditions on 23 June 1979, eight di"fferent individuals were 

captured over 24 h, but in wet conditions on June 27 1979 (Fig. 6.2) 

I 

J 
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11 different individuals \'·ere c- ~ -< . ..-- Q;pt.ure ....... The mean numberis of 

captures of A. S\Vainsonn per hour over 2.-:! 1-. e's~ n~ff'e-e1-4 .. , ..... - .... e-s~---. .,..., 
- • tri i; <..:J ~~ • " o..;Jt,1 ij~\,...~ cc ·""~ 

from 3.7 ± 1.6 in dry weather to 7.3 ± 2.1 in wet weather fpakad 

sample test, t(23} = 7.77, P < O.Q01}. Only three captures cf A. 

s\vainsonii occurred above ground (1%).r ·and these a:re ~gnc-red .. 

Concommitant \\•ith tf1e shifts in the ieve~ of terrestr;af a::tU\:Ut~' cf 

A~ s\vainsonii \Vere shifts in the te\ie~ of arboreaU a::tivllt"z,-· of A. 

stuartii {Fig. 6.2 and Table 6.4). In dry ccnditions when the i:cudv 

activity of A. s\vainsonii \Vas refativeiy· Eot.\"r A .. stuartei \•;as capture~ 

equally on the ground and in the trees, but ln ~<:et condW.:ms as tne 

level of activity of A. swainsonii increaserl, m::ist A. stuarrn wel"e 

captured in the trees. To further invest!gate whether rain 01" the 

increased activity of A. swainsonii caused the shift in arb:weal 

activity of A. stuartii, trapping was again comiucted En \•;et 

conditions l:..tt with A. swainsonii temporarily l"emoverl (Fig. 6.2}. 

Under these conditions, there \\'as no difference in the h::urty capture 

rates of A. stuartii on the ground and in trees {fig. 6.2, Tablie 

6.4)'. This dearly suggests that the arboreal activity of /;. st'-'a!'rn 

increases only in response to elevated levels of activity of A. 

swainsonii on the ground. 

In wet conditions on the night of June 27 1979, the numbers of 

A. stuartli and A. swainsonil captured on the grcund were negativeJy 

correlated {r(
1

Z) = -0.60, P. < 0.05). This suggests not cniy that 

A. stuartii responded to generally elevated ievels of tel"restria~ 

activity of A. swainsonii, but further that such· responses wel"e 

measur-able on an hourly basis. 



6.4 DISCUSSION 

Short answers to the questions posed in the introduction to t!1is 

chapter are that 1) direct, physical interactions do not occur between 

!::_. stuartli and A. swainsonil, 2) indirect, olfactory interactions do 

occur, ~. nd 3) A. stuart·· p · h · h b " -~~11 erce1ves c an[Jes in t e num ers of A· 
swainsonil at least on an hourly basis. These answers are elaborated 

below, with some speculations on l:iow competitor avoidance may have 

evolved. 

Individuals of the two species of Antechinus were never 

observed in close proximity to each other, yet groups comprising only 

one species were seen on several occasions. These groups were 

largest in summer (Table 6 .1) and probably represented members of 

one family (Dickman 1982b). Hall and Lee (1982) simflarly foiled to 

observe direct interactions between A. stuartii and A. swainsonil in 

field conditions. When forced into close proximity in laboratory 

cages, the two species generally move away from each other (J<enner 

1972), although avoidance of A. swainsonii by A. stuartii is stronger 

than th0 converse situation (Seymour 1980). 

The failure to observe direct interspecific interactions in the 

field was disappointing but not particularly surprising. As Croft 

·(1982) pointed out, most dasyurids (including Antechinus) are 

solitary, and even direct intraspecific interactions appear to be 

limited to certain periods of an individual's life. Moreover, direct 

interspecific aggression is likely to be advantageous only if the 

aggressor species can expect to maximise its control of a shared 

resource, and 'this expectation can depend, in turn, on the structure 

of the habitat (Oksanen et !!!.· 1979). Jn open habitats, subordinate 

species are easy to see and evict (Dow 1977), but in relatively 

complex habitats they may escape aggression by hiding, Both species 
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of Antechinus inhabit structurally Clltnplex tall open-forests, where 

the costs to one species of aggressively evicting the other presum<ibly 

outweigh the benefits gained by controlling resources. 

The increases in the terrestrial activity of A. swainsonii dliring 

wet weather and the concommitant increases in the arboreal activity of 

A. stuartii (section 6.3.3) suggest that A. stuartii avoided its larger 

congener on an hourly 1 or perhaps even on a momant to moment, 

basis. This finding corroborates the suggestion of Hall and Lee 

(1982.) that A. stuartii uses trees to avoid confrontations with A. - . -
swainsonif on the forest floor, as well as to obtain food. Before 

considering how A. stL1artii perceived and avoided its larger 

congenor, it is of interest to consider briefly how weather .affected 

the activity of A. swain son ii, 

Weather affects the activity of many species of sm<d I mammals 

(Gentry et al. 1966, Doucet and Bider 1974, Vickery and Bider 1978, 

Sidorowicz 1960), but apparently not that of A. stuartii (Barry 1977, 

Fletcher 1977, Statham 1982b). The reason why A. swainsonii 

becomes more active in r.ain is unclear, but may be associated with 

the difficulty of finding food. Borowski and Dehne! (1952) (cited in 

Mystkowsl<a and Sidorowicz 1961) suggested that shrews (Sorex spp.) 

increase their activity to find insects sheltering from rain. 

Mystkowska and Sidorowicz (1961) refuted this argument, and 

suggested rather mysteriously 1 that rain acts as a "capture 

regulator". cockroaches 1 bugs and beetles were often found inside 

Elliott traps after rainy nights in this stud'J., and so it is plausible 

that the activity of !'!.· swainsonii incrMses to search for this cryptic 

food. 



239. 

The lack of direct, physical encounters between the two species 

of Antechinus may be due in part to the mutual avoidance of each 

others odours. But, two kinds of odour avoidance can be envisaged. 

First, an individual could reduce the chance of being tn the same 

place as a congeneric individual by avoiding s1tes, such as runways / 

burrows and nests, where congeneric odours are concentrated. (This 

will be termed "probablistic avotdance11 ). Second, an individual could 

avoid moment to moment encounters with congeneric individuals by 

smelling them and moving away before physical contact could be made. 

(This wil I be termed 11 instantaneous 11 , or "moment to moment 

avoidance11 ), 

In Antechinus, in contrast to other species such as the possums 

Trichosurus vulpecula and T. can1nus (Thomson and Pears 1962 1 

Biggtns 1979) and the salamanders Plethodon cinereus and !:_. nettingi 

(Jaeger and Gergits 1979), there· is evidence that only instantaneous 

avoidance occL1rs. Thus, if A. stuartii avoided bllrrows and other 

sites bearing the odour of A. swainsonii, it would presumably not 

respond to the removal of the latter species until all llngering odours 

of A. swainsonii had disappeared. However, in Chapter 2 it was 

shown that A. stuartii responded within only a few days to the 

removal of !'::.· swainsonii, and it was shown above that responses 

could even occur within an hour. Moreover, if avoidance was 

probablistic 1 actual physical encounters would be expected to occur 

by chance in lightly scented areas, or in the open. But, no such 

encouriters between A. stuarti1 and A. swainsonii were observed in - -
the present study, and none have been reported elsewhere. In 

contrast, a single example of what appears to have been instantaneous 

avoidance has been described by Hall and Lee (1982). These authors 
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observed individuals of 6_. swainsonii end .B_. fuscipes using a bait 

station in a forest clearing. Although observations were continued 

for over an hour, only one species was seen at the bait station at one 

time; individuals of the other species would enter «•d feed only 

seconds after tile first species had left. Individuals of both species 

were seen sniffing the air at opposite ends of the clearing before 

venturing into tile open, thus reinforcing the impression that 

instantaneous avoidance can indeed be mediated by smelling 

individuals of another species. 

Olfactory responses to trap odours have been reported in many 

other studies of small mammals, and have led to useful inferences 

concerning their population structure and dynamics (Daly et al. 1980, 

Boonstra and Krebs 1976, Boonstra et .§.l. 1982, Mazdzer et .§.l. 1976, 

Rowe 1970). Such inferences often depend an .'!. priori knowledge of 

the population under study. Rowe (1970), for example, attributed an 

unexpectedly high capture rate of male house mice (Mus musculus) in 

male scented traps to "latent aggressive behaviour", but an 

unexpectedly high capture rate of female mice in male scented traps 

to sexual interest. Conversely, Summerlin and Wolfe (1973) 

suggested that socially subordinate cotton rats ( Sigmodon hispidus) 

avoided traps bearing the odour of dominant conspecifics / whereas 

Fulk (1972) attributed the avoidance of shrew ( Blarina brevicauda) 

odour by voles (Microtus pennsylvanicus) to avoidance of predation. 

In the present study / the trapping methods used to demonstrate 

avoidance of interspecific odours could be sharpened by standardising 

the sexes and ages of odour donors (e.g. Daly et §l. 1978), and by 

iso!Olting the effects of odours from faeces, Llrine and other body 

secretions. 
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Although smell is probably important in allowing congeneric 

Individuals to avoid one another, other senses, such as hearing, may 

also be used. Antechinus swainsonii is "noisier" than its smaller 

congener. It "whitters" and utters sporadic "chit·chit" calls and, 

while foraging among dry fern fronds and lea·f litter, it makes 

rustling sounds that are easily audible to a human listener at 

distances up to saveral metres (personal observations). In contrast, 

A. stuartii is the more responsive of the two species to auditory 

stimuli and, following wind noises or other bush disturbances, this 

species froze for longer periods than A. swainsonii and showed a 

greater tendency to move to an apparently safe arboreal ref\.1ge 

(section 6.3.1). AntechinL1s stuartii probably responds in a similar 

manner to the noises produced by its larger congener. Such 

responses would clearly reduce the chances of a direct interspecific 

encounter, and hence support the conclusion that avoidance, 

especially of A. swainsonii by A. stuartii, occurs on a moment to 

moment basis. 

It is doubtful tl1at field observations can yield much further 

insight into the nature of avoidance responses in Antechinus, but 

experiments on interspecific communication could be easily conducted 

in the laboratory. For example, to assess the stimui1 that elicit 

avoidance responses in A. stuartii, individuals could be presented 

with puppet skins of A. swainsonii (visual stimulus only), objects 

bearing the odour of A. swainsonii (olfactory stimulus only), or tape 

recordings of A, swainsonii vocalisations (auditory stimulus only). 

Control experiments would use the puppet skins, odours and sounds 

of other, unfamiliar A. stuartii. The anecdotal observation that A. 

stuartii approached and bit a dead A. swainsonii, where auditory and 
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possibly olfactory stimuli were absent, suggests that this approach 

would be fruitful. In addition, both species of Antechinus produce 

Liltrasounds (D. P. Woodside, personal communication). Although the 

functional importance of ultrasound in these species is not known, it 

is conceivably yet another channel for interspecific communication. 

To recap on the discussion so far, it has been shown that 

interference is the mechanism of competition between A. stuartii and 

A. swainsonii. There is no evidence that the two species interfere 

with each other directly, as by fighting, but much evidence that 

interference is indirect. The weight of evidence is that A. stuartii 

avoids its larger congener on a moment to moment basis, using trees 

to escape physical encounters; these responses are elicited by the 

smell or sound of approaching A. swainsonii. In contrast, A. 

swainsonii avoids traps bearing the odour of its smaller congenor, but 

further evidence that it avoids A. stuartii individuals has not been 

obtained. The avoidance by A. stuartii of physical contact with A. 

swainsonii is of particular interest from an evolutionary point of view, 

and prompts the question as to how such behaviour evolved, and 

also, what are the current selection pressures that maintain it. 

Antechinus stuartii responds to disturbances, such as A. 

swainsonii or bush noises, by freezing, and subsequently by climbing 

rapidly up into the trees: These responses may be effective against 

a wide range of enemies, especially predators. Throughout much of 

its range, A. stuartii occurs in relatively open-forest and woodland 

(Wakefield and Warneke 1967) where ground-level vegetation, and 

hence cover from avian predators such as Powerful Owls and Barn 

Owls, is sparse. In contrast, A. swainsonii occurs largely in forest 

gullies where ground level vegetation cover is dense, or at higher 
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altitudes (> 1500 m) in dense subalpine and alpine heath (Wakefield 

and Warneke 1963, Dickman et 9!_. in press). Avian predation 

pressure in these habitats is likely to be less intense than in open 

habitats, so selection for avian anti-predator behaviour in A. 

swainsonii may be correspondingly less intense. Under such 

circumstances, it seems reasonable to suggest that the greater 

responsiveness of A. stuartii to bush disturbances has evolved 

primarily as an anti-predator defence, and that avoidarice of A. 

swainsonii occurs because the larger species is seen as a potential 

predator. 

Despite the general responsiveriess of A. stuartii to bush 

disturbarices, this species undoubtedly perceives its larger congener 

as a specific threat and avoids contact with it more strongly than 

with rats. For example, iricreases in the terrestrial activity of A. 

stuartii immediately followed decreases in the activity of A. swairisonii 

(section 6.3.3), although rats were present arid active on the ground 

at al I times. Moreover, avoidance by A. stuartii o-F the odour of A. 

swairisonii was stronger than its avoidance of the odour of rats (Table 

6. 3b). However, since earlier findings demonstrated that A. stuartii 

is seldom, if ever, eaten by its larger congenor (section 2.5.6.3), it 

is relevant to inquire why the avoidance response of A. stuartii to f:::.. 

swainsonii is so marked. 

A possible explanation is that, although A. swainsonii generally 

recognises the odour of 6.· stuartii 1 the former species sometimes 

mistakes its smaller congenor for a large insect. Cicadas 

(Homoptera), mole crickets and locusts (Orthoptera) attain the size of 

Small A. stuartii, and all are eaten by the larger antechinus (section 

2.5.6.3). Moreover, although it differs in body shape and colour, 
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the jerky movements of A. stuartii can be reminiscent of these 

insects. Since A. swainsonii opportunistically eats a wide range of 

invertebrates, it presumably lacks a specific search image and, by 

mistake, it could easily approach and even attack unwary A. stuartii. 

AlthoL1gh it is unlikely ~J, .. ~ A. swainsonii would expend the energy 

required to subdue and eat adult A. stuartii 1 it is presumably 

advantageous for the smaller species to recognise and move out of the 

way of its larger congenor, and so avoid risl< of injury. In contrast 

to A. swainsonii, rats are largely omnivorous (Warneke 1971, Watts 

and Braithwaite 1978) or even herbivorous (Stewart 1979b), and 

hence would seldom approach A. stuarti'i in mistake for an item of 

food. 

This explanation could account for the anomalous finding that 

juvenile female A. stuartii are more adversely affected by competition 

than males or parous females (section 2.6). Since juvenile females 

would be mistaken for insects by A· swainsonii more frequently than 

would the larger males and parous females, avoidance responses by 

these small individuals would also be more frequent, and their access 

to terrestrial sources o·f food would be curtailed. The removal of A. 

swainsonii would thus allow juvenile females to spend proportionately 

more time foraging in structurally complex, terrestrial habitats than 

males and parous females, and so produce the relatively large, 

expansive shifts, that were observed in their survival and resource 

use. 

Direct harrassment of A. stuartii by A. swainsonii has probably 

selected for competitor recognition and avoidance responses in the 

smaller species, so that direct, physical encounters seldom occur. 

Such avoidance responses also confirm that interference is the 

mechanism of competition between these species. 
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6.5 SUMMARY 

To investigate the kinds of inte1·ference interactions tl1at occur 

between A. stuartii and A. swainsonii, three questions were asked: 

1) do direct interactions (e.g. fighting) occur?, 2) do indirect 

interactions (e.g. mediated by odours) occur?, and 3) how long 

does it take the inferior competitor, A. stuartil, to per·ceive changes 

in the numbers of its larger congenor? 

Direct interactions were investigated by watching for 

interspecific encounters at two bait stations in the field. During 

some 60 hours of observations over the course of a year, no direct, 

physical interspecific contacts were observed, although sitigle species 

groups of each species of Antechinus, and of Bush Rats, were 

recorded frequently. This suggested that direct interference 

interactions seldom or never occur. 

Indirect interactions were assessed by investigating the 

responses of each species of Antechinus, and of rats, to traps baited 

with their own and with other species odours. Each species was 

captured more frequently than expected in traps bearing conspecific 

odours, but Jess frequently than expected in traps bearing other 

odours. This suggested that each species discriminates and avoids 

the odours o·f other species, and hence that indirect, olfactory 

interactions do occur. 

To assess the swiftness of response of A. stuartii to changes in 

the numbers of A· swainsonii, comparison was made of the hourly 

capture rates of the smaller species in trees and on the ground, at 

di·fferent levels of terrestrial activity o·f A. swainsonii. In dry 

conditions, when the terrestrial activity of A. swainsonii was low, f2. 

stuartii was captured equally in the trees and on the ground, but in 
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wet conditions, when the terrestrial activity of A. swainsonii was 

high, the smaller antechinus was captured most frequently in trees. 

Furthermore, a negative correlation was recorded during wet 

conditions of the numbers of the two species captured on the ground, 

suggesting that A. stuartii responded at least hourty, and perhaps 

even on a moment to moment basis, to changes in the numbers of its 

larger congenor. 

Antechinus stuartii probably detects A. swainsonii by smell and 

possibly by sound 1 and it avoids physical confrontations with 

congeneric individuals by climbing into the trees. It was suggested 

that A. swainsonii may sometimes mistake the smaller species for large 

insects, and that it could conceivably approach, attack and injure 

unwary individuals. Although there is no evidence that fi· swainsonii 

eats its smaller congenor, such direct harrassment of A. stuartii 

could select for specific competitor recognition and avoidance in this 

species, so that direct, physical encounters seldom occur. In the 

final chapter, I will discuss some of the consequences of interference 

competition on the nature of coexistence between the two species of 

Antechinus, and consider why competition should occur at all. 

I 
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Table 6 .1. The minimum numbers of Antechinus stuartii, A. swainsonii and 
Rattus fuscipes observed at two sites in the control study area. 

Number of Minimum numbers of animals observed 

observation Site 1 Site 2 

nights 

A.st. A.sw. R.f. A.st. A.sw 

Oct., 1978 1 1 0 1 

Nov. 2 1 1 1 1 0 

Dec. 3 3 3 1 4 1 

Jan., 1979 3 8 3 1 6 0 

Feb. 2 5 1 2 6 2 

Mar. 3 4 0 2 6 2 

Apr. 3 1 1 1 0 0 

May 3 1 0 1 1 1 

Jun. 2 0 2 0 0 1 

Jul. 1 0 1 1 0 0 

Aug. 1 1 1 0 0 0 

Sep. 

Oct. 1 0 0 0 0 1 

Nov. 2 0 1 1 0 0 

I 
I 

I 
R.f. I 

0 

0 

1 

1 

0 

0 

1 

2 

0 

0 

1 

i 1 
I 

I 
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Table 6.2. The responses of Antechinus stuartii, A. swainsonii and 
Rattus fuscipes to trap odours, assessed by counting ordered pairs o'f 
captures. (a) raw frequency data; (b) the percentage deviations 
of observed from expected 'frequencies. Total trap nights = 3895. 

(a) Second capture 

A . stu a rt ii A.swainsonii R. fuscipes 

First A. stuartii 108 29 73 
capture A. swainsonii 34 95 74 

R. fuscipes 60 56 308 

2 -x (4) - 219.5, p < 0.001 

(b) Second cap tu re 

A.stuartii A. swainsonii R. fuscipes 

First A. stuartii +113. 0 -35.8 -36.1 
capture A. swainsonii -30.6 +117.4 -33.0 

R. fuscipes -41.3 -38.6 +33.6 

+ if O > E 
-HO<E 



249. 

Table 6.3. The responses of Antechinus stuartii, A. swEinsonii and Rilttus 
fuscipes to trap odours, assessed by counting capfures of each species given the 
choice of four different trap odours. (a) raw frequency data; (b) the 
percentage deviations of observed from expected frequenci.es. Total trap nights 
= 2880. 

(a) Tra odour 

A. stL1artii A. swainsonii R. fusci12es None 

Species A. stuartii 45 21 42 40 
captured A. swalnsonii 14 47 33 31 

.B.. fUSCi£leS 42 32 91 55 

2 x (6) = 44.5, p < 0. 001 

(b) Tra odour 

A. stuartii A. swain son ii R. fuscipes None 

Species [\. stuartii +48.5 -30.0 -15. 7 +5.8 
captured A. swainsonii -45.3 +85.0 -21.6 -3.1 

R. fusci£leS -6.9 -28.3 +22.8 -2.1 

+if 0 > E 
- if 0 < E 

I 
I 
I 
I ..........-
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Table 6.4. Comparison of the activity of Antechinus stuartii (mean 
no. of captures/h, ± standard deviation) on tile ground <ind in trf;!es, 
at different levels of terrestrial activity of A. swain son ii. (Sample 
sizes (total numbers of captures) are -shown in bracl<ets). 
Differences in activity of A. stuartii are detected by paired sample t 
tests. -

Activity of A. stuartii 

On ground 

In trees 

t (d.f.) 
p 

Level of activity of A. swainsonii 

Low High 

(dry conditions) (wet conditions) 

4.9±1.6(68) 

5.7±1.8(80) 

1.52(13) 
n.s 

2.6±1.5 (37) 

8.4±2. 7(117) 

6.84(13) 
<0.001 

Nil 

(wet conditions) 

5.7±2.1(80) 

7.0±2.3(98) 

1.98(13) 
n.s. 
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Fig. 6 .1. Traps set on fallen trees. 
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Fig. 6.2. The response of A. stuartii (captures per hour in ground 

level and above ground traps) to chat1ges in the terrestrial activity of 

A. swainsonii. Above ground capturEis are shown by open triangles, 

ground level captures by solid triangles. The bar at the top of the 

figure represents hours of darkness . 
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CHAPTER 7 

GENERAL DISCUSSION 

7.1 INTRODUCTION 

In earlier chapters, have described the results of field 

experiments designed to ·test the hypothesis" that competition occL1rs 

between A. stuartii and A. swainsonii. Jn general, manipulation of 

the numbers of A. swainsonii had very marked effects on the 

population parameters and resource use of A. stuartii, whereas 

reciprocal manipulations o·f the numbers of the smaller species had 

much less effect on A. swainsonii. Investigation of the diets of the 

two species, and of the seasonal abundances of their invertebrate 

prey, suggested that A. stuartii faces a shortage of food in winter. 

The food shortage fol" this species is exacerbated by the presence of 

A. swainsonii 1 and it was suggested that, by interfering with A. 

stuartii on the forest floor 1 the larger antechinus denies its smaller 

congenor access to alternative sources o·f prey in the forest soil and 

litter. Further experiments, in which supplementary ·food was 

provided to A. stuartii, supported this suggestion. These combined 

findings show that A. stuartii and A. swainsonii compete for food, 

and ·further, that the effects of competition are more evident in the 

smaller o·f the two species. 

Why do A. stuartii and A, swainsonii compete? The two species 

appear to have had ample opportunity to evolve divergent 

specialisations to !"educe competition: They overlap broadly in their 

geographical distributions (Dicl<man 1982a), and they have been 

sympatric since Pleistocene times (Wake·field 1967) and probably earlier 

(Archer 1982). In this Chapter, I will 'first discuss a mechanism 

I 
~ 
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involving gene flow that may prolong or suspend competition in 

Antechinus throughout evolutionary time
1 

and then discuss othe1", 

apparently contradictory evidence, that divergence in their body sizes 

reduces competition. 

7.2 GENE FLOW AND THE MAINTENANCE OF INTERSPECIFIC 

COMPETITION 

Schoener et al. ('1979) proposed that where the ranges of two 

competing species are narrowly sympatric, directional selection for 

phenotypic divergence in the overlap zone C<Jn be impeded by gene 

flow. A variation of this proposal can be applied to Antechinus. 

Antechinus stuartii occurs alongside A. swainsonii in relatively wet, 

densely forested localities, but it also occurs alone in a wide range of 

drier and more sparsely wooded areas. In sympatry 1 there may be 

directional selection for divergence, but in allopatry such selection 

would be absent. Thus if gen,e flow -from larger allopatric to smaller 

sympatric populations of A. stuartii occurred, the sympatric selection 

pressures would be 11 s\\lamped" and sympatric phenotypes would be 

adapted more to the area of allopatry than to the smaller overlap 

area.· In this situation, competition would be suspended indefinitely, 

But, there is a problem: if gene flo\\I prevents local adaptation in A. 

stuartii, what is to prevent A, swainsonii - which almost always 

occurs alongside its smaller cohgenor - diverging "unilaterally?" 

Because A. swainsonii is far less adversely affected by competition 

from A. stuartii than vice versa, competition-mediated selection 

pressure on A. swainsonii is likely to be weak. l'lioreover, A. 

swainsonii may experience selection from opposite directions (towards 

convergence, see discussion of body sizes, section 7.3.1), so that 

overall fitness is maximised when weak competition effects still occur. 

~--~J 
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How can gene flow in A. stuartii be assessed? Since gene flow 

depends on individuals successfully breeding in localities different 

from those where they were born, the most direct approach would be 

to track animals from birth until mating. This would involve live 

trapping on a massive scale, and is obviously impractical. However 
1 

an indirect approach, used below, is to compare marker gene 

frequencies in adjacent sympatric and allopatric populations. If the 

gene frequencies are similar in both, this implies that gene flow does 

indeed occur, but if the gene frequencies are different, gene flow is 

likely to be extremely limited. 

An appropriate protein fo1· studying genetical variation is 

transferrin because it is polymorphic in A. stuartii, present in blood 

plasma (and hence obtainable without killing animals) and easy to run 

and stain using gel elect1·opho1·esis (Moritz '1982). In 1980 and 1981 

ten localities were sampled to investigate allele frequencies for 

transferrin in A. stuartii (Table 7.1). Eight localities were in or 

near the Brindabella Range; A. stuartii was sympat1·ic with A. 

swainsonii in five of these but allopatric, and at varying distances 

from the nearest A:· swainsonii population, in the other three. The 

remaining two localities were geographically isolated ·from the 

Brindabellas and served as controls (that is, no gene· flow was 

expected between them and the Brindabella Range). Tallaganda is 

some 40 km east of the Brindabellas, whe1·eas Kioloa is over 100 km to 

the east on the New South Wales coast. 

Animals were captured using sta11d<ird live trapping methods 

(section 2.4.1), lightly anaesthetised with ether, and a blood sample 

was collected from the sub-orbital sinus in a heparinised 

microhaematocrit tube. Measurements of body weight, head-body, 

~--~--J 
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tail, hind foot and ear lengths were made, and the animals released at 

the point of capture. The blood was packed immediately on ice and 

subsequently stored, after separation of the red blood and plasma, at 

-20°C. Electrophoresis was performed by Drs p. R. Baverstocl< and 

M. Adams at the Institute of Medical and Veterinary Science, 

Adelaide, using procedures described in Baverstocl< et al. (1977, 

1980). 

Two alleles, designated 11 a 11 and "b" were variable in A. stuartii 

(Table 7.1). In all localities in the Brindabella Range, allele "a" 

predominat.ed i1·respective of whether the popu.lation was allopatric or 

sympatric with A. swainsonii, and no differences in gene frequency 
. 

among any of the populations could be detected (test on. allele 

frequencies of sympatric versus allopatric populations; G(id. "f.) :; 

0.02, P n.s. ). In contrast, outside o·f the Brindabellas allele 11 b" 

predominated (Table 7 .1). Overall, the. "frequencies of alleles "a" and 

"b" differed strongly between the Brindabella and non-Brindabeila 

populations (test of Brindabella vs noncBrindabella populations: 

G(1d.f.) "'28.27, P < 0.001), suggesting, as expected, that no gene 

flow occurs between them. 

These findings show that gene frequencies of sympatric and 

allopatric populations of Brindabella A. stuartii are the same; and 

he.nee support the idea that gene flow Occurs between them. Moritz 

(1982) also found a lack of variation in t1·ansferrin allele. frequencies 

in neighbouring Victorian populations of A. stuartii and, as in the 

present study, some of these populations were allopatric and 

sympatric with A. swainsonii (C. Moritz, personal communication). 

Unfortunately, the sample sizes collected by Moritz (1982) and the 
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present study were rather smal I (189 and 107 animals / respectively) 

and involved only tr'lnsferrin. Due to unexpected financial 

difficulties and consequent delay in the electrophot·esis, many samples 

collected from the Brindabellas "went off" / and funding was not 

available for studying a large number of enzyme systems. 

Nevertheless, gene "flow remains the best explanation for the 

constancy o"f allele frequency in neighbouring populations, and the 

best explanation for why A. stuartii and A. swainsonii still compete. 

Other possibilities 1 sLtch as fixing of allele frequencies by stabilising 

selection, can be discounted because of the. large differences that 

occurred between Brindabella and non-Brindabella populations. 

7.3 DIVERGENCE AND THE REDUCTION OF INTERSPECIFIC 

COMPETITION 

7. 3 .1 Divergence in body size 

In Antechinus and other species of small dasyurids, congenors 

usually coexist only if they differ in their body sizes (Fox 1982a). 

Body size is not of itself a niche difference, however, but is. related 

to the exploitation of different sources of food. Fox (1982a), for 

example, suggested that different sized dasyurids could exploit 

different sized prey (see also Hall 1980b) 1 while Wilson (1975) 

demonstrated that, in general / larger predators can take large prey 

that are not available to smaller predators. Since the two species of 

Antechlnus compete for food (Chapter 5), it seems reasonable to 

expect that divergence in their body sizes should be especially 

effective in reducing competition. 

However, before proceeding with this line o-f thought, it is 

necessary to reassess some earliet·, apparantly contradictory findings, ~ 
I ., 

-----~.-J 
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concerning body size and competition. The problem is why juvenile 

female A. stuartii the smallest individuals in A. stuartii 

populations - appear to be ~ adversely affected by competition 

from A. swainsonii than either males or parous females (section 2.6). 

Apart ·from speculE!tion th.at A. swainsonii mistakes juvenile females for 

insects more often than the larger males or parous ·females (section 

6.4), two explanations can be proposed. First, sample sizes for 

juveniie females were usually arger than for males and parous 

females, and variances were o"ften smaller, so that statistically 

significant effects were easier to detect. Second, juvenile females 

may be socially subordinate to larger conspecific males and parous 

females ( L.ee 1972), and so face interference competition from 

con specific as wel I as con generic individuals. The removal of A. 

swainsonii would eliminate interspecific competition and temporarily 

reduce intraspecific competition on juvenile females, and thus allow 

them to expand their use of resources proportionately more than 

either males or parous females. Both explanations suggest that the 

responses of male and female A. stuartii to interspecific competition 

may not be markedly different, and hence that tl1e paradox of intense 

competition between individuals of very different body sizes is more 

apparent than than real. 

Sympatric A. stuartii and A. swainsonii differ in their head-body 

lengths ;Jy a ratio of 1.3-1.35, and it has been suggested that this 

differen~:e in maintained, in part, by differences in when they breed 

(Dickman 1982a). Both species breed only once a year and live, on 

average, for little more than a year, so the species that breeds first 

gains an advantage in growth over the other species. Since in this 

case the earlier breeding species (A. swainsonii) is already the larger ~ 
_____ J 
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of the pair, its early growth advantage further enhances and 

maximises the interspecific difference in size. The amount of size 

enhancement due to "staggering" of breeding can be illustrated as 

follows. In the Brindabellas, A. swainsonii mates a month earlier 

than A. stuartii, so except for a few parous Females, individuals of 

the two species differ in age by one month. In July 1979, when A. 

swainsonii was aged 11 months and A. stuartii 10 months, mean 

head-body measurements (mm) of the two species were: 

A. stuartii 

97.2 (n=11) 

89.3 (n=11) 

A. swafnsonii 

128.8 (n=8) 

116. 2 (n=S) 

Size ratio 

1.33 

1.30 

If A. stuartii had mated at the same time as A. swainsonii, the size 

ratio between the species would inevitably diminish. By how much? 

In August 1979 1 when A. stuartii was aged 11 months, mean 

head-body measurements (mm) had increased from the previous 

month: 

A. stuartii 

100.7 (n=11) 

91. 4 (n=11) 

Thus, if the time of mating of the two species was synchronised, the 

size ratio between the two species would decline to only 1.28 (males) 

and 1.27 (females). Clearly, select. ~n need not simply favour 

absolute differences in the size of the two species, since some 

divergence can also be e·ffectively maintained by differences in when 

they breed. This argument is strengthened by the observation that 

!::,_. stuartii mates later than A. swain son ii in 27 out o·f 28 localities 

where they occur together (Dickman 1982a). 
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Seasonal breeding in Antechinus has obviously not evolved 

simply as a mechanism to maintain interspecific size differences, and 

it is influenced by a 1·ange of other parameters. Lee et ~· (1977) 

suggested that mating is so timed that lactation and the weaning of 

yoLing coincide With a flush in insect abundance in spring and 

summer, While Wainer (1976) proposed ·further that reproductive phase 

cHfferences between Victorian populations of 6_. stuartii and A. 

minimus were a result of dietary preferences for insect groups that 

peak at different times. Antechinus stuartii and A. swain son ii also 

mate later at higher altitudes, and the former species also mates later 

at lower latitudes (Dickman 1982a). 

In view of these many influences on the timing of mating, it is 

difficult to disentangle the interspecific effects alone. Nevertheless, 

the times of matings of the two species of Antechinus were 

investigated in populations at 43 localities in a relatively small area 

(39/000 km2) f ti . t· h' I o 1e1r respec··1ve geograp 1ca ranges. Times of 

matings we1·e obtained -from five sources: published records, 

unpublished theses, museum specimens, personal observations, and 

field observations provided by other researche1·s (Dickman 1982a). 

For each population, a mean time of mating was estimated to the 

nearest quarter of a month and assigned a corresponding numerical 

value. (For example1 a population mating in the last two weeks of 

August was assigned a value of 8. 75 on the assumption that mating 

was centred about the third quarter of the eighth month). This 

procedure assumes that mating in any population is synchronous and 

varies little from year to year (Wood 1970 1 Lee et ~· 1982, Dickman 

et al. in press) 1 and it assigns a mean value for time of mating but 

ignores the variance. 

______ J 
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Times of matings were then investigated in relation to seven 

parameters: 

1) Altitude (m) 

2) Latitude (degrees and minutes south). 

3) Longitude (degrees and minutes east). 

4) Congeneric effect. This was calculated from trapping 

results in each locality as the r<itio of numbers of one species to the 

other. For A. stuartii, for example, the congeneric effect is 0 if no 

A. sw<iinsoni]. are present, 1 if eql.lal nl.lmbers of the two sp<ocies are 

present, and >1 i·f A. swainsonii is the more abundant species. 

5) Distance (km) to the nearest congeneric population. For A. 

stuartli sympatric with A. swainsonii this value ,is S, but for 

allopatric A. stuartii it is >O. 

6) Structural habitat complexity. Measurement of this 

parameter was described in section 2.4.3. The mean of 100 scores in 

each locality was used as a measure of mean habitat complexity (x). 

7) Habitat vari<ibility. The standard deviation, 5 1 of x was 

used as a measure o·f the variation in habitat complexity. This was 

standardised by calculating: 

v = 1005, 
-x 

where V represents the coefficient of habitat variability. 

Multiple reg1·ession analysis showed that, in A. stuartii, altitude 

(R2 = 42t, (.'. = 25.49, p < 0.001) and congeneric effEict (R2 = 34.5%, 

F = 19.62, p < 0.001) influenced time of mating, but in A. swainsonii 

only altitude ·(R2 = 77%, F = 39. 86, P < 0. 001) was important. In 

__ ,,_, ____________ ___._ 
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both species mating began later at higher altitudes, and in A. stuartii 

it was delayed further when the numbers of sympatric A. swainsonii 

were high. At· 1ltitudes of less than 1000 m the two species are 

usually sympatric and mate at different times, bLrt at higher altitudes 

(> 1500 m) they are allopatric and mate at the same time (Dickman et 

al. in press). When regression slopes (time of mating versus 

altitude) of sympatric and allopatric A. stuartii are plotted 

separately 1 mating in sympatric populations is significiantly later than 

in allopatric ones (Fig. 3b, in Dickman et.§.)_. in press). 

These findings show that the time of mating of A. stuartii is 

delayed by altitude and by the presence of A. swainsonii, and hence 

support the suggestion above that temporal differences In breeding 

enhance the differences in size between the two species. This is 

prima fade evidence for an unusual kind at' character displacement, in 

which divergence in a morphological parameter (body size) is 

produced indirectly by divergence in a reproductive one (time of 

mating). However 1 the divergence is one-sided and involves A. 

stuartii only, the species most adversely affected by interspecific 

competition. 

What is the advantage to A. stuartii in being small relative to A. 

swainsonii? It was mentioned above that differences in body size 

between species could promote differences in the food resowrces they 

exploit. Swch differential exploitation could be achieved in two ways. 

Two sympatric species could diverge in (a) the kinds of food they 

eat, or (b) where they forage. In (a) the two species could overlap 

in their foraging microhabitats and not compete (syntopic coexistence, 

after Rivas 1964) 1 whereas in (b) they could eat the same types and 

sizes of prey and not compete (allotopic coexistence). Overlap in 
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foraging microhabitat is probably possible only if no interference 

effects occur between species, so that for Antechinus, where 

interspeci:fic interference is important (Chapter 6), we should expect 

to Find that coexistence of the two species is al\otopic. I will suggest 

below that interspecific differences in oody size also promote al!otopic 

co-existence, and that syntopy does not occur. 

The case for syntopic coexistence rests on the belief that 

different sized animals eat different sized prey. Wilson (197$) 

concluded, in part, that larger predators use food sizes that are 

unavailable to smaller predators, whereas the reverse is much less 

true; this gives larger predators a competitive advantage. Hall 

(1980b) found that the prey taken by r=,,. swainsonii were, on 

average, 23% larger than those taken by A. stuartii; this, and the 

competitive superiority of A. swainsonii that was found in the present 
I 

study, ostensibly fit the Wilson (1975) model. Fox (1982.a) has 

suggested further that body size differences and prey size sepa_ration 

could play an important role in dasyurid community organisation. 

It is not clear; however, why predator body size should 

correlate with prey size. Hutchinson (1959) proposed that coexisting 

species should differ instead in the sizes of their trophic apparatuses 

(e.g. beaks or jaws) 1 and showed that the minimum size difference 

between the larger and smaller members of a pair was usually about 

1.3. But, tl1is ratio is not obtained when. skull parameters of A. 

stuartif and A. swainsonii are compared. The following data (mean 

measurements in mm for males and females combined, from a syh1patric 

population in Victoria (Wakefield and Warneke 1963, 1967)) illustrate 

this: 
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A. stuartii A. swainsonii Size ratio 

Basalar length 22.79 28.20 1.24 

Zygomatic breadth 14.76 16.04 1.09 

Palatar length 12.46 15.71 1. 26 

Length M1-3 
4:79 5.31 1. 11 

Breadth at M3 
8. 21 8.78 1. 07 

Compared these ratios with the ratios for head-body lengths 

(1.3-1 .35, see above), it is obvious that the two species are 

co1werge11t in the sizes o·r their trophic apparatuses. Hence, it is 

doubtful that body size differences really do reflect differences in 

prey size. 

Despite finding that f'c.. swainsonii takes larger prey than A. 

stuartii, Hall (1980b) still concluded that the two species are 

generalist, opportunistic feeders. In the present, study A. stuartii 

also ate generally smaller prey than its larger congenor, but when A. 

swainsonii was removed, the proportion of large prey in the diet of 

A. stuartii increased (section 2.5.4.3). Clearly this species is 

capable of eating large prey, but in the presence of its terrestrial 

congenor it simply encounters them less frequently. In captivity, 

both species selectively take longer prey (> 20 mm) in preference to 

smaller ones (< 10 mm) irrespective of whether the prey are beetles, 

cockroaches, locusts or mealworms (unpL1blished findings). Except 

for rare invertebrates, such as Embioptera and Onychophora, both 

species took every type of prey th~t was collected in the pitfall, 

litter and casual sampling programmes, and moreover, they also ate 

occasional vertebrates and fruits. 
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These combined findings dispel any 101st doubt that the body size 
' 

differences of the two species of Antechinus are related to the size or 

type of prey they eat. Before going further, it is worth considering 

why this is so. The largest invertebrates that are potentially 

available to A· stuartii are cicadas centipedes, locusts oligochaete 

worms and certain larvae. All except locL1sts have soft cuticles, and 

all may be l<illed or immobilised by the same deft bites to the l1ead 

region with which the antechinus despatches smaller prey. Hence, 

there is little risk or energetic loss fOr .!'c· stuartii to attack large 

prey when it encounters them, and the potential benefits in energy 

gain are relatively great. In addition, A. stuartii is an active rathe1· 

than a sit-and-wait predator. Since many of its prey are also active 

and free-moving, this species probably cannot afford to develop a 

specific search image but realises its highest capture success by 

pursuing and attacl<ing prey swi-rtly. 

The case for allotopic coexistence in Antechinus 1·ests largely on 

the assumption that body size differences allow differential access to 

prey. Very simply, the small size of A. stuartii allows it access. to a 

wide range of arboreal prey (e.g. foliage insects, trunk and bark 

fauna), whereas the larger size of f:o.. swainsonii allows it access to 
~ 

prey in the forest litter (e.g. larvae, Amphipoda). The bark of 

several species of Eucalyptus is rough and fissured 1 and it c.an 

provide a suitable environment for a wide range o·f invertebrates 

(e.g. Lawrie '1974). However, the fissures are narrow (1-2 cm) 1 so 

that only the smaller antechinus could gain access to them. Other 

Eucalyptus trees periodically shed their bark, and for much of the 

year a narrow gap (1'-2 cm) exists between the loosening bark and 

the main tree trunk. When the bark detaches fully from the tr'unk it 

I 

·~~~~~~-----------~-----... 
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frequently curls lengthwise to form tubes, and hangs loosely over 

tree forks or shrubs. Although bark peeling displaces many 

invertebrates from the tree trunks onto the forest floor (Chapter 4) 
1 

the tubes and the gaps between the barJ~ and tree trunk harbour a 

rich invertebrate fauna,. but they are accessible only to predators 

such as A· stuartii that are small enough to squeeze into them. 

Access for the larger A. swainsonii would be prohibited. 

Although small size may favour arboreal foraging, it is not clear 

why a relatively large body size should, of Itself, favour access to 

invertebrates of the forest litter. The two species of Antechinus can 

exploit terrestrial sou.rces o"f food (although A. stuartii does so only 

in the absence of A. swainsonli), and McNab (1979) conc::luded that -

other things being equal - small animals dig and burrow more 

efficiently than larger ones. If, however, larger body size is 

associated with greater "strength" (ability to displace soil and litter), 

it is likely that A. swainsc»[l more rapidly exposes buried 

invertebrates than its smaller congener, and hence achieves a higher 

success rate. 

Although interspecific competition may select for small bodied A. 

stuartii and large bodied A. swainsonii, there are presumably other 

ecological, physical and physiological constraints on size. For A. 

swainsonit, which is the superior competitor, the selective advantages 

of being much bigger are probably minimal and balanced by the rate 

at which it would need to harvest larger amounts of food. This 

species takes many sessile prey that are buried in the forest litter·; 

they are presumably available day and night. Since A. swainsonii 

already forages throughout the 24h cycle, it may simply be unable to 

maintain a larger body size. In addition, over much of its 
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geographical range (but not in the Brindabellas), A. swainsonii 

occurs alongside the Long-nosed Bandicoot Perameles nasuta and the 

Southern Brown Bandicoot lsoodon obesulus. competition with these 

larger, partly insectivorous marsupials could conceivably place a 

further constraint on the upper body size of this species. (Very 

large A. swainsonii, up to 178g and 188mm head-body, have been 

collected on the north and central coast of New South Wales (e.g. 

Australian Museum specimen No. AM9834). Unfortunately, further 

ecological information from these localities is completely lacking). 

For A. stuartii, in contrast, most prey are free moving and 

many (e.g. huntsm~n spiders, Dermaptera, some Co.leoptera) emerge 

only at night. The smaller antechinus forages for only this part of 

the 24h cycle and hence may be unable to gather enough energy to 

maintain a larger body size. Conversely, although a smaller body 

size may facilitate access to a larger population of bark invertebrates, 

this advantage may be weighed against physiological (e.g. 

thermoregulatory) costs, and the disadvantages of specialising on a 

seasonal food source. Further, in drier and more sparsely wooded 

habitats where A. swainsonii is absent, A. stuartli often occurs 

alongside one of two srnal ler species of dasyurids, the Common 

Dunnart Smithopsis murina or the White-footed Dunnart ~· Jeucopus. 

Competition between the antechinus and dunnarts is suspected (Fox 

1982b, Dickman in .press, a), and although A. stuartii is probably the 

superior competitor, the dunnarts could place a lower limit on the size 

of this species. Conceivably selection for large size in A. stuartii 

where it is sympatric with a dunnart, and for small size where it is 

sympatric with A. swainsonii, could contribute to the differences in 

body sizes of A. stuartii populations that are allopatric and sympatric 

with A. swainsonii (Table 7 .2). ______ J 
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Body size differences promote coexistence among other species of 

mammals, such as mustelids (Simms 1979 1 King and IVJooi·s 1979
1 

Moors 

in press). King and Moors (1979) note that sympatric weasels and 

stoats differ in their head-body lengths by a ratio of 1.1-1 .3 and also 

tal<e prey of different sizes. However, the two species also di Ff er in 

where they forage. The smaller and more elongate weasels forage in 

vole runways, whereas stoats frequently enter rabbit burrows. 

Stoats are too large to enter vole runs and so "lose" in exploitation 

competition with weasels, but they exclude theit· smaller congeners 

elsewhere and hence "win" in inte1·ference competition (King and 

IVioors ·1979). Body size differences exist in other mammal communities 

(IVicMab 1971, Coe 1975, Brown 1975) but their function and 

importance are less wel I understood. 

7.3.2. Divergence in other parameters 

Although body size differences al low the two species to exploit 

different arboreal and terrestrial sources of food, it is possible that 

divergence may also occur in tail size. Thus tail lengths of A. 

stuartii (measured as a percentage of head-body length) are relatively 

long in populations that occur with A. swainsonii / but short in 

populations that occur alone (Table 7. 2). When it is climbing or 

changing direction, the tail of A. stuartii flicks from one side of the 

body to the other and presumably helps the animal maintain its 

balance. If tail length is associated with climbing ability (see Horner 

1954, Martin 1968, Hickman 1979), the longer tails of sympatric A. 

stuartii may facilitate greater access to arboreal sources of food, and 

hence alleviate competition with the ter1·estrial [2. swainsonii. In this 

context, it is of interest to note that the tail lengths of the three 
I 
I 
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New Guinea species of Antechinus are always 111-126% longer than 

their 1·espective head-body lengths (Bishop Museum (Honolulu) 

Records, courtesy of Dr. A.c. Ziegler). All three species are 

partially arboreal inhabitants of rainforest (Ziegler 1977, 1982), and 

their relatively long tail~ presumably increase their climbing ability. 

Tail length may obviously be influenced by factors other than those 

suggested above (indeed there is evidence suggestive of a 

north-south cline in Table 7. 2), but With a larger data set, 

multivariate methods could again be used to separate their relative 

importance. 

In some genera of rodents, species that inhabit complex 

three-dimensional environments have relatively large brains, whereas 

those inhabiting simple terrestrial environments have small brains 

(Lemen 1980, Mace and Eisenberg 1982). In Antechinus, however, 

there is no further information available to investigate whether 

divergence occurs in this, or in other parameters. 

7.3.3 Sexual dimorphism in body size 

In Australia, usually no more than two or three species of 

dasyurTds coexist (Fox 1982a) 1 whereas in New Guinea up to six 01" 

seven species can occur together (Gressitt and Nadkarni 1978). 

Australian dasyurids, in contrast to thei1; New Guinea relatives, show 

marked sexual dimorphism in size; Fox (1982a) has suggested that 

this increases the niche width of each species and so reduces the 

resources available for additional species. 

In the present study, male and female A. stuartii and A. 

swainsonii differed strongly in size, and this complicates the argument 

(Section 7 .3 .1.) that simple interspecific differences in size alone 

~~~~-----------------... 
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facilitate coexistence. Adult male A. swainsonii are 1.12 times longer 

(in head-body) than females, but 1.33 times and 1.47 times longer, 

respectively, th;;in male and female f::.· stuartii. In contrast, female 

A· swainso11ii are only 1.19 times larger than male A. stuartii, bu·t 

1.33 times longer than fomales. Considering body size alone, male A. 

swainsonii and ·female A. stuartii would be expected to compete 

slightly, whereas male A. stuartii and female A. swainsonii would be 

expected to compete more strongly. Further, since selection for 

divergence shoL1ld also be st1·ongest in the latter pair, this should 

lead to smaller dimorphic ratios in sympatric populations than in 

allopatric ones. There is some evidence that this occurs: In 

allopatric populations o·f A. stuartii males are 1.18 times longer (in 

head-body) than 'females, whereas in sympat1·ic populations males a1·e 

only 1.12 times longer (combined data for all populations in Table 

7. 2). 

Sex ratios of A. stuartii pouch young are usually female biassed, 

whereas those o·f A. swainson ii are male biassed (sections 2. 5. 3. 2 and 

2.5.5.2). Although these differences may be due to interspecific 

differences in female longevity <ind differential probability of 

mother-daughter competition (Cockburn et §J.., manuscript), it is of 

interest that they could also reduce interspecific competition. If 1 for 

example, sex ratios of pouch and independent young of both species 

were 0.5 and individw1ls of both species "mixed" randomly, the 

probability of a male A. stuartii encountering a female A. svvainsonii 

is 0.25. (This species-sex combination is chosen as an example 

since, on body size, they would be expected to compete most 

strongly). If, however 1 the sex ratio o·f A. stua1·tii were 0.4 (40% 

male) and that of A. swainsonii 0 .6 (60% male), the probability of a 
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male A. stuartii encountering a female A, swainsonii would be only 

0.16. Although the two species of Antechinus do not, of course, mix 

randomly / this simple example shows that sex ratio variations could 

alter the probab1'l'rty of t b encoun ers etween individuals of particular 

species-sex classes. It would be of interest to investigate whether 

sex ratios of allopatric populations approach parity. 

As with body size, dimorphic size ratios probably represent a 

trade"off of different selective pressures. In eastern Australia, all 

species of Antechinus mate once a year (Braithwaite and Lee 1979, 

Lee et ~· 1982). Males die. shortly after mating, and competition 

among males for mates is probably intense. In A. stuartii, large 

"dominant0 males probably mate before small males, thus maximising 

their fitness 1 and most offspring may be fathered by relatively few 

individuals (Braithwaite 1979). Hence large males probably contribute 

disproportionately to the gene pool and contribute both to the 

maintenance of strong sexual dimorphism <1nd to the unusLJal life 

history of this species (Braithwaite 1973, 1979). However, males that 

are too large may suffer in competition from other species, or kill 

females before or during copulation (personal observations). These 

individuals would contribute nothing to the gene pool. Lucid 

discussions of sexual and ecological aspects of size dimorphism are 

found in Selander 1969, 1971, 1972; Glucksmann 1978). 

7.4 CONCLUSIONS 

have suggested that gene flow between populations of A. 

stuartii in the Brindabella Range results in continued interspeci'fic 

competition, but also argued that divergence in body size, and 

perhaps tail size, promotes allotopic coexistence and reduces 
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competition. Although these notions appear to be contradictory 
1 

a 

balance between gene flow and divergence may depend on the local 

distributions of the two species. The Brindabella distribution pattern 

( A. swainsonii localised, A. stuartii widespread) is more or less 

typical throughout the ranges of the species. In general, assuming 

that gene flow occurs elsewhere, competition may always occur if the 

overlap area for A. stuartii is small relative to the adjacent area of 

allopatry. Conversely, if the overlap area is large relative to the 

areO! of allopatry, locally sympatric A. stuartii may diverge so that 

competition is reduced. A gradient in the intensity of competition 

may then result, being most intense near the allopatry/sympatry 

border and least in the centre of the area of overlap. It would be of 

great interest to measure gene flow and body size in other 

populations of Antechinus to examine whether these expectations are 

generally true. 

Multivariate methods could be Llsed, as above, to assess whether 

divergence was due to competition or to other factors. 

Further research into competition among Antechinus should try 

to measure the diffuse effects of species in other, more distantly 

related taxa, as wel I as intraspecific effects. Fenton and Fleming 

(1975), Brown and Davidson (1977) and Landeen et ~- (1979) have 

already demonstrated that competition occurs between taxonomically 

unrelated species, and Fox (1981) has pioneered a potentially very 

useful method for investigating diffuse effects in diverse natural 

communities of small mammals. In the Brindabellas, a large m1mber o·f 

partly or wholly insectivorous vertebrate species could compete with 

Antechinus; these include the Eastern Pygmy-possum Cercartetus 

nanus, the Feathertail Glider Acrobates pyQmaeus, the Sugar Glider 
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PetaL1rus breviceps and many species of birds, reptiles and 

amphibians. Although large scale manipulation studies of all these 

species would not be possible or even desirable, initial investigations 

could profitably attempt to measLire basic p 0tterns of resource use 

and overlap. Subsequent manipulations of selected species could then 

investigate individual niche shifts or shifts in control of trophic 

energy (Van Valen 1976). Judging from the preliminary results of 

Montgomerie (1977), analysis of energy budgets may prove to be mast 

fruitful for studying intensity and mechanisms of competition in 

diverse communities. 

In Chapter 1, a hypothesis was proposed that (2. stuartii and A. 

swainsanii compete with each other under natural conditions. It was 

further proposed to document any c.hanges in the population 

parameters or patterns of resource use of the two species that were 

attributable to competition, and to investigate in detail the nature of 

interspecific interactions. Much evidence has subsequently been 

presented that the two species do compete, and the null hypothesis of 

"no competition" has been rejected. Moreover, competition between 

A. stuartii and A. swainsonii was seen to be a complex but subtle 

and dynamic process, varying on a local and geographical scale, and 

differing in intensity at different times of the year. The abundance, 

trappability and simple life history of these shy but curious and 

beautiful animals renders them ideal for further research. They 

should serve as an ideal starting point for investigations of 

competition throughout the Marsupialia. 
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Table 7. 1 Allele frequencies (%) for transferrin in plasma of Antechinus 

stuartii 

Locality Distance to Sample Alleles 
nearest A. sw size na11 
population Tkm) (N) 

B rindabella regioQ_ 

Bushranger Creek 0 23 78 

Warks Road 0 19 79 

Blundell Creek 0 13 92 

Lees Creek 0 23 83 

Tidbinbilla 0 3 83 

Kangaroo Creek 0.5 8 81 

BL1llen Range 6 3 83 

Nr. Murrumbateman 33 1 100 

Non Brindabella region 

Tallaganda 0 2 25 

Kioloa 0 12 33 

. ' 

Jlbll 

22 

21 

8 

17 

17 

19 

17 

0 

75 

67 
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Table 7.2. Head-body and tail measurements of A. stuartii in populations allopatric and sympatric with 
A. swainsonii. All measurements are of animals aged 9-12 months. 

Locality Sex Head-body length Tail length Tail as % Source 
(mm)± s.d. (N) (mm)±s.d. (N) of head 

body 

(a) sympatric populations 

Lees/Blundell cI 99 .. 3 ± 3.2 (18) 91.5 ± 3.4 (18) 92 1 
Creeks, A.C.T. ? 88.7 ± 2.2 (16) 80.8 :': 3.4 (16) 91 

Ticibinbilla, cI 98.0 ± 5.1 ( 4) 92.3 :!: 4.6 (4) 94 2 
A.C.T. 'il 88.5 ± 3.8 ( 5) 80.6±3.2 (5) 91 

Thredbo, a' 92.9 ± 3.1 ( 9) 90.0 ± 3.0 (9) 97 3,4 
N.S.W. 'il 84.7 ± 3.0 ( 7) 81.3 ± 2.9 (5) 96 

Bega cI 96.4 ± 3.5 (16) 94.7 ± 5.6 (17) 98 5 
N.S.W. ? 85.7 ± 2.3 (13) 8.5.8 ± 2. 6 (13) 100 

Newnes d' 104.7 ± 7.3 (22) 94.8 ± 11.3 (22) 91 5 
Plateau, N .s. W. 'il 89.6 ± 5. 1 (14) 79.9 ± 6.2 (14) 89 

Barrington, a' 96.2 ± 4.4 (27} 86.2 ± 3.8 (27) 90 6 
N.S.W. 'il 84.2 ± 4.9 (13) 78.6 ± 3.5 (13) 93 

Bungwahl, cI 97.8 ± 16.5 (21) 86.3 ± 7 .1 (21) 88 7 
N.S.W. ? 88.3 :!: 11.8 (11) 80.1 :!: 14.2 (11) 91 

1<ioloa, d' 100.9 ± 4.3 (1 O) 98.5 :!: 4.0 (10) 98 1,8 
N.s.w. ? 90. 8 :!: 3.9 ( 9) 86. 7 :!: 4.3 ( 9) 95 

Guy Fawkes d' 112. 1 :!: 4.6 (17) 98.9 :!: 5.3 (17). 88 4,9 
N .S.W. ? 97.4 ± 4.0 ( 8) 88.2 :!: 4.1 ( 8) 91 

Loch Valley, a' 95.3 :!: 6.5 (58) 98.0 ± 5.6 (58) 103 10 
Vic. ? 84,9 :': 5.2 (13) 87.5 ± 6.2 (13) 103 
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Table 7 .2 (continued) 

Powelltown, d' 104.0 ± 5.0 ( 6) 102.0 ± 4.0 ( 6) 98 11 
Vic. 9 95.0 ± 3.0 (10) 86.0 ± 9. 0 (10) 91 

Mean 94 

(b) Allopatric populations 

Bullen d' 101.8 ± 2.1 ( 6) 90.8 ± 4.9 ( 6) 89 1 
Range, A.C.T. 9 88.5 ± 2.7 ( 5) 80.1 ± 3:6 ( 5) 91 

Murrumbateman, d' 99.3 ± 5.9 (15) 84.0 .± 3.7 (15) 85 12 
N.S.W. 11 91.5 ± 4.2 (12) 78.1 ± 6.2 (12) 85 

Wandandia'.1, d' 115.4 ± 3.6 ( 5) 104.8 ± 4.1 ( 5) 91 9 
N.S.W. 11 99.9 ± 5.2 c 9) 92.1 ± 4.4 ( 9) 92 

Sunny Corner, d' 109.9 ± 6.7 (18) 82.6 ± 3.2 (18) 75 3, 13 
N.S.W. 11 91.0 ± 4.5 ( 7) 70.4 ± 3.1 c 7) 77 

Kuringai, d' 119.9 ± 12.3 (17) 95.2 ± 2.5 (16) 79 ·3 
N.S.W. 11 93.1 ± 7.2 c 9) 80.8 ± 4.1 ( 9) 87 

Levers d' 119.5 ± 5.3 (15) 99.8 ± 5.5 (15) 84 3 
Plateau, N.S.W. 11 98.U ± 5.4 ( 4) 83.0 ± 12.2 c 4) 85 

Mt. Glorious d' 116.6 ± 6.8 (115) 96.5 ± 5.8 (114) 83 14 
Qld 11 102.2 ± 5.8 ( 32) 88.5 ± 5.1 (32) 87 

Mean 85 

Sources: 1, this study; 2, P. Filmer (pe1·s. comm .. ); 3, A.B. Rose (pers. comm.); 4, CSIROMuseum, 
Division of Wildlife Rese.,rch; 5 1 Australian Museum, 6, A. Press .(pers. comm.); 7, Lim (1979); 8, C.R. 
Tidem.,nn "nd D.P. Woodside (pers. comms); 9, British Museum (Natur"I History) and American Museum of 
Natural History; 10, Wal<efield and Warneke (1967); 11, Leonard (1972); 12, Dickman (1980); 13, D. 
Go/dney (pers. co'mm); 14, Van Dyck (1982). 
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Appendix 1. Studies concerning the small marsupials of Australia and 

New Guinea. (On microfiche). This is a bibliography of studies that 

have been reviewed for evidence suggestive of competition. 

APPENDIX I • 
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Appendix 2. Summary of 
some aspects of the biology of Antechinus. 

References on general physiology' the physiological aspects of male 

die-off' palaeontology and responses to fire and habitat destruction 

are not listed, but may be found in Archer (1982). 

(a) Antechinus stuartii 

Subject 

Taxonomy 

Range 

* Habitat 

Biological notes and reference sources 

Two subspecies are recognised, A. s. stuartii 

and A. .§_. adL1stus (Wakefield and Warneke 

1967, Van Dyck 1982). All following notes 

refer to A. s. stuartii. 

Geographical: Western Victoria to 

south-eastern Queensland (Wakefield and 

Warneke 1967, Dickman 1982a, Van Dyck 

1982). 

Altitudinal: 0-2000 m (Newsome and Catling 

1979, Green and Osborne 1979). 

Tall closed-forest (rainforest) (Wood 1970, 

Braithwaite 1979); tali open-forest 

(lyndale-Biscoe and Calaby 1975, Stewart 

1979a, Gui Ian and Robinson 1980); 

open-forest and woodland (Dickman 1980, 

Statham and Harden 1982); lowland heath 

(Braithwaite et ~· 1978, Fox 1982b); rock 

tors (Green and Osborne 1979, Dickman et al. 

in press), coastal dunes and cliffs (Wakefield 

and Warneke 1967); exotic pines (Barnett et 

al 1976, Suckling and Heislers 1978). 

Statham and Harden (1982) record maximum 

densities (numbers per hectare) as 2.8 in tall 

woodland and Jogged tall closed-forest, 4.4 in 

tall open-forest and 1.9 in open forest. 
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(a) A. stuartii 

subject 

Breeding 

Population dynamics 

Movements 

Behaviour 

Activity 

323 

Biological notes and reference sources 

Mating occurs only for a short period (about 

2_ weeks) in winter, after which all males die 

(Wood 1970). Gestation lasts for about 27 

days (Selwood 1980), pouch life for 5 weeks 

and nest life for about 8 weeks, after which 

the young are independent (Woolley 1966, 

Wood 1970). Nipple numbers vary from 6-10 

(Lee et E.)_. 1982). 

Numbers are highest in spring and summer 

following the influx of juveniles into the 

population. Numbers decline thereafter and 

ar•e lowest after male die-off in winter (Wood 

1970, Statham and Harden 1982). 

Males range further than females, especially 

near mating (Wood 1970, Barnett et E.)_. 1977). 

Both sexes ar.e partly arboreal (Wood 1970, 

Hall and Lee 1982). 

Copulation is violent and protracted (Marlow 

1961, Woolley 1966). Maternal behaviour and 

nest building 

Croft (1982a); 

Settle and 

are described by Settle and 

the development of young by 

Croft (1982b). Agonistic 

interactions among males lead to the formation 

of a male dominance hierarchy 4-5 months 

before mating (Braithwaite 1974) i a 

female-dominated hierarchy was described by 

Rigby (1972), but this study used senile 

males. 

Nocturnal/crepuscula1· (Wood 

1980a, Warden and Wallis 1979). 

1970, Hall 
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Appendix 2 (cont'd.) 

(a) A. stuartii 

Subject 

Diet 

Predators 

* 

324 

Biological notes and reference sources 

Invertebrates, especially arthropods (Leonard 

1972, H<111 1980b) and occasionally plant 

material (Statharn 1982a). 

Fo?(es (Townsend 1977, Green and Osborne 

1981), feral cats (Jones and Coman 1981) and 

owls (Seebeck 1976; ?Tilley 1982). 

Habitat classification follows Specht (1970). 



~~--------------...... 
325 

Appendlx 2 (cont'd.) 

(b) Ahtechinus swainsonil 

Subject 

Taxonomy 

Range 

* Habitat 

Biological notes and reference sources 

Two· sub · species are recognised, A. s. 
swainsonii (Tiism · ) d an1a an A. ~· mi metes 

(mainland Australia) (Wakefield and Warr.el<e 

1963). Notes on the biology of A. s. 

swainsonii are given by W~kefield and 

Warneke (1963), Green (1972) and Hocking 

(1975); all following notes refer to A. s. 

mimetes. 

Geographical: Western Victoria to 

south-eastern Queensland (Wakefield and 

Warneke 1963, Dickman 1982a, Van Dyck and 

Ogilvie 1977). 

Altitudinal: 0-2227 m (Newsome and Gatling 

1979, Dimpel 1976). 

closed-forest Tall 

1977); 

Caf.aby 

(Van Dyck and Ogilvie 

tall open-forest (Tyndale-Biscoe and 

1975, Stewart 1979a, Gullan and 

Robinson 1980); open-forest and woodland 

(Wakefield and Warneke 1963); lowland heath 

(Braithwaite et al. 1978 1 Newsome and Gatling 

1979); upland (alpine) heath (Newsome and 

Catling 1979, Dickman et .§!!.. in press); rock 

tors (Gt•een and Osborne 1979, Dickman et 

§1. in press); coi'lstal dunes (Wakefield and 

Warneke 1963); exotic pines (Suckling and 

Heislers 1978). These studies suggest that 

the order of abundance is : alpine heath J 

tall open-forest J open-forest J woodland and 

tall closed-forest. 
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(b) A. swainsonii 

Subject 

Breeding 

Population dynamics 

and movements 

Behaviour 

Activity 

Diet 

Predators 
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Biological notes and reference sources 

M.ating occurs only for a short period (about 

2 weeks) in winter, after which all males die 

(Lee et .§.!.. 1977, 1982). Gestation lasts for 

29·35 days (Williams and Williams 1982), pouch 

life ·for 51:;-8 weeks and nest life for up to 7 

weeks, after which the young are independent 

(unpublished findings, Fleay 19321 Williams 

and Williams 1982). Nipple numbers vary 

from 6-10 (Lee et ~· 1982). 

Similar to A. stuartii (Leonard 1972), but 

appears to be less arboreal (Hall and Lee 

1982). 

Copulation 1 some aspects of the development 

of young, and maternal behaviour, are similar 

to t_. stuartii (Williams and Williams 1982). 

Quantitative descriptions of behaviour have 

not been published, but qualitative notes are 

given by Fleay (1932) and Dickman (in 

press.,b). 

Equally active by and by night (Hall 1980a, 

Warden and Wallis 1979). 

Invertebrates, especially arthropods (Leonard 

1972, Hall 1980b). 

Foxes (Green and Osborne 1981), feral cats 

(Jones and Coman 1981) and owls (?Tilley 

1982). 

* Habitat classification follows Specht (lS70) · 
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Appendix 3!. Body \Veigh_ts .of mate Antechinus ~· Values are means 
(grammes) - standard dev1at1on. S~mple sizes are irt btackets. 

Cl E1 E2 F Fp 0 

1978 Antechinus swainsonil not manipulated 
May 23.2±2.1 (9) 23, 7±2.3 (7) 24.0±1.9 (9) 0.33 June 23. 7±2.0 (10)' 24.6±1.7 (7) 24.8±2.5 (8) 0.68 July I 24 .3±2.1 (8) 24.8±1.s (Bl 25.2±2.0 (12) 0.52 

Antechtnus S\"Vainsonii rsmoved from El .and E2 
July 11 24. 9±2.1 (9) 24.8±1.4 (9) 25.9±2.2 (9) 0.88 0.37 August 28 .1±2.2 (10) 2s.s±2.a (BJ 26.9±2.5 (12) 2.11 3.14 

1979 
January 18.0 (1) 15.0±2.0 (3) 1:;J.1'.l (1) , :r.;r. February 21.1±3.3 (7) 18. 7±1.3 (10} 18.0±1.5 (7) 4.23, s.os .• 
rr1a,rch 25.6±2.9 (7) 22.8±1.5 (9) 24.2±1.8 (8) 3.5S;t,%' 5.07 l(.* 
April I 23.3±2..3 (9) 20.7±2.0 (16) 20.4±1.7 (1!;} 6.01 11.85 

Antechinus sv1ainsonii r~intrGduced cnty to E1 
:t.:r. 

April 11 24.8±2.6 (9) 20.3±2.3 (13) 21.1±2.7 (9) 8.83"" 1 A)5 
May 23.9±2.0 (9) 21.5±1.8 (12) 21.5±1.9 (13} 5.61 2.t,(> 
June 23,3±2.9 (9) 2.1.9±2.2 (11} 21.4±1.5 (W' 1.78 1.49 
July 24.5±2.0 (7) 23.1±2.5 (7) 23.5±2;9 (12) 0.&1 0.15 
August I 27 .6±2.4 (11) 25,5±2. 7 (13) 25.0±2.S (13) 3.25 2.77 
August If 26,5±2.3 (7) 28.10:3.2 (9) 0.07 
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Conctuaion 

Cl E1 r:2 Gr.:: .:&I: J:l': 
£;1. - g,1 __ _i:_g 

g; E1 F.2 
El E2 

C1 E1 !!2 
C1 rr-rz 
Cl E1E2 

C1 J1 __ E_£ 
C1 JJ _ _EZ 
Cl E1 EZ 
Cl F.1 E2 
C1 f:1 E2 
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Appendix 3b · Body weights of female Antechinus stuartii ( <1 yr ofd). Values 
are means (grammes) ± stari.dard deviation, sample sizes are in brackets. 

c1 E1 E2 Fo F Conclusion p 
1978 Antechinus swainsonii not manipulated 
May 16.3±1.1 (8) 15.7±1.1 (7) 16.7±1.4 (9) 1.17 Cl E1 E2 June 17.6±2.1 (7) 17. 1±1. 1 (6) 16.3±1.2 (8) 1. 48 £;i-::. }l-_ -1'1 July l 16.4±1.1 (7) 16.4±0.$ (7) 15.8±1.2 ($) 0.86 i'.1 __ E1. __ E.?, 

Antechlnus swainsonii removed from E1 and E2 
July 11 16,2±0,6 (7) 16.0±1.0 ($) 16.2±0.9 (7) o. 15 0.08* Cl El E2 
August 18.1±1.1 (8) 17.2±1.2(8) 16.8±0.9 (6) 2.76 4.95 Cl El E2 

1979 
* * January 14.3±0.4 (2) 11.9±1.2 (5) 11.0±1.2 (4) 5.49, 9. 59, Cl El E2 

February 16.4±1.5 (10) 14.9±1,3 (14) 14.9±1.5 (13) 3. 7~ •• 7.41*** C1 El E2 
March 18.6±1.3 (8) 16.0±0.9 (14) 16,2±1.3 (16) 15.22*** 3D.s2*** c1 El E2 
Aprll l 18.2±1.6 (9) 16.0±1.2 (14) 15.6±1,2 (15) 12.50 24.47 C1 El E2 

Antechinus swainsohii reintr_ .uced only to E1 

April 11 17. 2±1.1 (8) 16.1±1.2 (13) 16.4±1.2 (13) 2. 16 0.06 c1 El E2 
May 16.6±1. 7 (7) 16.0±1.2 (12) 15,4±1.4 (14) 1.78, 2.69 C1 E1 E2 
June 17. 7±2.4 (6) 15.7±1.3(11) 16.2±1.1 (11) 3.44 0.07 Cl El E2 
July 1.7.1±0.7(6) 16.5±1.3 (10) 15.9±1.2 (9) 1.94 2.76 c·1 E1 EZ 
August I 17.0±1.0 (6) 16.1±0,6 (9) 16.2±0.7 (10) 3.16 0.58 Cl El E2 
August II 18.6±1,8 (7) 18.0±0.8 (9) 0,76 
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Appendix ~c, Body \veights of female Antechinus stuartii (>lyr old) Values 
are means grammes):!: standard deviation. Samp1eS'fZeSare in brackets. 

C1 E1 E2 F Fp Conclusion 0 

197$ 
Antechinus swainsonii not manipulated 

May 24.0 (1) 22.0 (1) June 22.0 (1) 24.5 (1) 
July I 21.0 (1) 

Antech1nus swainsonii removed from El and E2. 
September 22.3±1.8 (6) 22.2±1.9 (7) 21,9±1.7 (4) 0.06 0.03 C1 E1 E2 October 27.1±1.7 (4) 27.9±2.3 (5) 27.7±2.5 (3) 0.15 0.21\ C1 E1 E2 Nov~ber 25.3±1.2 (5) 24.8±1.3 (5) 25.0±1.8 (4) 0.15 o. 27 C1 E1 E2 December 23.8±1.1 (5) 25.8±1. 7 (4) 25.5±3.0 (4) 1.28 2.52 Cl El E2 

1979 
January 27.0±2,3 (4) 25.5±3.3 (4) 25.1±2.8 (4) 0.50 0.96 C1 E1 E2 February 24.3±2.2 (4) 23.9±1.3 (4) 22.0±1.1 (4) 2.23 1. 77 C1 El E2 March 24.9±1.4 (5) 22,6±2.1 (4) 22.5±2.4 (4) 2. 14 4.27 Cl El E2 
April 1 22.8±1.8 (2) 22.0±3.5 (2) 21.4;!;1.9 (4) 0.24 0.39 Cl El E2 

Antechinus swainsonii reintroduced Only to E1 
April II 21.5±2.1 (2) 22.5±2.1 (2) 21.7±2.1 (3) 0.13 0.04 C1 E1 E2 
May 23.5±0. 7 (2) 27.0 (1 ) 22.0±2.B (2) 
June 21.0 (1) 21.5±2.8 (2) 20,5 (1) 
July 20.5±0.7 (2) 21.5 (1) 
August I 21.0 (1) 22.0 (1) 
August I l 25.0 ( 1) 
September 23.0±1.7 (5) 22.2±1.8 (6) 22.3±1. 8 (8) 0,35* 0.12 C1 E1 E2 
October 27.0±1.4 (5) 29.8±1.2 (6) 27 .3±2.3 (7) 4.46 2.09 f::J El 1'\C 
November 25.0±1.2 (5) 25.0±2, 1 (4) 25.6:!;1,5 (4) 0.21 0.41 Cl El E2 
December 2C.1±0.9 (4) 25.8t1.7 (4) 24,8±1.9 (4) 0.84 1.56 Cl E1 E2 
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Appendi~ 3d,:_ Head-body l~n~ths of male Antechinus ~· Values are 
means {mm) - standarO dev1at1on. Sample siz.es are In brackets. 

C1 E1 E2 Fo Fp Conctu-sion 
1978 

Antechinus swainsonli not manipulated 
June 97 .5±2.1 (9) 98.3±2.6 (7) 97 .0±2.5 (10) 0.65 C1 E1 E2 July I 98.7±4.7 (8) 98.0±3.4 (8) 96.3±2.0 (11) 1.28 tf.=-11=:::.[[. 

Antec:h\nus swainsonii removed from· E1 and E2. 
July 11 97. 1±3. 6 (9) 97. 3±3. 0 (9) 97 .1±4.2 (8) 0.01 0.00 C1 E1 E2 August 99. 8±2.1 (10) 99.7±3.4 (8) 97 .3±3.6 (10) 2.08 1.35 C1 El E2 
1979 
January 86.5±2.1 (2) 
February 85.8±2.6 (6) 86.4±4.1 (8) 85, 3±2. 2 (fl) 0, 18 0.01 C1 E1 E2 March 88.7±3.1 (6) 89.4±4.1 (7) 90, 7±3.2 (6) 0.49 0.59 C1 E1 E2 April I 91.3±2.5 (8) 91.0±2.9 (12) 90.9±3.1 (9) 0.03 0.06 C1 E1 E2 

Antechinus swainsonil reintroduced only· to E1 
91.2±2. 7 (6) • April II 92.0±3.2 (12) 89.2±2.5 (9) 2.38 4.46 C1 E1 E2 May 90,9±4.0 (8) 93.1±4.1 (10) 92.7±3,8 (10) 0.70 0.14~ C1 E1 E2 June 95.8±2.4 (8) 95.5±2.7 (10) 93.1±3.3 (8) 2.25 4.44. C1 E1 E2 July 97. 8±3. 5 (7) 96.4±2.4 (7) 98,4±4.5 (10) 0.58 6.69 C1 E1 E2 August I 99.9±2.5 (11) 98.9±2.6 (12) 100.9±2.6 (13) 1.82 ?.85 C1 E1 EZ August 11 99,2±4.4 (6) 98. 8±3. 0 (8) 0.03 
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Appendix 3e, Head-body lengths of female Antechinus stuartii (<1yr ·Old) 
Values are rneans (mm)± standard deviation, sample slz:es-arein bracket~. 

C1 E1 E2 Fo Fp Conclusion 1978 
Antechinus swainsonii no.t manipulate-ct 

June 89' 4±3.3 (7) 87.9±2.6 (6) 87' 1±4. 2 (7) 0.78, C1 E1 E2 July I 87.1±2,3 (5) ,87.5±2,3 (6) 90.4±1.7 (6) 4.41 S:I-:::}J-E2 
Antechinus swalnsonii removed from E.1 and E2 

July 11 87.6±2.4 (7) 89.0±3.6 (6) 88.0±3.6 (6) 0.33 0.37 c1 E1 E2 August 88. 9±2. 4 (8) 88, 8±4. 6 (7) 91.2±5.2 (5) 0.65 0.25 C1 E1 E2 
1979 
Jat1uary 77.5±3,5 (2) 77 .5±3.1 (4) 79.5±3.4 (4) 0.44 0.15 c1 E1 E2 February 81. 9±3. 7 (9) 81.9±4, 1 (12) 79. 7±3.1 (10) 1. 21 0.45 Cl El E2 Morch 83,8±3, 7 (6) 81.3±4.5 (12) 83.9±3.4 (13) 1.54 0.44 Cl E1 E2 April I 85.0±3.4 (7) 84,4±3,1 (11) 85.8±4.9 (12) 0.35 0.01 c1 E1 E2 

P,ntechinus S\'H1insonii relntroduc.ed only to -i::1 
April II 84.8±3,9 (8) 87.6±4.2 (11) 85.2±3.6 (10) 1.61 0.65 C1 E1 E2 May 8~.1±2.8 (7) 83.6±4.S (10) 84,0±4,3 (12) 0,85 0. 16 c1 El E2 June 87' 4±2. 7 (5) 88.6±2.8 (8) 87 .8±3.0 (9) 0.29 0.07 C1 E1 E2 July 86. 9±2.1 (6) 89'1±3.6 (9) 88.9±3.9 (7) 0,81 0.18, C1 E1 E2 August I 88.3±2.8 (6) 87.6±2.4 (7) 90.s±2.s cai 3.27 6.36 C1 E1 E2 August II 87 .4±4.4 (5) 89.3±2.3 (7) 0.95 
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Appendix 3f. Head,body lengths of female Ahtechinus stuartii (>1yr old). 
Values are means (mm) ±standard deviation. Sample sizes are in brackets. 

C1 E1 E2 Fa FP 
1978 

Antechinus .swainsonil removed from E1 and E2 
September 92.5±3.5 {4) 91.0±3.3 (5) 92.8±4.4 (4) 0.25 0.14 
1979 

January 95.8±3.1 (4) 94.2±2.8 (4) 92.3±2.2 (4) 1.68 2.26 February 97.0±3.2 (4) 98.0±4.7 (4) 92.8;!:3.4 (4) 2.14 0.48 March 93.5±4.0 (4) 97.5±3.9 (4) 95.5:!:2.1 (4) 1.35 2.02 April I 97.0±4.2 (2) 94.5±3,5 (2) 95.0±2.1 (4) 0.41 0.79 

Antechinus swainsonil reintroduced only to E1 

April 11 96.5±2.1 (2) 91.0±1.4 (2) 95.5±3.5 (2) 2.71 0.65 
May 98.5±0.7 (2) 95.0 (1) 94.5±2, 1 (2) 

September 96.9±2. 6 (5) 94,8±2.8 (5) 92.6:!:3.7 (7) 2.72 4,37 
November 97,5±4.0 (4) 99,8±2.1 (4) 95,0±3.6 (4) 2.04 3.16 
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Conc1us1on 

C1 E1 E2 

C1 El E2 
C1 El E2 
Cl El E2 
Cl El E2 

Cl El E2 

Cl El E2 
Cl El E2 
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Appendi_x 4a. .Body \'·:eights of male Antechinus swain.sonii 
Values are means (gr.ammes) ±standard deviation. Sample

0 

sizes .are in brackets. 

C1 E3 E4 Fo F Conclusion p 
1978 

Antechinus stuartii not manlpulated 
May 62.6±9.8 (11) 73.2±14.0 (9) 70.1:!17.3 (11) 1.57 C1 E3 E4 June 63.7±9.6 (10) 67.4±12.0 (8) 70,9:!:1$.7 (10) 0.80 &1::::. '1.1:_ 11 July I 72,4:';10.2 (10) 68.0±14.1 (10) 81.3±1.2,8 (10) 2.95 SL _ £3. _ s'! 

Antechinus stuartii removed from -E3 ;:ind E4 
July 11 73.3±13.5 (4) 65.0±6.0 (3) 0.94 

November 17 ,5:!;1, 9 (6) 18.4:!:2.3 (5) 17,6±3.1 (5) 0.21 o. 16 Cl E3 E4 December 36.9±3.1 (8) 34.7±4.2 (10) 34.2±4.8 (12) 1.04 2.00 C1 E3 E4 

1979 

Jti.nuary 49.5±6,7 (13) 48.6±6.0 (14) 51.7±8.1 (13) 0,71 0.07 Cl E3 E4 
February 54.9±6.3 (9) 54.7±9.7 (11) 57.5±9.5 (12) 0,35 0.14 Cl E3 E4 
March 61,1±7.9 (10) 56, 1±10.2 (9) 63.7±8,0 (10) 1.84 0.09 C1 E3 E4 
April I 59.5±7.6 (11) 59,9±12.1 (9) 65.0±10.7 (10) 0.93 0.66 C1 E3 E4 

Antechinus stuartii reintroduced only to E3 

April 11 60.0±8.3 (11) 62.9±11.9 (8) 66,5±11.7 (10) 0.99 1. 64 C1 E3 E4 
May 60.3±8. 7 (12) 63.3;!:16.5 (7) 69,7±10.6 (10) 1.85 3.39 C1 E3 E4 

June $0.3±14.1 (3) 53.8±11.0 (9) 66,4±13.2 (10) 0,30 0.43 C1 E3 E4 
July 64.8±10.9 (4) 68. 7±10.5 (9) 73,8±17.1 (11) o. 71 1. 21 C1 E3 E4 

November 16.5±1.0 {4) 1s.0±1.o (3) 3.86 
December 36.0±5. 7 (2) 37.0±4.1 (8) 38.1±3.4 (9) 0.32 0.53 C1 E3 E4 
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eprendix 4b.- Body v.•eights of female Antechinus svrainsonii (<1yr aid), 
a ues are means (grammes)± standard deviqtion. sample-sizes are in brackets. 

l 
l 
l 

f 
l 

' 

C1 E3 E4 Fa Fp Conclusion 

197B 
Antechihus ~ not manipulated 

May 38.6±2.7 (5) 36.0±3. 7 (5) 34.2±4.8 (5) 1.69 C1 E3 E4 June 40.0±1.0 (3). 40.4±7.7 (5) 34.8±3.8 (4) 1.29 \.:i::.lS:::M July I 46.8±4.8 (4) 38.6±5.1 (5) 38.3±4. 7 (4) 4.01 .n _ !;.3 __ Ej 

Antechinus stuartii removed from E3 and E4 

I 
l 
• 
I 
l 

July JI 49.0±4.6 (3) 42.6±5.5 (5) 42.7:!:5.9 (3) 1.54 3.09 C1 E3 E4 
November 15.0:l;(l,8 (4) 15.0 (1) 18.0 (1) 
December 28.0±1.0 (3) 29.3±2.9 (3) 26.8±3.0 (4) 0.88 0.01 Cl E3 E4 

1979 

I 
I 
I 
• 

January 32.8±3.4 (5) 30.8±4.0 (5) 30.3±3.6 (4) 0.63 1.20 C1 E3 E4 February 36,8±4.6 (4) 39,0±4.4 (5) 36.4±6.1 (5) 0.37 0.10 Cl E3 E4 
March 39.6±3.9 (5) 45.8±5.1 (5) 46.5±7.1 (4) 2.41 4. 79, Cl E3 E4 
April I 37.4±3.4 (S) 42.8±4.1 (4) 45.3±7.5 (4) 2.77 5,06 C1 E3 E4 

I 
l 

' I 
I 

l 
j, 

l 

Antechinus ~ reintroduced only to E3 

April 11 38.2±7,2 (5) 42.8±4.1 (4) 42.8±3.6 (4) 1.07, 0.59, C1 E3 E4 
May 39.5±2.6 (6) 42.0±2.6 (4) 45. 0±2. 7 (3) 4.57 6.92 C1 E3 E4 

June 40.0(1) 44.0±3.5 (3) 46.0±4.0 (3) 0.43 
July 41.0 (1) 40.5±5.5 (4) 43.3±6.4 (3) 0.40 

November 16.3±0.4 (2) 16.8±1.8 (2) 
December 25,0 (1) 24.0±1.4 (4) 22.3±3.2 (3) 0,89 

r 
' I 
I 
I 
I 
l 
' I 
J 

11 
' 
I 
I 
I 

l ~ 
l 
I 
I • I 
I 
' i 
I 

\ 
' 
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r eprendix: Ac. Body \'/eights cf female Antechinus swainsonii (>1yr old) 
a ues are means ("gramme ) + t d · ' 5 

.... s an ard deviation. Sample sizes .are in brackets. 

j C1 E3 E4 Fo Fp Conclusion 
\ 1978 

Antechinus stuartii not manipulated ! May 56, 5±3. 5 (2) 53.5±6.4 (2) 50.5±5.0 (2) 0.70 );:J __ E} __ Ej June 50.5±2.1 (2) . 47 .0±4.2 (2) 45.0 (1) ' I July I 54.5±2.1 (2) 48.5±7.8 (2) 47,0 (1) 

I Antech1nus stuartii removed from E.3 and E4 I July 11 52.5±3.5 (2) 53.5±7.8 (2) 47,0 (1) f 
j, August 51.8±1.7 (4) 48.6±3.5 (7) 53.3±3.6 (4) 3.13 0.64 Cl E3 E4 I 
' September 56.0±2.7 (3) 58.3±8.1 (4) 61.3±6.9 (4) 0.55 0.69 Cl E3 E4 

l October 55.5±2.5 (4) 51.8±4.2 (4) 57.3±6.7 (3) 1. 45 0.23 Cl E3 E4 

November 54.3±2.5 (3) 49.3±1.2 (3) * 48.7;t3.1 (3) 5.08 10,03 C1 E3 E4 
J 

December 57,3±7.8 (4) 55.5±4.B (4) 49.5±5.0 (3) 1.82 0.53 Cl E3 E4 
I 

1979 I January 48. 7±6. 8 (3) 52.3±7.4 (4) 49.3±5.5 (3) 0.29 0.25 C1 E3 E4 '· February 48.7±7.8 (3) 48, 7±5' 1 (3) 46.0±7.1 (2) 0.12 0.05 C1 E3 E4 I 

\ 
March 52, 0±2. 8 {2) 51. 2±5.1 (3) 55.5±2.1 (2) 0,60 0.13 C1 E3 E4 
April I 54.0±1.4 {2) 50.3±3.5 (3) 50.5±3,5 (2) 0.95 1. 89 C1 E3 E4 r 

!: Antechinus ~ reintroduced only to E3 

I April II 45. 0±5, 7 (2) 48.3±4. 7 (3) 52.0±5.7 (2) 0.90 1.31 C1 E3 E4 r May so. OJ:O. O (2) 46. 5±3. 5 (2) 52.0±4.2 (2) 1.52 1.84 C1 E3 E4 '· I June 50,0 (1) 48,3±7.6 (3) 54,0±5.7 (2) 0.78 

I July 52.0 (1) 49. 0±1. 4 (2) 53.5±5.0 (2) 1.53 

I August 54.0 (1) 53,3±7 .3 (4) 58.4±6. 2 (5) 0.95 

l September 56.0 (1) 60.8±9.2 (4) 63.0±11.8 (4) 0.09 
October 53.0 (1) 52.3±6.7 (4) 58,3±3,8 (3) 1.97 

l 

* I 
November 58.0 (1) 52. 7±3. 8 (3) 60. 3±1. 5 (3) 10.58 l December 54.0 (1) 52.0±5.3 (3) 58.0±4.2 (2) 1.75 

--
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eprendix 4
e. Head-body lengths of female Antechinus swainsonii {<1yr old), 

a ues are means (mm)± standard deviation. Sample sizes ar.e in brackets. 

Cl E3 E4 Fo Fp Conclusion 
1S78 

Antechinus stuartii not maniputated 
June 107 .0±5.3 (3) 112. 2:!:5.4 (5) 104.3±4.7 (4) 2.80 July I . 114,3±5,0 (4) 117.2±4.& (5) 111.5±6.4 (4) 1.27 

Antechinu.s stuartii removed from E3 and E4 
July 11 115.5±4.4 (4) 118.2±3.;; (5) 116.3±4.0 (3) 0.56 0.69 Cl E3 
N·ovember 78.8±3.3 (4) 78.0 (1) 82.5 (1) 

* ' December 92.3±2,5 (3) 89.7±1.5 (3) 85.3±3.6 (4) 5.62 7 .05 C1 E3 
1979 

January 100.5±2.2 (5) 99.0±2.9 (5) 98.8±4.3 (4) 0.43 0.84, Cl E3 February 101.5±2.4 (4) 97 .8±2.2 (5) 98.832.6 (5j 2.79 5.14 Cl E3 l'ilarth 103.6±3.5 (5) 101.0±3.2 (5) 105.5±2.7 (4} 2.30 0.12 Cl E3 April l 105.0±3.4 (5) 104.0±4.1 (4) 107 .3±2.2 (4) 1.01 G.11 Cl E3 

Antechinus ~ reintroduced cnly ID E3 

April 11 105.4±4.3 {5) 106.8±5.1 (4) 104.$:!:4.2 (4) o.w 0.2'?,;: C1 E3 
May 110.7±2.7 (6) 108.5±4.0 (4) 114.3±1.5 {3} 3.22 s.21 C1 E3 
June 109.3±3.5 (3) 110.0!7 .2 (3) 0.02 
July 119.0 (1) 115.3±5.5 (4) 114.0:!:5.0 (3) 0.10 

November 79.Q (1) 83.0±1.4 (2) 
December 93.0 (1) 90.3±3.1 (3) 89.7±4.G (3) 0.65 

E4 

E4 

E4 
E4 
E4 
E4 

E4 
E4 



-

338 

Appendix 5. The diversity of prey types obtained by pitfall 

sampling. Five habitats were sampled: 

(a) Ribbon Gum 

(b) Fern 

(c) Under log 

(d) Open 

(e) Slopes 

The Appendix tables 5(a)-5(e) show the components of diversity 

(Brillouin's H) for each pitfall sample. The components are the 

numbers of individuals in the sample, the numbers of types of 

invertebrate prey in the sample, and the evenness, J, with which 

they are represented. The W statistic - Kendall's coefficient of 

concordEJnce - was used to test for differences in the prey type 

distributions between the enclosures, and was computed after the 

actual frequencies of the prey types were converted to ranks. A 

significant x2 value associated with the W statistic denotes that the 

abundance distributions of prey types were concordant between the 

enclosures, whereas a non-significant x2 implies that they differed. 

In the tables, unbracketed numbers show the components of prey 

type diversity for al I prey. The bracketed numbers show the 

equivalent information 1 but with al I Collembola omitted. 

+ after a pitfall site denotes that the pitfal I was flooded in 

that month; 

++ after a pitfall site denotes that the pitfall dried up in that 

month. 

Of d ·
1
versity were based on the recognition of 

The measurements 

46 types of prey: 
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Appendix 5 (Cont'd). 

Phylum Arthropoda 

Class I nsecta: 

(a) 
Collembola 

DiplL1ra 

Thysanura 

Ephemeroptera 

Odonata 

Plecoptera 

Orthoptera 

Phasmida 

Dermaptera 

Embioptera 
(b)D. t 1c yopte1·a 

!soptera 
(c)H . em1ptera 

Thysanoptera 

Neuroptera 

Lep i doptera 

Trichoptera 

Diptera 

Siphonaptera 

(d)Hymenoptera 

( e) Coleoptera 

339 

PhylL1m Arthropoda 

Class Arachnida: 

Scorpionones 

Pseudoscorpiones 

Araneida 

Opiliones 
(f)Acari 

Class Crustacea 

lsopoda 

Amphipoda 

Class Chilopoda 

Class Diplopoda 

Phylum Onychophora 

Phylum Annelida 

Sub-class Oligochaeta 

Sub-class Hirudinea 

Phylum Nematoda 

Phylum Platyhelminthes 

Notes: (a) Subdivided into four groups, loosely Entomobryidae (3 

groups) and Poduroidea + Symphypleona (1 group) i (b) subdivided 

into cockroaches and mantidsj (c) subdivided into Homoptera and 

Heteropterai (ct) subdivided into ants (Formicoidea) and "others"; 

(e) subdivided into scarab, rove, weevil, tenebrionid and "others"; 

(f) subdivided into mites <)nd ticks. Classification follows Clark and 

Panchen (1971). Snails, crayfish and certain beetles (Carabidae, 

Lycidae) were found in pitfall traps, but are not included in analyses 

of diversity. 
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Appenoix 5. f~)P~r;~~ts of prey type diversity. 
_I Of) Gum • pitfall trap samples 

Date Pitfall Numbers of Numbers site prey typos of prey 
Diversity H Evenness J w x2(d.f) 

represented 

. E1 12 (3) 63 (2B) 1. 79 (1.44) Aug. E2 14 (4) 60 (28) 
O.B2 (0.77) 

1978 E3 14 ( 4) 
1.90 (1.62) 0.83 (D.85) 70 (31) 1.92 (1. 72) O.B2 (0.88) 0.65 39. 29*:t'~i: E4 12 (4) 62 (26) 1.93 (1.60) 0.88 (0.90) C1 10 (1) . 42 (9) (12) 1.B2 (1.72) 0.93 (0.93) 

E1 5 (2) 36 (23) 0,89 (D.39) 0,63 (0,44) Sept. E2+ s (2) 16 (5) 0,96 (0.43) 0.76 (0.50) 1978 E3 7 (2) 20 (7) 1.27 (0.94) 0.B2 (D.77) 0.13 4.45 E4+ 3 (1) 7 (2) 0.76 (0.46) C1+ 5 (2) 
1.00 (1.00) (7) 12 (2) 1.00 (0.71) 0.84 (0.86) 

E1 17 (3) 120 (31) 2.31 (2.07) 0.89 (D.87) Oct. E2 13 (2) 123 (49) 1. 74 (1.51) 0.73 (0.70) 1978 E3 18 {3) 139 (49) 2.25 (1.96) 0.85 (0.80) O.B2 65.39*** 
E4 14 (3) 115 (23) 2.01 (1. 73) O,B3 (0,79) (16) C1 15 (2) 99 (31) 2.11 (1, 93) 0.86 (0.85) 

E1 18 (2) 157 (30) 2.31 (2, 13) O.BS (0.84) 
Nov. E2 21 ( 4) 155 (31) 2.45 (2.24) 0.87 (0.86) 1978 E3 20 ( 4) 162, (45) 2.3B (2.14) 0.86 (O.B4) 0.72 71. 79*** 

E4+ 17 (2) 123 (13) 1.78 (1,56) 0.69 (0.63) (20) 
c1 17 (3) 159 (47) 2.23 (2.01) 0.85 (0.83) 

E1 22 (3) 280 (45) 2.48 (2.29) 0.85 (D.B2) 
Dec. E2 2B (4) 294 (76) 2.63 (2.46) 0,84 (D.B3) 
1978 E3 28 (3) 294 (B1) 2.74 (2. 67) 0.87 (0,B9) 0.85 110.31*** 

E4+ 24 (4) 271 ( 46) 2.70 (2.51) 0.90 (0.89) (26) 
C1 22 (3) 309 (77) 2,47 (2.28) 0.84 (0.82) 

E1 25 (3) 349 (42) 2.51 (2.31) 0.82 (0.78) 
Jan. E2 24 (3) 338 (35) 2.37 (2.17) 0.78 (0.75) 
1979 E3 27 ( 4) 310 (44) 2.57 (2.38) 0.83 (0.81) 0.BO 108.04~** E4 24 (4) 293 (42) 2.60 (2.3B) D.88 (0.85) 

C1 23 (3) 302 (61) 2.44 (2. 21) 0.83 (0. 79) (27) 

E1 19 (2) 157 (34) 2.23 (2.06) 0.82 (0.80) 
E2 20 (2) 222 (23) 2.36 (2.21) 0.84 (0.81) 

Feb. E3 19 (3) 161 (23) 2.32 (2.11) 0.85 (0.82) 0.76 91.34*** 
1979 E4 25 (4) 217 (31) 2.54 (2.35) O.B5 (0.83) 

cl 22 (3) 183 (34) 2.48 (2.32) 0.86 (0.85) (24) 

E1 17 (3) 127 (24) 2.23 (1.99) 0. B6 (0.83) 
Mar. E2 19 (3) 209 (28) 2.18 (1.97) 0.79 (0. 76) 
1979 E3 16 (3) 193 (53) 2.31 (2.06) a.BB (0.86) 0.89 79.79*:t* 

E4 19 (3) 170 (33) 2.43 (2.25) 0.89 (0,88) 
c1 19 (4) 163 (57) 2.29 (2.22) 0.84 (0.90) (18) 

E1 17 (3) 131 (40) 2.11 (1. 93) 0.81 (0.81) 
Apr. E2 12 (2) 190 (10) 1.12 (0.95) 0.47 (0.43) 0.76 68.65*** 
1979 E3 15 (3) 115 (25) 2.08 (1.77) 0.48 (0.79) 

E4 19 (3) 112 (18) 2.35 (2.13) a.BB (0.85) (18) 

Cl 15 (3) 93 (28) 2.19 (1. 93) 0.89 (0.88) 

10 (2) 27 (3) 1.59 (1.41) O.B6 (0.83) 
E1 

(1) 1.64 (1 . 60) 0.78 (0.79) 
May E2 11 (1) 54 (0.81) 

(2) 33 (5) 1.68 (1.45) 0.85 0.49 34.62** 1979 E3 11 
(6) 1.94 (1.76) 0.85 (0.85) 

E4 14 (3) 57 O.B5 (0.82) (14) 
c1 12 (1) 31 (5) 1.82 (1. 70) 
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Appendix 5(a) Cont'd, 

Date Pitfall Numbers of Numbers site prey types of prey 
Diversity H Evenness J w x2co.f) 

represented 

E1 11 (3) 71 (45) June E2 1.56 (1.44) 0.73 (0.85) 13 (1) 61 (21) 1979 E3 11 (3) 1.77 (1.78) 0. 79 (0.85) 
E4 

64 (26) 1.82 (1.53) 0.85 (0.85) 14 (3). 87 (45) 1.95 (1.77) 0.82 (0,87). 0.54 35,05*;~:1; Cl 12 (2) 99 (59) 1.42 (1.64) 0.62 (0.84) (13) 
El 9 (4) 45 (36) 1.05 (0.89) July E2 (4) 0.55 (0.80) 13 90 (55) 1.60 (1.56) 0.69 (0.84) 1979 E3 10 (3) so (27) 1. 71 (1.47) 0.85 (0.93) E4 13 (3) 111 (81) 1.51 (1.65) 0,64 (0.87) 0.66 45.96*** 
Cl 15 (3) 79 (39) 1. 84 (1.65) 0.76 (0.79) (14) 
El 11 (2) 59 (32) 1.67 (1.56) 0.79 (0.87) Aug. E2 14 (2) 72 (33) 2.00 (1.94) 0.85 (0.94) 1979 E3 14 ( 4) 94 (49) 1.75 (1,62) 0.73 (0.82) E4 13 (3) 51 (25) 1.85 (1. 74) 0.84 (0.95) 0,78 54.51*** 
Cl 13 (2) 69 (33) 1.Bs (1 . 82) 0,82 (0. 91) (14) 

Sept. NO DATA COLLECTED 
1979 

E1 16 (4) 95 (48) 2.05 (1. 92) 0,82 (0.90) 
Oct. E2 15 (2) 259 (13) 1.80 (1 . 67) 0.69 (0.68) 
1979 E3 17 (3) 97 (18) 2.30 (2.10) 0.90 (0.89) 0.55 E4 16 (3) 86 (12) 2.13 (1 .. 92) 0.86 (0. 84) 49. 75't.:f::r,. 

Cl 18 (3) 213 (34) 2.05 (1. 77) 0.75 (0.70) (18) 

El 20 (3) 150 (36) 2,36 (2.15) 0.86 (0.83) 
Nov. E2 21 ·(4) 245 (42) 2.39 (2.13) 0.83 (0.80) 
1979 E3 18 (4) 190 (72) 2. 40 (2.18) 0.89 (0.90) 0.83 82.59*** E4 18 (3) 203 (44) 2.44 (2.19) 0,90 (0.87) 

C1 17 (3) 246 (44) 2.32 (2.07) 0.86 (0.83) (20) 

El 22 (2) 342 (27) 2.24 (2.10) 0.76 (0.73) 
Dec, E2 22 (3) 348 (47) 2.33 (2.12) 0.79 (0.75) 0.75 78.51'*** 
1.979 E3 28 ( 4) 358 (57) 2.60 (2.35) 0.82 (0.78) 

E4 24 (4) 280 (69) 2.63 (2.38) 0.87 (0.85) (26) 

El 19 (3) 152 (18) 2.23 (2.01) 0.82 (0.79) 
Jan. E2 19 (2) 84 (14) 2.10 (1.92) 0. 81 (0.78) 0.71 62.14*** 
1980 E3 22 (3) 179 (44) 2.55 (2.35) 0.89 (0.87) 

E4 21 (3) 183 (32) 2.38 (2.17) 0.84 (0.81) (22) 

E1 22 (2) 163 (20) 2.50 (2.37) 0.88 (0.86) 
Feb. E2 20 (2) 194 ( 41) 2.17 (2.05) 0.77 (0.77) 0.69 58.09:t.** 
1980 E3 19 (2) 191 (44) 2.40 (2.24) 0.87 (0.85) 

E4 20 (2) 266 (59) 2.22 (2.00) 0.78 (0.14) (21) 

El 22 (3) 92 (9) 2.34 (2.18) 0.86 (0.84) 

Mar~ E2 17 (2) 142 (15) 2.14 (2.01) 0.82 (0.80) 0.52 45.99'* 
1980 E3 18 (3) 60 (16) 2.22 (2.04) 0,90 (0.90) 

E4 19 (3) 51 (10) 2.18 (2.00) 0.89 (0.88) (22) 

El 15 (3) 116 (61) 1.82 (1.84) 0.73 (0.85) 
(1.99) 0.70 (0.88) 

Apr. E2 19 (3) 98 (58) 1.85 
(0.91) 0.48 26.99* 

(2) 55 (17) 1.98 (1.89) 0.87 
1980 E3++ 14 (1.83) 0.88 (0.90) (14) 

E4++ 13 (2) 62 (22) 1.99 

(4) 106 (71) 1.84 0.79 
El 16 

(14) 1.88 (1. 85) 0.86 (0.90) 0.57 34 .36** 
May E2 13 (1) 49 

1.92 (1.78) 0.84 (0.86) 
1980 E3 13 (2) 68 (21) (0.75) (15) 

<·14) 1.84 (1.58) 0.80 
E'1 14 (2) 60 
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Appendix 5(a) Cont'd. 

Date Pitfall Numbers of Numbers site prey types of prey 
Diversity H Evenness J w x2

Cd.F) 
represented 

E1 3 (1) :; (3) 0.60 June E2 12 (2) 36 (8) 
(0.35) 0.88 (l.00) 

1980 E3 8 (3) 
1.80 (1. 62) 0,87 (0.87) 

E4 
26 (11) 1.59 (1.21) 0.93 (0.95) 0.31 8.60 8 (3) 26 (14) 1.50 (l.10) 0.89 (0.92) (7) 

E1 2 ( 1) 4 (3) 0,35 (0) July E2 10 (2) 0,77 (0) 24 (6) 1. 69 (1.49) 0.93 (0.94) 1980 E3+ 8 (3) 21 (9) o.18 E4+ 1.51 (1.00) 0.92 (0.84) 5.17 
9 (3) 21 (8) 1.55 (1.18) 0.91 (0 .88) (7) 

E1 6 (1) 33 (15) 1.25 (1.14) 0.81 (0.88) Aug. E2 10 (1) 35 (6) 1.67 (1..53) 0.87 (0.85) 1980 E3 11 (4) 33 (12) 1.68 (1.24) 0.85 (0.79) 0.36 16.02 
E4++ 9 (3) 20 (7) 1.46 (1. 09) 0.86 (0.82) (11) 
El 14 (4) 49 (22) 1.97 (1.71) 0.88 (0.92) Sept. E2 13 (3) 67 (40) 1.76 (1.71) 0.77 (0.92) 1980 E3 14 (3) 70 (42) 1.83. (1. 75) 0.78 ( 0. 91) 0.55 30. 94** 
E4 11 (3) 65 (36) 1. 77 (1. 51) 0.83 (0.88) (14) 

El 8 (1) 58 (5) 1,60 (1.46) 0.86 (0,84) 
Oct. E2 14 (2) 40 (11) 1.94 (1.79) 0.89 (0.91) 
1980 E3 8 (2) 39 (14) 1.24 co. 81) 0.69 (0.54) 0.58 23.36** 

E4++ 7 (2) 40 (12) 1.44 (1,04) 0.85 (0.75) (10) 

E1 16 (2) 78 (12) 2.12 (1.96) 0.86 (0.85) 
Nov. E2 19 (2) 93 (16) 2.23 (2.06) 0,86 (0.84) 
1980 E3 12 (2) 77 (13) 1.87 (1. 67) 0.84 (0.81) 0.69 44.03*** 

E4 14 (2) 65 (9) 1.64 (1.41) 0.71 (0.65) ( 16) 

El 12 (2) 52 (13) 1. 73 (1.46) 0.80 (0.75) 
Pee. E2 17 (3) 1$7 (86) l.92 (2. 08) 0.73 (0.89) 0.49 27 .37" 1980 E3 13 (3) 62 (31) 1 . 81 (1.64) 0,80 (0.86) 

E4 15 (2) 67 (33) 1.68 (1.75) 0.71 (0,84) (14) 

El 19 (3) 159 (16) 2.22 (2.06) 0. 81 (0,80) 
Jan. E2 19 (3) 139 (64) 2. 15 (2.23) 0.80 (0.91) 0.65 44.40*** 
1981 E3 16 (3) 131 ( 41) 2.02 (1. 77) 0,79 (0.76) 

E4 17 (3) 145 (54) 2.01 (1. 78) 0.77 (0.75) (17) 

E.1 17 (2) 126 (22) 2.31 (2.14) 0.89 (0.87) 
Feb. E2 16 (3) 176 (99) 1.86 (1.71) 0, 71 (0.75) 0.55 41.44** 
1981 E3 16 (2) 82 (18) 2.06 (1.95) 0.83 (0.84) 

E4 18 (2) 71 (12) 2.11 (1.95) 0.84 (0.82) ( 19) 

' (19) 1. 72 (1.40) 0.78 (0.70) El 12 (2) 69 
Mar-.. E2 18 (2) 98 (10) 2.28 (2.13) 0.88 (0.86) 0.21 12.69 
1981 E3 16 (2) 51 (86) 1.53 (1. 77) 0.59 (0.86) 

E.4 16 (2) 109 ( 42) 1, 91 (2. 01) 0.76 (0.86) (15) 

El 13 (3) 69 (47) 1.39 (1.59) 0.61 (0.89) 

Apr. E2 14 (3) 45 (19) 1.92 (1.86) 0.87 (0.98) 0.26 14.55 
1981 E3 9 (2) 26 (12) 1.44 (1.35) 0.81 (0,93) 

(18) 1.59 (1,39) 0.79 (0.84) (14) 
E4 11 (3) 40 

10 (3) 101 (89) 0.63 (1.34) 0.30 (0.98) 
El (0.95) 

10 (2) 41 (27) 1. 16 (1. 42) 0.59 0.54 21 '47'' May E2 
(21) 1. 01 (1.24) 0.58 (0.93) 

1981 E3 8 (1) 32 (1. 00) (10) 
(11) 1.14 (1.19) 0.74 

E4 7 (i) 20 
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Appendix S(a) Cont1d, 

Date Pitfall Numbe:rs of Numbers Diversity H Evenness J w x2cd. n site prey types of prey 
represented 

E1 12 (3) 336 (307) 0.54 (l.70) 0.22 (0.94) June E2 13 (3) 90 (52) 1.80 (1.69) 0.77 (0.87) 1981 E3 13 (4) 61 (45) 1.58 (1.49) 0.70 (0.92) 0.66 34.SS*:t* 
E4 11 ( 4) 57 (34) 1.87 (1.SO) 0.89 (0.8$) ( 13) 
El+ 7 (3) 15 (11) 1.01 (0.79) 0.69 (1. 00) July E2+ 5 (2) 10 (4) 1. 01 (0.57) 0.87 (0.76) 0.26 10.57 1981 E3 11 (3) 25 (12) 1.73 (1.35) 0 ,92 (0.92) E4 12 (4) 26 (13) 1.74 (1.41) 0.89 (0.96) (10) 
E1+ 5 (2) 14 (11) 0.72 (0.60) 0.58 (1.00) Aug. E2+ 6 (1) 14 (2) 1.09 (0.90) 0,81 (0. 75) 0.26 8.28 1981 E3 7 (3) 20 (8) 1.35 (0.81) 0.88 (0.75) 
E4 9 (3) 19 (9) 1 .54 (1.12) 0.92 (0.91) (8) 

E1 17 (4) 120 (66) 2.06 (1. 93) 0,80 (0,87) 
Sept. E2 13 (4) 148 (113) 1.49 (1. 65) 0.62 (0.89) 0.60 38.27'"* 1981 E3 14 ( 4) 140 (93) 1.82 (1. 74) 0.74 (0,87) 

E4 15 (4) 110 (77) 1. 76 (1. 81) o. 71 (0.91) (16) 

El 16 (3) 194 . (72) 1.68 (1. 27) 0.64 (0.54) 
Oct. E2+ 13 (2) 94 (60) 1.53 (1.76) 0.66 (0.89) 0.61 38.84;;,* 1981 E3 13 (3.) 80 (38) 1.84 (1.73) 0.80 (0.88) 

E4 13 (3) 120 (56) 1. 83 (1.79) 0.73 (0.82) ( 16) 

.. 
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Appendix 5. Components · f -
(b) Fern ° prey type diversity: pitfall trap samples 

Date Pitfall Numbers of Numbers site prey types of prey 
Diver:sity H Evennt:!ss J w led.Fl 

represented 

E1 10 (4) 86 (55) Aug. E2 12 (4) 
1.33 (1. 28) 0.63 (0.83) 67 (40) 1978 E3 14 (3) 
1. 75 (1.58) 0.79 (Q.92) 75 (45) 1.63 (1 . .72) 0.79 51.37:i:.** E4 13 ( 4) 0.70 (D.89) 54 (26) 1.88 (1.55) Cl 12 (3) 0.85 (D.86) (1; . 43 (21) 1.72 (1.58) 0.82 (0.92) 

El 8 (3) 34 (10) 1.45 (0,93) Sept. E2+ 6 (1) 0.82 (0.69) 
1978 E3·> 

31 (14) 1.19 (1.03) 0. 78 (0.80) 6 (3) 23 (18) 0.31 
E4+ 1. 14 (0.68) 0.77 (1.00) 14,06 

4 (1) 29 (18) 0,89 (0. 77) C1 9 (2) 
0.74 (0.90) (9) 42 (2) 1.25 (1.13) 0.66 (0.67) 

E1 11 (3) 73 (43) 1.74 (1.35) 0.81 (0.78) Oct. E2 15 (3) 91 (41) 2.05 (1.82) 
1978 E3 o .. 84 (0.85) 

17 (4) 132 (77) 1.84 (1.88) 0.71 .49.81*;r.:i:. 
E4 (3) 

0.71 (0.85) 
14 108 (50) 2.00 (1,83) 0.83 (0. 87) (14) C1 13 (3) 77 (37) 1.95 (1 . 73) 0.85 (0.88) 

E1 13 (3) 165 (23) 1.62 (1.30) 0.67 (0,60) Nov. E2+ 14 (3) 189 {62) 1.88 (1.51) 0.76 (0.67) 
1978 E3+ 18 . (3) 117 (24) 2.30 (2.10) 0.88 (0.86) 0.79 67. 47'"'** 

E4+ 17 (4) 94 (20) 2.32 (2.08) o. 91 (0. 91) (17) 
Cl 14 (2) 157 (35) 2. 11 (1.88) 0.85 (0.82) 

E1 20 (2) 208 (32) 2,46 (2.30) 0.88 (0.85) 
Dec, E2+ 19 (3) 201 (30) 2,23 (2.01) 0.81 (0.77) 
1978 E3+ 20 (3) 189 (51) 2.31 (2.07) 0.83 (0.79) 0.77 88.31*** 

E4 24 (3) 255 (68) 2.41 (2. 21) 0.80 (0,78) (23) 
C1 24 (3) 226 (54) 2.55 (2.42) 0.86 (0.86) 

El 20 (3) 172 (36) 2.40 (2.18) 0,86 (0.84) 
Jan. E2 22 (3) 216 (35) 2.47 (2.26) 0.85 (0.82) 
1979 E3 24 (3) 227 (66) 2.52 (2.42) 0.85 (0.86) 0.75 93. 7o:t::j:;f: 

E4 19 (2) 140 (34) 2.30 (2.14) 0.85 (0.83) 
C1 23 (4) 158 (38) 2.60 (2.33) 0.90 (0.87) (25) 

E1 19 (2) 171 (33) 2.34 (2.17) 0.86 (0.83) 
E2 16 (2) 155 (22) 2.23 (2.05) 0.87 (0.84) 

Feb. E3 15 (2) 131 (19) 2.16 (1.99) 0.86 (0.84) 0. 70 70.22*** 
1979 E4 20 (2) 158 (42) 2.34 (2. 26) 0,85 (0.86) 

C1 18 (2) 145 (30) 2.34 (2.17) 0.88 (0.86) (20) 

El 17 (3) 94 (41) 2.07 (1.94) 0.82 (0.85) 
Mar. E2 15 (3) 92. (22) 2.13 (1.87) 0.87 (0.84) 

1979 E3 18 (3) 90 (24) 2.22 (1.87) 0.86 (0.83) 0,84 67. 38**~~ 
E4 16 (3) 117 (38) 2.07 (1.80) 0.82 (0.78) 

C1 15 (3) 79 (28) 2.18 (1.90) 0.91 (0.89) (16) 

El 13 (2) 71 (14) 2.03 (1.81) 0.89 (0.86) 

Apr. E2 16 (3) 110 (31) 1.87 (1. 69) 0. 74 (0.73) 0.61 48.75*** 
1979 E3 16 (3) 126 (42) 2.16 (1.95) 0.85 (0.84) 

E4 18 (4) 96 (30) 2.24 (2.01) 0.86 (0.87) (16) 

C1 16 (3) 133 (61) 1.97 (1. 77) 0.77 (0.78) 

El 10 (2) 21 (4) 1,63 (1.40) 0.92 (0.88) 

May E2 11 (2) 66 (11) 1.39 (1.07) 0.65 (0.55) 

1979 E3 11 (3) 52 (12) 1.87 (1.57) 0.90 (0.87) 0.57 42.65*** 
(4) 1.99 (1. 87) 0.84 (0.82) 

E4 16 (2) 59 (0.81) (15) 
(19) 1.52 (1.39) 0.76 

C1 10 (2) 47 
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Appendix S(b) Cont'd. 

Date Pitfall Numbers of Numbers Diversity H led.fl site prey types of prey Evenness J w 
represented 

E1 6 (1) 15 ( 1) 1. 21 (1.10) June E2 8 (2) 13 (6) 0.89 (0.89) 
1979 E3 9 (2) 1.38 ( 1. 12) 0.94 (1.00) 27 (8) 1.68 (1. 41) 0.94 (0.92) E4 12 (3) 65 (23) 1.74 (1.36) 0.79 (0.72) 0.36 23.34' Cl 9 (2) 49 (31) 1.48 (1.38) 0.77 (0.92) (13) 

El 9 (3) 59 (44) 1,34 (1.16) 0.69 (0.85) July E2 9 (3) 71 (40) 1.55 (1.28) o. 78 (0.83) 1979 E3 7 (2) 58 (29) 1.57 (1.20) 0.89 (0.87) E4 15 (4) 92 (52) 1.87 (1.68) 0.77 (0.83) 0.71 42. g4:t::r,:t. 
Cl 9 (2) 56 (36) 1.51 (1.37) 0.77 (0.89) (12) 
El 8 (2) 50 (35) 1. 26 (1.27) 0.69 (0.93) Aug. E2 14 (3) 97 (57) 1. 72 (1.69) 0.72 (0,83) 1979 E3 13 (3) 82 (40) 1,79 (1. 75) 0.77 (0.89) E4 10 (3) 91 (69) 1.20 (1,33) 0.57 (0,85) 0.88 48.13*** 
Cl 12 (3) 63 (40) 1.65 (1.48) 0.75 (0.85) (11) 

Sept. NO DATA COLLECTED 
1979 

El 21 (3) 104 (23) 2.29 (2.08) 0.84 (0.82) 
Oct. E2 19 (3) 127 (21) 2.23 (2.02) 0.83 (0,80) 
1979 E3 15 (3) 113 (24) 2.20 (1. 98) 0,89 (0.87) 0.38 43.93** E4 22 (4) 146 (48) 2.51 (2.29) 0,89 (0,88) 

Cl 17 (2) 128 (29) 2.20 (2.01) 0.85 (0.82) (23) 

E1 18 (2) 166 (35) 2.27 (2, 14) 0.85 (0.84) 
Nov. E2 21 (4) 234 (71) 2.31 (2.12) 0.80 co' 81) 
1979 E3 20 (4) 171 (59) 2.31 (2.07) 0,83 (0.82) 0.64 66. 84'""* E4 19 (3) 138 (25) 2,38 (2. 21) 0.88 (0.87) 

C1 16 (2) 175 (66) 2.15 (2.04) 0,83 (0.84) (21) 

1'1 23 (3) 210 (28) 2.43 (2.26) 0.83 (0.81) 
Dec. E2 20 (4) 185 (17) 2, 18 (1. 98) 0.78 (0.76) 0.82 75.73**11: 1979 E3 24 (4) 207 (26) 2.56 (2.37) 0.86 (0.85) 

E4 20 (4) 221 (44) 2.45 (2.25) 0.87 (0.86) (23) 

E1 19 (2) 79 (12) 2.15 (2.03) 0.83 (0.82) 
Jan. E2 17 (3) 111 (44) 2.15 (1.94) 0.83 (0.84) 0.70 53.50**' 1980 E3 18 (3) 111 (24) 2.16 (1.92) 0.82 (0. 79) 

E4 18 (4) 118 (58) 2.18 (2.04) 0,83 (0,89) (19) 

El 14 (2) 200 (7) 1.96 (1. 87) 0.79 (0,79) 
Feb. E2 15 (2) 67 (9) 2.12 (1. 95) 0.90 (0.87) 0,63 40.22*** 
1980 E3 16 (2) 78 (15) 2.11 (2.00) 0.86 (0.87) 

E4 14 (1) 59 (6) 2.12 (2.02) 0.92 (0. 91) (16) 

E1 16 (2) 170 (4) 1.43 (1.35) 0.55 (0,54) 
Mar. E2 15 (3) 55 (13) 2.22 (1, 97) 0.95 (0.94) 0.51 34.51** 
1980 E3 17 (3) 64 (7) 2.08 (1. 90) 0.85 (0.83) 

E4 19 (3) 67 (10) 2.32 (2.12) 0.91 (0.89) (17) 

El 14 (2) 42 (4) 2.04 (1.91) 0.92 (0.92) 
Apr, E2 13 (1) 58 (6) 1.92 (1.81) 0.86 (0.84) 0.52 35.46** 
1980 E3 12 (2) 59 (13) 2.00 (1. 79) 0.92 (0.90) 

E4 16 (3) 55 (11) 2.15 (1.90) 0.91 (0.88) (17) 

E1 12 (2) 113 (4) 1.32 (1. 21) 0.57 (0.56) 
May E2 13 (2) 29 (2) 1.84 (1.73) 0.91 (0.91) 0,44 21.30* 
1980 E3 8 (1) 31 (2) 1.49 (1.38) 0.86 (0.85) 

(2) 34 (8) 1,80 (1.64) 0.89 (0,89) (12) 
E4 12 
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Appendi)( S(b) Cant1d. 

Date Pitfall Numbers of Numbers Diversity H site prey types of prey Evenness J w x2<d.f) 
representer;f 

E1 5 ( 1) 19 (S) 1.07 (0.78) June E2 9 (1) 15 (3) 0.82 (0. 73) 
1980 E3 7 (2) 

1. 53 ( 1 . 40) 0.97 (0.98) 14 (8) 1.23 (0.98) 0.85 (1.00) 0.45 10. 88 E4 s (3) 13 (8) 1.25 (0.68) 0,94 (1.00) (6) 
E1 6 (2) 17 (5) 1,24 (0.84) 0.88 (0.79) July E2 7 (2) 10 (3) 1.26 (0.96) 0,97 (0.94) 1980 E3 8 (3) 20 (13) 1.39 (1.02) 0.86 (1.00) 0.'34 13.74 
E4 11 (3) 20 (10) 1.65 (1.37) 0.91 (1. 00) (10) 
E1 8 (3) 22 (13) 1.31 (0.99) 0.79 (0,89) Aug, E2 4 (1) 8 (3) 0.93 (0.68) 0,95 (1, 00) 1980 E2 3 (1) 7 (4) O.GS (0.37) 0.87 (1.00) 0.16 2.60 
E4 4 (1) 7 (4) 0.76 (0.60) 0.83 (1. 00) (4) 
E1 10 (3) 26 (15) 1. 44 (1.30) 0.78 (0,97) 

Sept. E2++ 6 (1) 7 (2) 1.12 (0.96) 1.00 (1.00) 1980 E3 10 (3) 20 (7) 1.67 (1.30) 0.95 ( 0. 92) 0.35 11.23 
E4 7 (3) 17 (9) 1.26 (D.73) 0.85 (0, 74) (8) 

E1 18 (2) 72 (20) 2.09 (1.96) 0.83 (0.83) 
Oct. E2 16 (3) 26 (7) 2.05 (1. 85) 0.98 (1.00) 
1980 E3 11 (2) 30 (7) 1.76 (1.53) 0,90 (0.88) 0.63 40.31*~:r. 

E4++ 11 (2) 21 (7) 1.66 (1.44) o. 91 (0.93) (16) 

El 5 (1) 26 (10) 1.72 (1, 60) 0.94 (0.94) 
Nov~ E2 14 (2) 54 (14) 2.01 (1. 88) 0.88 (0.90) 0.55 26.25** 1980 E3 10 (2) 32 (11) 1. 77 (1,58) 0.90 (0.92) 

E4 5 (2) 24 (9) 1.64 (1. 39) 0.94 (0.91) (12) 

E1 19 (3) 86 (45) 2.14 (2,09) 0.82 (0.92) 
Dec. E2 14 (2) 58 (14) 2.02 (1.88) 0.88 (0.89) 0.69 41.39*:r.* 1980 "" 10 (1) 35 ( 4) ·1.72 (1.59) 0.90 (0.87) 

E4 10 (1) 26 (4) 1. 77 (1.66) 0,96 (0.96) (15) 

E1 16 (3) 177 (56) 2. 21 (1.90) 0,85 (0.80) 
Jan. E2 20 (3) 205 (57) 2.07 (1. 83) 0.74 (0.70) 0.75 51.31*** 1981 E3 15 (3) 88 (23) 2.16 (1. 8$) 0.89 (0,84) 

E4 14 (3) 73 (20) 2.06 (1. 74) 0,88 (0.83) (17) 

E1 20 (2) 121 (30) 2.20 (2,01) 0.81 (0.78) 
Feb. E2 12 (2) 72 (36) 1.75 (1.56) 0.79 (0.81) 0.63 37.51** 
1981 E3 15 (3) 95 (29) 1. 80 (1. 65) 0.74 (0.75) 

E4 14 (2) 70 (18) 1,94 (1.76) 0.83 (0.82) (15) 

E1 10 (2) 46 (13) 1. 71 (1.41) 0.86 (0.80) 
Mar. E2 17 (3) 95 (37) 2.05 (1'81) 0.81 (0.79) 0.62 36.94** 
1981 E3 15 (3) 53 (24) 1.74 (1.70) 0.75 (0,86) 

E4 12 (2) 39 (16) 1.73 (1 .66) 0,83 (0.92) (15) 

E1 15 (2) 35 (7) 2.06 (1.94) 0,94. (0,96) 
Apr. E2 13 (2) 41 (8) 1.91 (1.71) 0,89 (0.87) 0.36 17.33 
1981 E3 7 (2) 9 (3) 1.27 (0.98) 1.00 (1.00) 

E4 6 (2) 11 (7) 0.79 (0,79) 1.00 (1.00) (12) 

E1 10 (1) 26 (4) 1. 71 (1.58) 0.93 (0.92) 
May E2 10 (2) 27 (10) 1.59 (1 '36) 0.86 (0.86) 0.41 14.~0 

1981 E3 6 (2) 8 (4) 1.10 (0.79) 0,96 (1.00) 
E4++ 4 (2) 6 (4) 0.80 (0,35) 0.92 (1.00) (9) 
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Appendix 5(b) Cont'd. 

oat-e Pitfall Numbors of Numbers Diversity H Evenness J w x2cct. r) site pr<>y types of prey 
represented 

E1 12 (4) 38 (21) 1.83 (1.47) 0,89 (0.93) 
~;.ine E2 12 (2.) 88 (48) 1.79 (1. 72) 0.79 (0;88) 
1981 E3+ 7 (1) 22 (2) 1.20 (1.04) o.78 (0,73) 0.37 16.12 

E4+ 8 (2) 25 (2) 1.17 (0,99) 0.69 (0.67) (11) 
E1+ 5 (3) 6 (4) 0,98 (0.35) 1.00 (l.00) 

July E2+ 13 (4) 42 (18) 1.82 (1.49) 0,85 (0,85) 
1991 E3+ 3 (1) 27 (1) 0.72 (0.62) 0.74 (1.00) 0.15 3.58 

E4+ 2 (0) 23 (0) 0.40 (0.40) 0.64 (0.64) (8) 

E1+ 6 (2) 7 (3) 1.12 (0.79) 1.00 (1.00) 
Aug. E2+ 12 (3) SS (25) 1.69 (1.36) 0.81 (0.79) 0.24 7.82 1931 E3+ 5 (0) 22 (0) 0.93 (0.93) 0.69 (0.69) 

E4+ 3 (0) 21 (0) 0.60 (0,60) 0.64 (0,64) (8) 

E1 14 (4) 94 (52) 1.82 (1.38) 0.76 (0. 70) 
Sept, E2 13 (4) 95 (66) 1.77 (1. 63) 0. 76 (0,90) 0.60 33.32** i981 E3 12 (4) 46 (24) 1.67 (1.52) o. 79 (0.92) 

E4 12 (4) 50 (30) 1.59 (1.54) 0. 74 (0,95) ( 14) 

E1 13 (2) 77 (46) 1.67 (1. 77) 0.73 (0.91) 
Oct. E2+ 14 (3) 75 (56) 1.53 (1. 70) 0,65 (0.96) 0.36 19.94 1981 E3 10 (2) 47 (29) 1.24 (1.44) 0.62 (0.91) 

E4 7 (3) 43 (36) 0.76 (0. 76) 0.44 (0.83) (14) 
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Appendix S(c) Cont'd. 

~ Date Pitfall ' Numbers of Numbers 
~ site prey types of prey 

Diversity H Evenness J IV x2Cci. fl ' ! represented 
j 
! 
I June E1 12 (4) 98 
R 1979 E2++ 3 (2) 

(68) 1.64 (1.37) 0.72 (0.79) 
ff 5 (4) 0.60 (0.60) ,, E3 9 (2) 39 (18) 

0,88 (0,88) 
a 1.63 (1.37) ** 
' E4 12 (4) 52 (25) 

0,87 (0.87) 0,53 31.85 

I C1 10 (3) 60 
1. 81 (1. 43) 0.84 (0.84) (12) (27) 1.62 (1.25) 0.79 (O. 75) 

1 July E1 11 (3) 66 ( 41) 1.54 (1.32) 1979 E2 10 (~) 74 (46) 
0.72 (0.78) 

E3 1. 41 (1.35) 0,68 (0.83) 8 (2) 63 (40) 0.82 
~ E4 12 (3) 53 (29) 

1.47 (1. 28) 0.78 (0.87) 41. os:r.w.:r. 

' Cl 11 (2) 
1.75 (1.54) 0.81 (0,88) (10) 

~ 62 (36) 
li 

1.50 (1.56) 0.71 {0.88) 

" Aug. El 8 (2) ' 64 (44) 1.35 (1 .17) 
' 1979 0.72 (0.81) 
~ E2 10 (4) SS (35) 

~ E3 12 (2) 
1.61 (1.35) 0.79 (0.93) 

58 (35) 1.60 (1.65) 0.73 (0' 92) 0.86 38.54*'* 

' E4 11 (3) 51 (25) 1.69 (1.47) 0.81 (0.86) 
' C1 9 (2) 

(9) 
& 37 (20) 1.58 (1. 36) 0,84 (0.91) 
·' ~' i! Sept. 1979 NO DATA COLLECTED 
~ 
' Oct. El 18 (3) 51 (9) ,, 2.15 (1.96) 0.89 (0.88) 
~ 1979 E2 15 (2) 34 (7) 2.00 (1. 81) 0,92 (0.90) 
ij E3 14 (2) 63 (9) 2.03 (1, 86) 0,88 (0.86) 0.44 37. s4:;::!k 
~ E4 14 (1) 91 (18) 

~ 
2.03 (1. 94) 0.85 (0.85) (17) 

C1 15 (2) 91 (24) 1.94 (1. 77) 0.79 (0.78) 

~ Nov. E1 13 (2) 114 (15) 2.13 (1.96) 0.90 (0,89) 

i 1979 E2 19 (2) 132 ( 10) 2.16 (2.03) 0.80 (0.78) 

g E3 17 (2) 124 (20) 2.20 (2.02) 0.85 (0.82) 0,63 53.BB*** 

E4 18 (2) 113 (7) 2.20 (2.10) 0.84 (0.83) (17) 

I C1 15 (2) 170 (73) 1. 77 (1.80) 0.70 (0.77) 
il 
" 3 Dec. El 19 (2) 135 (7) 2.14 (2.03) 0.79 (0.78) 

I.'< 

'~* 1979 E2 25 (3) 377 (46) 2.22 c2.01l 0.72 {0.68) 
" 0.73 72.92*** ;r,: E3 23 (3) 238 (38) 2.43 (2.21) 0.82 (0.79) c u E4 24 (3) 244 (10) 2.36 (2.26) 0.79 (0,79) (25) 
" t; 

~ Jan. E1 13 (3) 47 (5) 1.87 (1 . 68) 0,86 (0.85) 
;i 

11 1980 E2 17 (2) 91 (19) 1.97 { 1. 73) 0.78 (0.72) 
~\ E3 17 (2) 90 (33) 2.08 (1.93) 0.82 (0.83) 0.70 47.3a*** 
·~1 

ii E4 15 (2) 88 (25) 2.03 (1,92) 0.84 (0' 85) (17) 
!~ ,, 

Feb. E1 13 (2) 61 ( 7) 1.96 (1, 78) 0.87 (0.85) 1\ *** }i 1980 E2 16 {2) 82 (21) 2.14 (1, 95) 0.87 (0.85) 39.82 
'! 

E3 19 (2) 136 {33) 2.19 (2.04) 0.81 (0,80) 0.62 (16) 
E4 13 (1) 88 (10) 1.90 (1. 77) 0.82 (0.79) 

'i Mar. E1 12 (2) 41 (8) 1.95 (1. 77) 0.94 (0,93) 
·l 1980 E2 12 (1) 37 (3) 1.61 (1.48) 0.78 (0. 75) 

E3 17 (4) 105 (24) 2.07 (1, 87) 0.81 (0.81) 0.25 14.03 
E4 18 (3) 90 (23) 2.18 (2,02) 0.85 (0.85) (14) 

Apr. E1 16 (2) 91 (2) 1.83 (1. 77) 0,73 (0.74) 
1980 E2++ 3 (0) 4 (0) 0.62 (0,62) 1.00 (1. 00) 0,39 20.07 

E3 15 (2) 93 (19) 1.79 (1,60) 0,73 (0.70) (13) 

E4 11 (1) 117 (10) 1. 73 (1.59) o. 78 (0,75) 

May E1 10 (1) 50 (6) 1.64 (1.48) 0.81 (0.78) 

1980 E2 8 (1) 16 (2) 1.44 (1.31) 0.92 (0.90) 16. 79 

E3 11 (1) 27 (8) 1.59 (1.49) 0.83 (0.86) 0.38 (11) 

E4 10 (1) 24 (5) 1.54 (1.38) 0.85 (0.82) 
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Appendix S(c) Cont'd. § 

~ 
i Date Pitfall Numbers of Numbers Diversity H site prey types of prey Evenness J w x2cct.n , 

represented ' I 
ff June E1 8 (2) 20 (3) 1.36 ( 1. 12) ; 1980 E2 9 (2) 17 (4) 

0.84 (0.80) 
E3 7 (2) 1.50 (1. 26) 0.91 (0,89) 11 ( 4) 

I E4 B (2) 
1.30 (1.02) 0.97 (1.00) 0.19 7.65 12 (4) 1.40 (1.15) 0.98 (1. 00) (10) ! 

' July E1 7 (2) f.: 16 (3) 1.31 (1.04) ,, 0.89 (0.85) " 1980 E2 6 (2) 17 (6) i 1.07 (0.63) 0.76 (0.60) j E3 11 (4) 19 (10) 1.70 (1.27) 0.96 (1.00) ~ E4 11 (4) 20 (9) 0.28 13.23 
Ii 1.n (1.34) 0.96 (1.00) (12) 
~ E1 8 (2) 11 (2) I 1.30 (1.07) 0.93 (0.90) Aug. E2 s (1) 14 (8) 0.94 (0.87) 0.76 (1.00) 0.16 5.00 
' 

198(} E3 9 (3) 13 (5) 1.52 (1.15) 1.00 (1.00) (8) g E4 7 (3) 
~ 14 (6) 1.39 (0.93) 0.96 (0,95) 

' ' Sept. El 11 (4) 25 (12) 1. 71 (1.23) 0.91 (0.87) ' ' 1980 E2 8 (3) ** 7 26 (12) 1.56 (1.13) 0.92 (0.91) 0.56 26.64 

~ 
E3 9 (2) 19 ( 3) 1.50 (1.28) 0.89 (0.87) (12) E4 8 (2) 22 ( 8) 1.40 (1 .. 06) 0,85 (0.79) 

1 
j El 10 (2) 26 ( 7) 1.65 (1. 46) 0.90 (0.91) 

Oct. E2 8 (3) 39 (23) 1.42 (0.86) 0.79 (0,68) 
1980 E3 9 (2) 22 ( 4) 1.52 (1. 29) 0.89 (0.86) 0.40 15.94 ~ E4 9 (2) 24 ( 3) 1.37 (1.15) 0,78 (0.74) (10) 

E1 7 (1) 31 ( 3) 1.47 (1.33) 0.89 (0.88) 
Nov. Ell 11 {2) 95 (15) 1. 41 (1.15) 0.64 (0.57) 
1980 E3 8 (2) 40 (16) 1.44 (0.99) 0.80 (0.66) 0.41 19.48 

E4 10 (2) 32 (12) 1.57 (1.24) 0.82 (0.76) (12) 

El 17 (3) 85 (40) 2.06 (2.08) 0.82 (0.94) 
Dec. E2 10 (1) 52 (15) 1.63 (1.50) 0.81 (0.80) 0.41 24.33 
1980 E3. 12 {2) 55 (13) 1.86 (1.71) 0.86 {0.87) (15) 

;,! E4 10 (2) 22 
r, 

( 2) 1.62 (1.47) 0,90 (0.91) 
!f 

~ Jan. E1 18 (3) 121 (34) 2.41 (2.22) 0,91 (0.91) 
~ 1981 E2 10 (1) 68 (26) 1.57 (1.52) 0.76 (0.80) **'-i' ' " E3 16 (2) 159 (13) 1. 71 (1.52) o .. 66 (0.62) 0.60 48.28 
·~ ·' E4 18 (3) 105 (18) 2.12 (1.91) 0.81 (0.78) (20) 
i , 

Feb. E1 16 (2) 134 (35) 2.12 (1.98) 0,83 (0.82) *:!':* 
~ 1981 E2 14 {2) 82 (19) 2.00 (1. 78) 0.84 (0. 81) 42.94 
f 63 17 (2) 97 (43) 1.97 (2.00) 0.77 (0.86) 0.77 (14) 

E4 14 (2) 79 (28) 2.00 (1. 94) 0.85 (0.90) 

Mar. E1 11 (2) 31 ( 9) 1.72 (1.56) 0.88 (0.91) 
1981 E2 12 (2) 68 (23) 1.65 (1 . 51) 0.75 (0.76) *' j E3 13 (2) 72 (23) 1.97 (1. 91) 0.87 (0.92) 0.59 32.87 

~ E4 13 (1) 34 ( 3) 1.85 (1.75) 0.89 (0,87) (1 •l) e 
~ 

(0.60) 1.00 (1.00) I Apr. E1 3 (0) 3 ( 0) 0.60 
1981 E2++ 6 (1) 9 ( 1) 1.15 (1 . 01) 0.96 (0.95) * 

~ E3 10 (2) 22 ( 7) 1.62 (1.44) 0.90 (0. 93) 0,67 14.14 

~ E4 8 (2) 18 ( 6) 1.35 (1.06) 0.85 (0.80) (7) 
4 

(1.00) i May E1++ 2 (0) 2 ( 0) 0.35 (0.35) 1.00 
(0.35) 1.00 (1.00) 

J 1981 E2++ 3 (1) 4 ( 2) 0.62 
(0.84) 0.38 5.67 

(1) 13 ( 2) 1.18 (0.99) 0.88 
E3 6 (1.01) 0.94 (0.95) (5) 
E4 6 (1) 11 ( 3) 1.20 
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Appendix 5( c) Cont'd, 

Date Pitfall Numbers of Numbers Diversity H Evenness J IV led. n site prey types of prey 
represented 

June E1 9 (3) 57 (30) 1.67 (1. 25) 0.85 (0.83) 19$1 E2 7 ( 1) 23 ( 8) 1.36 {1 . 21) 0.86 (0,89) ES+ 3 (1) 3 ( 1) 0.60 (0.35) 1.00 (1. 00) 0.37 5.13 E4+ 3 (1) 5 (2) 0.68 (0.37) 1.00 (1.00) (7) 
July E1 7 (2) 10 (5) 1.26 (Q.96) 0.97 (1.00) 1981 !;2 4 (1) 23 (17) 0.65 (0.57) 0.55 (0.76) O.S4 5.43 E3+ 3 (Ol 5 (0) 0.60 (0,60) 0.88 (0.88) (5) E4+ 2 (0) 7 (0) 0.43 (0.43) 0,86 (0.86) 
Aug. E1 7 (3) 14 (5) 0.37 (0.95) 0,94 (0,95) 1981 E2 3 (1) 14 (11) 0.50 (0.37) 0.56 {1.00) 0,08 1.57 E3+ 4 (0) 7 (0) 0.86 (0.86) 0.94 (0.94) E4+ 4 (0) 9 (0) 0.81 (0.81) 0.82 (0,82) (5) 
Sept. 1'1 12 (4) 75 (48) 1. 76 (1.55) 0.79 (0.91) i981 E2 15 (4) 78 (49) 1.83 (1, 74) 0,76 (0.90) 0.44 21.23* E3 9 (2) 18 (5) 1. 48 (1.18) 0.88 (0.83) 

1'4 8 (2) 19 (5) 1.59 (1.37) 0.94 (0.95) (12) 

Oct~ El 16 (3) 46 (18) 2.02 (1 . 85) 0.87 (0.92) 
1981 E2 9 (2) 84 (61) 1.37 (1 . 44) 0.68 (0.91) 0.39 20.47 E3 13 (2) 30 (6) 1.80 (1.58) 0.88 (0.84) 

E4 10 (2) 44 (7) 1.66 ( 1 . 42) 0.84 (0.80) (13) 

... 
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Appendix 5. fo)ponents of prey type diver~ity-
Pitfall trap samples d Open ' 

Date Pitfall Numbers .of Nvmbe.rs Diversity H site prey types of prey Evenness J w /(d. f) 
repres-ented 

E1 9 (2) 30 (12) 1.63 (1.40) Aug. E2 10 (3) 30 (14) 0.90 (0.93) 
1.69 (1,36) 0.89 (0.92) 1978 63 11 (3) 44 (26) 1.52 (1 . 48) *"'* :;: E4 10 (3) 0.74 (0.93) 0.63 37.93 37 (26) 1.36 (1.30) 0. 70 (0.97) ::' C1 6 (2) 54 ( 41) (12) .. 1.09 (0.70) 0.67 (0.65) 

Ei 5 (3) •13 (6) 1.04 (0.28) 0.85 (0.55) ' Sept. E2 5 (2) 14 (2) 0.84 (0.54) 0.67 (0.62) 1978 E3 4 (1) 11 (3) 1.01 (0.76) 0.97 (0.95) 0.30 7.51 E4+ 4 (2) 8 (3) 0,84 (0,32) 0.86 (0.70) (5) ','' C1 4 (2) (8) 12 0.91 (0.35) 0.85 (0 '77) 

l.l E1+ 13 (3) 99 (32) 2.04 (1. 72) 0.87 (0.83) {'. Oct. E2+ 16 (3) 101 (44) 1.98 (1. 79) 0.79 (0,80) 1978 63 18 (3) 128 (57) *** 2.09 (2.05) 0.79 (0.86) 0. 73 68.93 
:;· E4+ 17 (3) 81 (26) 2.24 (1, 97) 0.89 (0.87) (19) 
" C1 14 (3) 152 (30) 1.56 (1 '16) O.B3 (0.52) {' 

~·. 

fi E1+ 12 (3) 70 (19) 1.79 (1.54) 0.81 (0.80) 
{;; Nov. E2+ 8 (1) 90 (1) 0.82 (0. 78) 0.43 (0.43) 

1978 E3 20 (3) 209 (77) 2.45 (2. 28) (0.87) * ~l 0.87 0.35 33.21 
1';4 18 (3) 134 (33) 2.30 (2.02) 0.87 (0.82) (19) 

~i 
Ch 10 (2) 60 (7) 1.55 (1. 35) 0.76 (0.73) 

1~i 
Dec. El 21 (3) 306 (70) 2. 41 (2.15) 0.83 (0.79) 
1978 E2 25 (4) 291 (62) 2.50 (2.23) 0.82 (0.78) 

*** E3 24 (4) 269 (96) 2,58 (2. 43) 0.86 (0.87) 0.68 78.17 
rt E4 21 (3) 366 (160) 2.27 (2.05) 0,78 (0.76) (23) 

Cl+ 18 (3) 133 (37) 2.27 (2.00) 0.86 (0.82) 
•• \1 Jan. E1 16 (3) 156 (39) 2.42 (2.16) 0.94 (0.91) '/ 1979 E2+ 25 (4) 242 (23) 2.32 (2.12) 0.77 (0.74) 

*** { E3 23 (4) 135 (28) 2.58 (2.37) 0,91 (0.89) 0.72 86.20 
E4 23 (2) 190 (33) 2.43 (2.28) 0.83 (0.81) (24) 

'" C1 20 (3) 150 (11) 2.45 (2. 31) 0.89 (0.88) 
1i Feb. E1 15 (2) no (25) 2.11 (1. 90) 0.85 (0.82) 
,ji 
~! 1979 E2 21 (2) 334 (22) 1.88 (1.72) 0,65 (0.61) *** ~~ E3 17 (3) 193 (52) 2.40 (2.15) 0.90 (0.88) 0.64 70.94 
' E4 24 (3) 165 (45) 2.51 (2. 31) 0.86 (0.84) (22) 
~~i 

C1 19 (2) 242 (31) 1.95 (1. 72) 0.70 (0.65) 

Mar. E1 13 (3) 95 (34) 1,93 (1 . 56) 0,83 (0.76) 
' 1979 E2 14 (2.) 137 (79) 1.66 (1. 88) 0.68 (0.87) *** E3 14 (3) 116 (65) 1. 73 (1. 65) 0. '/1 (0. 79) 0.76 57.23 

E4 14 (3) 82 (28) 2,00 (1. 77) 0.85 (0.85) (15) 
C1 18 (3) 110 (54) 2.11 (1,94) 0.81 (0.84) 

Apr. E1 18 (2) 141 (43) 2.38 (2.25) 0.89 (0.89) 
1979 EZ 13 (2) 46 (9) 1.99 (1. 78) 0.91 (0.89) *** 

E3 14 (2) 63 (19) 1.98 (1.80) 0,86 (0.85) 0.63 60.19 

E4 18 (3) 102 (24) 2.39 (2.23) 0.92 (0.93) (19) 

C1 17 (2) 111 (42) 1.92 (1. 93) 0.75 (0.81) 

May El 13 (2) 101 (21) 1.85 (1.57) 0,79 (0.72) 

1979 E2 8 (1) 13 (4) 1.38 (1.27) 0.94 (1.00) ** (1.40) 0.88 (0.92) 0.51 35.65 
E3 8 (2) 52 (23) 1.62 (14) (1.79) 0.85 (0.81) 
E4 16 (3) 66 (15) 2.06 

(0.66) 
C1 11 (3) 88 (12) 1.57 (1.26) 0.72 

\: 
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Appendix 5(d). cont'd. 
~ii 

ii Date Pitfall Numbers of Numbers Diversity H :6 site prey types of prey Evenness J w x2cct. fl 'll 
t;1 represented 
~ 
£ 
:'"! June El 12 (2) 48 (18) 

~ 1979 E2 10 (3) 1.80 (1. 72) 0.84 (0.91) 31 (7) 1.64 (1. 28) E3 9 (1) 55 (14) 
0.86 (0.80) 

~ 1. 72 (1.59) 0.88 (0.88) '**;t: E4 15 (4) 88 0.54 35.19 

~ 
cl 13 (3) 

(37) 1.81 (1. 73) 0.75 (0.83) (13) 70 (23) 1.94 c1.n) 0.85 (0,88) 

" July El 11 (2) 14 (4) 1.62 (1.44) " 0.98 (1.0) § 1979 E2 7 (1) 15 (2) 1.39 (1.25) ~ E3 10 (2) 0.95 (0.94) 
tl 37 (19) 1.52 (1.44) o. 79 (0.91) E4 11 (2) 0.26 16.73 J.; 23 (6) 1.80 (1.60) 0.96 (0.97) ~ cl 10 (2) 39 (19) (13) 
~ 

1.47 (1.47) 0,75 (0.91) 
Aug. E1 -0 {2) 53 (39) 1.31 (1.39) 0.65 (0.93) 1979 E2. 11 Cl) 63 (50) 1.24 (1. 44) 0.58 (0,98) E3 12 (3) 46 (27) 1. 77 (1.52) 0.83 (0.90) 0.68 *!!:* 40.75 

~ 
t4 12 (3) 36 (19) 1. 74 (1.60) 0.85 (0.97) (12) c1 10 (4) 44 (31) 1.43 (1. 25) 0.72 (0.95) 

~ 
~ Sept, NO DATA CDllECTED 
~ 

1979 

' fr Oct. El 17 (3) 108 (35) 2,27 (2.08) 0.88 (0.89) 
~ 1979 E2 14 (4) 96 (36) 1.67 (1,35) 0.70 (0.66) < 

a E3 17 (3) 92 (40) 2.23 (2.02) 0.88 (0,89) 
E4 22 (4) 194 (119) 1.90 (2.17) 0.66 (0.86) 0.80 87.90*** 

m 
C1 18 (4) 122 (60) 1.97 (2.01) 0.75 (0,87) (22) 

" [~ Nov. E1 18 (3) 151 (25) 2.22 (1.98) 0.83 (0. 79) 
fti 1979 E2 22 ( 4) 177 (29) 2.31 (2.05) 0.81 (0.77) 

*** i!: E3 21 (4) 180 (27) 2.16 (1.90) 0.76 (0.72) 0.66 65.92 
it.I E4 18 (4) 158 (40) 2.41 (2.18) 0.90 (0,90) (20) 
'" Cl 18 (3) 174 (68) 2.12 (2.18) 0.79 (0.88) Ill :n Dec~ E1 26 (2) .274 (48) 2.37 (2.27) 0.77 (0.76) f ,r 7979 E2 27 (3) 300 (20) 2.43 (2.30) 0.78 (0.76) *:r.* l1 E3 21 (3) 248 (31) 2.46 (2.30) 0.86 (0.84) 0.75 81.54 
f E4 26 (3) 286 (54) 2.56 (2,39) 0,83 (0.81) (27) 
i 
·~! Jan. E1 21 (3) 120 (45) 2.12 (1.88) 0.77 (0, 74) J.j 
l' 1980 E2 21 (2) 166 (21) 2.24 (2,08) 0.80 (0.77) *** #) E3 20 (3) 79 (10) 2.17 (1. 97) 0.83 (0.80) 0.71 59.82 
( 
'i· E4 14 (2) 91 (18) 2.04 (1.91) 0.85 (0.86) (21) 
' \; 

(0.87) \ ( Feb. E1 20 (3) 96 (38) 2.22 (2.10) 0.83 
1980 E2 18 (2) 85 (11) 2.12 (1. 96) 0.83 (0,80) 

*** E3 20 (1) 72 (8) 2.21 (2.12) 0.85 (0.84) 0,57 47.52 
E4 17 (2) 92 (30) 2.13 (2,03) 0.84 (0.86) (21) 

•I 

E1 13 (3) 34 (7) 1.85 (1,56) 0.89 (0.84) 
rllar. E2 11 (2) 40 (10) 1.82 (1.56) 0.90 (0.86) 
1980 E3 10 (2) 49 (18) 1.73 (1.50) 0.86 (0.86) 0.55 26.64** 

E4 10 (1) 37 (8) 1.77 (1.66) 0.92 (0.92) (12) 

E1 16 (3) 56 (26) 1.99 (1. 88) 0.84 (0.92) 
Apr. E2 13 (3) 100 (57) 1.59 (1.65) 0.68 (0.84) 
1980 E3 12· (2) 59 (10) 1.76 (1.52) 0.81 (0.76) 0.49 31.59* 

E4 13 (3) 84 (17) 1.83 (1.47) 0.79 (0.71) (16) 

E1 11 (2) 20 (6) 1.66 (1. 49) 0.92 (0.96) 
Moy E2 11 (3) 89 (66) 1.64 (1.60) 0,75 (0.96) 

(1.24) 0.96 (0.97) 0.39 18.65 
1980 E3 8 (2) 17 {6) 1.52 (12) 

E4 11 (2) 32 (8) 1. 81 (1.58) 0.92 (0.90) 
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Appendix S(d). Cont'd. 

Date 

Jun. 
1980 

Jul. 
1980 

Pitfall 
site 

El 
E2 
E3 
E4 

El 
E2 
E3 
E4 

E1 
Aug. E2 
1980 E3++ 

E4++ 

El 
Sept. E2 
1980 E3 

E4 

El 
Oct. E2 
1980 E3 

E4 

Nov. E1 ++ 
1980 E2 

E3 
E4 

Dec, El 
1980 E2 + 

E3 
E4 

Jan. E1 
1981 E2 

E3 
E4 

Feb. El 
1981 E2 

E3 
E4 

Mar. El 
1981 E2 

E3 
E4 

Apr. El 
1981 E2 

E3 
E4 

May El 
1981 E2 

E3 
E4 

Numbers of Numbers 
prey types of prey 

represented 

9 (2) 
6 (2) 
7 (1) 
7 (3) 

6 (2) 
5 . (2) 
9 (3) 
9 (3) 

7 (2) 
9 (2) 
3 (2) 
2 (1) 

13 (3) 
8 (2) 
8 (3) 
8 (3) 

9 (1) 
13 (3) 
6 (2) 
6 (1) 

5 
15 (2) 
11 (1) 
9 (1) 

14 (3) 
12 (2) 
12 (2) 
15 (2) 

16 (2) 
16 (3) 
14 (2) 
13 (1) 

18 (2) 
18 (2) 
13 (2) 
13 (2) 

15 (3) 
16 (2) 
10 (2) 
9 (2) 

11 (1) 
12 (3) 
7 (2) 
6 (1) 

15 (2) 
8 (2) 
3 0 
5 (2) 

36 (20) 
14 (5) 
12 (3) 
11 (7) 

34 (24) 
10 ( 4) 
14 (6) 
13 (6) 

21 
13 
3 
2 

(9) 
(4) 
(2) 
(1) 

63 (46) 
45 (37) 
40 (31) 
50 (40) 

45 (16) 
87 (63) 
22 (8) 
24 (8) 

13 
89 (5) 
58 (15) 
22 (1) 

85 (45) 
60 (22) 

. 50 (9) 
48 (6) 

110 (25) 
189 (81) 
57 (11) 
67 (11) 

98 (41) 
70 (26) 
60 (12) 
52 (8) 

42 (11) 
105 (38) 
41 (15) 
22 (6) 

22 (3) 
54 (31) 
20 (7) 
7 (1) 

41 (9) 
35 (23) 
8 0 
8 (3) 

Diversity H 

1.49 (1.33) 
1.10 (0.69) 
1.34 (1.19) 
1.30 (0.79) 

1.23 (0.87) 
1.01 (0.57) 
1.52 (1.15) 
1.49 (1.12) 

1.31 (1.06) 
1.49 (1.27) 
0.6 
0.35 

1.46 (1.64) 
0.78 (1.15) 
1.27 (0.99) 
1.14 (0.85 

1.42 (1.26) 
1.40 (1.61) 
1.35 (0.91) 
1.31 (1.12) 

1.04 (1.04) 
2.00 (1.85) 
1. 75 (1.64) 
1.60 (1.53) 

1.83 (1.66) 
1. 67 (1.52) 
1.92 (1.76) 
1.97 (1.79) 

2.21 (2.01) 
2.08 (1.73) 
2.08 (1.92) 
1.91 (1.79) 

2.09 (2.02) 
2,07 (2.02) 
1.48 (1.19) 
1.77 (1.56) 

2.03 (1.80) 
2.07 (2,00) 
1.67 (1.50) 
1.58 (1.36) 

1.78 (1.68) 
1.82 (1.55) 
1.39 (1.12) 
1.12 (0.98) 

2.13 (2.00) 
1.39 (1.19) 
0.70 0 
1.01 (0.60) 

Evenness J 

0,80 (0.90) 
0.82 (0.70) 
0.98 (1.00) 
0.97 (1.00) 

0.80 (0.86) 
0.87 (0.76) 
0.98 (1.00) 
0.98 (1.00) 

0.84 (0.89) 
0,98 (1.00) 
1.00 
1.00 

0.65 (0,97) 
0.43 (1.00) 
0.70 (0,89) 
0.62 (0.73) 

0.74 (0.73) 
0.60 (0.89) 
0.92 (0.84) 
0.88 (0.88) 

0.85 (0.85) 
0.82 (0.81) 
0.83 (0.83) 
0.93 (0,94) 

0.77 (0.82) 
0.76 (0.78) 
0.90 (0.89) 
0,86 (0.83) 

0.87 (0.85) 
0.80 (0.74) 
0.91 (0.91) 
0.84 (0.82) 

0.81 (0.85) 
0.82 (0.88) 
0.66 (0.57) 
0.80 (0.76) 

0.90 (0.90) 
0.82 (0.86) 
0.85 (0.89) 
0.92 (0.92) 

0.96 (0.96) 
0.84 (0.89) 
0.90 (0.92) 
1.00 (1.00) 

0.95 (0.97) 
0.79 (0.90) 
0.89 0 
0.95 (0.88) 

354 

0.15 

0.26 

0.11 

5.51 
(9) 

7 .17 
(7) 

3.10 
(7) 

0.45 16.93' 
(9) 

0.32 15.25 
(12) 

0.41 19.71 
(12) 

0.48 27.05 
(14) 

* 

*** 0.63 38.01 
(15) 

0.72 46.21*** 
(16) 

:t:** 0.72 40.21. 
(14) 

0.27 11.74 (11) 

0.06 2. 09 
(11) 
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Appendix S(d). Cont'd, 

Date Pitfall Numbers -of Numbers Diversity H Evenness J w x2cd.rJ site prey types of prey 
represented 

Jun. E1+ 9 (2) 39 (23) 1.21 (1.07) 0.64 (0.73) 1981 E2 8 (1) 14 (1) 1.36 (1. 26) 0.90 (0.89) E3 5 (1) 21 (6) 1.04 (0.73) 0.79 (0.66) 0.49 13.63 E4 7 (2) 19 (6) 1.34 (1.04) 0.88 (0.85) (7) 
Jul. E1+ 5 (2) 8 (2) 0.93 (0.57) 0.87 (0.76) 1981 E2+ 4 (2) 15 (2) 0.53 (0. 20) 0.48 (0.34 o.~8 5.78 E3 4 (2) 4 (2) 0.79 (0.35) 1.00 (1.00) (3) E4 3 (2) 6 (4) 0.68 0 0.91 0 
Aug. El+ 5 (1) 16 (1) 0.92 (0.79) 0.72 (0.72) 1981 E2+ 4 (2) 26 (2) 0.37 (0.13) 0,31 (0.21) E3 6 (3) 11 (8) 1.20 (0,60) 0.94 (1.00) 0,34 6, 75 E4 4 (1) 7 (3) 0.86 (0.62) 0.94 (1.00) (5) 

Sept. El 17 (3) 94 (49) 2.02 (2.01) 0.79 (0.91) 
1981 E2 14 (3) 48 (26) 1.62 (1. 72) 0.72 (0,92) 

* E3 10 (4) 55 ( 45) 1.23 (1. 19) 0.61 (0.97) 0.43 24.22 
E4 8 (3) 58 (47) 1.00 (1.18) 0.54 (1.00) (14) 

Oct. E1 17 (2) 95 (33) 2.13 (1.99) 0.84 (0.85) 
** 1981 E2+ 14 (2) 46 (23) 1. 72 (1. 76) 0.77 (0.92) 0.54 36.61 

E3 13 (3) 104 (59) 1.71 (1.43) 0.73 (0.72) (17) 
E4 15 (2) 46 (11) 1.96 (1.76) 0.86 (0.84) 

r 
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Append/.> s. Components of prey type diversity· .'.J-

17 pitfall trap samples :g (e) Slopes · • 

" ,;. 
" Date Pitfall Numbers of \ Numbers Diversity H i site prey types of prey Evenness J w led. rl :~ 

a represented 

~ 
'~ El 7 (3) 31 (21) 1.35 (0,94) ~ Aug. E2 11 (3) 47 (14) 1.57 

0.82 (0.93) 
f 1978 E3 11 (4) 76 

(1.06) 0.76 (0,61) 
¥ t4 8 (3) 

(36) 1.55 (0.92) 0.71 (0.54) 0.71 35.71*"* 
47 (26) ~· Cl 9 (2) 

1.54 (0.84) 0.84 (0.63) (10) 
,& 

69 ( 41) 1.40 (0.93) 0.70 (0.57) 
:ii E1+ 6 (1) 26 (2) 1 • 14 (1. 00) 0.76 (0.74) 
f: Sept. E2 6 (2) 61 (7) 1.06 (0.79) 0.65 (0.62) 
f 

1978 E3+ 6 (2) 15 (3) 1.16 (0.85) o.e5 (0,80) 0.18 7.35 

~ 
E4+ 7 (2) 15 (4) 1.33 (0.99) 0.91 (0.84) Cl 5 (1) 29 (3) 0.97 (0.77) 0.70 (0.64) 

(8) 
:q 
~ El 12 (4) ias (57) 1.83 (1.52) 0.79 (0.81) -~ Oct. E2 16 (2) 132 (49) 1.99 (1. 77) 0.78 (0.75) 1978 E3 16 (3) 161 (84) 1.99 (1. 95) 0.77 (0.85) 0.73 62.47~:i!% 
;;; E4 14 (3) 127 (48) ~ 2.11 (1. 75) 0,86 (0,81) (17) 
-~ 

C1 13 (4) 124 (63) 1,98 (1, 68) 0.83 (0.86) 

~ E1 20 (4) 193 (81) 2.37 (2.22) 0.85 (0.88) .. , Nov. E2 16 (4) 178 (61) 2.28 (2.00) 0.88 (0,87) ~ 
~ 1978 E3+ 10 (3) 44 (22) 1.47 (1.00) 0,74 (0.63) 0.44 39.77** 
t. E4+ 6 (2) 20 (16) 0.96 (0.79) 0.67 (1.00) (18) 
t Cl 18 (3) 178 (82) 2.14 (2.08) 0.79 (0.8$) 
·€ E1 25 (4) 275 (104) 2.21 (2.00) 0.80 (0.82) ~ 
£! Dec. E2 24 (3) 301 (62) 2.43 (2.18) 0.81 (0.76) !} 0.82 103.10*** ,, 1978 E3+ 14 (3) 92 (19) 2.14 (1.87) 0.90 (0.87) ~ 
~ E4 2.4 (4) 302 (49) 2.20 (1. 91) 0.73 (0.67) (25) 
~ C1 22 (3) 255 (94) 2.35 (2.27) 0.80 (0.83) 
~ 

' E1 19 (4) 190 (41) 2.06 (1.73) 0.75 (0.69) ' ; Jan .. E2 21 (3) 171 (32) 2,09 (1. 79) 0.74 (0.67) 
l 1979 E3 21 (4) 166 (51) 2.43 (2.17) 0.86 (0.84) 0.77 84.42**" 
1 E4 18 (4) 141 (56) 2.25 (1.93) 0.84 (0,81) 

~ 
C1 17 (3) 220 (25) 1. 75 (1. 49) 0,66 (0.60) (22) 

' tj E1 15 (3) 144 (37) 2, 19 (1.87) 0.87 (0.82) 

~ E2 20 (3) 159 (45) 2.48 (2. 26) 0.89 (0.88) 
" Feb, E3 19 (2) 131 (32) 2.38 (2. 27) 0.88 (0.89) 0.66 76.03*** j 1979 E4 24 (4) 161 (87) 2.17 (2.16) 0.74 (0.83) a-
~ C1 17 (3) 173 (34) 2.08 (1. 80) 0,79 (0.73) (23) 
l 
l E1 13 (3) 105 (47) 1.98 (1. 60) 0.84 (0.78) 

~ 
Mar. E2 14 (3) 106 (40) 2.03 (1.75) 0.84 (0.82) 
1979 E3 20 (:i) 143 (49) 2.16 (1.83) 0.78 (0. 72) 0.83 62.05*** 

I E4 13 (3) 63 (17) 2,04 (1. 75) 0.91 (0.88) 

' C1 13 (3) 74 (34) 1.93 (1,61) 0.85 (0.82) (15) 

I 
(3) 137 (27) 1.95 (1.60) 0.80 (0.72) i El 14 

I Apr. E2 15 (3) 84 (23) 2.00 (1. 73) 0.83 (O. 79) 0.54 45.74*** 
1979 E3 16 (3) 88 (32) 2. 19 (2.00) 0.88 (0.90) 

I E4 11 (2) 60 (12) 1.80 (1.55) 0,85 (0.81) (17) 

I C1 11 (2) 107 ( 41) 1.82 (1.64) 0.82 (0.83) 

~ El 12 (4) 69 (29) 1.93 (1.43) 0.87 (0.79) 
May E2 12 (3) 61 (32) 1. 74 (1.52) 0.80 (0.84) 

~ 1979 E3 16 (4) 51 (16) 2.01 (1. 65) 0.86 (0.80) 0.64 48.00*** 
I 

(17) 1.86 (1.51) 0.84 (0.78) 
j E4 12 (3) 69 (15) 

' C1 10 (3) 34 (15) 1.68 (1.40) 0.88 (0.92) 
I 
~ 

· .. 
. --.~ ::-·; 

.. 
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I Appendix S(e) Cont'd, . 
i~ Date Pitfall Numbers of Numbers Diversity H 10 site Evenness J /(d. f) !~ prey types of prey w 
::m represented 
WJ 
tki 
~~ El 8 (2) ~~ 81 (32) 1. 71 (1.36) r~ June E2 14 (3) 63 (21) 0.89 (0.84) rl 1979 E3 10 (4) 1.92 (1.69) 0.83 (0,83) w 60 (19) 1.55 (0.98) E4 11 (2) 73 (17) 

0.76 (0.62) 0.76 [; 1.84 (1.55) 0.85 (0.79) 41.90*** 
~-

C1 10 (2) 66 (39) 1.61 ( 1 . 52) 0.78 (0.89) (11) 
f E1 8 (1) 37 (9) 1.53 (1. 36) 0.86 (0.84) ~': July E2 11 (3) 43 (20) 1.74 (1.44) 0.85 (0.86) ,, 1979 E3 9 (3) ;· 30 (17) 1.52 (1.18) 0.84 (0,88) ~! ,. E4 11 (2) 52 (25) 1,63 (1.68) 0,78 (0.94) 0.62 33.96*~"1! 

·~ C1 8 (2) 29 (7) i.$4 (1.22) 0.89 (0.83) ( 11) ['' k E1 9 (2) 35 (13) 1.69 (1.43) 1' 0.91 (0.91) 
l Aug. E2 10 (1) 27 (4) 1.74 (1. 62) 0.94 (0.94) ,. 

1979 E3 11 (2) 44 (25) IC 1,63 (1. 61) 0.79 (0.95) II E4 12 (3) 39 (22) 1. 71 (1.53) 0.82 (0.93) 0.62 30,78*:r.* 

I' " C1 12 (2) 41 (17) 1. 79 (1.59) 0.86 (0.88) (10) ~: 

~ Sept, NO DATA COLLECTED 
I,; 1979 

~; E1 16 (2) 127 (27) 1.87 (1.58) 0.73 (0.66) '.;~ Oct. E2 16 (4) 127 (54) 2.13 (1.90) 0.84 (0.85) ,~; 1979 E3 15 (3) 77 (30) 2.07 (1,86) 0.86 (0.87) " I·: E4 20 (4) 145 (42) 1,92 (1.57) 0.70 (0.62) 0.47 49,28*** J!, :r C1 11 (3) 86 (22) 1.97 (1.62) 0.90 (0.86) (21) r 
;t~ E1 16 (3) 202 (59) 2.14 (1.79) 0.82 (0.75) 

:r 
Nov. E2 20 (3) 134 (32) 2.47 (2.24) 0,90 (0,87) 
1979 E3 18 (3) 155 (59) 2.17 (2.05) 0.81 (0.84) o. 81 76.49*~* E4 20 (4) 143 (34) 2.35 (2,08) 0.86 (0.82) 

" Cl 15 (3) 124 (29) 2.13 (1.83) 0.85 (0.81) (19) 
" ' 'l' E1 20 (4) 260 (81) 2.40 (2.19) 0.85 (0.84) ~. 

ct•. Dec. E2 23 (4) 388 (68) 2.46 (2.16) 0.82 (0. 77) 0,65 67.70*** ' 11179 E3 24 (3) 299 (38) 2.60 (2.45) 0,86 (0.85) ' l 54 17 (3) 169 (18) 2,29 (2.12) 0.87 (0.86) (26) \· 
' j E1 16 (3) 118 (30) 2.13 (1. 82) 0.86 (0.81) 
; Jan. E2 13 (2) 60 (13) 2.03 (1. 82) 0.87 (0,84) 0.60 35,72** 
i· 1980 E3 14 (2) 73 (16) 2.12 (1.94) 0.90 (0.89) 

E4 14 (2) 72 (19) 1.95 (1.73) 0.85 (0,83) (15) 

E1 21 (2) 310 (132) 2.22 (2.22) O.i"£ (0.81) 
Feb. E2 19 (2) 255 (52) 1.80 (1.55) 0.65 (0.58) 0.83 73.47*** 
1980 E3 2.0 (2) 125 (22) 2.44 (2.29) 0.89 (0.88) 

E4 22 (2) 159 (44) 2.28 (2.16) 0.80 (0.80) (22) 

E1 13 (2) 85 (44) 1.76 (1. 60) 0.76 (0.79) 
Mar. 52 14 (2) 61 (25) 1.98 (1. 86) 0.86 (0.90) 0.46 24.03* 
1981) E3 13 (1) 85 (3) 1.85 (1. 77) 0.80 (0.79) 

E4 16 (2) 90 (11) 1.93 (1. 77) 0.78 (0.75) (13) 

E1++ 13 (2) 47 (13) 1.86 (1.59) 0.85 (0.80) 
Apr. E2 18 (3) 166 (111) 1.94 (2.07) 0.72 (0.89) 0.47 31.75* 
1980 E3++ 15 (2) 60 (11) 2.06 (1.89) 0.88 (0,86) 

(17) 
E4++ 13 (2) 43 (6) 2,00 (1.83) 0.93 (0.91) 

E1 6 (3) 23 (17) 0.94 (0.75) 0.64 (1.00) 
May EZ 11 (1) 32 (2) 1.67 (1.58) 0.85 (0.84) 0.28 9.11 
1980 E3 8 (1) 13 (2) 1. 4•1 (1.30) 0.98 (0.97) 

(8) 
E4 6 (0) 17 (0) 1.20 (1.20) 0.85 (0.85) 

.· 
' 



358 

Appendix $(e) Cont'd. 

Date Pitfall . NLtMbers of Numbers Diversity H sit~ prey types of prey Evenness J w x2cd. o 
represented_ 

E1 10 (4) 36 (20) 1.?a (1. 28) June E2 9 (3) 30 (10} 'i .68 
0.90 (0,92) 

1980 E3 g (3) 37 (23) 
(1.24) 0.93 (0.86) .•:-1. 61 (1.25) 0,86 0.66 21.08** E4 8 (2) 29 (18). (0.93) 

1.40 (1.14) 0.81 (0.89) (8) 
E1 8 (:J) 14 (4) L42 (1.05) July E2 7 (3) 0.95 (0. 91 ) 17 (5) 1.45 (1,04) 1980 E3 8 (:J) 18 (10) 

0.97 (0.98) 
0.47 1.44 (1.01) 0,91 (0.95) 14.98 E4 9 (2) 16 (8) 1.49, (1.24) 0.91 (1. 00) (8) 

E1 11 (4) 45 (34) 1.47 (1.24) 0.71 (0.93) Aug. E2 9 (4) 43 (34} 1.15 (0.99) Q.61 (0.89) 1980 E3 12 (4) 26 (13) 1, 79 (1. 41) 0.92 (0.96) 0.63 25.20** 
E4 12 (3) 24 (10) 1.84 (1.55) D.95 (1.00) (10) 
E1 12 (4) 59 ( 41} 1.58 (1.46) 0,73 (0.92) Sept. E2 11 (4) 42 (24) 1. 77 (1.27) 0.87 (0.84) 1980 E3 14 (4) 27 (13) 1.93 (1.54) 0.94 (0.96) 0.65 31.10'" 
E4 13 (4) 31 (19) 1.82 (1,37) 0,91 (0.95) (12) 
Et 10 (3) 44 (23) 1.41 (1.21) 0,71 (0.77) Oct. E2 8 (2) 45 (27) 1.29 (1.21) o. 71 (0.85) 

1980 E3 11 (1.) 27 (5) 1. 73 (1.62) 0.91 (0.90) 0.40 17 .45 
E4 g (0) 15 (0) 1.53 (1. 53) 0,97 (0.97) ( 11) 

E1 15 (2) 87 (30) 2.02 (1.94) 0.83 (0.87) 
Nov. E2 11 (2) 47 (11) 1.83 (1, 69) 0.90 (0.93) 
1980 E3 12 (1) 74 (19) 1.85 (1. 77) 0,83 (0.84) 0,64 35.69** 

E4 11 (1) 48 (9) 1.91 (1. 81) 0.92 (0.92) (14) 

E1 13 (2) 84 (31) 1.83 (1.54) 0.79 (0.73) 
Dec. E2 14 (2) 75 (29) 1.97 (1.84) 0.84 (0.87) 0.58 34.53''* 1980 E3 15 (2) 64 (21) 1,90 (1.86) 0.80 (0.86) 

E4 13 (1) 51 (SJ 1.93 (1. 82) 0.88 (0.86) (15) 

E1 17 (2) 144 (53) 2.11 (1. 94) 0.80 (0.80) 
Jan. E2 17 (2) 169 (59) 2.08 (1.90) o. 78 (0.77) 0.83 59.40*** 19l!1 E3 16 (2) 98 (17) 2.27 (2.09) 0.91 (0.88) 

E4 18 (2) 102 (12) 2.31 (2.16) 0.89 (0.87) (18) 

El 11 (2) so (15) 1.66. (1.31) 0.80 (0.71) 
Feb, E2+ 10 (2) 33 (10) 1. 75 (1.48) 0.92 (0.88) 0.44 24.61* 
1981 E3+ 14 (2) 62 (13) 2.03 (1.81) 0.88 (0.84) 

E4+ 13 (2) 44 (4) 2.03 (1, 91) 0.94 (0.94) (14) 

El 13 (2) 59 (30) 1.50 (1.60) 0,67 (0,83) 
Mar. E2 15 (3) 60 (33) 1.80 (1. 79) 0.77 (0. 91) 0.62 39.52*** 
1981 E3 16 (2) 82 (19) 2.12 (1.96)· 0.86 (0.85) 

E4 14 (1) 64 (19) 1. 99 (2.01) 0.86 (0.93) (16) 

El 10 (2) 46 (21) 1.59 (1.53) 0,80 (0.91) 
Apr. E2 11 (2) 40 (6) 1.64 (1.43) 0.81 (0.77) 0.68 19.12** 
1981 E3 8 (1) 17 (3) 1.49 (1.35) 0.94 (0.93) 

(7) E4 7 (1) 17 (5) 1.42 (1.29) 0.95 (0.97) 

E1 5 (1) 19 (10) 1.04 (0.92) 0.79 (0.92) 
May E2 6 (2) 15 (8) 1.08 (0.76) 0.79 (0.83) 0.58 9.25 
1981 E3 6 (1) 8 (2) 1.15 (0.98) 1.00 (1.00) 

( 4) 
E4 5 (1) 8 (1) 1. 01 (0.86) 0,95 (0.94) 

b 
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Appendix 5( e) Cont'd. 

Date Pitfall Numbers of Numbers Diversity H Evenness J \'/ /Cd. fl 
site prey types of prey 

represented 

E1 10 (3) 44 (30) 1.67 (1.39) 0.84 (0.96) 
June E2 11 (3) 29 (16) 1.67 (1.35) 0.87 (0.92) 0.67 26.64** 1981 E3 9 (4) 72. (54) 1.47 (1.12) 0.74 (0.86) 

E4 11 (4) 42 (27) 1.39 (1.39) 0.95 (0.95) (1 O) 

E1 8 (3) . 23 (16) 1.39 (0,96) o.84 (0,94) 
July E2 10 (4) 19 (11) 1.54 (1.10) 0.88 (0.-96) 0.38 12.00 1981 E3 4 (2) s (3) 0.82 (0,35) 1,00 (1.00) 

E4 5 (3). 8 (5) 1.10 (0.60) 0.96 (1.00) (8) 

E1 7 (3) 17 (11) 1.22 (0.87) 0.82 (1.00) 
Aug. E2 7 (3) 22 (16) 1.31 (0.80) 0.83 (0.92) 0.35 11.15 1981 E3 7 (3) . 20 ( 11) 1.39 (0.81) 0.90 (0.82) 

E4 7 (3) 14 (8) 1.35 (0.87) 0.93 (1.00) (8) 

El 17 (4) 142 (102) 1.89 (1.95) 0.72 (0.91) 
Sept. E2 18 (4) 106 (73) 1.87 (1.99) 0.12 (0.94) 0.45 32.27* 
1981 E3 14 (2) 78 (33) 1.87 (-.97) 0.79 (0.93) 

E4 14 (1) 67 (17) 1.98 (1.94) 0.85 (0,88) (18) 

E1 13 (3) 75 (SO) 1.63 (1.S4) 0.71 (0.84) 
Oct. E2 13 (3) 87 (43) 1.46 (0.88) 0.63 (0,45) 0.54 40. 71** 
1981 E3 19 (3) 113 (63) 2.02 (2.07) 0.76 (0.88) 

E4 16 (2) 112 (73) 1.66 (1.97) 0.66 (0.91) (19) 
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Appendix 6. Tl1e diversity of prey sizes obtained by pitfall trap 

sampling. 

Notes for this Appendix are the same as for Appendix 5, except 

that prey are classified by size, not type. The measurements of 

diverrity were based on the recognition of 10 size classes (mm): 

<: 1. 0 

1.0-2.4 

2.5-4.9 

5.0-7.4 

7.5-9.9 

10.0-12.4 

12.5-14. 9 

15.0-17.4 

17.5-19.9 

:)o20.0 

• ,. 
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Appendix 6. Components of prey size diversity: 

(a) Ribbon (;um. 
pitfall trap samples, 

Date Site Numbers of Numbers of Diversity Evenness w x2(d.f.) 
.size. cJ.;i~ses prey H J 
represented 

December E1 10 342 1.29 0.58 
1979 E2 8 348 1.38 0.68 0,94 :;!3. 87**' 

E3 10 358 1.42 0.63 
E4 10 280 1.69 0.76 (9) 

January El 9 157 1.66 0.80 
1980 E2 10 84 1.51 0.72 0.83 29. 89"' 

E3 10 179 1.58 0.72 
E4 10 183 1. 61 0.73 (9) 

Februory El 10 163 1. 79 0.82 
1980 E2 9 191 1.45 0.69 0.84 30. 29"*' 

E3 9 191 1.29 0.61 
E4 10 266 0.99 0.45 (9) 

K 92 1 .60 o.76 ,,. March E1 10 
1980 E2 9 142 1. 43 0.69 0.80 28.80'*' 

E3 7 60 1, 15 0,65 

E4 8 51 1.30 0.71 (9) 

]•, 116 1.17 0,60 
April El 8 
1980 E2 9 98 1.23 0.60 0.82 29.52**" 

E3 5 55 1.09 o. 74 

E4 5 62 1.09 0.74 (9) 

May E1 6 106 0.95 0.56 

1980 El'. 0 49 1.23 0.77 0.86 27. 38'"~'1 

E3 7 68 1.14 0.64 

E4 6 60 1,G4 0.64 (8) 

' 0,66 0.88 
'\ June E1 3 5 

1980 E2 6 36 1.22 o. 78 0.79 15.82*''' 
E3 4 27 0.95 0.79 

E4 4 26 0.91 0.76 (5) 
; i 

July E1 2 4 0.35 0.77 

1980 E2 5 24 1.01 0,75 0.63 15.11* 
E3 5 21 1.11 0.83 

E4 6 21 1.29 0,89 (6) 

t.ugust E1 5 33 1.10 o.79 

1980 E2 8 35 1.41 0.80 0.72 22.95** 

E3 6 33 1,08 0.70 

E4 5 20 1.02 0.77 (8) 

September g; 9 49 1.45 0.75 

1980 E2 7 67 1.21 0.68 0.71 25.46** 

E3 7 70 0.62 0.35 

E4 6 65 0.89 0.54 (9) 

October E1 6 58 1.22 0.75 

1980 E2 8 40 1.16 0.65 0.75 24.08** 

E3 5 39 0.90 0.63 

E4 5 40 0.84 0.59 (8) 

November E1 8 78 1.32 0.69 
93 1.19 0.62 0.85 30. 76•-~* 

1980 E2 8 
77 1.19 0.63 

E3 8 
65 1.16 0.62 (9) 

'' E4 8 

6 52 1.03 0.64 
December E1 157 1.21 0.61 0.73 26.30"* 
1980 E2 8 

62 1.12 0.68 
I E3 6 1.22 0.69 (9) 
I' 7 67 

E4 
', .~ 

I' 
i'• 
! 
l 

I .. 
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Appendix 6. Components of prey size diversity: pitfall trap samples. 

(b) Fern 

Date Site Numbers of Numbers of Diversity 
2 

Evenness w x (d.f.) 

size classes· prey H J 
represented 

December E1 9 210 1. 61 0.76 

1919 E2 8 185 1.47 0.74 0.92 33.10'~* 

E3 10 207 1.72 0.81 
\' E4 10 221 1.71 0.78 (9) 

,. January E1 10 79 1.56 0.74 ., 

i; 1980 E2 7 111 1.15 0,63 0.87 31. 24*~* 

E3 10 111 1.so 0.75 
·:~ E4 8 118 1.45 0.74 (9) 

,, 
February E1 10 200 1.29 o.S8 

' 1980 E2 7 67 1.33 0.75 0.83 29.75*"'' 
E3 6 78 1.32 0.80 

E4 7 59 1,48 o.84 (9) 

March El 9 170 0.97 0.46 

1980 E2 7 55 1.20 0,68 0.76 27.53*' 
E3 7 $4 1.30 0.73 

l' E4 6 67 1.32 0.80 (9) 

April El 6 42 1.14 0. 72 

1980 E2 6 58 1.25 0.77 0.79 25. 25'"'' 

E3 6 59 1.17 0.72 

E4 7 55 1.16 0.66 (8) 

i ! 

May E1 6 113 0.90 0.53 

1980 E2 8 29 1.41 0.82 0.80 22.48** 

E3 6 31 1.28 0.83 

E4 4 34 1.00 0.81 (7) 

June E1 4 19 0,89 0.78 

1980 E2 5 15 1.10 0.87 0.70 11.15* 

E3 4 14 0.91 o.84 

E4 3 13 0.71 0.81 (4) 

July E1 4 17 0.98 0.87 

1980 E2 4 10 0.87 0.86 0.63 15.16* 

E3 4 20 1.03 0.89 

E4 4 20 o.99 0.85 (6) 

August E1 6 22 1.22 0.83 

1980 E2 3 8 0,79 1.00 0.40 8.00 

E3 3 7 0.66 0.87 

E4 3 7 o.ss 0.70 (5) 

September E1 6 26 1 .18 0,79 

1980 E2 2 7 0.28 0.55 0,65 18.29* 

E3 5 20 1.15 0.87 

E4 5 17 1.05 0.82 (7) 

' ~ October E1 6 72 1.24 0,75 

1980 E2 5 26 1.19 0.87 0.73 26.45** 

E3 'f 30 1.14 0.70 

E4 6 21 1.07 0.74 (9) 

November El 7 26 1.32 0.82 

1980 E2 7 54 1.05 0.60 0.78 21.83** 

E3 6 32. 1.14 0.74 

E4 7 24 1.25 0.79 (7) 

' 
December E1 6 86 1.09 0.66 

1980 E2 6 SB 1.23 0.76 0.81 22.69** 
35 1.11 0.79 

E3 5 (7) 
26 o.99 0.72 

E4 5 
; ~ 

,, ' 
'. ~ 

{,. 
i 

l 
l ,. -



Appe.,dix 6. Components of prey size diversity: 363 
pitfall trap samples. 

(<;) LJl)der log. 

Date Site Numbers of Numbers of Diversity Evenness \\' x2(d,f.) 
size ·c1asses prey K J 
represented 

December E1 8 135 1.38 0.70 
1979 E2 9 377 1.34 0.62 0.96 34.69**:4 E3 10 238 1,30 0.59 

E4 10 244 1.55 0.72 (9) 

.;i:..inuary El 7 47 1.26 0.73 
1980 E2 6 91 1.00 0,60 0.84 30, 12'*' E3 8 90 1.36 0.71 

E4 8 88 1.21 0.63 (9) 

February E1 5 61 1.29 0.87 
1980 E2 8 82 1.34 0.70 0.77 27.64*~ 

E3 9 136 1.30 0.63 
E4 7 88 1.31 0,73 (9) 

March E1 8 41 1.36 0.75 
1980 E2 s 37 1.09 0. 70 0.86 30.82**' 

E3 7 105 1.06 a.SS 
(9) E4 7 90 1.18 0.65 

~; 
7 91 1.16 0,64 ( April E1 

1980 E2 3 4 0.62 1.00 0.70 1.9.54~* i E3 6 93 1.02 0.61 
E4 6 117 1.25 0.74 (7) 

! 
El 6 50 1.11 0,69 . 'j May 

1980 E2 4 16 1.05 0.94 0. 74 20.63** 
E3 8 27 1.52 0,89 
E4 6 24 1..33 0,89 (7) 

June E1 5 20 1.15 0.87 
1980 E2 5 17 1.18 0,92 o.78 15.68** 

E3 5 11 1.01 0.86 
1'4 5 12 1.00 0.84 (5) 

July 1'1 3 16 0.71 0.78 
,1980 E2 5 17 0.94 0. 73 o. 75 14.96" s 19 1.13 0.86 E3 

0.96 0.72 (5) E4 5 20 

' 1,08 0.92 August E1 5 11 
1980 E2 3 14 0.70 0.79 o. 74 14.89* 

E3 4 13 0.89 0.82 
E4 5 14 1.05 0.85 (5) 

September El 4 16 0.84 0.75 
4 26 1.09 0.91 0,75 14.96* 1980 E2 0.88 E3 5 19 1.16 

E4 5 22 1.20 o.so (5) 

E1 5 26 1.23 0.90 October 
1.07 0.86 1980 E2 4 39 0. 74 14.82* 

E3 5 22 1.22 0.91 
l'.4 6 24 1.25 0.84 (5) 

November E1 4 31 0.76 0.62 
7 95 1.00 0.55 0.78 25.05** 1980 E2 

40 1.24 0.73 E3 7 
1.29 0.84 (8) 

E4 6 32 

6 85 1.06 0.64 
December E1 

52 1.00 0.68 0.78 21. 92:;;* 1980 E2 5 
55 1.26 0.78 

E3) 6 0.88 (7) 
E4 5 22 1.18 

-



364 
Appendix S. Components of prey size diversity: 

(d) Open 
pitfall trap samples. 

Date Site Numbers of Numbers or Diversity Evenness w 2 x (d.f.) 
size clas.ses. prey H J 
represented 

December E1 10 274 1.47 0.66 
1979 E2 9 300 1.61 0.75 o.98 35.1Yi:>i:* 

E3 10 248 1.62 0.73 
E4 9 285 1.49 0.70 (9) 

,- January E1 9 120 1.29 0.63 
1980 E2 1Cl 166 1.67 0.78 0.81 29.05*** 

E3 6 79 1.29 0.77 
E4 7 91 1.46 0.80 (9) 

'' ' February El 8 96 1.30 0.67 
' ' 198() E2 5 85 1.37 0.91 0.77 27.68** 

E3 9 72. 1.58 0.79 
E4 9 92 1,32 0,65 (9) 

March E1 s 34 1.25 0.81 
1980 E2 7 40 1.32 0.7S 0.89 21.\,40*** 

E3 6 49 1.08 0.67 
E4 6 37 1 .11 0.71 (8) 

\': 
April El 5 56 1.09 0.74 

1980 E2 4 100 0.98 0.75 0.79 18.96*"' 
: ,. E3 4 59 1.00 0.78 

E4 7 84 1.32 0.73 (6) 

May 1'1 7 20 1.37 0.89 
~' 1980 E2 4 89 0.95 0.72 0.6$ 21.08** 
i E3 5 17 1.08 0.84 
{;l 32 1.14 0.69 (8) 
!· e4 7 .. 
}: 

E1 s 36 1.01 0.11 
f June 

1980 E2 4 14 0.86 0.79 0.92 18.43** 
'J, Q.68 
i E3 4 12 0.72 

E4 4 11 0.87 0.83 (S) 

h s 34 0.98 o.69 
j July E1 
1·t 1980 E2 3 10 0.71 a.BS 0.45 7.15 

E3 4 14 1.02 0.94 

\ E4 4 13 1.05 o.98 (4) 

!: August El 5 21 1.14 0.86 

l• 1980 E2 4 13 0.95 0.89 0.35 B.46 
i E3 3 3 a.so 1.00 

(6) 
~ E.4 2 2 0.35 1.00 

l 63 0.96 0.65 

J. September El 5 
1930 E2 5 45 0.64 0.44 0.84 15.75** 

' 4 40 0.83 0.66 
E3 so 0.95 o.ss (S) 

' E4 5 
I 
; 1.39 0.81 r October E1 7 45 

' 1980 E2 7 87 0.94 0.52 0.75 24.08"'* 

E3 5 22 1.05 0.78 

·. E4 4 24 0.74 0.62 (8) 
,, 

November E;1 6 13 1.19 0.90 

1980 E2 8 89 1.38 0.72' 0.80 28.88**" 
E3 B 58 1.48 0.79 

E4 7 22 1.35 0.86 (9) 

December ET 6 85 1.02 0.61 

1980 E2 5 60 0.89 0.61 0.82 23.08** 

E3 6 so 1.03 0.64 
48 1.15 0.79 (7) 

E4 5 
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Appendix S. Components of prey size diversity; 

(e) Slopes. 
pitfall trap samples. 

Date Site Numbers of Numbers of Diversity 
2 

Evenness w x (d.f.) 
size classes prey H J 
represented 

December E1 10 260 1.62 0.73 
1979 E2 a 3aa 1.42 0.70 0.94 33. 74**' 

E3 10 299 1,42 0.64 
E4 10 169 1.2a 0,59 (9) 

, . 
:; 

January E1 10 1oa 1.40 0,66 
1980 E2 9 69 1 .44 0.72 0,71 25. 42** 

E3 8 63 1 .• 46 0.78 
E4 8 71 1.68 0.89 (9) 

k February E1 10 310 1.14 0.51 
1980 ea 7 255 0.97 0,52 o.a3 30. 05"*" 

p E3 10 125 1.64 0.76 
E4 10 159 1.49 0.6a (9) 

March E1 a as 1.18 0.61 

1980 E2 7 01 1 .15 0,65 0.73 26.2.1** 
E3 10 85 1.72 0.82 

E4 10 90 1.72 0,82 (9) 

April E1 5 47 1.01 0.70 

1980 E2 7 166 1.08 0.58 0.75 27.03"* 
E3 7 60 1.31 0.75 

E4 a 43 1.43 0,79 (9) 

May El 3 23 0,74 0.7B 

1980 E2 5 32 0.92 0.60 0.59 19.02* 
E3 3 13 0.61 0.70 

E4 8 17 1.49 0.94 (8) 

June E1 3 36 0.82 0.82 

1980 E2 3 30 0.70 0.72 0.75 6.00* 
E3 3 '07 0.73 0.73 

' E4 3 29 0.77 0.79 (2) 

July El 4 14 0.93 a.as 

1980 E2 4 17 9.93 0.82 0.74 14.75* 

E3 5 1a 1 .01 0.78 

E4 4 16 0.82 0.73 (5) 

August E1 6 45 1.06 0.67 

1980 EZ 5 43 0.92 0.64 0.83 16.54* 

ES 4 26 1.00 0.83 

E4 5 24 0.96 0,71 (5) 

SeptemberE1 7 59 1.07 0.61 

1980 E2 6 41 0,87 0.55 0.69 24.78** 

E3 6 27 1.19 0.79 

E4 7 31 1.20 0.73 (9) 

October E1 8 45 1.07 0.62 

1980 E2 9 46 1.25 0.68 0.83 2s. 7s;1~::i: 

E3 7 28 0.95 0.63 

E4 8 15 1,35 0.93 (9) 

November E1 6 • 87 1.09 0.66 

1980 E2 6 47 1.14 0.71 ** 
74 1,34 0.67 0.76 25.52 

E3 9 
9 48 1.41 0.73 (9) 

E4 

6 a4 1.16 0.70 
Decembe~ E1 75 1.27 0.76 0.88 28.07*;.r.* 
1980 E2 6 0.76 

E3 7 64 1.34 (8) 1.43 0.78 
E4 8 51 
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Appendix 7. The diversity of prey types obtained by litter sampling. 

Notes for this Appendix are the same as for Appendix 5, except 

that "slopes" habitat was not sampled, and only 40 types of prey 

were recognised. Ephemeroptera, Odonata, Plecoptera, Phasmida, 

Trichoptera and Platyhelminthes were never captured during. litter 

sampling. 
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Appendix 7. Comp~nents of prey type oiversity: litter samples (a) Ribbon Gum 

Oate Site Numbers of Numbers Diversity H Evenness J w }(o.f) prey types of pi·ey 
represented 

E1 20 (2) 202 (12) 2.43 (2.32) 0.86 (0,86) Oct. E2 23 (3) 343 (32) 2.47 (2.31) 0.83 (0.81) 1978 E3 22 (:>) 229 (24) 2.48 (2.33) 0.86 (0. 84.) 0.76 87. 71*:r.~; 
E4 21 (3) 335 (29) 2.11 (1.94) o.n (0.70) (23) C1 18 (2) 236 (15) 2.16 c2.o;i) 0.79 (O. 77) 
g1 16 (2) 175 (36) 2.17 (2.08) 0.83 (0.85) Jan. E2 16 (1) 225 (4) 2.07 {2.03) 0.79 (0.79) 1979 E3 12 (0) 290 (0) 1.94 (1.94) 0.81 (0.81) E4 1$ (1) 220 (5) 2.25 (2.21) 0.83 (0.83) 0.72 57 .34**.:I: 
C1 17 (2) 265 (15) 2.17 (2.04) 0.80 (0.79) (16) 

El 19 (3) 261. (30) 2.31 (2. 10) 0.83 (0.80) Apr. E2 22 (3) 302 (26) 2.37 (2,22) 0.81 (0. 79) 0. 74 85,19*** 1979 E3 21 (1) 224 (16) 2.40 (2.32) 0.84 (0 .. 83) 
E4 24 (3) 266 (21) 2.43 (2.21!) 0.81 (0.79) {23) Cl 17 (1) 279 (23) 2.20 (2.10) 0.81 (0.79) 

El 18 (3) 200 (21) Z.19 (2.04) 0.81 (0.80) 
July E2 16 (1) 336 (7) 1,31 (1.24) 0.49 (0.48) 
1979 E3 18 (2) 130 (8) 1.so (1.66) 0,68 (0.65) -0",73 69.12~~* E.4 18 (2) 170 (1zl 2.06 (1.94) 0.76 (0. 75) 

Cl 16 (.2) 188 (9) 1.93 (1.82) 0.74 (0.73) (19) 

E1 16 (1) 268 (S) 1.64 (1.59) 0.62 (0.61) 
Oct. E2 19 (1) 174 (4) 2.27 (2.22) 0.84 (0.83) 
1WS E3 16 (1) 144 (3) 2:.07 (2.00) 0.81 (0.80) 0.69 69. 42**~ E4 18 {O) 154 (O) 1.89 (1.89) 0.70 (0.70) 

C1 19 {1) 217 (2) t:ss (1 •. 82) 0.67 (0.67) (20) 

E1 17 (1) 197 (7) 2.13 (2.06) 0.80 (0.79) 
Peb. E2 18 {1) 298 (2) 1.36 (1.33) Q.49 (0.49) 0.73 76. s2~:~~ 1930 E3 17 (1) 144 (2) ·2.10 (2.06) 0.80 (0.80) 

!;4 17 (1) 438 (4) 1.6S (1.65) 0.61 (0.62) (21) 
C1 22 (1) 336 (11) 1.95 (1.87) 0.66 (0.64) 

E1 22 (3) 246 (31) 2.28 (2.10) 0.83 (0.80) 
Apr. E2 17 (2) 206 (26) 2,03 (1. 91) 0.81 (0.79) 0.77 89.10''* 1980 E3 21 (3) 311 (11) 2.36 (2.21) 0.76 (0,74) 

E4 23 (3) 381 (18) 2.21 (2.09) 0.78 (O. 76) (a) 
Cl 20 (2) 284 (34) 1.97 (1.n) 0.80 (0. 77) 

£1 17 (1) 223 (18) 2.18 (2.10) 0.81 (O. 77) 
July E2 19 {3) 314 (31) 2.01 (1.87) 0.63 (0.60) 0.71 70.56*'* 1980 E3 16 (1) 158 (12) 2.05 (2.01) 0.80 (0.79) 

E4 19 (3) 210 (6) 2.15 (2.07) 0.81 (0.80) (19) 
C1 18 (2) 184 (15) 1.99 (1. 90) 0.76 (0.74) 

E1 16 (1) 180 (2) 2.02 (1. 96) 0.78 (0.77) 
Oct. E2 21 (1) 217 (12) 2.36 (2.30) 0.88 (0. 86) 0.85 97.63*** 1980 E3 18 (2) 188 (5) 2.14 (2.09) 0. 81 (0.81) 

E4 17 (2) 159 (16) 1.89 (1.83) 0.77 (0,76) (21) 
C1 19 (1) 228 (3) 1,76 (1.73) 0.70 (0.70) 

El 20 (2) 343 (33) 2.23 (2.11) o.ss (0.84) 
Jan .. E2 18 (1) 281 (6) 2.15 (2.10) 0.81 (0.80) 0.75 73.28*:i:* 1981 E3 17 (1) 212 (12) 2.20 (2.13) 0.82 (0.82) 

E4 19 (2) 233 (5) 1.98 (1.93) 0.69 (0.69) (19) 
Cl 18 (1) 194 (18) 2.31 (2.26) 0.87 (0. 86) 
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Appendix 7. Components. of prey type diversity; litter samples. {b) Fern 

Oate Site Numbers of Numbers Diversity H Evenness J w icct. fJ prey types of prey 
represented 

E1 20 (1) 268 ( 11 ) 2.38 (2.31) 0,84 (0,83) Oct. E2 23 (3) 247 (21) 2.51 (2..39) 0,85 (0.85) 1978 E3 22 (2) 211 (13) 2.56 {2.45) 0.88 (0.87) 0.88 100.68""" 
E4 23 (4) 212 (12) 2.11 (1.98) 0.72 (0.72) (23) C1 21 (2) 295 (15) 2.09 (1.98) 0.72 {0.70) 
E1 i8 (1) 215 (21) 2.09 (1.98) 0.77 (0.74) Jan. E2 16 (2) 308 (36) 2.14 (1.95) o. 81 (0. 77) 1979 E3 16 (2) 237 (21) 2.02 (1.86) 0.77 (0.74) E4 17 (2) ?49 (16) 2.10 (1.96) 0.78 (0.76) o. 76 68.06'"'* 
Cl 17 (2) 282 (40) 1.98 (1. 78) 0.73 (0.69) (18) 
El 18 (3) 208 (27) 2.27 (2.13) 0.84 (0.84) 

Apr. £2 24 (3) 320 (40) 2.35 (2.18) 0.78 (0.75) 102,55*"* 1979 E3 25 (3) 230 (22) 2.57 (2.42) 0.85 (0.64) 0,85 
E4 22 (2) 209 {23) 2.32 (2.16) 0.80 (0.78) (24) C1 21 (2) 208 (15) 2.11 (2,03) 0,76 (0. 74) 

E1 14 (2) 95 (13) 1.93 (1. 71) 0.81 (0.76) 
July E2 16 (2) 130 (23) 1.94 (1. 76) 0.76 (0. 73) 
1979 E3 14 (2) 255 (9) 1.68 (1.58) 0.67 (0.66) 0.73 65. 81*"* E4 18 (2) 425 (8) 1.21 (1.14) 0.43 (0.42) 

C1 16 (2) 297 (10) 1.63 (1. 51) 0.58 (0.57) (18) 

E1 17 (1) 119 (7) 2.26 (2.21) 0.68 (0.87) 
Oct. E2 19 (1) 237 (11) 2.37 (2.30) 0.85 (0.84) 
1979 E3 23 (3) 140 ( 11) 2.40 (2.26) 0.84 (0,83) 0.80 88.78~:i.;-~ E4 17 (1) 163 (5) 2.19 (2.13) 0.83 (0.83) 

C1 19 (2) 134 (5) 2 .. 15 (2.06) 0.79 (0.79) (22) 

E1 25 (3) 503 (127) 2.43 (2. 41) 0.78 (0.81) 
Feb. E2 24 (<) 361 (81) 2.50 (2.52) 0.83 (0.87) 0.81 93.19-:t:;!;:i_; 1980 E3 24 (3) 406 (70) 2.36 (2.27) 0.77 (0.78) 

E4 23 (2) 395 (64) 2.56 (2.48) 0.85 (0.85) (23) 
C1 22 (3) 314 (37) 2.54 (2.44) 0.86 (0.87) 

E1 19 (2) 251 . (15) 2.34 (2.26) 0.84 (0.83) 
Apr. E2 21 (3) 212 (38) 2.14 (2.00) 0.75 (0.73) 0.78 88.64*** 1980 E3 24 (2) 281 (29) 2.61 (2,51) 0.89 (0.89) 

E4 19 (2) 193 (14) 2.32 (2.20) 0.84 (0.83) (23) 
Cl 20 (3) 212 (25) 2.28 (2. 11) 0 .82 (0.81) 

E1 17 (2) 118 (18) 1.96 (1.77) 0.77 (0.74) 
July E2 19 (2) 239 (17) 1.78 (1,70) 0.63 (0.61) 0.77 70.2s:r.** 1980 E3 18 (1) 208 (37) 2.09 (1.98) 0.78 (0.75) 

I E4 15 (2) 247 (21) 2.00 (1. 69) 0.76 (O. 73) (18) 
' C1 16 (2) 169 (12) 1.85 (1.75) 0. 71 (0.69) 

. ; El 20 (2) 156 (4) 1.92 (1.87) 0.72 (0.71) 
Oct. E2 17 (1) 128 (5) 2.23 (2.17) 0.86 (0.85) 0.86 85.36*~* 1980 E3 19 (1) 179 (7) 2.20 (2.14) 0.82 (0. 81) 

E4 18 (2) 208 (18) 2.14 (2.04) 0.79 (0.77) (22) 
Cl 22 (3) 243 (27) 2.48 (2.32) 0.84 (0.82) 

- J' 

E1 20 (2) 216 (17) 2.39 (2.29) 0.83 (0.82) 
Jan. E2 18 (1) 198 (19) 2.11 (1. 99) 0.79 (0.76) 0.80 73.4"'*:::; 
1981 E3 21 (1) 236 (22) 2.41 (2.31) 0.65 (0.64) 

;: E4 17 (3) 261 (29) 2.14 (1.98) 0.77 (0,74) (19) 
'; ~ C1 19 (2) 273 (31) 2.07 (1.95) 0.76 (0.74) 
.1; 

' 
~!-
~, 

·~ 
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Appendix 7. Components of prey type diversity: litter samples. {c) Under log 

Date Site Numbers Of Numbers Diversity H Evenness J w x2cd.f) prey types of prey 
represented 

1'1 21 (2) 189 (8) 2.42 (2.34) 0.85 (0.85) Oct. E2 24 (2) 224 (9) 2.29 (2.21) 0.77 (0.76) 1978 E3 25 (3) 242 (7) 2.11 (2.02) 0.70 (0.70) 0.73 91. 15""" 
E4 21 (2) 150 (7) 2.22 (2.12) 0.79 (0.78) (25) C1 19 (1) 159 (7) 2.23 (2.16) 0.82 (0.81) 

E1 16 (1) 201 (7) 2.34 (2.28) 0.90 (D.89) Jan. E2 16 (3) 304 (129) 2.02 (1.83) 0.76 (0.76) 1979 E3 15 (2) 226 (11) 1.80 (1.69) 0.70 (0.69) E4 1ll {2) 333 (52) 1.n ( 1. 76) 0.S9 (0.66) o.n 68,65~** 
C1 20 (1) 241 (61) 2.20 (2.20) 0.78 (0,80) ( 19) 

E1 20 (2) 278 (11) 2.19 (2.09) 0.77 (0. 76) 
Apr. E2 22 (3) 243 (8) 2.31 (2.23) 0.79 (0.80) 0.85 106. 55:r..:t::f:. 1979 E3 23 (2) 313 (5) 2.17 (2.12) 0.73 (O. 73) 

E4 24 (3) 309 (19) 2.48 (2.36) 0.82 (0.81) (<~S) 
C1 22 (2) 326 ( 11) 2.08 (1.99) 0.71 (0.70) 

El 13 (1) 121 (3) 1.88 (1.83) 0.79 (0.79) 
July 1'2 19 (2) 223 (6) 2.19 (2.12) 0.79 (0.79) 
1979 E3 21 (2) 180 (5) 2.11 (1. 04) 0.75 (0.74) 0.75 71.28*** E4 18 (2) 266 (5) 1. 94 (1.88) 0.71 (0. 71) 

Cl 20 (2) 220 (6) 2.27 (2.20) 0.81 (0.81) (19) 

E1 19 (1) 171 (3) 2.10 (2.05) 0.77 (0.76) 
Oct. E2 23 (2) 174 (10) 2.05 (1.94) (). 71 (0.69) 
1979 E:3 14 (1) 117 (2) 2.12 (2.08) 0.87 (0.88) 0.76 71.85"*"' E4 19 (1) 173 (10) 2.11 (2.02) 0.77 (0.75) 

C1 17 (1) 135 (8) 1.67 (1.55) 0,64 (0.61) (19) 

E1 22 (2) 141 (4) 2.37 (2.31) 0.84 (0.84) 
Feb, E2 23 (2) 276 (9) 1.94 (1. 85) 0,65 (0.64) 0.63 69.22*** 1980 E3 21 (1) 274 (3) 2.44 (2.41) ~84 .(0.85) 

E4 21 ( 1) 236 (5) 1.77 (1. 71) ~ (0.60) (22) 
Cl 23 (1) 391 (a) 1.97 (1.92) 0,66 (0.65) 

E1 22 (2) 301 (17) 2.09 (1.%) 0.74 co. 73) 
Apr. E2 20 (1) 233 (32} 2.18 (2.10) 0.81 (0.79) 0.71 79.47*** 1980 E3 18 (2) 269 (29) 2.30 (2.19) 0.84 (0.84) 

E4 21 (3) 178 (21) 1.89 (1. 72) 0.66 (0.64) (22) 
C1 18 (2) 456 (41) 1.29 (1.14) 0.46 (0.44) 

E1 15 (2) 167 (90) 1.90 (1.91) 0.63 (0.72) 
July E2 - 19 (2) 235 (7) 2.13 (2.04) 0. 77 (0.76) 0.73 70,89*''* 1980 E3 16 (1) 197 (21) 2.01 (1.93) 0.84 (0.82) 

E4 20 (1) 248 (15) 2.28 (2.23) 0.80 (0,79) (19) 
C1 17 (2) 294 (18) 1.94 (1.83) 0.74 (O. 70) 

~ . 

E1 16 (1) 176 (7) 2.15 (2.04) 0.82 (0.81) 
Oct. E2 19 (1) 212 (10) 1 • 9() (1.86) 0.69 (0.69) 0.79 82.31''** 1980 E3 22 (2) 193 (3) 2.31 (2.26) 0.81 (0.81) 

~ : E4 20 (2) 261 (6) 2.24 (2.20) 0.79 (0.79) (21) ' i 
C1 17 (2) 163 (10) 1.73 (1.63) 0.65 (0.63) 

~ . 
i 

19 (2) 245 (18) 2.18 (2.10) 0.80 (0.78) E1 
Jan. E2 20 (2) 198 (9) 1.92 (1.83) 0.68 (0.65) 0.82 95.68*** 

' 1981 E3 21· (1 ) 210 (6) 1.84 (1. 78) 0,65 (0.63) 
E4 20 (1 ) 173 (24) 2.13 (2.03) 0.79 (0.76) (23) 
C1 24 (3) 148 (38) 2.41 (2.23) 0.83 (0.82) 

}. 
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Appendix 7. Components of prey type diversity: litter samples. (d) Open 

Date Site Numbers of Numbers Diversity H Evenness J w x2cd. rJ prey types of prey 
represented 

El 17 (2) 290 (25) 1.99 (1.84) o. 73 (0.71) Oet. E2 22 (2) 165 (15) 2.21 (2.~~) 0.77 (0.76) 1978 E3 18 (1} 262 (19) 1.75 (1.62) 0.64 (0.60) 0.86 81.SS:t::f::i: 
E4 17 (1) 244 (31) 2.04 (1. 91) Q,76 co. 73) (19) Cl 17 (2) 244 (13) 1.95 (1.83) 0.72 (0.71) 

El 15 (2) . 311 (52) 2.16 (1.94) 0.83 (0 79) Jan. E2 15 (1) 288 (11) 1.73 (1.64) 0.67 (0.65) 1979 E3 11 ( 1) 357 ( 1) 1.57 (1.57) 0.67 (0.67) 
E4 11 (1) 371 (11) 1.51 (1.42) 0.65 (0.64) o. 71 . 64. 15:i;~:j: 
Cl 16 (2) 196 (30) 2.08 (1. 89) 0.80 (0.76) (18) 

E1 15 (1) 278 (5) 1.98 (1.93) o. 77. (0.76) 
Apr. E2 18 (3) 230 (48) 2.36 (2.13) 0.86 (0,83) 0.80 83.74*:1:;j: 1979 E3 2~ (3) 232 {2S) 2.4$ (2.31) 0.85 (0.83) 

E4 20 (3) 205 (20) 2.29 (2.12) 0.82 (0,80) (21) 
Cl 20 (Z) 294 ( 11) 2.08 (1.99) 0. 73 (0.72) 

E1 13 (1) 118 (7) 1. 71 (1.59) 0.72 (0.70) 
July E2 14 (2) 163 {16) 1.91 (1. 7ll) o. 77 (0.76) 
1979 E3 17 (2) 195 (17) 1.87 (1.70) 0.70 (0.67) 0.82 57 .69*** F.4 15 (2) 175 (11) 1.87 (1.73) 0.74 (0.72) 

Cl 14 (2) 260 (17) 1.58 (1.43) 0.6? (0.60) (14) 

El 20 (2) 401 (7) 1.78 (1. 71) 0.61 (0.61) 
Oct. 1:2 15 (1) 94 (S) 2.06 (1.97) 0.84 (0.83) 
1979 E3 19 (2) 222: (15) 1.84 (1.71) Q.66 (0.64) a.so 76.26"*" E4 17 (1) 303 (38) 1.61 (1.42) 0.59 (0.54) 

Cl 15 (1) 311 (3) 1.26 (1.23) 0.49 (0.48) (19) 

El 13 (1) 78 (1) 1.64 (1. 61} o. 71 (0. 72) 
Feb. E2 17 (2) 236 (6) 1. 75 (1.67) 0.65 (0.65) 0,09 65-. 20*:r.:i: 1980 E3 19 (2} 300 (7) 1.89 (1.80) 0.67 (0.66) 

E4 17 (1) 849 (4) 0.90 (0.87) 0.32 (0.32) (19) 
Cl 19 (2) 333 (6) 2.16 (2.10) 0.76 (0.77) 

El 16 (1) 193 (12) 2.03 (1. 96) 0,79 (0.78) 
Apr, E2 21 (2) 262 (6) 2.18 (2.08) 0.78 (0.75) 0.71 72.09*~:•: 1980 E3 18 (2) 269 (11) 2.13 (2.02) 0.76 (0.74) 

E4 18 (1) 303 (28) 1.93 (1.85) 0.68 (0.67) (20) 
C1 19 (3) 219 (9) 2.27 (2.12) 0.83 (0.81) 

E1 14 (2) 164 (18) 1.81 (1.67) 0.73 (0.71) 
July E2 19 (2) 113 (9) 2.00 (1.90) 0,75 (0.75) 0.75 66.88X%* 1980 ES 13 (2) 209 (21) 1.89 (1. 75} 0.77 (0.75) 

E4 18 (1) 231 (24) 2.14 (2.06) 0.79 (0.78) (18) 
C1 16 (2) 147 (3) 2.07 (1.98} 0.82 (0.83) 

El 14 (1) 231 (19) 1.73 (1.63) 0.70 (0.68) 
Oct. E2 18 (1) 268 (22) 2.08 (1.98) 0.74 (0.71) 0.70 54.75;(.;r.;t; 1980 E3 1S (2} 398 (33) 2.11 (1.95) 0.77 (0.75) 

E4 16 (1) 193 (4) 1.85 (1.81) 0.75 (O. 74) (16} 
C1 17 (1) 178 (10) 1.97 (1.90) 0.77 (0. 75) 

E1 18 (1) 186 (8) 2.10 (2.01) 0.79 (0.77) 
Jan. E2 22 (2) 617 (17) 1.19 (1.12) 0.41 (0.40) 0.83 88 .12*:t:* 1981 E3 17 (1) 241 (1) 1.88 (1.86) 0.71 (0.71) 

E4 19 (2) 412 (2) 1.63 (1.57) 0.57 (0,59) (19) 
C1 18 (1) 177 (7) 1, 94 (1. 89) 0.69 (0,69) 
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Appendix 8. The diversity of prey sizes obtained by litter sampling. 

Notes for this Appendix are the same as for Appendix 6. 

i . 



Appendix 8. Components of prey size diversity: 372 
litter samples. (a) Ribbon Gum. 

Date Site Numbers of Numbers of Diversity Evenness w 2 X(d.f.) size clasSE!S prey H J represented 

October E1 g 202 1.55 0,73 1978 E2 10 343 1.3~ 0.59 
OS4 E3 10 229 1.59 o.n 42.14:,::c* 

E4 10 335 1.49 0,66 (9) Cl 10 236 1.38 0.63' 

Jnnuary E1 7 175 1.21 0.65 1979 e.a 8 225 1.33 0.66 
0.77 34,71:r.** Et! 6 290 1.34 0.77 E4 10 220 1.47 0.67 (9) C1 10 265 1.27 0.57 

April El 10 261 • 1.62 0.73 1979 E~ 8 302 1.41 0.70 0.92 41.19*** E3 8 224 1.27 0.63 
E4 7 266 1.01 0.54 (9) Cl 7 279 1.25 0.66 

July E'I 8 200 1.39 0.70 
1979 E2 6 336 1.18 0.67 0.88 39.73**!i! E3 & 130 1,32 0.77 

E4 8 170 1.43 0.72 (9) 
C1 6 188 1.23 0. 71 

October E1 7 268 1.04 0.55 
1979 E2 9 174 1.46 0.70 0.93 41.66:r.:r.:r. E3 8 144 1.54 0.78 

E4 8 154 1.41 0. 71 (9) 
C1 9 217 1.65 0.78 

February E1 7 197 1.28 0.68 
1930 E2 8 298 1.04 0.51 0.86 38.57'*·'' E3 8 144 1.16 0.59 

E4 6 438 0.90 0.51 (9) 
C1 9 336 1.16 0.55 

April E1 8 246 1.41 0.69 
1980 E2 7 206 1.12 0.60 0.88 39,81*'"' E3 9 311 1.36 0.64 

E4 9 381 1.20 0.58 (9) 
C1 s 284 1.27 1).63 

July El 7 223 , .26 0.67 
1980 E2 8 314 1.38 0.6$ 0.91 35 ... 88*~* es 6 158 ·. 1.32 0.76 

E4 8 210 1.45 0.72 (8) 
Cl 7 184 1.11 0.58 

October E1 s 180 1.31 0.90 
1980 E2 9 217 1.09 0.51 0.84 33.~0*** E3 8 188 1.62 ' 0.84 

E4 7 159 1.47 o.so (8) 
C1 8 228 1.23 0,60 

January E1 8 . 343 1.33 0.65 
,1981 E2 9 281 1.26 0.58 . o .• 9o 40.56*** E3 8 212 1.41 0.71 

(9) ' E4 6 233 1.20 0,69 
Cl .9 194 1.29 0.61 

[ 
' ' 
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Appendix 8. Components of prey size diversity: litter samples, 313 

(b) Fern 

Date Site Numbors of Numbers of Diversity Evenness IV x2Cct.f.) size classes prey H J 
represented 

October E1 8 268 1.43 0.71 
1978 E2 8 247 1.29 0.64 

E3 7 211 1.40 0.75 0 .• 89 39. 93w.:t:~ 

E4 6 212 1.31 0.76 (9) 
C1 9 295 1.33 0.63 

January E1 6 215 1.28 0.74 
1979 E2 7 308 1.20 0.63 0.83 E3 8 237 1.36 0.68 

29.22*:J;:;f 

E4 8 249 1.34 0.67 (7) 
C1 8 282 1.26 0.62 

April E1 6 208 1.18 0.68 
1979 E2 8 320 1.13 0.56 0.83 37 .17'"' E3 6 230 1.33 o.77 

E4 7 209 1.28 0.68 (9) 
C1 6 208 1.24 0.72 

July E1 5 95 1. 13 0.75 
1979 E2 6 130 1.40 0,82 0.90 31.62:!:*!1 

E3 5 255 1. 15 0.73 
E4 8 425 1.11 0.55 (7) 
Cl 7 297 1.30 0.69 

October El 9 119 1.53 0.74 
1979 E2 8 237 1.46 0.73 O.l'7 39.07'*' 

E3 8 140 1.55 0.79 
E4 8 163 1.49 0.75 (9) 
C1 9 134 1.36 0.66 

February E1 10 503 1.29 0.57 
1980 E2 10 361 1.43 0.64 0.91 40. 73>x* 

E3 10 406 1.35 o.so 
E4 10 395 1,58 0.70 (9) 
C1 10 314 1.58 0.71 

April E1 7 2s1 1. 21 0.64 
1980 E2 8 210 1.42 0.71 0.79 3$.33:t!*·'* 

E3 8 278 1.26 0.62 
E4 9 186 1.18 o.ss (9) 

C1 7 212 1.37 0.73 

July E1 6 118 1.23 0.72 
1980 E2 7 239 1.47 0,80 0.84 29.86*** 

E3 5 208 1.04 0,68 
E4 7 247 1.12 0,59 (7) 

Cl 6 169 1.19 0.69 

October E1 $ 156 1.37 0.69 
1980 E2 9 128 1.24 0.61 0.86 34.41*;j;:j: 

E3 7 179 1.16 0.64 
E4 8 208 1.47 o.74 (8) 

C1 9 243 1.30 0.61 

January E1 10 216 1.61 0.73 
1981 E2 8 198 1.30 0.64 0.92 41.14*** 

E3 10 236 1.27 0.58 
E4 9 281 1.54 0,73 (9) 

C1 9 273 1.20 0.57 ,, 

L 
IC 
·; 

~. 

~· 

't 

~ 
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Appendix 8. Components of prey size diversity: 
374 

litter samples. 
(c) Under log. 

Date Sit" Numbers of Numbers of Diversity E.ve11ness w x2(d,f.: size classes prey H J 
.represented 

October E1 8 189 1.43 o. 72 
1978 E2 7 224 1.28 0,68 

E3 H 242 1,49 0.74 0.92 36.64;.::s::i 
E4 9 150 1.39· 0.67 (8) 
C1 7 159 1.33 0.71 

' January E1 9 201 1.51 0.72 
1979 E2 5 304 0.96. 0.61 

ES 9 226 1.19 0.57 0.79 35. 41!t=*:i 
E4 10 333 1. 21 0.54 (9) 
C1 10 240 1.26 0.57 

April E1 8 278 1.46 0.73 
1979 E2 9 243 1.47 0.69 0.91 40.80*-*:f E3 6 313 0.95 0.54 

E4 6 309 1.31 0.75 (9) 
C1 8 326 1.30 0.64 

July El 7 121 1.33 0.73 
1979 E2 7 223 1.36 0.73 0.92 41' .20:t:*:! E3· 7 180 1.44 0.77 

E4 9 266 1.17 0.55 (9) 
C1 7 220 1.36 0.72 

October El 9 171 1.53 0.73 
1979 E2 9 174 1.40 0.67 0.92 41. 55:-r.;i::i 

E3 7 117 1,46 0.80 
E4 7 173 1.32 0.71 (9) 
C1 7 135 1.25 0.68 

February E1 s 141 1.25 0.63 
.1980 E2 7 276 1.15 0.61 0,88 39. 79'"*' 

E3 8 274 1.31 0.65 
E4 8 23S 0.87 0.43 (9) 
C1 10 391 1.20 0.54 

April E1 7 301 1.48 0.80 
1980 E2 8 233 1.32 0.65 0.85 34.51'*' 

E3 8 269 1.10 0.53 
e4 g 178 1.21 0.58 (8) 

C1 7 451 1. 27 0.66 

July E1 7 167 1.28 0.68 
; : 

1.09 0.58 ·.·'. 1980 E2 7 235 0,92 32.39*'~ 
E3 6 197 1.36 0.79 

;' ~ ( E4 8 248 1.22 0,61 (7) 
, .. ' C1 7 294 1. 12 0.59 
i~ .t 

176 1.20 0.60 tl October E1' 8 
f; i 1980 E2 7 212 1.17 0.62 0.89 35.71**~ 
r1; E3 8 193 1.30 0.64 

f. I E4 7 260 1.38 0.74 (8) 
,., ; C1 6 163 1.49 0.89 
; I 
f• 

245 1.06 0.53 i i January E1 8 
. j 1981 E2 9 198 1.28 0.61 0.93 41.78*'* 

E3 10 210 1.31 0.59 
E4 7 173 1.20 0.64 (9) 

i 
148 1.14 0.57 C1 8 

~ 1 
j 
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Appendix $. Components of prey size diversity: 

(d) Open 

Oate Site Nl,lmbers of Numbers of 
size classes 
represented 

prey 

October E1 8 290 
1978 E2 9 165 

E3 9 260 
E4 9 244 
C1 !) 244 

January E1 6 311 
1979 E2 8 288 

E3 6 357 
E4 7 371 
C1 7 196 

April El 6 278 
1979 E2 7 230 

E3 8 232 
E4 7 205 
Cl 8 294 

J!,!ly E1 6 118 
1979 E2 6 163 

E3 7 195 
E4 7 175 
Cl 6 260 

October El 1 () 399 
1979 E2 9 94 

E3 7 222 
E4 7 303 
Cl 7 311 

February El 8 78 
1980 E2 7 236 

E3 6 300 
E4 6 849 
Cl 7 333 

April El 7 193 
1980 E2 6 262 

E3 s 269 
E4 8 303 
Cl 7 219 

July El 6 164 
1980 E2 5 113 

E3 s 209 
E4 7 231 
C1 s 147 

October El 7 231 
L 1980 E2 9 264 
f' E3 10 398 
;;.. E4 7 ·193 
I: Cl 6 178 
! 

~· January El 6 186 
'!]. 1981 . E2 7 611 
' E3 8 241 

E4 7 412 
Cl 8 177 

' 

litter samples. 

Diversity Evenness 
H J 

1.12 0.55 
1.10 0.53 
1.31 0.62 
1.46 0.69 
1.43 0.68 

1.24 0.71 
1.05 0.52 
1.02 0.58 
1.09 0.57 
1.26 0.67 

1.16 0.67 
1.37 0.73 
1.37 0.68 
1.37 o. 73 
1.W 0.64 

1.01 0.60 
1.22 0.71 
1 24 0.66 
1.13 0.61 
1.06 0.61 

1.18 0.53 
1.52 0.75 
'.29 0.69 
1.04 o.ss 
1.15 0.61 

1.21 0.63 
0.87 0.46 
0.95 0,54 
0.37 0.21 
0.97 0.51 

1.22 0.65 
1.38 0.80 
1.20 0.69 
1.36 0.68 
1. 19 b.63 

1.04 0.60 
0.98 0.62 
1.20 0.69 
1.18 0.63 
1.27 0.74 

1.23 0.65 
1.27 0.60 
1. 18 0.53 
1 .19 0.63 
1.07 0.62 

1.06 0.62 
1.18 0.61 
1.24 0.61 
1.09 0.57 
1.29 0.65 

375 

w 

0.84 

0.85 

0.90 

0.88 

0.86 

o.78 

0.80 

0.86 

0.78 

0.94 

2 x (d.f.) 

37 ,63:t:*":I 

(9) 

38.11**' 

(9) 

40.40*:t:!-

(9) 

35.39*** 
(8) 

38. as:i;;j::f 

(9) 

35.27*** 
(9) 

36.13*~'f; 

(9) 

30. 28""'· 

(7) 

35.02*** 

(9) 

42.29*'* 

(9) 

I 
I 
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Appendix I. Studies conce:rn.ing the small marsupials of Australia 
and New Guinea. 

C, R. Dickman. (Ph.D. thesis, The Australian National University, 
Canbe=a.) 

Superscripts placed to tlie left of the first author 1 s"name refer to 
studies that provide evidence suggestive of competition. T'ne numerical 
value of the supersqript (1-4) refers to the maximum nµrnber of possible 
examples of competition between differ~nt pairs of species in that study. 
Unbracketed superscripts refer to studies that provide evidence suggestive 
of competition among small marsupials, bracketed superscripts to those 
providing 7vidence suggestivif.~oJ:,,competi tion between small marsupial 
and. eutherian mammals. · \; 

Superscripts are omitted if a study discusses".or re·it(~rates the. findings 
of a previous study. For example, al though Main ( 1961) discusses 
possible compe·ti tion among Macropodidae, his discussion adds little to 
the o·r.iginal observations of Serventy (1951), a..'1d a superscr;.pt for this 
study is therefore inappropiate, Hope ( 19'74) also restates the observations 
of a previous study (Rope 1973), so again no supe:I:$cript is providf,ld. '" 
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AJ'!i'Jendix I . 

1. STUDIES COMCERMI~' THE SHILL M\RSuPIALS OF AUSTRALF."i. 

rt 
Aitken, P.F. (1969). The mammals of the Flinders Ranges. Pp.255-355 in 

"The Natural History of the Flinders Panges". (Ed. D.W.P. Corbett). 
Libraries Board of South Aust. : Adelaide. 

Aitken, P.<:ll'. (1971). Rediscovery of the large Desert Sminthopsis 

" 
,.,--, 

( Smintho£sis psammophilus Spencei:;,l on Eyre Peninsula, South Austral.ta. 
Viet. Nat. 88: 103-111. 

1il> 
Aitken, P .F. (.®J71) . Plani9<'1e tenuirostris Troughton. '' Thi:! NaZrow-nos~ 

planigale, an addition to the rrv~mi:nal fauna df Sou~h Au;~Jtral:lla. s. Aust. 
Nat. 46:i8. 

flr 

Aitken, P.F. (1972). Planigale gilesi (113.rsupialim, Dasym:idac); a ·~.ew ~! 
species fL))>m tlw:i interior ctf south e'i'stern Aus11'ralia. R•Jc.,, S. Aust. 
MJ.s . 16: 1-14 . 

AH:ken, P.F. (1,;J72). smint}ippsis murina (Waterhouse) 1838. A new recor\'IJj 
from Kangaroo Island, South ii.'1ustr<Jt,lia. s. Aust. Nat. 46: 36-37. 

Aitken, P.F. (1973). M'lmm;;ils. fy156--166 in "Yorke Peninsula : A Natural 
History" . (Ed. D. Corbett) . Dept. of Adult :(;s,'l\lca tio!l, Univ. of 
Adelaid~, Adelaide. 

\) 

Aitken, P.F. (1977) .• 
after 37 years. 

:tdl'Jdiscovery of l~\o/amp M.techirt\1S 
s. Aust. l@t. SJI:~ 28-30,@ 

in (e):>uth AUE>tralia 

l'd tk1~n ,, P, (. 1979) , lfo~ st~~ of en1:~angered Austra.lian wotli{~ts, bandic~ts 
€>\ld the ma:r:supial mole. P.p, 61-6$ in "The t;i:tatus of Endaxwered 
Australasian Wildlife" . (Ed. M; .. :t;_if 1.fyler) , Roy. Zool. ;'le>)c. <;If S. 
Aust. , Adelaide. 

Anon ( 1972). Report on th~1 mammals·, l:.'Ji>J?tiles and amphibians of the north 
Str,iii.<.thbogie Rangea, Blue Range ~nd Koatong Plateau areas of Victoria for' 
the La11d Conservation Council of Vict'~ia. Unpubl. Rep. 'rch 1972. 
National Mlseunt of Victoria, ~.Lb. (no pagination). 

Anon ( 1973) . Report on the arboreal and other mammals of th~ ~iYvale 
Block, Koetong Plateau, north-~astern 10-ctoria for the Land Conservatio~ 
Council of Vlctoria. Unpubl. Rep. Jan. 1973, National M.lsettm of 
Victoria, llilbourne (no paginllltion). 

·,~ 
Archer, M. ( 1975). Ningaui, a new genus 

two new specie. s, N. t;i:~,;;;· leyi nnd N. 
--.. ~1- -

Mam. Qd M.1.s. 17: 237-24 • 
c 

of tiny <&'ll::syurids ( Musupialia) and 
n&.dei.,., fro'-11 arid Western Austril(iiJia. 

~· 

>'ircher, M. ( 1976) • !l'J.ocene :marsupicarni®res ( MlX@)lpialia) from centrc-.il. 
South Au$~~lia, Ankotar~D~ tirarensis gen. et sp. nov., Keeun('B, 
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