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The Dusky Antechinus, Antechinus swainsonii.




Antechinus, my hero, small furred friend,

I come to bury, not praise vou, in your house.
The sclerophyll forest « yet, if | commend

Your brief fierce life, intrepid marsupial mouse,
1t is that your image, mirrored in my mind,
Strangely reflects features of my own Kind.

First to rehearse your scarcely credible tales

Born in September, reared twe months in the pourh,
Your live life as a solitary male;

By day in hollow trees or logs you crouch;

By night hunt worms and insects in the dew,

while owl and snake and nalive cat hunt you.

And, if you should survive till next July,

The time is ripe for you to find a mate;

Then, knowing that, having mated, you wili 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 say;

And, though it trips the trap that stops your breath,
Does that supreme delirium repay

The salitude, lhe darkness, the blind strife

Of this short, savage irony, your life?

"Antechinus', A.D. Hope 1981.




SUMMARY

This thesis describes an experimental investigation of competition

between the dasyurid marsupials, Antechinus stuartii and A.

swainsenii. Most of the research was conducied in the Brindabella
Range, Australian Capital Territory, between May ‘1978 and Novemberp
1631.

Initial expet*indents,‘ conducied between May 1978 and December
1979, were designed to establish whether competition occurred. Five
natural, semi-isolated enclosures (;Four éxper‘imental, 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 A. 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. swainsenii
produced reciprocal shifts in most of these parameters. In contrast,
the removal and reintroduction of A. stuartii had little evident effect
ot A. swainsonii. 1t was concluded that competition occurred between
the two species but that the effects of A. swainsonii on A. stuartii
were more marked than the cohverse situation.

Subsequent manipulation exXperiments, conducted between January
1980 and November 1981, 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 used more complex terrestrial habilat, and ate
proportionately more lerrestrial invertebrate pt‘ey'. Enhancement of
the numbers of A. swainsonii produced less marked, but reciprocal,
responses in most of these parameters. l{ was conciuded that the
intensity of competition on A. stuartii depended, in part, on the
relative abundance of A. swainsonii. .

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 vyear round, freely-moving
-inver'tebrafes on the I[itter surface and tree trunks disappeared in
winter. Since A. swainsonii fo-rages.pr'incipally in the litter, but A,
stuartii takes ‘FreelyFmoving invertebrates, it appeared that the latter
species could face a seasonal shortage of fTood. In accordance with
the shifis in diet exhibited by A. stuartii when the numbers of A.
s_wainsohﬂ were manipulated, these findings strongly suggestéd that
food was the object of competition.

To test the food competition hypothesis, a further experiment
was conducted in 1981. Supplementary food wa;s provided to two
popufations of A. stuartii, but not to a third, control population.
The additicnal food resulted in increases in the suprvival, arboreal
activity_ and body weights of A. stuartii, but a decrease in its
movements. Reciproca! changes were observed when supplementary
Tfeeding 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.




Interference was showh 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 A. stuartii by A.
swainsenii has probably resulted in selection for specific competitor
recagnition and avoidance in the smaller species.

Transferrin allele frequencies were similar in all populations of
A. stuartli, whether they were allopatric and sympatric with A.
swainsonii, suggestihg_ that gene flow occurred betwéen them. It was
proposed that gene flow between these populations could Irﬁpede'
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
tall length: small body size and long tail length allow A. stuartii
access to arboreal prey, whereas large body size allows A. swainsonil
access to invertebfates buried in the Torest litter.

In  general, competition strongly influenced the population
parameters and resources used by Antechinus, especially _@ 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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CHAPTER 1

'GENERAL INTRODUCTION

1.1. | GENERAL INTRODUCTION ON COMPETITION AND NICHE
THEORY

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 several
ways. If only pairs of species are considered, four kinds of
interactions may be distinguished: 1) the interaction is beneficial to
both species (mutualisms, 2) the Iinteraction is beneficial to one
species, but neither beneficial nor detrimental to the other
(commensalism), 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 considerabié 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
19797, but perhaps most contraversy surrounds the importance of
competition. ©On the one hand Bock (1972), Diamond (1978,1979),
Dobzhansky (1950) and others argue that interspecific 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 Hamilten 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




the advocates and detractors of the concept of interspecific
competition, it is instructive to review the approaches that have been
used to study this phenomencn. Such a review has two further
purposes. Fir‘st, it serves as an introduction to the voluminoué
literature on competition, and second it provides background
information useful 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, Antechinus stuartii Macleay, 1841 and

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

1.1:1. Definition of "competition" and "niche"

The term "competition! is used widely in the ecological literature
but often lacks precise 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 1861, 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 th.e supply of which is
short; or if the resources are not in short supply, competition occurs
when the -animals seeking that resource nevertheless harm cne or

other in the process”.




Schoener (1877) noted that this ‘deﬁnition could apply either to
populations or 1o 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:
the collective responses of individuals comprising that population.
' Competition is termed intraspecific if It occurs between individuals of
the same species, and interspecific if it occurs between individuals of
different species. Unless othe.rwise stated, thé term competition is
taken to imply intérspeciﬁc competition throughout this thesis.
| Competition, whether intra- or interspecific, is generally
considered to be of two kinds (Park 1954, Willer 1967). interference
competition M.,..refers to any  activity, which either directly or
indirectly |limits a competitors access to a necessary resource or
requirement”, whereas explaitation competition "is the utilization of a
resouprce once access to it has been achieved" (Miller 1967). Miller
(1969) described further characteristics of both kinds of competition.

Nicholson (1954) introduced the additiornal terms *"contest" and
lscramble" but these are less widely used and are considered by
Miller (1967) to be breadly synonymous, respectively, with'
interference and exploitation. However, Avyala (1970) noted that
contest and scramble can have different effects on the outcomes of
competition, and discussed some possible examples among Drosophila.
[nterference and exploitation are used in this thesis in the sense of
Miller (1967).

‘Centr’a[ to an understanding of competition phenomena is - the
conceplt of the ecological niche, The term "niche" was used by Elton

(1927) to connote the "role" of a species, especially its energy




relations, ‘in a community, and by Grinnell (1917) to connote the
habitat used by a species, together with all the essential compenents
of that habitat. As Avala (1970) notes, "It has become a commonp‘!ace
to say that for Grinnell the niche is the "address" of the specics,
while for Elton .'the niche is the “function" or role of the or‘génism."
The niche remained a static and rather nebulous concept (sée for
example Linsdale 1957) uhtil it was formally cdefined by Hutchinson
(1958) in terms of set theory. Huichinson proceeded by considering
two independent environmental variables which can be measured along
ordinary rectangular coordinates. The ranges of wvalues of those
variables within which a species can survive and reproduce are
determined, and an area is ithus defined. Thea addition of a third
variable pro;ﬂuces a volume, and when all variables relative to the
species are considered an " n-dimensional hypervolume® is formed,
Since this hypervolume describes the whole range of environmental
conditions in which an organism or species is able to survive and
repreduce, it was termed by Hutchinson the "fundamental niche'. |In
cantrast, Hu-tchi.nson (1958) defined the "realised niche" as the actual
range of conditions in which an organism or species lives, and
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 of the
fundamental niche.

Although Hutchinson's original definition retains heuristic value,
"niche" has since been expanded to include behavioural, structural
and physiological characteristics of organisms (QOdum 1959,
Hutchinson 1968) or restricted to refer only to "... the nutritional
role of an animal in its ecosystem......" (Weatherley 1983, see also

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




defined by Planka (1970) "the sum total of the adaptations of an
organismic  unit," where an organismic unit is an  individual,

populalion or species,

1.7.2. The mathematical theory of competition
The population growth of some organisms follows a simple lugistic

curve (Verhulst 18383 cited in Krebs 1972) which is described by the

cauation;

an e (Rt

vt K .. egquation 1
where N = population size
1 = lime

1 = intrinsic rate of notural increase (Malthusian parameter)
K = carrying capacity or maximal value of N.

This equalion states that the rate of change ({increase) in
population size depends on the intrinsic rate of natural increase X
population size X the unused opportunity for population growth (after
lirebs 1972). By definition, the inhibitory effect of each individual
on population agrowth is 1/K.

The population growth of species may bhe affected by several
Tactors, among them competition for food or space from other species.
totka (1925) and Volterra (1931) modified equation 1 to describe the

poptilation growth of two species in competition:

dr\LI - 111N1 (K'i"NT“a’!ENZ) .. .equation 2

at Ry |
which is the population growth of Species 1, in competition and

dNy PN, (Ka~Ng=tpy Ny, ...equation 3
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which is the population growth of Species 2 in competition.
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¢ is a coelficient of competition and varies usually between 0 and
1. @4o measures the competitive inhibition (per individual) of Species
2 on the population growth of Species 1, and oy the reciprocal effect
of Specias 1 on ihe population growth of $pecies 2. The 'inhibitory
effect of each Ny individual on the Ny population is 612/5‘{1, and the
reciprocal effect of each N1 individual on the Na papulation is &'E.I/KE.
I interspecific competition dees not occur (if Gqo OF P12 = 0 in
equation 2 or if tng OF N, = 0 in equation 3) the equations reduce to
the logistic form and population growth asymptotes at K. The four
possible outcomes of competition between Species 7 and Species 2 are

well known and depend on the relative values of Cyar Ooqs K.] and

Rg:
Relative values Cutcomes
Case 1; dys > KTJKE, Gy > K;_,/K.1 Species Initially commonest
survives,
Case 2: & < K‘I/KE’ Oaq > Kz/K,] Only Species 1 survives,
Case 33 Gys 2 K'I/KE' Upq < l<.2/lf\*\,1 Only Specles 2 survives,
Case 4: typ < }<1/K2, Uy < K;_,/K,] Both species survive.

These results are shown graphically in Krebs (1972), Fenchel
and chr;istiansen (1978) and Hutchinson {1978).

The 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 o nature (Andrewartha and Birch
1953 and 1954, Smith 1952, Slobodkin 1967, Wiegert 1979, Avala
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 Begon 1875),
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Qenetical  heterogeneity - (Levin 1971, Leon 1974), immigration/
emigration (Langhaar 1972, Leving and Culver 1871), time lags
(Wangersky and Cunningham 1956, MacDonald 1978), threshold
effects (Wiegert 1974), non-linear effects (Gilpin and Avala 1973) and
resource renewal and availability (Wiegert 1974, Shorrocks et al.
1979). Many other modifications of thﬁe logistic and Lotka-Volterra
competition equations are documented in  Wangersky (1878) and
Schoener ( 1977).

The logistic equation adequately cieséribes the growth of some
invertebrate organisms guch as protozoa {(Gause 1934, Vandermeer
- 1968, cf. F'elfe_r' 1940) and some insects (Chapman 1928, Crombie 1945)
in t_he laboratory, but it Is less successful in describing the
population growth of verlebrates in the field (Sewertzoff 1933, cited
in D'Ancona 19854, Krebs 1972 and references therein). Despite
proklems with the logistic and Lotka-Volterra equations, they have
been of great .heuristic value in the deve[opment of concepts of
limiting resources, competition. coefficients and diffuse competition,
which are introduced in séction 1.1.3. |

Alternative mathematical treatments of campetition are provided
by Schoener (1973,1974a), Kerner (1957,1958), Levins (1975,1979),
Wilbert (1971), Brown (1981) and others. Some treatments, such as
that of Herbert et al. (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

vet received wide currency in the literature.

1.1.3. The theory of niche
Inh situations where two species compete for a common and finite

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




either one species or both species will survive indefinitely. To
introduce niche theory it is convenient 1o examine some of the

theoretical cansequences of these predictions.

1.7.3.1. Ecological exclusion and coexistence

Exclusion is the elimination of one species by anather species in
a competitive  situation (cases 1-3, section 1.7.2.), whereas
coexistence (case 4, “section 1;1.2.) occurs when each population
inhibits its own population more than that of the other species. In
this section, | consider ecclogical exclusion and coexistence that arise |
from present-day competitive interactions. The evolutionary
consequences of past competitive interactions are considered largely
under the heading Pevolutionary 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
Ycomplete .competitor's cannot coexist!. 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 .r'esour-ce
(MacArthur and Levins 1964, Rescigno and Richardson 1965). The
.principle has recejved iis stiif‘ongest 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 1978, Hutchinson 1978). However,
Avala (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, lto 1977, Gilpin and Justice 1972),




and additionat cogent criticism of field evidence fTor exciusion has
be_en provided by Birch (1979) and Den Roer (1980).

Several questions arise _i__r;om the principle and from attempts to
interpret it:

How different must species be befere they can coexist?

How are such differences measured?

How do similar species divide the envirenment ameng themselves?

Levins (1968) states that measurements of some niche parameters
(sensu Hutchinson 1958) suffice to address such questions. These
par-anﬁeters 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 (Planka
S 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 he
measured by:
| log B = -Z2pi log pi

| or
1/B = 5 pi®
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 camparisons to be made of
specialist (narrow B) versus generalist I(broad B) species, and may
fead to conclusions abo.ut patterns of exclusion.

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

more abundant than species that occupy narrow niches, and are more
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likely- to occur in "uncertain" environments. Niche breadth may also
increase when resource availability decreases (Schoener 1971, Charnov
1976).  When resource units are in short 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). 1In terms of competitive exclusion, specialist species
are more likely to eliminate generalist species from the relatively
narraw part of the niche axis that they occupy, but generalists may
predominate elsewhere (Pianka 1978, cf. MacArthur and Levins 1964,
1967). Pianka (1978) discusses other effects of interspecific
campetition on niche breadth, and Van Valen (1965) and Roughgarden
(1974)  discuss consequences of differences in niche breadth of
individuals comprising a single population.

Niche Owverlap. Niche overlap (Q) 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 ke influenced by:

1) The degree of environmental fluctuation (Hutchinson 1958, May
and MacArthur 1972, cf. Agren and Fagerstrém 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 vagility of the competitors (Ross 1957 and summary in
Hutchinson 7965)
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5) . Predation (Paine 1968, Parrish and Saila 1970, cf. Cramer and

May 1871)

6) Parasitism (Utida 1953)

7) Intraspecific regulation of numbers below environmentéi carrying
| .capacity (Marshall 1960)

8) Hybridisation (Alerstam et al. 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 overiap and
i.n:te'r'sp'ecific competilion, several studies nevertheless suggest thatl
© 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. Wei.} known examples are the sizes of seeds eaten
by desert rodents (Brown 1975), éltitudina[ 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 environmeni) to a
pattern in which the means of the rescurce utilisation curves of
adjacent species are separated by a distance of about one standérd
deviation of the curves. This model has been generalised by May
(1974) to consider multidimensional niche space.

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

o. _ ZPpipK
ik= ]
a2
Z pij
I
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where p”. refers to the pr‘opdrtion of resource type | used by
consumer - i (MacArthur and Levins 1967). This measure may be
related to the competition coefficient o in the Lotka-Volterra equations
(MacArthur 1988,1972b). MacArthur (1972b) argued that to infer
.' competition was.r‘easonable if the resources consumed by two species
were similar, and further, if there was a close correspondence
between hab-itét overlap and total resource overlap. The use of
overlap measures as approximations of competition coefficients has,
however, been criticised {Colwell and Futuyma 1971, Schoener 1874a,
Abrams 1975,1980), and has led to alternative methods of estimating o
(Schoener 1974a, Hallett and Pimm 1979). Lawior (1980) argued
further that measures af 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
cancept of coevolution (Lawlor and Maynard Smith 1976, Slatkin and
Maynard Smith 1879, Roughgarden 1976). Instead of asking how
much overiap is tolerable along a resource dimensicn, 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 particilar 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 Resenzweig 1981), n




13.

genotypes and one resource (Matessi and Jayakar 1976), n species
and one resource {Matessi and Jayakar 1980,19%1) 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 contrasf, "niche dimensionality" refers to the
"number of factors which serve to separate species" (lLevins 1968),
and emphasises that competition may be spread among several species
that overlap in their use of several hiche dimensions.

The theory of niche dimensionality appears to have been
approached in two ways. First, in a direct eﬁctensiun 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 _-coexistenc:e of n species on n or < n resources (Armstrong
and McGehee 1976, Haussman 1973). Such models fall into two groups
according to whether the regeneration of resources is described by
(1) an algehraic relationship or (2) differential equations (Armstrong
a.nd McGehee 1980). Group 1 models (Waldon 1975) assume that the
specific growth rates of competitors are linear functions of resource
densities, and Eesoufces, such as space or nutrients, are abiolic.
Group 2 models (Koch 1974, Hsu et al. 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 r‘és.ources 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).
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The second approach to investigating the theory of niche
dimensionality introduces the concept of "maximum tolerable niche
overlap® (Planka 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 iolerate some overlap in rescurce use.
Conversely, when the demand/supply ratic is high, 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); 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 Tncrgase roughly
geometrically with the numbers of niche dimensions added. Hence, as
more niche dimensions are subdivided by species, the potential for
diffuéé competition increases {Pianka 1974). Diffuse 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 al. 1974, cf. Taylor and
Wolwod 1975, ben Boef 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 Planka (1974), Cody (1974) and May (1975).

The Community Matrix. Proceeding from the Lotka-Volterra equations

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

community matrix. For a community composed of n species, an n X n
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matrix may be constructed that shows the coefficient of competition
(¢«) for each pair of species., Because competition results in the
.mutuai' inhibition of population levels, pairs of competing species have
positive a&'s; the magnitudes of these values, which may not be
symmetrical, indicate the intensity of competition. [n communities
where diffuse competition is intense, relatively more cells of the
matrix will cantain positive «'s, and the variance of ‘the matrix will
fall. This property ted Planka (1974) to propose "mean nonzero niche
o\_.rer'la_p“ as an inverse measure of the intensity of diffuse competition,
after substituting a m:easur‘e_ of overlap (Pianka 1973) for competition
_ coefficients in the cotnmunity matrix. Planka (1978) and Pianka et al.

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

1.1.3.2, Evo-lutionary coexistence

The Lotka-Volterra competition efuations assume, among other
things, that intrinsic rates  of natural increase ( r), competition
coefficients (o) 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 compatition occurs is wusually assumed to be
homogenous (cf. Levins and Culver 1971, Slatkin 1974).

In natural populations, however, these assumptions are rarely
justified: natural selection may favout;" niche separation (reductipn of
niche overlap), and hence lead to a reduction over evolutionary time
of the mutually depressing 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 rescurce use of organismic
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units are nevertheless controversial (e.g. compare Dobzhansky 1850,
Pianka 1978 with Birch and Ehriich 1967). | outline below three
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 marphological character state of a species changes under
natural selection arising from the presence, in the same environment,
of one or more species similar to it ecclogically and/or reproductively”
{Grant 1972a, see also Brown and Wilson 1956). Changes in the
ecological, behavioural or physiclogical attributes of a species are
considered to be analogous to morphological changes (Grant 1972a)
and may reduce the iniensity of interspecific competition. These
changes may be convergent or divergent (Grant 1972a), and may
invelve  unknown  proportions of genetical and phenotypical
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
phenotypical and reflect the species behavioural plasticity, but later
be translated into genetical 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 Ngrrevang 1959). Ecological character

displacement has been modelled by Slatkin (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 te character displacement 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 substituted for the word presence (Grant 1972a).
Character release does not facilitate niche separation: it reflects
instead a tendenc‘:‘s-‘} for a species to occupy a greater range of
habitats andT1 kshé;v greater variability in some morphological
charactevisﬂcs- (Van Valen 1965, cf. Beever 1973) 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 alocng 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 im;ﬁor-tant than separation along the food-type dimension, which
is often more important than separation along the temporal dimension.
Separation may, however, be very fine and difficult to detect

(Broadhead and Wapshere 1966).

Body Size Stepping. Hutchinson (1958), 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 overiap,




and hence reduce Interspecific competition. Body size stepping may
not be advantageous -if the populations concerned diverge in other
ways, and in this respect, the phenomenon may be a special case of
niche dimension complementarity. The biological importance of body
size stepping has been questioned by Horn and May (1977) and
Simberloff and Boecklen (1981) on the grounds that actual size ratios
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 symbatric populations of species, or detailed knowledge of their
past distributions. As Birch and Ehrlich (1967), Grant (1972a) and
Paterson (1978) point out, such knowledge may be difficult to obtain,

and inferences concerning the past action of competition should be

used with caution.

1.2 CRITERIA FOR RECOGNISING INTERSPECIFIC COMPETITION IN
NATURAL COMMUNITIES

The above Introduction provides a brief and simplified view of
sotne aspects of competition and niche theory. In general, the theory
seems to bhe Tar 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 example, 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 19768), 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 coniribute to the dichotomy of opinion about the importance of
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interspecific compelition in shaping community structure (section 1.1);
they also make it difficult to apply criteria for recognising competitiv,e.
ph'ez':cmena in nature. Before considering competition between species
of small mammals, | consider what criteria are necessary to provide
unequivecal evidence for interspecific competition from field data.

There appear to have been three broad approaches, where
observations are made of species populations 1) in syrﬁpatry only, 2)
in sympatry and allepatry, and 3) following the manipulation of
abundances of resources or compelitor species. The first appmaﬁh
compares the relative abundances, and/or the relative spatial
distributions, and/or the niche associations of populations of two or
more species thaﬁ occur together. Competition may be occurring if
the pepulations show an inverse numerical or spatial association.
Parapatry, whether stable as in altitudinal zonation, or unstable as in
_invasions, .may represent the most extreme form of inverse
association. In  contrast, observations | of  niche 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 soemetimes ce;!culated 1o increase confidence
in inferences of competition, but other, bioclogically intractable
methods of estimating competition have also been advdcafed (e.qg.
Emlen 1981). This first, observational approach, is widely used to
infer the existence bf tompetitive interactions between organisms
(Schoener 1974b), although the results may also be interpreted in
ather ways, such as predation (Eadie 1952), or interspecific
differences in habitat selection (Schroder and Rosenzweig 1975,

Rosenzweig 1977).
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The second approsch compares popuiations of one species which
occur in allopatry and in sympatry with other species. Present day
competition may be inferred if the size, distribution or resource use
of a population is depressed in the presence of, but not in the
absence of, pqpuiations 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
appreach, however, allopatric/sympatric comparisons provide equivocal
evidence for competition, since the resuils may reflect responses to
geographical défference-s In resource levels rather than responses to
competitors, | |

The third approach is the experimental manipulation of resources
~or population sizes of competitor species; this provides the most
convincing evidence for present-day interspecific competition,
although ft fails to reveal mechanisms of competition (Schnener. 1874b)
and may often be impractical and time-cqnsumiﬁg (Planka 1978).
Grant (1972b) graphically illustrated three stepé required to.
unequivocally demonstrate competitive interactions In a two species,
two habitat system. 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 interactlons may then be Inferred if
Species 2 occurs in the habitat prefei"r‘e'd by GSpecies 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. 1In
the second step, all individuals of Species 1 are removed from the
first enclosure and placed into a second enclosure formerly housing
only Species 2. Competitive Interactions may agaih be inferred Iif
Species 2_oc_cur‘5 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 other 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 inte the
enclosure from which it was removed in the first step, Speéies 2
again exhibits the patiern 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 he mentioned that pertain to unc:er'tainty,. or
indeterminism, in the outcome of C(.ampe‘tition between species in the
enclosures, Indeterminism may occur first, if the geneticai
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 hay be reduced if organisms of
known genetical constﬁ:utions are used, and if superfluous species are
removed.

Reynoldson and Bellamy (1971) discuss five criteria that
constitute evidence Tor interspecific competition in  the Tield.
Although these are essentially an expansion of the three approaches

putlined above, these authors emphasise the additional need to show
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that competing species use a common resource. 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 Valen (1978) and
French (1978) suggest that competition is a major organising force in
{eutherian) mammal conﬂmunities, but the subject is given scant
'mentfon in several recent works (for example, Stoddart 1979,
Hendrichs 1978, Golley et al. 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 Interspecific 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 (18,8), Henttonen et al.,
(1977), Montgomery (1978), Blaustein (1980) and Glass and Slade

{(1980) have inferred competition from inverse numerical associations
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betweexj sympatric species, whereas Myllymdki (1977), Randall (1978),
Mehlhop and Lynch (1978), Lackey (1978), Dienske (1979) and de
ange and Dienske (197§), have inferred or discussed competition
from inverse spatial associations between sympatric species. Krebs
(1977) inferred competit_ion. from an inverse numerical association

between the voles Microtus 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 béen derived from.
other kinds of observations. Thus stable parapatry, presumably due
to competition between two species, has hkeen recorded by McPhee
(1976), Meredith (1977) and Weigl (1978); unstable parapatry
(invasions) by MacKinnon (1978) and Taylor (1978); character
release by Patterson (1981) _aﬁd Lawlor (71982); possible examples .of
character displacement by Erdakov et al.. (1978) and Niethammer
- (1978); and diffuse competifion by M!Closky (1978) and Glazier
(1980). All examples except one (Niethammer 1878) concern species
of rodents; evidence of competition between species in other
mammalian Orders is wvery weak {(Fargher 1877, Hawes 1977,
Andersen 1978, Fleming 1878) or disputed (compare Grainger and
Fairley 1978 with Ellenbroek 1880).

A[[ 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)
an_d'.Br‘own (1978), and all concern species of rodents. Of the 173
studies fisted, only two conducted all the steps necessary to
. demonstrate competitive interactions (section 1.2), and some dealt
with the more complicated situations of three or more species. Most
studies discussed other‘-, corroborative, evidence for competition
héwever, so that objections to the interpretation of competition may as
.D.iamond (1978) puts it,  ‘“strain one's credulity’. Hence these
experiments and those of Grant (19689, 1970, 1971) and others
(reviewed in Grant 1972b, 1978) provide the strongest available
evidence for interspecific competition among small mammals. Other
manipulative experiments, such as those of Schroder and Rosenzwelg
(1973), have shown that present-day competitive interactions do not
always accur, although they may have occcurred in the past.

In general, mechanisms of competition among species of small
mammals are poorly khown, although Brown (1978) has suggested that
interference interactions are characteristic of rodents inhabiting
grassland and mesic forest, whereas exploitation interactions
cﬁaracterise those inhabiting desert and arid grassland. Laboratory
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 of the combatants

(McElman and Morris 1977) or prior experience of elements such as
shelters in the test arenas (Banks et al. 1979). The intensity of
stch encounters may depend also an the reproductive status of one or

both of the interacting species {(Rowley and Christian 1977).




)

25.

Further generalisations about competition between species of
small mammals  and introductions to the extensive literature on this

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

1.3.2 Interspecific competition among small marsupial mammals

Evidence for competition among small marsupials is almost wholly
observational, and only one study (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 lack of early eutherians to compete with them
(Lillegraven 1974, 1975). Although this view is disputed (Kean 1961,
Kirsch 1977, tow 1978), until recently very few studies ‘have
attempled to examine the possible importance of competition in shaping
community structure (but cf. Fox 1981, 1982a,b; Main 1978).
Laboratory studies of campetitive 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), and
suggests either that small marsupials rarely compete, or that the
interpretation of competition is seldom applied.

in wview 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 (Dickman 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 (Dickman in press,a). First,
differences in the patterns of niche exﬁloi'tation 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),
whereas exploitation competition may occur among some of the smaller,
terrestrial species. Third, competition between small marsuplials
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), _'aifthough intereéting patter;ns of niche separation among
sympatric species of Mouse Oppossums (Marmosa spp.) are discussed
by O'Connell (1979).

McNab (1880) 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 éerve 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,
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1.4 A HYPO‘THESiS_: COWMPETITION BETWEEN TWO SPECIES OF

SMALL MARSUPIALS, ANTECHINUS STUART[I1 AND A.

SWAINSONII,

The foregoing sections have attempted to introduce some of the
mathematical and conceptpa! 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 infroduces two

specias of small dasyurid marsupials, 'Antechinus stuartil Macieay,

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 af 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 arborea activit"y 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 l.ee 1982).

Preliminary genetical evidence suggests that the form of A. stuartil
encountered in this study differs at least subspecifically from
populations of the nominate subspecies A. s. 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 obiained, it is convenient to refer to
them as A. stuartii. The taxonomic status of A. stuartii is currently
under review (P.R. Baverstock and D.H. King, perscnal communic-
ations; unpublished findings).
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3) A negative correlation of 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
authers, hut a correlation coefficient r of -0.89, P < 0.001 was
cg!culated 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 al. 1975).

5) The two species show an inverse spatial association at
certain times of the year (D.P. Woodside, personal communication).

Although  tenuous, 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
ohservations are consistent with the interpretation of competition, but
they do not prove it. Froem 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. S5tudies of interspecific competition among smatl eutherian mammals in which population (o_r' resource) manipulatfong have .
been conducted. Underlining shows which parameters {population or resource) were meesured but did not change; ticks indicate those
parameters that changed, after manipulations, in one or more of the species investigated. Parameter changes were in the direction

expected if competition was occurring, except where staled below.

Manipulations Effects of manipulations
Steps conducted )
con- On Ong ory, Population parameters _ Resource use
Source ducted more spp? Numbers Survival Sex ratio Breaeding Movemenis Body Hahitat  Micro- Activity
) wt. habitat
Joule and : 1,2 2/3 o o
Jameson (1972) ' .
Cameron {1977, 1,2 . 2/2 ay asf ay
Cameron et al.
1979)
Redfield et af. 1,2,3 1/2 by o
(1977) ' .
Price (1978} 1,2,3 3/4 __J
Mann and 1,2 1/3 ? 5
Bindra {1978) .
Chappel (1978 1,2 2/3 _ o
Terman (1978) 1,2 2/2 J _ 4 ) -./ N 4
Wondolleck (1978) 1,2 1/2 g 4
Abramsky et al. 1,2 3/5 |
(1879)
Pitcher and 1,2 1/2 2 N
Keller (1979)
Holbrook 1,2 /3 : ' J cf
(1979) -
Gliwicz (1981} 1,2 1/3 o 4 af 4
Montgomery 1,2 2/2 ¥ o ) J
(1981)

Step 1 refers to observations of two or more species in sympatry; step 2 refers to observations of one species after
one or more 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.

*ok .

The first figure (numerator) shows how many species were manipulated, the second figure (denominator) shows the
total number of species used in the study. '

Notes: Changes in Lthese paramelers were in the opposite direction to those expected if competition was

occurring. =~ Trappability also changed. Carboreal activity changed.
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CHAPTER 2
COMPETITION BETWEEN A. STUARTII AND A. 'SWAINSONII: THE
EFFECTS OF COMPETITOR F\‘.EMOVAL AND REINTRODUCTION
2.1 INTRODUCTION |

Expetimental maniputa_tiéns of resources or the population sizes
of sympatric species provide the best test of the hypothesis that
these species are currently competing (section 1.2). What kinds of
experiments are most appropriéte? 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 fhem, was the most important Iinitial aim. Appropriate
experiments to demonstrate the existence of current competitive
f.n‘teractiohs are' those In which one species is observed in the
presence of a second species, and again when the second species has
been removed. FHence this chapter describes only the effects of
compliete removal of one species of Antechinus on population
parameters angd 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 r;n a basic knowledge of the
species that are 1o 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 experimenis, actual

fenced~in enclosures were used. Although such enclosures may give
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the investigator control over the interacting species and their
predators (Grant 1972b), they su'.rfer t\&o disadvaniages. First,
‘enclosures are expensive and laborious to construct, and .seconcl,
they artificially restrict movements and may lead to unu vally high
pqpulation densities (Krebs et al. 1873). ln‘ contrast, wunenclosed
populations aré more "natural”, but the investigator usually has little
control aver the numbers of animals present or their popu!-éﬁon
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,
k) .found that populations of A. swainsonii, and to a lesser extent A.
stuartii, were restricted to dense habitat along the bottom of a
valley; few captures of eithér species occurred in more open habitat -
or in an exotic pine plantation on the surrounding slopes. The use
of such a "patural enclosure" would, it ﬂvas hoped, overcome the
disadvantages of studying artificially enclosed populations and
unrestrained ones, and hence was considered potentially suitable for
conducting manipulation experiments. Other Ynatural enclosures”
were found near the one trapped by Stewart (1979a, bh), and these
are described In section 23 Henceforth, "“natural enclosures" are

referred to simply as "enclosures".

When should experimental manipulations of Antechinus populations
be conducted? Both species of Anj:échinus live in relatively
predictable, seasonal envimn_ments, ‘-and, within any population,
reproductive and population events usually occur at the same time

each year (Lee et al. 1977, 1982). As far as possible, it was felt
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desirable to time population manipulations to coincide wit_h times of
natural population upheaval or m.OVEment, since this would involve less
Lrauma for displaced animals and also allow subsequent obsarvatihns to
begin when popuiations 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 19879).
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 swalinsonii mates even earlier (July) than A.

stuartii in the Canberra area (Moore '19'74); hence appropriate times
to conduct manipulations fof' both species were mconsitl:ler'ed to be in
March-April and ;Ju.ly;-;’ ' |

What are the likely responses to competitiona In the two species of
Antechinus? In ro'd!ents, interspecific competition may in'FIue“nce 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
éccurs, may aiso influence populations of Antechinus in similar ways.
Hence, to Iinvestigate the kiﬁds of responses to competition in

Antechinus, observations were made of several population paramegters,

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

listed below.
Population parameters ' Resources
Numbers - Habitat (terrestriai)
Composition " Habitat (arboreal)
suprvival - : L Food (type and size)
Trappability Time (periodicity of
Reproduction - activity).
Movements

Home range (size and overlap)
Body size (weight and
length).
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Some population parameters, such as trappabilily and body size,
have little relevance for understanding population structure and
dynamics, but are included because they may nevertheless be affected
by competilion. The terms "population parameters" and "patterns of
resource use" are used throughout this thesis to refer either

collectively or specifically to the population parameters and resources

listed above.

2.2 EXPERIMENTAL DESIGN

A series of simple experiments designed to investigate
competition between A. stuartii 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 containi.ng the two species. In the first
step, conducted between May and early July 1978 (July 1)}, population
parametér's. and patterns of resource use of the two species were
monitored in all enclosures., In the second step conducted between
late July 1878 (July I1) and early April 1979 (April 1) A. swalnsonil
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 congenor

1 "Expansive" here refers to an ihcrease 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 congenor
would indicate not competition, but mutualism.
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had been removed, bul not in the control enclosure where its
congenor remained, it would be reasonable to infer that competition
occurred. In the third step, conducted between late April 1979
(April 1) and December 1979, this inference would be critically tested
by reintroducing the species whiﬁ‘h was formerly removed from two
enclosures back into ane of ’E\Jese enclosures (A. swainsonii into
EXPT. 1, A. stuartii into EXPT. 3, Fig. 2.1); a reciprocal shift in
papulation paramelers or patterns of resource use of the other species
would confirm that competition occurred.

This experimental design has several advantages and a
disadvantage. Dh 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. swainsoﬁii, are clearly separable. In addition, the
entire experiment was designed to last 1% 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. This disadvantage is discussed in section 2.86.

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 Blundell Creek in the Cotter Catchment,
Brindabella Range, Australian Capital Territory (35°21'S, 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 creeks. 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 wvegetation or transitional vegetation onto the open

slopes, Preliminary trapping results, and the findings of Stewart

(197951), suggested that relatively dense populations of both species
of Antechinus occurred within the enclosures, and,.mor‘eover, that,
movemen'ts 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 remambered that five
encio'sures, not three, were called fer in the design d.esc:r-ibed in
section 2.2. Unfortunately, two further enclosures could not ke
found, and it was decided to subdivide the two larger enclosures to
obtain the required number. Splittihg these enclosures by the
erection of a fence would have introduced an undesirable, artificial
barrier to the movemenls of Antechinus. However, extensive
trapping In these areas in WMay 1978 suggested that the creeks
themselves already formed a partial barrier to movements, and
mareover, 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 far
several reasons: they already formed partial barriers, they are
continuaus, at f[east 1 m wide th-rwghout their lengths and, since
Antechinus appear to be extremely reluctant to enter water or to wet
their fur {(personal obs_ervations), they were a pbtentia!!y very
gffective means of dividing the two largest enélosures. in addition,
| unusually heavy rainfall in 1978 (Fig. 2.2) increased the speed and
volume of water flow in the creeks (D. Platts, personal
.communication), and the only obvious crossing points for small
mammals \,{rere fallen logs and overhanging shrubs. To increase the
effectiveness of the creek“s as barriers to the movements of
-Antechihus, small fallen logs and debris were remaved throughout the
lengths of the creeks In the enclosures, and overhanging shrubs were
cut back. Large logs were difficult to remove and were left in place.
Ta render them less attractive as c¢reek crossing points, however,
they were wrapped with a sheet of black polythene.' [t 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
attembting to cross it. The effects of 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 Eucalyplus viminalis, Brown

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

understorey vegetation is dense and dominated by Water Fern

Blechnum nudum with patches of Bracken Pteridium esculentum, Tree

Fern Dicksonia antarctica and Blackberry Rubus fruticosus. Leaf

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

is 110 cm deep and composed of leaves, bark and decaying logs.

-
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The proportidnal abundances of plant species appeared, subjectively,
to differ little between the five enclosures.

The habitat of the s:l‘opés and ridges surrounding the enclosures
is mostly tall open-forest with some open-forest (sensu Specht 1970),
- but in marked contrast to the enclosures, the understorey vegetation
and ground litter are far‘v less dense. No ferns or Blackberry accur
on the slopes, but species that are characteristic of drier sites, such

as Cassinia aculeatum, Coprosma hirtella and Lomatia myrcoides are

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

have been planted; 'these areas are largely devoid of understory
vegetation and ground litter, The wvegetation of the enclosures and
the surrounding slopes is compared in Figs. 2.3a and 2.3b; more
detailed informa_tian and plant species lists are provided by Florence
(1973) and Stewart (1979h).

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 ciear."the creek of bridging points. The experimental enclosures
EXPT. 1 and EXPT. 2 (abbrevialed 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 creeks that separate E1 from EZ and

E3 from E4.

The enclosures differ slightly in mean altitude above sea level:
C1 is 825 m a.s.l., ET and E2 are 740 m a.s.l., and E3 and E4 are

835 m a.s.l. The areas of each enclosure are also slightly different:
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C1 is 1.75 ha, E1 is 1.78 ha, E2 is 1.72 ha, E3 is 1.73 ha and E4 is
1.75 ha. The rainfall and temperature regimes of the enclasures are
almost identical, although mean minimum winter temperatures are
1-2°C less at E3 and E4 than at E1 and E2 (Fig. 2.2).

n summahy, the enAc!osur'es may be thought of as islands of
relatively dense wvegetation 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 (E7-E4) are bounded along one side by a
creek, whereas the fifth enclosure {(C1) encompasses fhe creek. The
“enclosures are similar in size, shape, climate and vegetatién.
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 competitian.

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 Tirst

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

! (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 Il (in the text and tables), or by the initial
of that month followed by an asterisk (in the figures). For example,
two sampling sessions were conducted in each of July 1978 and April

1978, one immediately before Antechinus were manipulated, and the
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other immediately afterwards. These are denoted July 1 1978 (prior
to removal), July !l 1978 (after removal), April I 1979 (prior to
reintroduction) and April 11 1979 (after reintroduction).

The methods used to assess population parameters and resource

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 Antechinus on the population
parameters of the other species. Two kinds of live 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 roiled oats, honey, peanut butter and bacon pieces, and
provided with non-absorbent catton wool for bedding. In wet or cald
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 grizt trapping (section
2.4.1.1), line trapping (section 2.4.7.2) and source area trapping
(section 2.4.1.3). The second kind of trap used was the pitfall 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 pitfall 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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2.4.1.7 Grid trapping

Grid trapping was conducted entirely within each enclosure 1o
obtain Information on all of the population parameters listed in section
2.1. Trap stations were located at 10m intervals (% 2m) on a grid
.th-at exiended to the per.'imeter‘ of each enclosure (Figs. 2.4a-2.4c).
Except for months when manipulations were conducted (July 1978 and
April 1879) and when matings and births in Antechinus occurraed
(July-—Septem_ber' in both years), grid traps were set for four days a
month. 1n 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, 1o
obtain precise information on the ftiming of reproductive events.
Traps were set at the trap stations on every fourth line of the grids
and moved dally to the next line along; hence each trapping session
of four days resulted in each trap station being trapped once, This
pracedure was a compromise between the toil of setting traps at each
trap station each day, and the need to maintain adequate capture loci
to éssess 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. [n these months,
traps were set for two consecutive days, closed for aone to two days,
and then re-opened for the final two days of the session. (n 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
gach enclosure for two reasons. It was hoped to provide, Tirst, a
yardstick for assessing movements of individuals inte 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 creeks
beyond the ends of the enclosures (Figs. 2.4a-¢). Line traps were
always set singly. They were operated for 2-3 consecutive days each
month concurrent with grid trapping, except in June 1878 and

September 1979 when no line trapping was conducted.

. 2,4.1.3 Source area irapping
Source area trapping was conducted on an Irregular basis
between June 19878 and July 1979 at sites 3-11 km away from the
enclosures, In June 1878, such trapping was undertaken to find
suitable sites In which to place individuals that were to be removed

from enclosures E1-E4 the feollowing 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 vyear. These were then
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used as source populations to restock enclosures E1 and E3 in April
1978 (see Fig. 2.‘]).'l

Between November 1978 and April 1979, source area trapping was
conducted for 3-4 days a month to obtain information on the spatial
relationships of mothers _and their young. Since young A. stuartii
remain for some time within the maternal range (Wood 1870), 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 that 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 19789,
source area trapping was conducted for 2-3 days a month tc 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, | thought Antechinus

would be captured.

2.4.1.4 Pitfall trapping
All trapping procedures outlined above depeid on folding metal
traps. At the beginning of the study, it was not known whether
these traps would catch all individuals within the enclosures, although

such knowledge was obviously important for conducting precise

manipulations of population numbers and for measuring numerical

1Because of the unusual l[ife history of Antechinus, it was not
possible to reintroduce the same individuals that were removed from
enclosures ET1-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

Excepf: when trapping to determine the periodicity of activity
(sections 2.5.4.4 and 2.5.8.4), all traps were checked, cleared and
reset as soon as possible after sunrise. (In practise, when many
animals were captured, '"as soon as possible" could mean up to nine
hours later). Newly captured Antechinus spp. were given a unigue
tée clip. At each capture all animals were individually identified,
sexed and weighed, and their general appearance and reproductive
candition were noted.

Reproductive condition was assessed by the appearance of the
pouch in Temales and the penis and scrotum in males (Woolley 1986).
If ydung 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 pouch vyoung of A. stuartii, but

transiucent or blue-pigmented in those of A. swainsonii), females by

-1
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the presence of a translucent, triangular-shaped patch on the pink
~ventral surface where the pouch would later develop. Lactation in
females could not be accuratéiy assessed. In contrast to the findings
of Woad (1970}, | was unable to express milk from females of either
species of Antechinus at any time. A rough assessment of the
duration of lactation was thes:fore based soley on the appearance of
the nipples and pouch (Woolley 1968).

In the course of a four day grid trapping session in each
enciosure, head-body and. tail measuremenis were taken from most
individuals. Measurements were made by holding the animal against a
measuring rdle, usually after it had been lightly anaesthetised with
ether. Such measurements were taken 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 revive such animals
by providing them with a mixture of honey and water, and by
warming therﬁ in the - investigator's shirt. Very weak, moribund
~animals Wer‘e sometimes Injected intraperitoneally with a solution of 10%
glucaose. These efforts substantially reduced trap mortality.
Excluding males trapped at the time of mating and die-off, only 2% of
A. .stuartii 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 melhods 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 wac
taken from the floors of occupied folding metal traps. Scats were
collected only at the first ‘apture of an individual in a trapping
session, and were transferred within 18 houts to 70% ethanal for
preservation,

| ..To assess the periodicity of activity, a variation of grid irapping
was used. Thirty-six o forty-one traps were set singly at trap
stations on a section of each enciosure, 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 trépping
was conducted for cone 24h period a month, one day after ardinary
grid trapping had finished.

To assess habitat use, live trapping and tracking methods were
used. Tracking, wusing hair sampling tubes (Suckling 1978), was
used to compare the relative use of terrestrial and arboreal habitat by
Antechinus. |n each enclosure, 25 tubes were attached to the bases
of trees, and 25 more were attached to tree trunks 2%-4m above
ground. All tubes were baited with rolled cats and honev, and lined
with double-sided sticky iape (Suckling 1978). At the end of eaci.w
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 al. (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 station on a
subjective numerical scale of 0-3, In the present study, the following
habit.at components were recognised: 1) Logs (> 8 cm diameter and
> 100 cm long), 2) litter, 3) rocks, 4) vegetation < 1m high, and §)
vegetation > 1Tm high. The amount of each component 1m above and
around each trap station was assessed visually and given a score of
0-3. A score of 0 denoted that the component was absent near the
trap site, a score of 3 that it was relalively abundant.

To obtain an overall Index of structural habitat complexity
(8.H.C.), at each trap station, the scores for all the habitat
components were summed. This vielded 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(SG 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 Trom grid trapping within each enclosure. Line
trapping results were 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 19686, Hilborn et al. 1976). Most individuals of both
species of Antechinus were normally captured during grid trapping
within each enclosure, but occasionally some individuals were capiured
also on one of the trapping lines (Fig. 2.5). Such individuals were

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




occurred outside the enclosures (Fig. 2.5);

other individuals were

considered either as transients or as residents of open habital outside
the enclosures and were excluded from estimates of population
numbers,

Minimum survival between trapping sessions was calculated as the
percentage of those animals known to be alive in one trapping session
that were recorded in subsequent trapping sessions. This method
does not distinguish death from emigration {Flowerdew 19782), but it
has nevertheless been used successfully in many studies of small
mammals (e.g. Watts 1969, Wood 1870, 1971).

Trappability was defined as the number of individuals captured
in a trapping session divided by the MNA at that time (Krebs 1966).

Movements were ‘calculated as the average distance moved
between successive captures in a single trapping session (Av.D.,
after Brant 1982). -Th'ls_ measure is carrelated with hcme range size

in Peromyscus _[e'ucopus (Wolfe 1868) and haé heen used as an index

- of movement in several studies of Antechinus spp. {Braithwaite 1973,
Barnett et al. 1977, Wainer 1976).

Home range was calculated by the minimum area method, as
modified by Jennrich and Turner (1988). 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 methed 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




home range of an individual was first mapped. The home ranges of
olher individuals of the same sex, and then of the opposite sex, and
finally of both sexes together were then drawn over that of the first
individual, so that an estimate was obtained of the percentage of that
individuals area _that was overtapped by the ranges of neighbouring
individuals in the population. This procedure was repeated for each
individual fer whom a home range could be defined, and the values
used to obtain mean overlaps for males, 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 r‘ahge and movement analysis, since eXxcellent reviews
exist elsewhere (Jennrich and Turner 1969, Flowerdew 1978a,
Trevor-Deutsch and Hackett 1979)., | 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 eaten by the two species of Antechinus 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
.-par‘t_icuiar 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.

ldentification of prey to Order or above was based on comparison
with reference specimens collected in the enclosures, and with
descriptions in CS]RO (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 size
{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 diversity of types and sizes of prey eaten by Anitechinus
was calculated using Hurtubla's (1973) modification of the Brillouin

index H. This index is calculated by the formula:

N!

H :"gq" log e
where N represents the total number of individuals in the collection,
n, represents the number of specimens of type i, and units are
natural bels {(Poole 1874). 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,

MY
(st SRS+ 1R

S
and Hmax. TN log e

where S represents the fotal number of types contributing to N,
[N/S] represents the integer part of N/S and R = N-5[N/S] {Pcoie
1974).
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The method treats each scat as a sample,

A

and its trophic
diversity ~(Brillouin’s H) is calculated separately. The prey contenis
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 asymptotfe is
reached. This point rﬁay 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
ind_ividuals in the enclosures.

Mo analyses were neceSsar‘y'to ihte_rpret the use of other
resources (fime and terrestrial habitat), and information on thesé was

drawn directly from field data.

2.4.6. Treatment of data.

The experimental design (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. 2.71).
Comparisons between enclosures were made for separate months

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




the schedule of manipulations and to different demographic events,
For example, months when females were with young (either in the
pouch or in the hést) were considered together, as were" months
before and during mating.

To assess whether -di_l"{’erenc:'es 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 a\)ai!able,
G-tests were used. ANOVAs were performed only after Box's (1949)
test had demanstrated that the vak‘ianées of samples were equal,_aﬁd,
.when necessary, after appr’iDr‘iate transfqrmations had been made
(Sokal and Rohlf 1969).

 An irﬁpor‘tant point is that all ANOVAs perfor‘m_ecl were of the
Mcdel 1 type (Sokal and Rohlf 18689). 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 exper'iments' are actually carried out and the
results obtained. Planned compatisons are applied irrespective of the
results of the preliminary, overall ANOVA. 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, Fo was used ta
denote "the result of an overall, or preliminary comparison, whereas

Fp was Eg,ased to denote the result of a planned comparison.




The following .planned comparisons, stated as null hypotheses

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

A. stuartii A. swainsonii
Maynlulyﬁl Ho : uC1 = pET = pE2 - Ho : pC1 = yE3 = pE4
1978 . )
July 1t 1978~
Apr‘{’“ | 1975 Ho : WC1 = u(ET and E2)  Ho : uCT = p(E3 and E4)
Apr%i'g?IgI-Dec. Ho : p(C1 and E1) = uE2  Ho : M(C1 and E3) = yE4

where [ is the parameter mean of the population.

Although the planned compérisons were of principal interest,
- unexpected differences among sample means sometimes occlirred
between Yunplanned" comparisons. Where, for example, Ho : uC1 =
u(E1 and E2) and a preliminary ANOVA revealed that differences
occurred among the sample means, it may be of interest to test Ho !
HE1 = uEZ, Tests of such an a posteriori hypothesis (so termed
because interest in it arose only after the results had bsen cbtained)
were made usihg the Student-Newman-Keuls (SNK) test (Sokal and
Rohlf 1969, Zar 1974). |

Te summarise the results .of ANOVAs, the sample means were
~ arranged iﬁ & row, ana those mean.'s that wera not significantly
different were underlined. If the result was derived from a.plalrlrleg
(Fp) comparison, a solid line was used in underlining, but if the

result was from an overall (FO) comparison, a broken line was used.

T 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 a priori
reason to expect that one sample mean differs from any other.
Sample comparisons may stil] be made by a posteriori tests, however,
as described in the text of this section.




If, for example, the null hypothesis stated that pC1 = p(E1 and E2)

‘and It was found in the planned comparison that pC1 < p(E1 and £2),

this was expressed simply as C1 E1 E2. in contrast, if (using

the same null hypothesis) the planned comparison was not statistically

'significant but it was found in- the a posteriori comparison that pCl =

< M i
HET pEZ, this was expressed as C1__E1l E2.  The actual

numerical wvalues 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 )(2 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 1989). G, and Gp were used
respettiv-ely to distinguish overall from planned comparisons. in all
G~tests using one degree of freedom (1 d.f.), a correction for
continuity Was appliéd When the sample size was <200 {(Sokal and
Rohlf 1969).

A final fest statistic used in this chapter was Kendall's
coefficient of concordance, W (Siegel 1956). This statistic tested the
degree of asscociation of activity periods of Antechinus between the
enclosures, after capture frequencies within each of the eight
3-hourly trap intervals had been converied to ranks.

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 ¢ 0.07 by #¥,

.and values § 0.001 by *#¥,
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2.5 RESULTS

2.5.1, Effectiveness of the removal experiments.

Between 12 and 17 July 1978, 14 A. swainsonii were removed
_from .enclosur‘e ET and from surrounding trap lines, and 19 were
remaved 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
cccurred. 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 vyear) were
known to cross in any one month, and they were immediately returned
to ET.” 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 removad
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 1978, 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 E2 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. Effectiveness of the reintroduction sxperiments.

Reintroductions of A. swainsonii to E1 and of A. stuartii to E3
were made on 6 April 1979 (see Fig. 2.1). Because it was impossible
to reintroduce the same individuals that had been removed from these
enclosures in 1978, | reintroduced the same number of individuals of
each species that were known to be alive in early April (Apeil 1) 1879
in the control population, C1 (20 A, swainsonii, 21 A. stuartii).
Several of these reintroduced individuals subsequently disappeared
from tne enclosures, so further minor additions of both species had to
be undertaken from late April to July 1979, In E1, the numbers of
A. swainsonil added were: 7 (April 11}, 3 (May), 7 (June) and 3
(July). In E3, the numbers of A. gstuartii added were: 12 (April
1), 9 (May), 4 (June) and 4 (July). The fact that minor
reintroductions had to be made at all indicates that the two species of
Antechinus are not entirely suitable for manipuigition oxperiments.
Nevertheless, the reintroductions maintained the numbers of A.
swainsonii in E71 to within ~1 to -3 of the monthly MNA in C1 (until
May 1879), and the numbers of A. stuartii in E3 lo 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.




2.5.3. Effects of the removal and reintroduction of AL

swainsonii on the population parameters of A. stuartii.
2.5.3.1. Population numbers and composition

Over the entire period of study, .the papulation numbers of A.
stuartii n enclosures C1, E1 and E2 fluctuated more or less
synchronously (Fig. 2.8a). 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!’).'l 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 enclasures
declined before Increasing again slightly in August (Fig. 2.6a)
Between February and Auwgusi, most indfvidua[s were males and
females <1 yr old. Numbers of females >1 yf' 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 enclosur‘es. remained similar to that in C1
until December 1978. Thetreafter, 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 1) 1979 (the population of E1 was 57% greater than that

"The terms "juvenile" and "female (or male) {lyr old" are synonymous
and used interchangeably throughout the text, as are the terms
Uparous female" and "female >1yr old".




of C1), June 1979 (E1 was_SQ% greater than C1), and July 1979 (E2
was B4% greater than C'l).. it is worth noting that, for a control
population of 20 individuals, €1 and E2 would each require
populations of more than 36 (an increase of >80%) to be statistically
different. It would also require exceptionally high survival (>90%) of
pouch ydung uﬁti[ they were of trappable age (see section 2.5.3.2).

Considering the months February to August 1979 together, the
populations of ET and E2 were greater overall than that of C1 ()(2 =
£6.7, 16 d.f., P < 0.05; test for combining probability véfues, Sokal
and Rohlf 1869), There was, however, no evident change in the
numbers of A. stuartili in E1 when A. swainsonii was reintroduced
there in April 1979,

The-_ proportions of males to females did nol differ between the
three enclosures, whether corﬁparisons were made monthiy 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), In other months, survival was never less than 60% (Fig.
2.6h).

Manipulations of A. swainsonii numbers had little immediate effect
on the survival of A. stuarlii, and there were no siatistically
significant differences belween any of the populations in any month.
The survival rates of males, Temales <1 yr old and femates >7] vr 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 Jupe 1979 survival in populations in E1 and E2 was
consistently greater than in the control population (Fig. 2.8b), and it
was of Interest to comp'are survival over these consecutive months.
Thus, of those individuals known to be alive in February 1973, the
~ following survived to April | 1979: C1, 6/7 males, 8/15 females (64%
survival); E1, 11/12 males, 14/18 females (83% survival); E2, 6/8
males, 15/18 females (81% survival). There was no significant
difference in survival between enclosures (G = 2.94, 2 d.f., P n.s.)
or belween sexes (G = 1.67, 1 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 1879: €1, 6/9 males, 7/12
females (B2% survival); E1, 8/15 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 irends In Fig. 2.8b, 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 vyoung.
What was the survival of these individuals? 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 >Tyr old. Further, because the

mean numbers of young suckled per female between Seplember and




December 11978 were uniformly high in each enclosure (9.6 in C1, 10.0
in E1 and 9.5 in E2), it is reasonable to expect that the survival
r‘ages of young in these months closely approximated ilhe survival
rates of lactating females (Table 2.4), and hence differed Iittle
betweenn the enclosures. After weaning, in contrast, the survival
rate of newly independent A. stuartii was lower in G1 than in E1 and
E2 .(T'able 2.5). This was probably due to reduced female survival in
Ct. In October 1978, when pouch young were sexed, 32 of 47 young
in this enclosure were female (88%); vyet females comprised only 16 of
27 juveniles (59%) captured betwean January and April | 1979.. This;
represents a survival raté of 50% for newly weaned females, éompared
with 73% Tor 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 siatistically -

éigniﬁcarﬂ: difference was found only for newly weaned young.

2.5.3.3 Trappability

Trappability was never less than 75% ih-.any enclosure in any
trapping session (Fig. 2.6c). TI';a'r'é was a tendency for trappability
fo be relatively less in S_epternbe'r to December in 1978 and 1879, when
oniy females were present (Fig. '2.7), but separate monthly
comparisons and compérisons of groups of months failed to reveal
differences that were statistically significant. Manipulations of the
numbers of A. éwainsonii had no evident effect on the trappability of

A. stuartil.




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 surrcunding the pouch;,
pregnancy usually lasted 4<5 weeks. VYoung remained in the pouch
.for 5 weeks before l‘l:hey were left in the maternal nest; they were
not captured as independent young until at feast three months (92
days) of age in late December or early January. Some aspects of the

behaviour of nestling young are reported elsewhere (Dickman 1982b).

2‘5.3.5. Mowvements

Movements of male A. stuartii gener‘élly increased from January,
when younhg individuals first appeared in traps, to August, whén
malting occurred (Fig. 2.8a). In contrast, the movements of females
were more constant throughout the year, and Av.D. values IWer'e
often less than for males (Fig. 2.8b,c).

In most trapping sessions, there were large differ‘ences in the
average distances moved by different individuais.  Sometimes,
Variances.wer‘e 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 (Tabie 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.




mmediately after removal, the movements of female A,

stuartii increascd. |

8ix 1o nine months after' removal (between January and

April | 1979), the movements of malés and females were,

overall, greater in the absence than in the presence of A.

swainsohii.

4. Immediately after the reintroduction of A. swainsonii to ET
(and to the end of the experiment), the movements of A.
stuartii in this enclosure decreased to contral levels., This
was mast consistently evident among females.

Hence, the movements of A. stuartii (especially females) were

generally restricted in the presence of A. swainsonii.

2.5.3.6 Home range
The home range sizes of mafe; A. stuartii were generally greater
in July and August 1978 and 1878 than at other times, whereas those
of females fluctuated “f:hmughcut 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 rei‘ntroducing A.

swainsonii on the home range size of A. stuartii are summarised from

~ Tabhle 2.8: : .

1. Prior to the removal of A. swalnsonii, there were no
differences in home range sizes in the three enclosures.

2. immediately after removi f(and until A. swainsonii was

reintroduced), the home range sizes of male and female A.

-

stuartii increased.




Immediately after the reintr'o_duction of A. swainsonii to E1
the home range sizes of A. stuartii in this enclosure
decreased to control levels. There were no differences in
home range si_zes 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 ranges of A. stuartii are shown in Tables
2.9 and 2.10. Except in the January-April | 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
all enclosures from July to December in both 1978 and 1879 (Table

2.10).

There was little evidence that manipulation's 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). Ovwerlaps in the home ranges of females (Table 2.10)

changed as follows:

1. Prior to the removal of A. swainsonil, mean overiaps of
females with females, with males and with bnth sexes
together, were the same.

2. Immediately after removal, overlaps of females with males

and females together increased.




Six to nine months after removal (between January and
April 1 1878), juvenile females (<lyr old) in ET1 and E2
over‘lapped'mor‘e with other juvenile females, and with males
and females together, than did juvenile females in Cf. in
the same period, parous females (>1yr oid) in E1 and E2
also overlapped more with other parous females than those
in C1.

4, tmmediately 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 19:19 {3 months after reintroduction)
until the end of the experiment, female/female home range
overlaps were greater where A. swainsonil 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, tﬁese trends were statistically significant in
some sampling sessions only, and differences were more evident for

femalas than for males.

2.5.3.7 Body size
Body weight:  The body weights of male A. gtuartii generally
increased from January until August, although a I[ull in growth
occurred from April | to June 1879 (Fig. 2.9a). Females <lyr old
also increased in weight from January until March 1979, but from
April | until early August 1979 little further increase was evident

(Fig. 2.9b). In contrast, the weights of females >1yr old increased




rapidly between September and October in both years (when young
were in the_ pouch) and decreased more slowly from November (when
young were in lthe nest) until the winter of fhe following year (Fig.
2.9c).

What were the effects of manipufalions of A. swainsonii on the
bodv 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 bedy

weights of A. stuartii in the three enclosures.

2. immediately after removal, females {1yr old weighed less iﬂ.
'E1 and E2 than in the control population.

3. Six to nine months after removal (between January and
April 1 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 'tﬁe body weights of A. stuartii in the
three enclosures in some mo.nths, but in .t.nt'het"s, males and
females <lyr old in ET and E2 continued to weigh less than
those in C1 (Appendices 3a,b). That is, no evident shifts
in body weight wer-‘é associated with the reintroduction of
A. swainsonii.

5, There were no stéiistically significant planned differences in
the body weights of females >1yr old in any month. _

Head-body length: As with body weights, the head~i:;ody
lengths of male A. stuartii increased until August, with a [ull in
growth occurring in the populations of C1 and E2 in April Il and May
18979 (Fig. 2.10a, Appendix 3d). The head-body lengths of females

<1yr old increased from January to August, with a lull in growth




occurring in the populations of £1 and E2 in May 1978 (Fig. 2.10h,
Appen.dix 3e). Females »1yr old showed [ittle variation in head-body
length (means between 91 and 100 mm} throughout the experiment
(Fig. 2,10c and Appendix 3f).

There was Jittle e\%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 |l and June 1979, and between
females <lyr old in E2 cofnpared with those in €7 and E1 in August |
1979 (Appendices 3d,e), |

In summary, rémoval of A. swainsonii reduced the body weights
of A. stuartii, whereas reintroduction had liitle consistent effect.
Head-body lengths of A. stuartii were generally similar in the three

enclosures throughout the experiments.

2.5.4, Effects of the removal and 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 month in each enclosure (Fig. 2.11a,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. 2.77a shows that A. stuartii was
much more arboreal in the presence than in the absence of A.
swainsonii: the former species was motre 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 | 1979 (G{,] a f.) =




12,74, P < 0.001), but it was also more arboreal in ©1 and E1

tagether than in E2 bstween April Il and June 1979 (G(‘l a5y =
22.27, P < 0.001). The most striking increase in arboreal activity
(217%) occurred between April | and April 11 1979 in ET1, following the

reintroduction of A. swainsonii to that enciosure after April | (Fig.

2.11a). Antechir‘sus stuartii generally visited fewer ground level. hair
lubes when A. swainsonii was present than when it was absent (Fig.

2.11b), but a statistically significant difference (G = §.88 P <

(1d.f.)
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. swainsopii was removed, but arboreal activity

increased again dramatically when A. swainsonii was reintroduced.

2.5.4.2. Terrestrial habitat (structural habitat comptexity)

An__tech'inus stuartii was captured most frequently at sites aof

moderate structural habitat complexity (8.H.C.), although a few
captures often ocf:urr‘ed in open or structurally very complex sites
(Table 2.71). Because the proportional abundances of sites of
different S.H.C. were similar between the enclosures (Section
2.4,3.), capturé frequencies of Antechinus between the enclosures
were compared directiy. The effects of manipulations of 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.




L)

Immediately after removal (and until A. swainsonii was
reintroduced after April [ 1979), both sexes of A. stuartii

were captured in  structurally more complex habitat.

‘Between January and April | 1979 this effect was highly

statistical_ly significant, and partitioning G revealed further
differences in habitat association among the population
compeonents. Thus, in each enclosure, females >lyr old
occupied the most complex habitat, followed by males and
then females <1yr old in less complex habitat.

Immediately afier the reintroduction of A. swainsonii to E1,
A. stuartii shifted its use of S.H.C. back to a level similar
to that in the control popﬁlation. As before, males and
females »Tyr old were captursd in more complex habitat than
Temales <1yr old.

in  July and August - 1979 (3-4 months after the
reintr‘oductio.n. of A. swainsonii}, there wer'.e Mo sex
differences Iin the use of S.H.C. in any enclosure. Thé
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 habital used by
female A. stuartii in the three enclosures between

September and December 1979.

Overall, A, stuartii was captured In structurally more complex
habitat in the absence than in the presence of A. swainsonii. This
affect was most evident for females >1yr old and males, and least

evident for females <1yr old.




2.5.4.3. Food

Food type: The- analysis of scats proved to be extremely
Iabor.ious' and time-consuming, hence | have examined material from
five months only (Table 2.12). Overall, the remains of 23 types of
food( mostly invertebraﬁes, ware found. Of these, Colegptera
{excluding Carabidae), Aranea, Amphipoda and larvae were found
most frequently; others such as Dermaptera, Chilopoda, Diplopoda,
Isoptera and Blattodea were found less frequently or seasonally.
Some types of food, such as Collembaola, Acarina and Thysanopiera
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, Leiclopisma 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 R.

fuscipes weight up to 150 g, hairs of this species may have been
scavenged as carrion. Plant material was also found 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
fruticosus occurred.

The numbers of types of prey eaten by all individuals in an
enclosure in any one month varied from 11 in ET in July | 1978
(mid-winter) to 18 in ET1 in April 1 1978 (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.




The influence of m

anipulations of the numbers 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.
Immediately after removal (July Il and August 1978), the
types of prey eaten by A. stuartii in C1 differed overall
from those eaten in both E1 and E2. In July |1,
proportidna!ly more Blattodea were found in the scats of A.
stuartii in E2 than in either C1 or E1 (G(2 d.f.) =872, P
< 0.05), and more Aranea were found in scats of individuals
in ET and E2 together than in C1 (G(.E d.f.) = 3.97, P«
0.05). In August proportionally more Amphipoda were
found in E1 and E2 scats combined than in C1 (G(1 d.£.) =
4.67, P < 0.05). In both July Il and August, prey type
diversity was higher in E1 and E2 than in C1.

Nine months after removal (April | 1979), the types of prey
eaten by A. stuartii in C1 were still different from those
eaten in both ET and E2 together. In particular, A.
stuartii in C1 ate proportionally more Coleoptera (G(‘I d.f.)
= 5.59, P < 0.05) and Hemiptera (G('I d.f.) © 6.51, P <
0.05), and less |soptera ('G(1 a.f.y = 17.81, P < 0.001)
than those in E1 and E2. Prey type diversity was also
higher in E1 and E® than in C1.

Immediately after the reintroduction of A. swainsonii (April

[1 1979), A. stuartii in C1 and E1 together ate more Aranea




(G(1 g.r.y = 729, P < 0.01) than in E2, but less-soptera

(G('l 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, anly

a fraction (54-84%) could be reliably assigned to a size class (Table

2."!2!::). In all enclosures, most prey items were <10 mm long. As

with prey type diversity, the evenness with which prey size classes

were represented was relatively constant between enclosures and
between months; hence differences in prey size diversity arose

Mlargely fTrom 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

foliows:

1. Prior to the removal of A. swainsonil, there was no
difference in the propartional representation of prey sizes
or in the diversity of prey sizes between the three
enclosures,

2. Immediately after the removal of A. swainsonii (July Il

1978), there was stifll no difference in the sizes of prey
eaten between the enclosures. In August 1973, 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 long were eaten by A. stuartii in C1 than in E1
and E2 (G(.I a.f) = 4,90, P X 0.05), and proportionally

less in the 5-7.4 mm size class (G(,! d.f.y = 5.42, P <




‘0.05).  Further inspection revealed that the majority of
longer prey items (55.0 mm) eaten in E1 and E2 were
Amphipoda, Blattodea and Coleoptera. At least some
Coleoptera were water bectles (Family MNoteridae), 5.0-9.9
mm long, that were not detected in the scats of A, stuartii
ifni C1. Prey size diversity fell in all enclosures between
July | and July [1/August.

_Nine moriths after pemoval (April | 1979}, the sizes of prey
ea.ten’by._ﬁ}_. stuartii in E1 and E2 still differed overall from
tho'.s_‘e eaten in C1. In C1, A. stuartli ate proportionally
more items 1-2.4 mm long than in ET1 and E2 (G(.] d.f.) =
10.57, P < 0,01), but proportionally Tewer items 2,5-4.9 mm
long’ (G(1 df) = 7.22, P < 0.01). Further inspection
revealed that propor‘tibnally more of the longer prey items
eaten in E1 and EZ were Der‘mapteﬁﬁ Amphipeda, Isoptera
afid Noterid beetles. .Pr‘ey‘ size dii;gérsities were only
sltghtly higher in €1 and E2 than in C1.

Emmedlately after' the reintroduction of A swainsonii (April

11 1979), there was no overall detectable difference in the

3%_,

sizes of prey eaten by A. stuartii in the three enclosures.
Nevertheless, partltlonmg G showed that A. stuartil in C1
and E1 together ate proportionatly more prey 1-2.4 mm long
than in E2 (Gm’ 4.y = 408, P < 0.05). Prey size

diversity was also higher in E2 than in C1 and ET,

In summary, both the types and sizes of food items eaten by A.

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 Isoptera, and the




diversity of prey types taken also ircreased. After A. swainsonii

was reintroduced, these dietary shifts were largely reversed,

2.5.4.4, Periodicity of activity.

Most captures of A. stuartii occurred at night in all months in
the three enclosures (Fig., 2.12), Activity was usually contintious
throughout the night, but in the winter of 1978 captures, especially
of females, declined temporarily after midnight. There was no
evidence that manipulatioans of the riumbers of A. swainsonii had any
effect on the periodicity of activity of A. stuartii (Fig. 2.12, Table
2.13).

2.5.5 Effects of the removal and reintroduction of A. Stt._l_ai"'t?__in on
the population parameters of A. swainsonii.

Before beaginning this section, it is necessafy to descriiza an
incident that influenced the direction of the second half of my Ph.D.
programme. Between mid May and eaily June 1979, someone illegally
remoeved most of the A. swainsonil population from the C1 enclosure.
The identity of this human intruder was never discovered, but clues
to his activities were found in the destruction of small patches of
vegeatation, 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 | was unprepared
for such a crash in numbers in the control population, and because )
was not sure whether further raids would occur, | did not attempt to

reintroduce further A. swainsonii to the area. (it turned out later




. e—

thal this option would also have been impossible, however, since

itlegal trapping and removal of A. swainsonii had also been conducted

in my source areas)., Instead, | decided to run the ‘e_xperiment until

December 1979 as planned, and then examine the status of the A.
swainsonii population in C1 betore deciding whether to ry td replicate
the same experiment or to abandon C1 altogelher. By December-1979,
only four individuals were found in C1 (compared' with 15 the
previous year) so that, of necessity, the use of CT as a control
population was discontinued, A different experiment was planned and
iz described in Chapter 3. Comparisons of population parameters and
patterns of resource use of A. swainsonii in C1, E3 and E4 have still
been made for the period June-December 1978, but because of the low

numbers in C1, conclusions are likely 1o be less reliable.

2.5.5.1. Population numbers and composition
The popuiation numbers of A, swainsonii in the three enclosures
(21, E3 and E4) fluctuated more or 1e.;*.s synchrc_nously'(Fig. 2.13a).
Fv?NA was lowest in each enclosure from August to October, when only
females >t yr old were present, and hignest in Decsmber and January

fotlowing the influx of juveniles into the trappable population (Figs.

| 2.13a and 2.14). Between November and July most Individuals were

males and females <1 yr ofld. Numbers of females >1 yr old declined
slightly after December or January, but several individuals st.{rvived
for more than two years, and one (in E4) survived for mor;e than
three years (Fig. 2.14). Consequently, in contrast tﬁ A. stuartii

{Fig. 2.7), populations of A. swainsorii were often comprised of males

and of females of ilhree different age classes (Fig. 2.14). Peaks and




troughs in the numbers of A, swainsonii

eccurred about a month

eartier than in A. stuartii, but otherwise the demographic patterns of

the ‘two species were similar,  Calculation of MNA for A. swainsonii
was rendered difficult because a small number of marked individuals
sometimes_ disappeared from the trap record for 3-10 months. Those
individuais were not captured during grid, line or pitfall trapping,
and had presumably moved outside of the enclosures., Individuals
that were not captured fdr‘ three or mote conseculive wonths were not
inciuded in'_esi.im-ates' of MNA, populstion 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 1878 there were no statistically significant monthly or overall

differences in A. swainsonij numbers in the three enclosures, and no

evident differences in population tompoeition. Following . human
interference in May 1979, more A. swainsonii were found in €3 and E4
together than in C1 in both June (G('l d.f) = 6.47, P < 0.05) and

July 1978 (G = 5.10, P < 0.05).

(1d.7.)

2.5.5.2 Survival
Minimum sessional survival rates fluctuated synchronously in the
three enclosures (Fig. 2.13b}), Apart. from the human inter'f:erénce in
C1, survival was lowest in July each year (17-39%, combining July |
and July 11 1978) due to the disappearance of all males (Fig. 2.14,
fable 2.14). gurvival was -also relatively low (70-76%) in January
1979 in  all three enclosures, again largely because of the

disaprrl irance of males but also because females >1yr old survived
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poorly (compare Tables 2.14 and 2.15). in othor months, survival

was never less than 809 and seldem less than 509 (Fig. 2.13b).

Manipulations of the numbors of A. stuarti had litile evident
effact on the survival of A, swainzonii.  Aside from May 1979, there
were -ho statistically significant differences in overall survival beiween
Uﬁfz enclosures In, any month, and no differences in the sur-\}ivai rales
of males and females < yr and >1 yr old, In May 1979 saevival was
jower in C1 tham in E3 and £4 together: for males, G(1 a8y ®
15,18, P < 0.001; for females, G“ d.f,) © 10.85, P < 0.004; for
males and females cambirmﬁ, G(1 d4.i) = 29.75, P < 0.001.

IT the survival of pouch, nestling and newly weaned A.
swainsonii is considered, difierences in survival beiween lhe sexes

emerge.  In early September 1973, 7 out of 11 A. swainsonii each

carried eight young In the pouch. In C1 one female carricd 7 young,

cand in E3 one female carried 6, and another 7 voung. In B4 one

female had 10 nipples and 10 young, whercas all other A. swainsonii
had § nipples. The total numbers of pouch young per enclosure
were: €1, 31 (219, 109); E3, 29169, 139); E4, 26(184, &)
Judned by the numbers of used nipples on the lactating females, all
of these young were successfully transferred to nests in late
September 1978, and all survived "'thraugh the Tollowing month.
Howaver, when newly weaned A. swainsonii appeared In November,
female young in E3 appeared to have survived poaorly (TAbIe 2.18).
Mere, the effects of survival, sex and enclosure departed from
independence (Table 2.16) due to the poor survival of females in E3
= 14.11, P < 0.001). Considering males and females

Cr1 a.ty
together, however, no ovorall differences in survival were found

between lhe enclosures (6(2 da.f) = 1.05, P n.s.), These findings
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provide no evidence that A. styart]

affects the survival of A.

swainsonii at any time,

2.5.5.3, Trappabitity

As with A. stuartil, trappability of A, swainsonil was nover less

than 75% in any enclosure in an:y month (Fig,. 2.13¢c). Trappability
was relotively low in Ju.lv 1l and September .197{3, especially in C1,
and in August 1979 in E3, when only small numbers of females >1 yr
old were present. Separste monthly comparisons and comparisons of
groups of months revealed no differences in trappability between the
enclesures, however, and provided no evidence that manipulations of
the numbers of A. stuartii had any effect cn the trappability of A.

2.5.5.4, Reproduction

Reproductive events in A. swainsonii occcurred synchronously in

.the three enclosures in the winiers of 1978 and 197% (Table 2.17).

Pregnancy appeared to last 4-5 weeks, and young remained in the
pouch for 54-6% weeks before they were left in the maternal nest.
The young first eppeared as trappable individuals in November (Table
2.17) at the age of }82 days. There was no evidence_thai .
manipulations of the numbers of A. stuartii influencad the timing of

any part of the reproductive cycle of A. swainsonii.

2.5.5.5 Movementis

Movements of male A. swainsonii  generally increased from
November to July whereas movements of Temales <1 yr and >1 yr old

fluctuated in an apparently erratic fashion (Fig. 2.15). As with A,
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stuartii, there were often large difference

s in the distances moved by

individual animals in any month, and mean values were somelimes

exceeded by their associaled standard deviations. Differences in

movements between the enclosures were examined by compatring

groups  of months (Table 2.18). There were no statistically
significant differences at any time (Table 2.18), and hence no
evidence that manipulations of the numbers of A, stuartii had any

effect on the movements of their larger congenor.

2,5.5.6 Home rar;ge

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 2.18). There was little seasonal variation in home range size,
although mean values for the period February<April | 1978 were
slightly smaller than at other times throughout the experiment. The
ralatively large home ranges of females >1 yr old for the period July
11-October 1978 and the relatively small home ranges of such females
during the same period in 1979 were associated with low sample sizes.
in 1978, especially in C1 and E3, | felt that the females were not
making uniform use of large 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
relatively small Av.D. measurements recorded between July Il and
October 1978 in C1 andE3 (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 range sizes of different individuals in each

enclosure, and no statistically significant differences between

enclosures were found at any time (Table 2.19).
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Overlaps in home Fange were not caleulated for A, swainsonii.
2.5.5.7 Body size
Body welght:  The mean body weights of male and juvenile
female A. swainsonii increased rapidly from Nov_efnbe_t‘ 1976 to March
1978, and then more slowly until July 1979 (Fig. 2.16 a,b). Ma,.'es
were heévigr than females <71 yr old from December 1978 until July of
the following vyear, and heavi;er*. than females 51 yr'. eld from February
1979. Females >lyr old were heaviest in September 1978 when they
carricd young in the pouch; their mean body weights deciined élowiy
until February 1979 after their young were weaned, and remained
relatively constant before inecreasing to a second peak in September
1678 (Fig. 2.16c). As males aged, - individual -diffefences in body
weights became pronnunced. In each of the three enclosures it was
not uncommon to find some males weighing almost twice as much as
others. Standard deviations w.ere correspondingly large {Fig. 2.18a).
Body weight comparisons betwseen enclosures are shown in Appendices
4a,b,c.  There was no evidence that male body weighls were

influenced by manipulations of the numbers of A. stuartii (Appendix

-4a3), but in April 1 and May 1972 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 lmeaviér 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.




rirgr

Manipulations of the n'umi:aers'hf A,

stuartii had littlte consistent

effect oan the head*—bﬂdy iengths of &. swainsonii (Fig. 2.17‘3’}3!

Appendices 4d,e). Thus, although in February 1979 the head-body

fengths of mates. were larger in E3 and E4 than in C1 (Appendix 4d),
the E‘}ga’d-'body lengths of females <1 yr old were grzatest in the
centrol population in December 1978 and February 1979, but greatest
in E4 in May 1979 {Appendix 4g).

Although they are inconsistent, these findings provide evidence
that, in some months, A. swairisonii was heavier and lopnger in the

absence than in the presence of its smaller congenor.

2.5.86 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

Aniechinus swainsonil visited both arboreal and ground level hair

sampling tubes in most months, but levels of actlivity were always
higher on the ground (Fig. 2.'18_a and b). Monthly differences in the
numbers of hair fubes 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 1878 were combined

( A. swainsonii visited more hair tubes in Ct and E4 than In E3,

G(Zd £y = 2,07, P < 0.05), and after the A. swainsonii population in

C1 was decimated in May 1979. Between June and August 1979, A,




swainsonii visited more tubes 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 1 (G(Ed.f.) = 18.35, P < 0.001). Mone
of these differences derived from planned comparisons; hence
maniplations of the numbers of A. stu'_at‘tii had little evident effect
on the arboreal or terresirial activity of A, swalnsonii.

2.5.8.2 Terrestrial habitat (structura habitét complexity )

Antechinus swainsonii was captured most frequently at sites of
relatively high S.H.C. (Table 2.20), and mean habitat scores for this
species were usually slightly higher than for A. stuartii (cbmp.are
Table 2.11). In contrast to the findings for A. stuartii, no
- differences were found at any time in the habitat used by males and
feméles 3 vt and >1 yr old (Tabie .2.20). Comparisons between
enclosures shéwed .t.hat' betIWeen'November' 1978 and January 1978, the
planpned comparison €1 vs (E3 and E4) was not statistically
significént, bhut the habitat used by A. swainsonii In C1 and E3
' di.f.fer.'ed' overall from that used ih E4. Only one planned comparison
between enclosures achieved statistical significance (in the period
Juhe-October 1979, Table 2.20); hence there was little evidence that
manipulations of the numbers of A. stuartii had any cbnsi_stent_-'-e'ffect

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
scats of A. swainsonii (Table 2.21a). These types were the same as
those eaten by A. stuartii, except that Thysanoptera were absent
from the scats of A. swainsonii, and Isopoda were absent from the

scats of A. stuartii (Compare Tables 2.12a and 2.21a). The most




frequently encountered types of prey in the scats of A. swainsonii
'wer‘e Colecpiera, Aranea, Amphipoda and larvae, but Chllopﬂda and
"others" were also consistently present. Although the diet of A.

swainsonil consisted largely of invertebrates, vertebrate remains

(probably Lelolopisma sp.), hair and plant material were also found
.'(Téble 2.21a). In July 1 and il 1978 all hairs were thd.s'e 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

'speéi'es was never lrapped 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 | 1978, fragments of at least two seed cases
were found in a single scat, and in April | and [l 1979 the remains of

berries ( Rubus fruticosus and possibly Coprosma hirtella) were

found.

Prey type diversity was generally similar In July [ 1978 and
April | and 1} 1979, but was reduced in July 1| and August 1878 due
to small sample sizes (Table 2.271a}. Differences in the number of
prey types eaten, from 8 in C1 in August 1978 to 16 in E3 in April I
1979, more than differences in the evenness with which such types
were represented, contributed to differences 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
follows:

1) Prior to removal (July | 1978), the types of prey eaten in

£3 differed from those eaten in C1 and E4, This was due
Iar'gely to the higher incidence of Chilopoda remains in the

scats of individuals in the former enclosure (G(Ed.f.) =

7.13, P < 0.05).




2)

3)

4)

Immediately after removal (July 1! and August 1978), there

was no overall difference in the types of prey eaten

between the enclosures, but partitioning G showed that in
July 11 1978 proportionally fewer Amphipoda were eaten in
E3 and E4 together than in C1 (G
0.05).

(1d.F.) = 4.16, P <
Nine months after removal (April 1 1979), the types of pray
eaten in C7 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(zd_f.) = 914, P < 0.05),
Amphipoda (G(Zd.f.) = 6,15, P < 0.05) and ‘'other
invertebrates" (G(Ed.f.) = 9,01, P < 0.05). No pianned
comparisons (C1 vs E3 and E4) were, however, statistically
significant.

Immediately after the reintroduction of A. stuartii to E3
(April 1l 1979), differences were found in the proportional
representations of Collembola (G(Zd.f.) = 7.37, P < 0._05)
and "other invertebrates' (G4 ¢y = 6.21, P < 0.05)
between the three enclosures, (Differences were calculated
also for Hemiptera and |soptera, but for these prey types
the statistical tests may have been unduly influenced by
zera values, which comprised two of the six cells of the
contingency tables). Only one planned comparison, for

igther invertebrates", achieved statistical significance

(G('Id ¢ ) =§.,21, P < 0.05).




5) In all months, prey type diversities in C1 and E4 were

usually comparable;  values for these enclosures were

always less than in E3 (Table 2.27a).

Food size:. Between 67 and 90% of the invertebrate fragments
i;i.entif_ied to type from sc_aits could be reliably assigned to a size
class. In July Il and August 1978 most prey items were <10 mm long,

but sample sizes were small {Table 2.21b), in July | 1978 and April

 and tl 1979 appreciable numbers were >10 mm long, and 8 or 10 sizé ‘

classes of - prey were consistently represented. Prey size diversity
was relatively high Tn_ July | and April 1 and If, and comparable in all
three enclosures. In July 1l and August 1978, diversity was
relatively'.rlow 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. swainsonil 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. swajnsonii ate

proportionally less prey 2__.5-4‘9 mm long (G = 9.92,

(2d.f.)
P < 0.01) and more prey 7.5-9.8 mm long (G(Ed.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 1l and August 1978), there

were ho 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 1 1979), differences in the

prey sizes -eaten between the three enclosures were Tound
for the 1.0-2.4 mm class (G(Ed.f.) = 9.17, P < 0.05) and

- the 7.5-8.9 mm class ('G(Ed.f.) = 8,11, P ¢ 0,05)_;. In the
p'lanne'd comparison of €1 Vs (E3 and E4), proportionally
more prey in the latter size class were taken by A.
swainsonii in C1 than in E3 and E4 (Giqq g,y = 7-42, P <
J.01). The larger prey taken in C1 were pr‘inc.ipally
Coleoptera, Amphipoda and larvae,

4) Immediately after the reintroduction of A. stuartii to E3
(April 11), no statistically significant differences could be
detected in the sizes.of prey eaten hetween the_ enclosures.

In summary, the types-,' sizes and diversities of ‘l’oo’d iteims eaten

by A. swainsonii differed. between the enclosures - in some months.
However, -there: was litile 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 (Fi-g_. 2.19), but levels of
activity between enclosures were usually not concordant (Table 2.22).
Inspection of Fig. 2.19 suggested that fhis lack of .concor'dance arose
largely from the absence of a definite 24~hour cycle of activity,

rather from manipuiations 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 tha.t shifis occur in the population parameters and

patterns of resourfce use in A. stuartii when the numbers of A.

swainsonil are manipulated, but that reciprocal shifts in A. swainsonii

are much less clear... Ai‘phdugh these findings are strongly suggestive
of interspecific _;Qm-petiti'on_, 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. swainsonili on A. stuartii is that the smaller

species _ié_: eaten by its Iar*'g'.er*:'co'hgenor'. Hairston (1880) has argued
convincingly that similar patterns of population and resource  use
among salamanders, although ostensibly the outcome of interspecific
cdmpetiti_on, are . really due to predation. Pirect observational
evidencé of predation was not obtained in the present study (see

Chapter B), nor has it been reported in any other study of the two

species of Antechinus (Hall and Lee 19882, Kenner 1972). Indirect

evidence of predat_i'on'. wés similarly lacking: hairs were found in 71
out of 183 scats of A. swainsonii 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. stuartij 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 superflucus third

species, the Bush Rat Rattus fuscipes. |If previously unsuspected

- T
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interactions occur between rats and the two species of Antechinus, it
.is concgivab_le that removal of A. swainsonii or A. stuartii .wduld
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
1987), and competitive interactions have been suspected between A.
stuartii and R. fusciges in Queensland {Braithwaite 1973).

In the present study, mutually detrimental interactions between
rats and Antechinus are likely to have been minimal and unimportant.
Within the enclosures, R. fuscipes is strictly herbivorous (Stewart
1979b), and h.ence there is little or no overlap in fooa rescurces with
‘Antechinus spp, Rats construct their owh nests and subterranean
burrows (Warneke 1961, Woodside 1983), and hence overlap only
slighfly with Antechinus spp. in  their nest reguirements. In
addition, all rats captured within the enclesures and on the trapping
lines were individuaily e.ar'—tagged, sexed, weighed and released along
~with Antechinus.  Although these data have not yet been fully
analysed and are not presenited here, aspects of the demography of
R. fuécﬁges in E1 and E2 in 1978 and 1973 have been assessed
elsewhere. (Woodside 1983). Woodside found no evidence of changes in
the demograp-hy or social behaviour of R. fuscipes when the numbers
of A. swainsoniir were manipulated, suggesting that interactions

between rats and A. swainsonii, if they occur, are not mutually

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




R. fuscipes (Dickman and Woodside in press).

In "view of thase

studies, it seems reasonable to conclude that shifts in the populétion
parameters and resource use by one species of Antechinus .were
cémed_oniy by-changes in the numbers of the other speci.es,' and not
my any.interaction with the prat. |
- Although removing rats from the enclosures may have simplified
the interpretation of competition = betwesen the two spegies  of
Antechinus, removal was not conducted for several reasons. First,
there are few areas in Australia where A. stuartii and A. swainsonii
toge’;her occur in the absence of R. fuscipes {(compare maps in
Dickman 1882a for Antechinus, and Watts and Aslin 1881 ‘for R.
.fusciges_). 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 theip entire ranges. Second, R.
fuscipes may actually be beneficial to Antechinus by constructing
runways or providing (as carrion) a saurce of food {ses 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
in‘secﬁvomus hirds and reptiles occurred in the enclesures, 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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cantrol gnclosure.. Genetical variation has been found to be important
in determining the outcomes of competition in Tribolium besties
(Lerner and Dempster 1962); put it is ir'r'.elevant here, The
enclosures were not absolutely isolated, and even 3 r'el'atiIVer small
percentage of individuals moving into an out of the preferred valley
habitats every .few generations would be 'Safficieht to prevent
.-genetical divergence (see Lewontin 1874). Also, actual electrophoratic
comparisons of variable enzyme systems between  the enciosure
populationis have revealed no differences. in gene frequencies (section
7.2).

.N.one of the above alternative explanations - for the shifts in
pcpulatitm'. p'érameter's énd- patierns of resource use of Aw,
especially A. stuartii, is as complete or convincing as that of

interspecific competition. At this point the null hypothesis of no

competition may be rejected and restated: ' Antechinus stuartii is
affected adversely by. competition from A. swainsonli, Whereas_ A.
swainsonii is pfobably affected much less by cdmpetitio_n from its
smalier'.congenor". The effects of competition, especiélly of A.
swai.ns_.onii on A. stuartli, are now discussed in more detail,

| The most ob.:vious consequeﬁée of _removihg A. swainsonii was
‘that population si..zes of A. stu-art_ii increased. Increases occurred in
all three .enclosures after breeding, but were greatest in E1 and E2
due to enhanced suhVivéI of newly weaned young. Reduced survival
of weanlings in C1 may have arisen from direct harrassment by A.
swainsonii, or because they were Kkilled by lactating mother$ who were
unable to meet the energetic costs of feeding all their young in the

presence of competitor individuals.




Antechinus swainsonii was

the tore ierrestrial of the two species

of MEMLﬁ, and it was generaily captured in structurally more
complex habitat than its stnaller congenor (com;:é%e Tables 2.11 and
2.20).  The removal of A. swainsonii was followed by increases in
movements, home range sizes and home range overlaps in ﬂ stuartii,
by & shift towards u_sé of more complex habitat, and also by o

decrease in the use of frees by this spacies. Antechinus stuartii

evidently has a three dimensional home range, but its relative use of

the wvertical component depends on the presence or absence of A

swainsonii on the ground. These findings strongly support the

éuggestion of Hall and Lee (1982) that A, stuartil uses trees to a\roid |
confroniations with iis larger congenor, and suggest that the major
arena for competition occurs on the ground. Differences in arboreal
activity may also facililate coexistence among other species of
mammals, such as Venezue._ién Mouse Oposstlms. {O'Connell 19795 .and
some rodents (Tayior' and McCartey_“lQBS; McCracken 1978, Imaizumi .
1979). | N |

| The shifts described é_ibove provide  sirong eviden_ce of
interspecific ﬁompetition. .i“'nﬁdiscussing diet, however, the ex?idence
is osfensib'ly not so "cd.nvincing. Shifts -in the diet of A. stuartii
certainly occurred ;Nhen A. swalnsonii was removed and reintroduced,
but invertebrate food, unlike space and time, is a renewable resource
that iﬁte_r*acts with the énima!s using it, and it may change rapid_iy in
abundance 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

month censuses were made of the invertebrate populations in ail five




enclosures  through-ul the period  of

study.  The findings are

orasented in detail in {:hapter- 4, but are summarised bf‘iﬂﬂv here for

convenience.  First, invertebrates that move freely on the forest
Htter surface were most abundant and diverse ih summer, but least so

in winter, Fluctuatmﬁb in their abundance and diversity occurred

concordantly  in all  enclosures. Second, the more sessile
inirertebrates that live in the forest litter remained abundant and
diverse all vyear round. Patterns of abundance and diversity were
again eoncardant in all enclosures. These fincﬁngs demonstrated that
patterns of food availability were similar between the enclosures at all
times, and suggest that observed shifts in diets of Antechinus were
_..due onty"to_the effects of the manipulation experiments. 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 prey, there
were differences in the proportional representation of prey types in
the diets. Overall, A. stuartii tended to eat more prey such as
Dermaptera, (soptera, Diptera, Blattodea, Hemiptera and Orthoptera
than A. swainsonil. These prey are generally inhabitants of logs,
tree bark or the surface of the fitter, and they tended to be well
represented in pitfall traps (Chapter 4). In contrast, A. swainsonii
tended to eat more prey such as Isopoda, Amphipoda, Oligochaeta and
larvae that are more strictly terrestrial and are inhabitants of soil
and sub~surface litter. Ostensibly, these findings support the
general view that A. stuartil is an agile, partly arboreal predator,
whereas A. swainsonil is a sdil—fossicking insectivore (Wakefield and
Warneke 1963, 1967; Calaby 1967; Recher et al. 1975; Braithwaite
et al. 1978).

o o Y ST it £ i i
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These conclusions were, however, challenged by the results of

the removal experiments. Following the removal of A. swainsonii, for

example, A. stuartli ale more Amphipoda and Isoptera, but less

Hemiplera and Coleoptera than in the control population. (Differences
were also recorded in the proportions of Blattodea and Aranea eaten).

The Amphipoda all belonged to a strictly ferrestrial species

Arcitalitrus  sylvaticus (J.A. Friend, personal communication),
whereas many of the Coleoptera and Hemiptera (especial[y n:ymphs of
the Family Lygaeidae) were almost certainly arboreal. The switch to
eating proportionally more terrestrial and fewer arboreal prey in'-_fg\_.
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 congénor, it will eat a variety of types of prey there.
In" addition, there were proportionally more invertebrates 2.5-4.9mm
tong in samples of forest litter than in pitfall traps (Chapter 4). The
tendency for A. stuartii to eat these longer, 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 dist.
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 terresirial 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
congenar. .

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 also on their accessibility.
And, as ea?‘“‘?” sections have shown, access of A. stuartii to

terrestrial populations of prey is hindered by the presence of its

terrestrial congenor, A. swainsonii.
£ SwWainson

Both species of Antechinus breed seasonally, but the timing of
reproductive events in each species was unaffected by manipuiations
of the numbers of the other species. The above findings
nevertheless confirm the earlier work of Weod (1970), Bra‘rfhwaite
(1973), Moore (1974) and others that mating occurs only over a short
period (about 2 weeks) in winter, aft.er which all males di'e.: .Mating
is also remarkably synchronous f-r‘u_m year to vyear in any locaiicy.
(Wood 1970, Rraithwaite 1973}, énd invites speculation on what
triggers mating and why mating is so precisely timed.

Neither the proximate nhor the ultimate factors controlling

reproduction are clearly known, but Lee et al. {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

i'n spring and _sﬂmmer‘. Wainer (1976) has further suggested that

reproductive phase differences in a iwo species system (A. stuartii

and A. minimus in Victoria) arise from dietary preferences _for'
different insect groups that peak at different tirhes',. but this broposal
has not been adequately tested. Hall (1980b) found that the diets of
A. stuartii and A. swalnsonil over‘[app.e_d broadly, while Dickman
(1982a) postulated that differences in the timings of matings of the
two species at different altitudes were too gréat to be -explicable
solely in terms of differences in diet. Thé guestion 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,

ke AT e = i e e
e




There were two unexpected findings in the results. The first

was that the conseguences of competition in A. stuartii were more

obvious In females than in males. In the presence of A. swainsonil,

‘female survival, movements and home ranges were more affected than
in males. There is no obvious explanation for these f_indingé, since
‘male A. stuartii are closer in size to A. swainsonii and méay be
expected to compete more intensely L_han the smaller females. Some
differences may, however, be more. apparent than real: sample size-_s__'
of females were usually Iar-ger'. than of males, and variances were
often smaller; hence differences of statistical signiﬁcance-ﬁer‘e easier
to obtain. : o o 'S\\\J
The second unexpected finding in the results was that t_he body
weights of male and juvenile female A. s'tgéir*tii were Iéss in the
absence than in the presence of A. swainsonii. Since the foregoing'
sections have suggested that the removal of A. s.wainsonfi allowed-g.
stuartii access to a wider range of terrestrial habitats and. to
terrestrial populations of prey, it is of Interest to ask why this
should be so. There ar'e; three possible explanations. First, A.
stuartii exploited cryptic prey that were flushed out and made
avai!ablé by the foraging activities of A. swainsonii (resource
enhancement - see Charnov et al. 1976). .RemOVaI 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 s unlikely, 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.

swainsonij. Removal of the larger species would then have increased

et i + —— e
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the survival of these small individuals and so reduced the body

weight mean of the population while simultaneously increasing the
variance.  Again, there is no evidence for this explanation, since
variances in body weights differ little between enclosuras (Appendic_es
32,b,6).  The third explanation is that removal of A. swainson
alfowed the numbers of A. stu_arfii to increase so that ilntrés;'jeciffc
interfer'ence.. competition * occurred. Interference could have reduced
access to food so__that body weights declined. There is some evidence
for this explanation,l since reductions in body weight were greatest in
the months (especially February—Apri[ l 1979)..when the po'piilation
sizes _in ET and E2 were unusually high (compare Fig. 2.8a with
Appendices 3a,b). The importance of En'tr'aspecif'ic competition s
discusséd at length helow. | |
:"The inference that intraspecific éompetitfon occurred at all
follows from the expectation that overlaps in resource us.e', and the
potential for competition, should always -be -greafer betweer
conspecific individuals than between congenors. 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
interspecific competfti’ch, but intraspecific competition was presumably
also reduced, as individuals shifted. and ex_pan-cfed the ranges of
resources they used. .: Indeed, these shifts were almost certainly
caused by intraspecific population pressure. However, the additional,
long term consequence of removing A. swainsonii _IWas td allow A,
stuartii populations to increase in size. These increases - by up to
64% more im E1 and E2 than in the control population (section

2.5.3.1) - not only produced unusually high population densities, but

ot e e e
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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 s0, 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 ftotal 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 resou'ce.
However, the key is. that increased frequencies of intraspecific
contacls in the dense g_ stuértii pqpuiatinns in _E'I and 'E_2 interfered
with individuals access to resources, especially to food. Antechinus
stuér‘tfi is basically a solitary. a’n‘fma!, and most i'r;‘i:e-r'_actiohs other than
those of mother and dependent youn:g are .aggressive (Br‘éithwaite
1973, Lee 1972, Settle and Croft 1982a,b). High frequencies of such
intgractions could have .reduced food intake and- hav.e led, in turn,  1:'0
the réd':uced' mean body weights, |

Apart fram the high densities of A. stuartii in E1l -and. E2
hetween February and April t 1979, several other pieces of evidence
suggested that the botential 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; this would again have increased the

chances of intraspecific 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 attribulable to
intraspecific competition.  The first observation .is that overlaps in
the home ranges of individual juvenile females 'With other fémales' were
relatively small, es.pecially in July and August (Table 2.10). Lee
(1972) has shown that, in stagéd dyad encounters, Iev.els 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, and in this sense they may be
thought to be terr*_itor'ial_ (Brown 1964, Kaufmann 1983). Female
_ aggréssion and territory formation may. arise in the' face of a d_ec[ining'
 food s_up{nly befcré.mating (Chaptérl}) to en;sufe' individuals 'pr‘Tor'i.ty
of access to this resource. The decline in food may be less serious
fo.r' males than for females, since males were captufed 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, 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 increaséd 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). |f the removal of A. swainsonii effectively
increased the food available to A. stuartii, female-female overlaps in
July and August (just prior to mating) might also be éxpected to
increase, since the territorial need to defend scarce food s
decreased. This occurred in both 1878 and 1978, but only in the

latter yéar was the increase statistically significant (Table 2.10),




The second observation

ts that Antechinus mothers differed in

the proportions of males to females they carried In the pouch, In A.

stuartii the sex ratio was biassed wwards femates (section 2,5.3.2),

Whereas in A, swainsonii it was bjassed towards males (section

2.5.5_,2). Several authors have discussed sex ratio  deviations
(Kolman 1960, Trivers and Willard 1973, Myers 1978, Clutton-Brock et
al. 1982), but a.'n explaﬁation for Antechl'h'us. has been proposed by
A. Cockburn (personal communication). Cockburn has pro'p'osed 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. _swafnsonii), individual reproductive output may be maximised by-
tﬁe production of relatively few female offspring, which reduces the
probability of mother-daughter conflict in thé following vyear,  In
contrast, in species such as A. stuarti where the expectation of
breeding in a second year is remote, individual reproductiv_e effort
may be maximised by the productjon 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, each containing relatively dense populations

of both species. Antechinus stuartii was removed from two enclosures

in .Ju!y 1978 and later reintroduced to one, whereas A. swainsonii was

removed from two othe~ enciosures and later returned to one.

Populations of both species were not manipulated In the remaining
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enclosure; th.is 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 of_her‘

species,

Manipulations of the numbers of A. swainsonii produced several

effects on A. stuartii thal were consistent with the interpretation of

competition. These 'W-er'e: increaées. in  numbers, -survival of
weanlings, movements, home range areas and overlaps; shifts in
arboreal élct-i\[ity, terrestrial habitat use, and the types and sizes of
food eaten. Unexpectedly, some effgct_s, such as increases in

survival, movements, home ranges and overlaps, were more evident i

"

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, | have suggested

that this was due to increased levels of in-tréépeciﬂc competition.

‘Competition. with = A. swainsonii had little evident -effect on

trappability, reproduction, body length and periodicity of activity of
A. stuarﬁi. | |

Ménipu!ations of the numbers of A. stuartii were sometimes

- followed by changes in the population paramters or resource use of

A. swainsonii. Some changes were consistent with the interpretation
of competition, such as fhe increase (in two sampling sessions) in
body weight of juvenile A. swainsonii when A. stuartii was rembved,
but more often, they occurred ifr‘espective of the presence or absence
of the smaller species. Hence, the competitive effects of A. stuartii

on A. swainsonii were considered to be small.




g9.

Several alternative explanations of  the above findings were

discussed and rejected; nohne was as complete or as convincing as

~that of interspecific compstition. The findings of the present Chap“ier

show; then, that A. stuartii and A. swainsonii do competé,_- but
further that the strongest effect i-s.thail; of the larger species on the
sméiler species. Due to deoinﬁaﬁ:ion of the A. swainsonil _po-pulat’ion.in
C1 in 1978, no attempt could be made to replicate precisely 'tﬁe
experimental design foliowed in this chapter. In fdllowing 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. 'stuarti_i? 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 AnLechmus swainsonii in. enclosures ET and £2 and on surrounding
- trap lines in 1978 and 1879.

1978 1979
Juyll, A S o N D . Jan. F M Al M. J J A S © N. D
E} - - |
in enclosure 0 0 0 0 0 1 1 o - -0 0
On trap lines 1 o o o 1 0 . 1 1.0 o — _None extraneous
Ez : ' o o E " # ko * R
In enclosure 0 0 0 0 0 0 1 0 o g- 1,7 1 2 1 G T -0 4
: - S : *k ST e :
On trap lines 0 0 0 0 0 0 0. . 1 0 T 1 0 1 0 0 0 2 b -
!‘ Denotes individuals that moved from ET. Antechinus swainsonii: was removed-from- ET1 and E2 Tn July 1978 alter the

first of two trapping sessions (July b and July 11} in that menth, and remtroduced only to E1 after the FII"S'L of two
trapping sessions (April | and April 11) in April 1979. ' : .
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Table 2.2 The numbers aof extraneous Antechinus stuartii in enclosures E3 and E4 and on surrounding
trap lines in 1978 and 1979. :

1978 1979

July I A S O N D Jan. F M Al M J J A S o N D
E3

In enclosure 0 1 ¢ 1 0 0 0 3 2 1

On trap lines 1 T o 06 0 o0 o 0 1 1 None extraneous

_ E4 ) ' o _ .

In enclosure 2 . 0 0 0 -0 0 1 1 T 1 2 1 1,17 0 1 0 1

. o . ' : L om
" On trap lines 0 0 -0 0 0 - 0 0 1 1T 3 0 1 1 £ 0 g 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 1 and July I1) in that month, and réintroduced only to E3 after the first of two
trapping sessions (April | and April 1) in April 1979.

et iz et e R

i

1

.
i
1l
i

I

!




%) of male Antechinus styartii.

Table 2.3 Minimum sessional survival (%
Sample sizes are shown in brackets.

c1 E1 B2

Antechinus swainsonii hot manipulated.

May 1978 89 (9) 100 ( D) 67 (9D
Jun. 90 (10) 86 ( 73 100 ( 8)
Jul. | 100 ( 9) 89 ( 9) 83 (12)
Antechinus swainsonii removed from E1 and E2
Jul. 1 . 78 ( 9) : . B7{ 9) 91 (11)
Aug. o 010 N N N G O
Jan. 1979 B 00¢1) . 100(8) 100 ( 1)
Feb. 8 (7) 92 (12) 100 ( 8)
Mar, _ 86 ( 7 100 (12) _ 78 ( 9)
Aprol o e7(9) . E08)  70(10)

.An‘cechinus swainsaonli reintroduced only to E1

Apr, 1l 60 (10) 86 (14) 78 ( 9)
May B9 (9 92 (13) 92 (13)
Jun. 78 ( 9) 69 (13) 85 (13}
Jul. 88 ( 8) 89 ( 9) 85 (13)

Aug. : _ 0 (11) ' 0 (13) 0 (13)




Table 2.4 Minimum sessional survival (%

sizes are shown in brackets,

) of female Antechinus stuartii. Sample

oF E1

E2

<lyr >Tyr <lyr >lyr <tyr >Tyr
Antechinus swainsonii not manipulated
May 1978 88 ( 8) 100 (1) 86 ( 7) 100 (1) 70 (10) - (0)
Jun. 75 ( 8) 100 (1) 86 ( 7) 0 (1) 83 ( 8) -~ (B
Jul, 10C7 0N 100 ( 7) - (0 100 ( 8) - (0)
Antechinus swainsonil removed from E1 and E?
Jul. 11 8 (7 - (0) 78 (9 - (0) 75(8) - (0)
Aug. 63 {8y - (@ 00 ( 8) - (D) 83 (6 =~ (O
sSep. - (0) 83 (6) - (0 63 (8 - (0) 80(5)
Oct. -~ (0 80(3) - (D) 100 (5) <= (0 100 (&)
Nov. - (0) 100 (%) - (0} 80 (5) - (0} 100 (a)
Dec. - {0) 100 (5) - (0) 100 (4) - ( 0) 100 (4)
Jan. 1979 50 ¢ 2) 100 (5) 80 ( 5) 100 (4) 100 ( 4) 100 (4)
Feb. 70 (10) 100 (5) 93 (14) 100 (4) 86 (14) 100 (&)
Mar. 78 ( 9) 40 (5) 93 (14) 50 (4) 88 (17) 100 (4)
Apr, | 80 (10) 100 (2) 87 (15) 100 (2) 93 (15) 75 (4)
Antechinus swainsonii reintroduced only to E1
Apr, 1| 89 ¢ 9) 100 (2) 86 (14) 100 (2) 87 (18) B7 (3)
ng 78 g 9% 50 EE) 100 (12) 50 (2) 73 (18) _‘50 (2)
Jun, 710 0 (1 83 (12) 100 (2) 75 (12) 100 (1)
Jul, 83(8) - (O 80 (107 50 (2) 89 ( 9) 100 (1)
Aug. LT - (0) 87 ( 9) 0 (1) 80 (10) 100 (1)
Sep. ~ (0) 100 (5) ~ (. 0) 100 (8) ~ (0) 78(9)
Oct. . - (0) - 83(6) -~ {0) 83 (B) - (0 T
Nov,- - {0) 80 (5) - (0) 80 (5) - (0) 80 (5)
. Dec. - {0 - (0 75 (4) = (0 75 (4)
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Table 2.5 Survival of newly weaned Antechinus stuariii in late |
December 1972 and early January 1979.

Number of nestling  Numbers surviving  Overal

- yeung in until January to survival
December 1978 April 1 1979 %)
c1 48 27 56
£1 : 0 : 35 a8
E2 38 31 . 82

Grpqg.5.y = 12.67, P < 0.01.

] The numbers of nestling young in December 1878 were obtained by
5 counting the numbers of used nippies on lactating females (Woolley
i 1968). The survival of these young as weanlings in late December
1978 was assessed by counting the numbers of new juveniles that
appeared In zach enclosure between January and April | the
following year. Since nestling young were not marked individually,
these calculations assume that no individuals born outside the
enclosures moved into the enclasures prior to April.




Table 2.6 The range in timing of reproductive events in Antechinus stuartii in 1978 and 1979.

Enclosure Last male Pregnancy Birth Young End of First juvenile

captured in nest lactation captured

C1 3 Sept. 22 Aug.- 23~29 27 Oct.- 8 Jan. 8 Jan.
28 Sept. Sept . 2 Nov.
(N=16) (N=11) (N=10)

" .

E1 T Sept. 24 Aug.- 21-31 27 Cct.- 29 Dec. 12 Jan.
30 Sept. Sept. 2 Nov.
{N=18) {N=14) (N=8)

E2 4 Sept. 20 Aug.- 25-30 30 Qct.~- - 11 Jan. 3 Jan.
29 Sept. Sept. .3 Nov. '
(N=17) (N=14) (N=10)

# : '
These dates were estimated from the condition of the hairs surrounding the pouch (Wooliey 1968). Sample sizes {N)
are in brackets.
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{ roved {m) * standard devzatxon-

) rﬂovements of Antechinus Stuartii.

Sample sizes

J
1
|
; Taple 2
{
I
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Values are mean average distances
are in brackets.

E2

E2 -
£y

c1. E ;
1 | .'1 E2 Fs FP Conclusion
} Antechinus swainsonii not manipulated
s 43.3%15.9 52.9125. 1 47,4429 4 0.93 - c1_E1_E2
! (27} (21) (26) S
fay- .9 36.0%11.5 43,820.8 34.9+18.7 1.86 - C1_E1 _E2
|ty | (23) (20) {24)
1978 d+Q 40.1+14.5 48.5123 .8 41,4125 4 1.88 - C1_E1 E2
i (50) (41) (50) -
Antechinus swainsonii removed from E1 and E2
= o 59.6231.1 67.0%33.2 62.2126.9 0.26 0.30 C1 E1 E2
duly 11- (19) (16) (20) " - |
pug. Q 30.0%5.0 50,523.2 47.9+23.2 5.11  10.08 cl E1 E2
1078 (15) (15) C13) ' -
o4Q 46,.6+27.6  59.0%29.6 56,6426, 1 1.86 3.59 Cc1 ET E?
(34) (31) (33)
Sept.- 9 31.7+8.7 41.5121.4 35.7419.9 1.82 2.30 €1__El
i Dec. 1978 (20) (20) (15) '
| gan. - O 37.9#28.2  42.2817.7  50.3%13.8 1.86 1,94 C1 E1 E2
L sor. | (21) (29) (23) |
1979 <lyr  34.0+17.8 40.3%420.3 43.0%78.1 1.73 3.04 cl E1_E2
] (24) (42) (41)
1yr  34.3%19.1 41.8122.5 44.6+19.8 1.15 2.15 ct E1 E2
: (18) - {16) (16) ® ok :
T4Q 35, 4421.9 41.2819.7 45,4418, 9 4,39 6.95 c1 E1 E2
(63) (87) (80) -
Antechinus swainsonii reintroduced only to E7
- *ok Hopsg
g 44.6%15.3 - 46.7%19.9 66.6123.5 10.81 21.46 C1_E1 E2
Apr. |1~ (24) (34) (31) * %
June Q  48.3%21.5  41.9%17.6  56.6¥34.5 3.46 . .48 c1 El
1879 27 (40) (46) P sokk
' Srg 4S.éiﬁ8)-.7 44.1%18.7 -~ 60.6%30.8 10,57 21.00 c1_El
(51) (74 (77)
g 67.4%23.1 78.1%38.5 §1.8%37.5 1.15 1.18 C1_E1 _E2°
sy~ (22) (25) (30) ok ok o :
| Bug. ?  39.4%19.5  26,8+14.6  50.4%15.7 5.46 10.64 C1_El E2
1979 (19) (27) (30) o
S0 54.4425.5 56.6+35,2 86.1%32.6 2.01 3.91 Cl E1 E2
| (41) (52) (60)
. : £
¢ Sept, - 9 38.4+15.8 40,1%18.7 48 .5114.4 2.48 4,86 Ci el E2
;D"‘C 1979 (19) (20) (24)
A

they are grouped together.

- For Jan, -Apr:l I 1979, females >1 yr and <1 yr old are considered separ‘ately, for other
. Months { .
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wie 2.8 Home ranges of Antechinus stuartii. Va

] er. : : lues are mean minimum areas (mz)
Bisandard deviation. 3Sample sizes are in brackets
T
£

3

C1 E1 E2 Fo Fp Conclusion

Antechinus swainsonii not manipulated

¢ 20541894 2248780 23654757 0.28 - ctl_El_E2
. (7) O - _
By Q 1421£483 15804534 13974609 0.27 - C1_E1 E2
Floy (8) (7) (7)
d+Q 17161752 19194728 19134833 0.33 - C1 E1_E2
(15) (14) (15)
Antechinus swainsonii removed from E1 and E2
' : : *® . p: _
a 24651499 3164464 32974758 . 3.89 7.67 - €1 El_E2
D - (8) - : (9 L omw i
2 1555%480 2239t412 24195512 6.12 11.81 C1 E1 _E2
N ) K (7) - A5) sk ok
G+ 2012668 26664636 29831790 6.94 12.51 C1 E1_EZ
(14) (13) (14)
*
Q 18072801 27161709 2570%371 2.83 5.55 C1 E1_E2
{6) (5) : (4)
¢ . 1405%427 18621435 2741%£817 8.55 9.49 C1 E1 E2
- (B (7 (7 # * .
o<yr 11821510 16181467 1828+494 3.97 6.96 C1 E1_E2
(8) ) (10) | | T
2>Tyr 11631708 223441202 19604409 1.76 3.30 C1 ET E2 ‘
(4) (‘4) (4) skt P
a+Q 12521511 18071647 2157719 9.85 16.46 Cl1 E1_E2 = >
(18) (22) (21
Antechinus swainsonii reintroduced only to E1 | |
¢ 21775793 22351671 3210964 4.40 8.75 -C1_E1 E2
| (8) (1) (8 o o -
Q 16581691 22451262 -258?359())2 2.05 2.46 L1 Bl E2
9+9 1917767 224041013 28241054 4.57 8.00 Cl1_E1 E2
(16) (24) (21)
g 27194802 2306581 2587914 0.05 0.03 Cl_E1 E2
(8) (7) (9)
@ 17581548 15984537 20383654 1.08 1.92 Cl E1 E2
6 ' 7) (8)
gee 230§i%93 1955i651 23291827 1.02 0.66 C1 E1 E2
(14) | (14) 7)
. 1676£393 13225611 23031665 4.12 7.30 Cl1 _E1 E2
: (5) (5) (6)

-~April | 1979, féma!es >1 yr and <1 yr old are considered separately; for other
they are considered together.




Dj".e]..:‘ap (%) and 95% confidence limits (cl).

Wfiie 2.9 Overlaps in home ranges of male Antechinu

s stuartii. Values are mean

108,

% Overtap C1 B E2 Fy Py Conclusion
: Antechinus swainsonii not manipulated
. - N=7 N =7 N =25
fay- 9/ X 51.2 41.2 40.3 0.17 - C1 E1_E2
g Jaiy | cl 28.5-73.5 12.2-78.8 7.4-79.4 T T
178 a/e X 53.3 64.9 46.5 0.80 - Cl1 E1 E2
: cl 32.4-73.6 38.4-87.3 21.3-726 T TmTmTTT
] a/0+Q X 72.7 80.9 53.8 2.10 - C1 ET1 E2
cl 60.7-83.2 59.5-95.5 p23,2-82¢ T TTTTTT
Antechinus swainsonii removed from £1 and E2
N N =7 N=8 N=9
g/d X 52.6 86.8 69.1 2.78 3.60 C1 E1 E2
cl 21.9-82.4 65.7-98,8 48.6-86.2
/9 X% 49.5 58.7 71.5 1.43 1.96 €1 E1 E2
cl 25.8-73.3 32.4-82.5 50.,5-88.4 _
V/OHQ . X 74.7 94.1 87.9° 2.20 3.69 Ct ET EZ
cl 49.8-93.0  75.3-(100.0) 75.9-96.1 ' L
_ N =8 N=7 N=7 o o
g/e % 19.2 21.0 45.8 1.22 0.72 Cl E1 E2
cl 0.5-56.3 1,0-56.6 16.2-77.2 '
a/e<lyr % 532 - 47.2 66.0 - 0.40 0.03 Cl E1 E2
cl 21.3-83.7 . 8.5-88.17 33.0-91.9. '
g/e>lyr % 21.9 48.8 - 9.5 2.03 0.07 C1 E1 E2
' ci - 0,9-58.1 10.8-87.6 (0.0)-42.9 ; -
/049 X 72.7 . 93.4 © 88,4 3.28 5.95 C1 E1 EP?
cl 53.7-88.1 81.7-89.4 72.7-98.6 K
Antechinus swainsonii reintroduced only to E1
_ - N=28 N =11 N=2g& -
afa X 51.5 B6.4 68.5 0.63 0.35 Cc1 E1 E2
] ct 29.9-72.0 40.1-87.6 35.5-93.5
- ¢/ X 71.5 80.8 82.1 0.46 0.26 C1 E1 E?
cl 58.8~-82.5 58.5-95.8  61,4-95.9
1 S/340 v 83.1 88.86 92.4 0.43 0,55 Cl E1 E2
¢l 72.5-91.4 68.6-99.1 71.3-(100.0) —
N=28 N =7 N=9
w/a X 69.5 45.6 51.8 1.37 0.29 Cl E1 E2
E,.Jg o ¢ 50.5-85.6 13.9T8 LU Lt sm ;o
Pl Q X 67.4 . . . - 1_El E
(1979 ci  51.2-81.7 20.6-71.6 59.2-89.1 N T
d/d+0 X 90.4 . 67.8 80.5 4.39 0.01 Cl E1 E2
cl 79.0-97.6 48.1-84.6 69.9-80.3
# -'?!)lrc:at.a were submitted to the arcsine transformation befare statistical analysis.
: configéi reason, although the above values were transformed back to percentages,

E = . -
Mot confidence fimits <0 or >100.

Ce limits were generally not symmetrical about the mean (Zar 1974). Brackets
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TanleE 10 Overlaps in home ranges of female Antechinus stuartii. Values are mean
meriap (%) and 95% confidence limits (cl). -
Overlap c1 E1 . E2 F, Fp Conclusion
Antechinus swainsonii not manipulated .
- ' - N=8 "N=7 N =7
E pay- /% X 36.4 49.8 51.4 0.45 - . Cl1 E1 E2
Elay | ¢l 14.8-61.1  24.5-75.1 15.4-865 = T——-—===
1378, /¢ X 58.0 55.3 32.2 0.90 - Cl E1 g2
| cl 21.3-90.1  27.0-81.9  4.4-70.4 : TeTT T
! Q/+2 X 83.2 £8.2 77.1 0.62 - Cl1 E1 E2
cl 61.6-956.9 36,9-92.4 52.8-94.3 TTTT T
Antechinus swainsonii removed from E1 and E2
_ N=7 N=7 =~ N=5 . _
/9 > 17.6 28.7 46.9 3.21 4.21 C1 E1 E2
cl 3.4-39.6 14.8-45.1 26.5-67.8 T
/e % 75:8 - 66.8 - 77.8 0.33 0.172 Ct E1 E2
_ cl 47.8-95.17 43.9-86.1 41.6-98.8 " '
Q/0+¢ X 74.7 -.91.4 S 93,7 3.23 6.33. C1 E1 E2
el 55.%-89.9  77.3-99.0 = 79.8-99.8 -
. N =6 N=5 N =4 :
9/9 X 26.5 33.9 36.9 0.21 0.3 C1 E1 E2
cl 4,0-59.4  8.9-85.2  5.4-77.1
: ) N =8 N =11 N =10 " s
UElyr X 28.9 . 61.9 80.2 4.05 8.08 C1 E1 E2
¢l 4.6-63.3  47.9-75.0 46.3-73.3 : Il
o/lyr % 26.4 50.0. - 12.3 1.79 0.04 C1 E1 E?
ol 8.0-50,7 13.7-88.4 (0.0)-46.5 ok T T
o/ X 51.6 55.5 - 87.5 5.66 3.08 Cc1 _E1 E2
cl 18.7-83.7 35.7-74.4 81.6~92.4 wE _—
Q/%+e X 69.8 94.0 91.6 g.83 18.87 C1 E1 E2
cl §5.2-82.5 86.3-98.6 85.5-96.1
' N =4 N =4 - N=4 _
/<lyr % 52.3 46.3 19.5 0.65 0.51 C1 E1 _E2
cl 17.3-86.0 (0.0)-100.0 (0.0)-98.5 £
] hor, /2yr X 1.5 19.1 25.2 3.47 8.74 C1 E1 E2
11979 el (0.0)-13.1 (0.0)-74.2 19.3-31.6 I
| (Females o/c X 26.9 76.9 S 43.4 . 1.37 1.5 €1 E1 E2
[-;l‘c‘{" ¢l (0.0)-85.7 20.8-(100.0) (0.0)-(100.0) —
) 9/9+g % 73.4 94.3 51.0 5.70 0.08 oy &1 g2
1 cl 56.1-87.6 70.5-(100.0) 9.7-91.4 T




N
110.
¥ zaie 2.10. (Cont'd.)
Overtap C1 E1 E2 F0 .Fp Conclusion
: Antechinus swainsonii reiﬂtf‘.oduced only to ET
; N =8 N=13 - N=13 .

i ?/Q X 38.9 66.1 65.0 1.76 0,55 C1_E1 E2

E ppr, H- cl 24.5-34,4  36.4-90.17 50.8-78.0 _

E dune 2/ X 83.7 64.6 50.0 3.1¢ 410 €1 Bt E2

T 19 cl 75.6-90.5  46.9-80.5 25.6-74.4 )

Q/I+Q X - . 88.5 . 87.5 81.5 0.50 0.98 C1 El E2
g cl 78.7-95.6  73.3-95.8 88.,2-91.7 ' '

) N=6 N =7 N =38 g _.
- o/ X 16.9 9.8 30.86 2.96 5.4 ¢1__E1 E2
| . ¢l 2.3-41.1 2.5-21.2  15.5-48.3 . -
E Aug. Q/F X 84,7 71.8 75.2 0.67 0.08 Ct ET - E2
1979 gl 68.7-895.7 = 45.0-91.9 54,2-91.3 _

9/94Q X 86.4 72.2 78.5 0.82 0.01 Cl1 _El E2

cl 64.8-98.6 45.5-92.4  63.1-80.7 '

. N=5 N=5 N =6 | N
fieo.-  o/0 X 11.8 8.4 37.7 2,42 4.74 C1__E1 €2
j asec. 1979 cl 0.0-40.6 {0.0)-36.2 9.3-71.9

ik

FAll data were submitted to the arcsine transformation before statistical analysis.
§;(See footnote to Table 2.9). Brackets denote confidence limits <0 or >100. For
fanuary-Aprit | 1979, females <1yr and >1yr old are considered separately;

{for other months they are considered together.
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Table 2.11 Frequency of capture of Antechinus stuartii at sites of different : o

| structural habitat complexity (S.H.C.}., The numbar of ca .

; v ‘ . e g captures (N}, mean
—E; 5.H.C. (X) and standard deviation (s.d.) are given. S

£ . .

P may-July | 1978 | | .
sex/age Structural habitat complexity : N X s.d.
class 3 4 5 6 7 8 9 10 11 172 13

o (2 22 11 24

4 3 2 11 2 8 (3) @9z 8.41 2.21
L Cl ey T3 1 5 10 15 18 9 & 2 2 72 8.44 2.01
1 e>Tyr 0 0 0 1 2 1 30 3 0 1 11 8.18 2.14
i 2 1 5 3 14 16 17 4 4 4 0 70 8.06 1.98
B 9<Tyr 2 4 5 3 7 M 9 8 2 4 (3) 58 8.14 2.56
2 e>lyr 0 0 0 0 2z 1T 2 0 0 0 5 .00 1.00
i o T 3 3 8 2 10 1817 3 2 (2) 80 8.33 2.05
B2 9yr (2) 6 2 7 0 14 20 6 6 4 (3) 80 8.21 2.35
| Eﬁummar' ] | SHC ' G = 57 |

Summary : X E x5, Go (52d.f.)"57’84

e

Eluly t-August 1978 - o _ : .
sex/age ' Structural habitat complexity ' N X s.d.

¢ 3y 1 0 8 5 14 17 10 2 17 -2 B3 8,27 2.07
9 0 2 4 1 5 11 15 7 2 (2) 52  9.02 1.70
¢ (1) 2 17 0 3 9 10 14 8 4 (2) 54 9.28 2.10
Q 0 1 2 1 2 8 10 8 9 5 - 1 47 9.38 1.82
£ ¢ 0 0 1 3 4 2 12 1 11 5 1 57  9.83 1.70
9 0 0 1 0 3 5 4 8 9 6 (4) 40 10.13 1.92
'.:;Summ 1 . : ! - e
afY SHC X EX S, G, (52 d.f.) 82.43
f . = £
SHC x E, . Go(a0 g.f.) = 92:22
¥ ' ' . = -
: C1 vs (E1 + E2), Gp(10 d.1.) 29.15
SHC x S, Gyrrg g.5.) = 1441

Ex S, : Go(zd.f.)=0‘61




SHC x S,

E xS,

Sp (10 d.f.)
Co (20 d.f.) = 149, 99wk«

= B
Gy (ga.p.) = 2188
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Tirple 2.11. (Cont'd.)
Segﬁember-December 1978
i sex/age Structural habitat complexity ; N % s.d.
B class 3 4 5 6 7 8 9 10 (% 12 13 S
Boooo 6 2 1 7 6 11 151 4 2 1 65 B8.63 1.86
e o 0 2 1 2 5 5 9 17 12 4 (3) 60 9.50 2,00
e 9 (1) 1 3 1 4 2 10 11 6 7 2 48  9.33 2.36
Hsamary SHC x E (or S), Gy (20 d.f.) = 26-68
3 ! - = - *
§ C1 vs (ET + E2), G, (10 4.5,y = 1908
_é-‘.‘anuary-Apr‘il 1 1878 _
sex/age Structural habitat complexity N P s.d.
5 class 3 4 5 6 7 8 9 10 11 12 13 :
: o 3 1 5 11 9 8 14 9 0 1 0 61 7.2 2.00
S «<dyr (B) 4 12 13 18 9 4 1 2 O 0 89 6.35 1.84
B >lyr 0 0 4 2 4 16 7 9 6 2. 2 52 879 1.95
i 10 3 1 17 10 17 28 12 4 5 98  9.19 1.92
g edyr (4) 8 18 11 20 34 17 15 3 0 2 132 7.38 2.06
Dyr 0 0 1 3 1 10 10 7 4 5 (5). 48 8.54 2,06
i o 0 0 510 8 9 12 24 3 5 0 73 875 1.82
4R 9<clyr () 11 18 22 14 12 28 19 21 1 1 148 7.74 2.44.
@1yr 0 1 0 1 1 12 2 8 5 4 4 38 9.83 2.10
‘ié*"’“mmarv SHC x E X S, Gy (54 g.7,) = 316.997F%
SHC x E, Gy (20 d.1.) = 51-10%%F
| c1 vs (E1 + E2), = 29, 35%*
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_ ile 2.171. (Cont'd.)
ool 11-June 1979 | - . | | |
FF sex/age Structural habitat complexity N x  s.d.
class 3 4 5 6 7 8 9 10 11 12 13
B¢ 1.8 4 13 1418 1910 0 0 (1) 8 . 7.57 1.8
He oayr (3) 4 6 18 11 9 3 4 1 2 0 59  6.81 2.08
L eiyr 01 0. 1 2 6 13 2 ) 0 17 8.53 2.00
B 4 4 9 9 2417 1910 11 1 0 108 7.73 2.10
Ho eaye  (8) 5 0 14 15 22 21 16 1 1 (2) 113 7.53 2.17
H o otyr 000 0 2 2 3 4 3 3 3 0 20 9.25 1.92
Booe 10 1 8 8 15 21 22 10 13 (2) 101 9.24 1.94
Fio  e<iyr (4) 5 3 B 9 18- 32 28 14. 2 (4) 125 8.70 2.16
Tyr 6 1 2 3 .3 4 1 4 5 1 (3 27 8.88 2.64
g 1 : : ' = £
_asgmmar‘y SHC x Ex S, Go (84 d.1.) 201.83
l — ,-‘*
| SHC x E, Go (20 d.f.) = B0-657
:'E S P = 3k
SHC x S, Gy (20 d.f.) = 3259
; Ex S, G.O (4 d.f.,) = 8.66
Fluly-August 1979 — -
& sex/age Structural habitat complexity . N X s.d.
class 3 4 5 8 7 8 9 10 11 12 13
c1 o 4y 1 5 4 1 9 16 18 2 3 (1) 89 8.10 2.26
i ? (2) 3 6 7 15 5 8 12 5 2 0 65 7.78 2.25
ii?E" g (1) 5 3 2 12 16 25 7 7 1 -0 78 818 1.91
Q 1 5 3 4 g 22 15 14 5 4 1 83  8.34 2.07
® o T 7 4 12 12 .29 14 -5 5 (3) 93 8.61 2.04
9 0 4 0 6 8 19 22 18 10 4 (4) 9  85.93 1.96
s 1 = #ek
Junmary SHC x E X S, Gy (52 df..) = 79-04
%‘ SHC x E, Gy (20 d.1.) = 3873
_  (C1+ E1) vs EZ, Gp (10 d.f.) ~ 16.48
= *
C1vs E1, Gy (10 d.f.) = 22-27
' = sk
C1 vs E2, .GO (10 d.f.) = 2329
SHC x S, GO (10 d.f.) =15.04
EXS, Gy (2 d.g.y " 02




1y
|
;%

(C1 + E1) vs E2, Gp (10 d.1.) = 9.50

£l 7he G statistic was used to test the joint independence of S,H.C., sex/age
Fiuss (S) and enclosure (E). If dependence was found, G was partitioned to
Eeaamine which palr's of criteria were associated.

Hirtechinus swainsonii was removed from ET and E2 between July | and July
®'11978, and reintroduced only to E1 between April | and April 11 1979. A
v captures occured in §.H.C. categories 1, 2, 14 and 15. These were
r.:rouped with captures in category 3 or T3 and are shown in brackets. For
‘Eanuary-June 1979, females < 1 yr and > 1 yr old are conmdered separately in G
tests; for other months they are considered together. .

114,
T:Zme 2:11. (Cont‘d )
oember-December 1978 o _ S
I cex/age ! Structural habitat complexity = N % s.d.
dass 3 4 5.6 7 8 9 10 1. 12 13 g
R e 1 1 2 3 6 9 11 13 5 0 (1) 52 8.58 1.94
e 9 0 & 1 0 7 13 11 16 9 1 0 683 8.70 1.96
Hee 9 0 2 1 3 5 14 18 11 14 2 (2) 72 9.08 1.85
1 ) _
:jﬂsummary SHC % E (or S), G, (20 d.f.) " 22.29
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Table 2.12 The dietary diversity of Antechinus stuartii. N = Number of individuals.
(a) Prey iype diversity :
July | 1978 ' July 1 1978 August 1978 April 1 1979 . April 11 1978
Prey type ¢l E1  E2 c1  E1  E2 c1 Bl E2 c1  E1  E2 ct ET  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 (10 0) 0 3 5 (2 © 1) 2 1 6 1 : 0
Coleoptera 15 21 14 ' 10 8 19 1 13 15 21 26 15 15 21 18
Dermaptera (0 0 D) T2 2 - 1 (0 1 0) 4 14 9 3 6 . 171
Aranea 14 15 9 17 7 11 10 B 3 10 12 10 15 14 9
' Acarina (1 1 0) (1 0 0 (0 0 0) (0 1 0) (0 0 0)
i Chilopoda : 1. 0 2y (1 o 2) (1 1 1) 4 4 2 2 1 4
i Diplopoda (0 0 0y - (4 G 0) {1 2. 0) 2 7 5 4 4 7
© Amphipoda 2 12 7 4 1 2 5 9 18 3 10 8 . 2 4 . 7
Isoptera 4 1 2 0 4 2 (¢ 0o 4y 0 4 29 2 -0 16
- Oligochaeta (0 0 ) (0. 1 1) (1 1 0} (0. 0 1) (0 7 2)
Lepidoptera (0 0 0) (0 0 0) (0 3 0) (1 0 1 (0 0 2)
- Diptera - (0 0 0) (1 3 o) (0 0 1) (1 0 0) (0 1 1)
| Formicoidea (0 1 2) (0 1 1) 4 1 2 (0 0 0) €1 0 D)
Other Hymenoptera (2 0 1) (0 1 2) (0 0 ) (0 1 0) (0 0 0)
| Blattodes 1 3 5 1 8 2 1 5 4 3 5 q 3 2 3
Hemiptera - {1 0 1) {0 1 0Y). (¢ 0 0) g 3 8 2 11 5
Orthoptera (0 1 1) {1 0 0) (0 1 0) 1 2 3 4 1 2
Thysanoptera (0 0 0) (0 0 ) (0 ¢ 13 {1 1 0) (0 0 0
Larvae 2 7 9 7 3 3 6 5 12 2 8 11 6 9 18
! Other invertebrates 3 1 2 3 6 4 6. 4 3 1 5 4 3 4 4
i Hair (0 0 0) (0 1 )] (¢ 0 0) (0 1 0) (0 0 0
[ Vertebrates (0 0 0) (0 0 0} (0 0 M (0 0 1) (0 1 0)
Plant (0 1 a) (0 0 1) (1 0 1) 2 8 5 1 2 4
Total no. prey : - ' :
I items - 47 B4 57 52 50 56 58 52 . B9 67 111 122 B4 86 114
. No. prey types : _ : . P
represented 12 11 14 12 15_ 14 12 13 13 | 16 18 + 17 B 15 16 17
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 1.81 1,88 1.97 2.25 2.27 2.00 2.08 2.28
F3 : ks . B
G0 (d.f.) 11.75(12) 34'87'”(‘]6) 16.’]4(12) .70'29'&%(25) 53.16 *(26)
- e ) ¥ st : Akck
Gy (a.f.) | 23.80%F o 12.98% o | 3512555 (1 5 38.04




(b) Prey size diversity
July | 1978 July {1 1978 " August 1978 . April | 1979 April 1t 1879
Prey size class : : o '
(mm} C1 ET E2 Y E1  E2 Cc1 ET E2 C1 E1 EZ2 c1 E1 . EZ
N=16 N=16 N=18 N=15 N=17 N=15 N=18 N=16 N=17 . N=20 N=31. N=27 N=18 N=Z6 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 3] 4 10 11 15 23 10 17 17 7 13 15 10 10
2.5-4.9 3 9 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 B 8 4 12 7 7 4 17
10.0-12.4 (1 1 13- (0 12 4 2 2 2 0 3 3 2 5
12.5-14.9 (0 0 D) (0 0 0) (0 4] 2) (0 1 2) 1 2 3
15.0~17.4 2 1 4 (i1 0 1) (1 1 oy (0 1 0) {0 1 2)
17.5~19.9 (1 2 o) {0 1 1)) (0 1 1) 2 4 3 0 1 4
> 20.0 (0 1 1) ¢ -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 g g 6 g8 8 g8 9 g 8 9 9 8 g 10
classes represented
Evenness J 0.88 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 ¢.82
Diversity H 1.54 1.64 1.58 = 1.30 1.36 1.48 1.34 1.53 1.55. 1.51 1.62  1.62 1.47 1i.59 1.72
- okt . | gk
Gp (d.f.) | _ 2.2.’1(4) : 16. 95 (6) 21.18 7 4.87(7)

Antechinus swainsonii was removed from E1 and E2 between July [ and July 11 1978, and reintroduced
only to ET between April [ and April {1 1875. G-tesis were perfcrmed on the raw frequency data, excluding
values in brackets. Data for males and females were pooled.
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Table 2.13 Comparison of activity periods of Antechinus stuartii in
three enclosures, using Kendall's coefficient of concordance, W.

Males Females Both

W }(2 P w o XE P W XE p
June-July 1 0.96 20.2  <0.01 0.8%  17.9 <0.05 0.95 20.0. <0.01
1978 :
July 1= 0.93 19.6  <0.01 0.89  18.7 <0.01  0.97 20.4  <0.01
Aug. 1978 '
Sept.- - - - 0.82 - 177.3 <0.05 - - -
Dec., 1978 | - L
Jan.-Apr. | 0.90 18.8  <0.07 0.88  18.4 <0.05 0.89 18.8  <0.01
1979
Apr. 1i- 0.85 19.3  <0.01 0.88 18.5 =0.01  0.98 20.6  <0.0T
June 1979
July-Aug. 0.91 19.1  <0.01 0.80  16.9 <0.05 0.917 19.1  <0.01
1979 o -
Sept.~ - ~ - 0.86  18.0 <0.05 - - -
Dec. 1973
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. -
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Table 2.14 Minimum sessional survivai

) _ (%) of male Antechinus swainsonii.  Sample
sizes are shown in brackets. - : '

1 E3 | E4

{ Antechinus stuar"t'ii'ndt-manipu[a’ted
May 1978 91 {11) 88 (9) 8z (11)
Jun. g0 (10) 100 ( 9) 90 (10) .
Jut. | 18 (1) 30 (10) 0 (10}

Antechinus stuartii removed from E3 and £4
Jut. 1t 0 (4 0(3) - (0)
Nov. : 83 ( 8) 700 (5) . 80 (5)
Dec. ' ' 88 (8 91-(11), - S 93 (15) -
Jan. 1979 ' 71 (147 - 87 (15) S 71 (14)

Feb. M (10,1) 83 (12) 92 (13)

¢ Mar, 100 (11,1) 100 {9,1) 92 (12,1

: Apr. 1 _ - 92:.(12,1) - 80 (8, 1) B 92_(12,‘!)

E ~ Antechinus styartii reintroduced only to £3

£ oapr. 100 (11,1) 90 (9,1) 100 (11,1)
{  May. 29 (13,1) 100 (8,1) 92 (11,1)
Jun, : 75 (3,1) 89 (9) 91 (11)
Jul, : 0 (4) _ 0 (9) 0 (12)
b Nov. e BWw 67 (3)

Dec. . 50 {2) o 75 (8) _ ©89 (9)

' Where two values are given in brackets, the 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 2 3 months.

Baoth vaiues were summed to obtain estimates of survival.
3
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Table 2.15 Minimum sessional survival (%) of female Antechinus swainsonii.
gample sizes are shown in brackets, .=~ -
: c1T - E3 E4
<lyr Slyr <lyr >Tyr <Tyr >lyr
Ahtechinué stuartii not ménipulated
May 1978 80 (5) 100 {2) 100 {5) 100 (2) 100 (B) 50 (2)
Jun. 100 (4) 100 (2) 100 (5) 100 (2) 80 (5) 100 (1)
dul. 1 100 (2) . 50 (2) 83 (B) 100 (2) 100 (4) 100 (1)
Antechinus siuartii removed from E3 and E4
Jul, {1 75 (4) 100 (1) 100 (B) 100 (2) 100 (4) 100 (1)
Aug. - (0) 100 (4) - (0} 86 (7) - (0) 100 (4,1)
Sep. - (0) 100 (4) - (D) 100 (4,2) - (0) 80 (4,1)
Oct, - {0 100 (4) - (0) 100 (4,2) - (0) 100 (3,1)
Nov. 100 (4) 100 (4) 00 (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. 19789 100 (5,1) 67 (3) 83 (B) 67 (4,2) 100 (5) 75 (3,1)

3 Feb, 100 (4,2) 87 (3) 100 (3) 100 (3,1) 100 (5) 100 (2,1)

E Mar. 100 (5,2) 100 (2) 80 (5) 75 (3,1) 100 €4,1) 100 (2,1)

[ Apr. | 86 (6,1) 100 {2) 100 (4) 100 (3) 100 (4,1) 100 (2,1) .

“" Antechinus stuartii réintroduced only to E3

| SR 83 (5,1) . 100.(2) 100 (4) 100 (3) 80 (4,1) 67 (2,1

Lﬁ May 17 (8) 50 (2) 100 (4) 100 {3) 100 (3,13 100 (2)

; Jun. 100 {1) 100 (1) 100 (4) 87 (3) 75 (3,1) 100 (2)

§ Jul 100 (1) 0 (1) 75 (4) 100 (2) 75 (3,1) 100 (2)
Aug. - () 100 (1) = {0) 100 (5) - () 80 (5)
Sep. ~ (D) 100 (1) - {0Y ~ 100 (4,1) - {0) 100 (3)
Oct. - {0 100 (1) - (0) 100 (4,1) - (0) 100 (3)
Nov, - (@) 100 (1) 50 (2) 100 (4,1) 100 (2) 100 (3)
Dec. 100 (1) 100 (1) 100 (4) 80 {4,1) 87 (3) 100 (3)
See footnote to Table 2.14.
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Table 2.16 Surv:val of newly weaned Antechmus swainsonii in late Ocioher
and early Novembher 1978.

Sex Numtzer of Numberé surviving QOverall
pestlm-g young until November survival
in October 1978 1878 to January (%)

. 1979 . ' '
C1 g v« R 16 76
E3 g 16 16 100
? 13 8 48
E4 ¢ 18 . 16 89

= 17.52, P<0.05.

Dependence of survival X sex X enclosure: G(?d.f_)

The numbers of nestling young in October 1978 were obtained'by -i:ouh'é‘ih'g

numbers of used nipples or 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
hetween November 1978 and January 1979. The calculations assume that
no individuals born outside the enclosures moved into the anclosures
prior to January:
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Table 2.77 The range in timing of reproductive events in Antechinus swainsonii in 1978 and 1979.

Last male ' Young  End of First juvenile

Enclesure 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=5) (N=4)
" .
12 July- 12-23 22-26 '
E3 19 July 22 Aug. Aug. Sept. 12 Nov. T3 Nov.
o (N=11) L N=11) (N=7) S
- 5 July- . 9-18 17-29 : - :
E4 o 13 July 18 Aug. CAug. Sept. ? © 7 Nov.
o (N=9) {N=8)  (N=6)

These dates were estimated from the condition of the hairs surrounding the pouch. Sample sizes {(N)
are in brackets. ' : :
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Tabie 2.18

Movements of Aptechinus swalnsenii..
moved {m) * standard deviation,

Sample sizes are in brackets.

- -
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Values are mean average distances

ci E3 £4 Fo Fp Conclusion
Antechinus stuartii not manipulated
d 50.7+42.3 63,7+40.3 55.7+34.5 D.76 - C1 E3 E4
(29) (26) (28) - TTTTT
May~- = 36.6£20.9 46,1424, 38.2415,8 1.06 - C1 E3 E4
July 1 _ (173 {21y T (18) . PR . .
1978 g 45.5%36,3 55.8£34,8  4Y.B#30.1 1.09 - C1 E3 E4
(48) {47) - )
' Antechinus stuartii removed from E3 and E4
July 11- 9 41.2%18,7 37.829.0 51.5%22.4 1,46 0.05 C1 E3 E4
Oct. 1578 (17 {22) (15)
Mov.1978- < 37.7+19.8 43,1423,2 41.6+18.6 0.48 0.90 C1 E3 E4
Jan. 1979 {286) (29) (30)
9<lyr  3B.B17.6 26.248,0 47.1%15.1 2.48 0.32 C1 _E3 E4
{11} (9 _ {9) : _
2>1yr  38.2%11.4 38.2#26,0 . . 46,1+18.6 0.50" 0.21 C1 E3 E4
{10y (1) - {(9) :
oip 37.6+17.5 38,8122.6 42.3%17.8 0.76 0.75 C1 E3 E4
(47) {49) (48) . :
Feb.- o - 41.8417.8 40.4%23.7 37.5%18.9 0.28 0.29 C1 E3 E4
Apr. | {25) (29} (28)
1979 9<lyr | 43.5229.9 31.8%12.1 32.4113.3 1.37 2.713 c1 E3 E4
(13) (14) (1)
Pxlyr  44.9%7.8 42.014.1 51.1%20.5 0.80 0.06 C1 E3 E4
AN {9) . (9} _
d+g 42.620,5 38,3#19.9 38,9+18.8 0.66 1,30 C1 E3 E4
{45) (52) (48)
_ Antechinus stuartii reintroduced only ta E3 :
R 44,9%23,8 51.3%15.7 56,429,656 1.14 1.70 C1 E3 E4
Apr. Ii- (22) {14) {19) Co
May elyr  41.2+19.4 41,9%14.8 37.248.3 0.17 - 0.33 C1 E3 E4
1979 {10} (7) (8) : .
wlyr  40.5218.4 38.?§§3.1 53.%i§6.4 0.42 0.83 C1 . E3 E4
4
d+g 43.&&%1,? 46,0£17.5 52,0t27.9 1.18 2.15 Tl E3I E4
(36} (27) {29)
= 59.0+22,6 71.8%33.7 66.1+34.8 0.38 0.02 C1 E3 E4
June- D {15) (18)
July . @ 30.548.4 46,121.3 45,015.7 1.25 0.20 C1 E3 E4
1979 : (4) . {11) o (12) ) - ]
_d+o 48.6%23,1 §0.9%31.4 57.7+30,2 0.66 0.00 €1 ES E4
{1 (28) (30)
Aug. < 52.3%17.5 34,3%14.6 - 42.0+11,5 2.2 0.30 C1 E3 E4
Oct. 1979 (3) (9) 10
o 52.0 35,7+20,8 30.4%15.8 0.35 - -
Nov, - (1) ¢:)] ()
Dec. o<iyr 48.0 32.2416.4 30.8+11.8 0.02 - -
1979 {1) (6) (5) ®
D1yr 1.0 35,718.2 48.01B.6 5.26 = -
(2) (6 (4} :
oo 45,5410.5 34.7416.7 34.4414.8 0.94 0.17 €1 _E3 E4
(4y (21) (18)

For some months, females <1 yr and »1 ybt old are considered separately;

for other months they are grouped together.

e —————————
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Table 2,19 Home ranges of Antechinus swainsonii.

[mz) + standard deviation.

Sample sizes are in brackets,

123.

Values are mean minimum areas

1 E3 H
EY Fo Fp Conclusion
Antechir_ms stuartii not manipulated
a. 2110£1245 30262141 . 25351156 0,64 _ cl E. 3 EU
- - 8) (7) i) ol
May-- 2 21401757 - 255621003 =yt EAG 4D 0.4y - €1 E3 Ej
July 1 _[5] {6) (4] . . e
1578 gto 2122+1047 | 280941665 235551063 0,93 - ‘€1 E3 Eu4
: {13} S (13) 1) - ki
Antechinus stuartii removed from E3 and Et
July 1= 9 3322kg940 32124728 2474+1386 0.70 0.34 Ct1 E3 Ej
Oct. 1978 (3) {(5) (N
Nov.1978- ¢ 2303x911 2068707 25141913 0.50 0.00 C1 E3 En
Jan, 1979 {53 I . (8} . .
o Peiyr 2728:1118 - 25414671 2045778 0.49 0,45 C1 E3 EU
S Sslyr 22314776 32IH£1307 . 2495573 1.08 1.21 Cy "E3 EY
N G @3y (3) } =
o+ 23791860 24443810 2509+813 .02 .03 Ci E3 En
{12) {13y {11 '
Feb.- g 19204902 17942593 2156+793 0.39 0.02 Cr £3 Ey
Apr. | (8) N (7)
1979 Q 1763£702 1562+879 1927618 2.09 1.87 Ci E3 E4
(6) S (6)
3+¢ 1853797 2178+£823 2050698 0.62 1.06 C1 E3 EHY
(14) (14) (13) '
Antechinus stuartij reintroduced only to E3
g 24581166 23994942 | 2470%1357 0,01 . 0,07 Cl1 E3 . Ey
Apr. I~ (7y - {8) (i0) . - -
May 9. 30602902 2229520 2268x446 - 2.38 0,90 C1 E3. EX
1979 (5) {s) (4) ,
o+ 270621065 2322748 241241153 0,48 0,10 Cl E3 EN
(1) (1) (14}
3 30354247 ‘3166.’:1803 21831068 1,64 - -
June~ () (6} (8
July ¢ 1945 27182788 316741217 .39 - -
1979 (1) {8) - o ' Coe
&+ 9 2672E653 298711438 ?.511.;*,1166 .40 - 0.65 C1 E3 _ =1
S [3) (o) (12} o '
Aug- - ¥ 2380 1362634 18854778 20,82 0 -
Oct. 1979 = (1) (3] (3) '

For the peried November 1978-January 1979, females < yr and &1
separately: for other months they are congidered together.

yr old are considered




Table 2.20 Frequency of capture of Aptechinus swainsonii at sites of different

structural habitat complexity {5.H.C.).
(X) and standard deviation (s.d.) are gi

124,

The number-of captures (N), mean S,H.C.
ven.

May-July 1 1978

sex/age

Structural habitat complexity N

s.d.

SHC % E;
c1 vs (E3 + £4),

(C1 + E3) vs E4,

" SHC % S,

E x 5,

%
Go20d.r.) = 3208

Gp('lUdf.) = 13.33

i
Grod.r.y = 21478
Go(zod.f ) 80.79
Co(ad.f.) = 286

. X
class 3 4 . .5 8 7 8- 9 10 11 12 13 -
e 12 4 4 4 18 16 24 8 12 (4) 94 6.20 2.18

c1 e<lyr ¢ 1 T 0 5 & § 7 4 0 2 3z 8.94 1.98
>1yr 0 0 0o 2 2 2 1 5 5 2 (4) 23 10.08.2.21

9 2.0 6 7 7 M 10 17 13 5 (8) B84 ©.00 2.40

E3 ~ e<lyr (1) © 2 4 2 4 9. 7 -8 2 (5) 44 9.3 2.40
@>tyr o 2. 1T 0 4 1 40 3 1 2 19 8.74 2.75
) 0 3 1048 17 1714 - 18 4 (3) 88 9.65 1.98

Ed lyr 0 -0 - 2 2 6 8 7 2 1 il 29 .98.,07 1.80
>Tyr 1 0 0 D 2 1 2 4 0 11 12 9.00 2.58

X 1 " _

Summary SHC x E x §, 60(52 d.f) " 60¢.52

July ti-October 1878 o o
seX/age Structural habitat complexity N ®  s.d.
class 3 4 5 6 7.8 9. 10 ik 12 13 -

C1 Q@ 0 i 3 5 7 12 10 6 1 2 47 9,04 1.83

E3 (4) 1 12 10 18 10 2 i 66 8,79 2.46

E4 Q 1 2 0 4 4 13 B 3 17 3 39 8.77 2.386

1 o . ' a
summary SHC x E (or.53, Go(20d‘f.) = 23,43
- C1 vs E3 + E4, Gp(‘md.f.) = 10..4:7 :

November 1978-January 19789 -
sex/age Structural habitat complexity N % s.d.
class 3 4 S 6 7 B 9 10 11 12 13
- ) 0 0 0 6 5 11 8 21 14 g {3) 74 9.54 1.82

C1 otyr e 2 0 1 0 3 5 12 3 2 33 9.67 Z2.04
2 1yp ] 1 1 2 2 8 7 8 2 1 (2) 33 8.84 2.00
o 1 2 0 6 4 12 151 18 2 1 716 9.09 1.9

E3 e<lyr 0 0 1 2 4 2 2 7 8 2 0 28 9,32 -1.98
@ lyr (1) © 2 0 0 4 4 10 9 2 (3) 35 9.80 2.18
d 0 1 0 B 7 17 28 20 4 2 2 87 8.86 .56

E4  etlyr 0 0 0 2 0 4 7 7 4 17 1 28 9.46 1.61
@elyr . (2) O 1 0 2 4 _8, 2 721 29 9.07 2.42

1 G = 120.07""
‘Summary SHC x E % S, o(84 d.f.) 120.07
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Table 2.20 {cont.)
February-April | 1979
sex/fage Structural habitat complexit : X
. hat .d.
class 3 4 5 & 7 8 9 1op 1;} 12 13 § *F
@ (2 0 2 2 9 8 15 20 18 4 (4 8 9.33 2.0
i edlyr o 1 10 3 9 R 7 4 (-1} 39 9.36 1.95
elyr 0 2 1 1 2 4 4.5 3 ¢ 1 23 857 2.28
¢ - F 3 D 3 B 12 1715 16 3 3 8 9.2 2.05
E3  Q<tyr 0 2 2 4 4 4 10 9 3 2 44 . B.B4 2,29
> 1yr T 0 2 2 5 2 B 5 i 4 3 8,35 2.5
g {1t 5 25 12 8 3 17 15 11 3 107 9.8 2.1
E4 . 9<iyr 1 4 2 2 17 14 5 3 1.3 43 B.47 2.48
P> 1yr 61 0o 1 .3 3 4 4 2 0 19 9.28 2.08
Sun'u'nar'y'I SHC X E % 5, Go(84 d.f.) = 83.42

C1 vs {E3 + E4), Gp(‘lDd.-f.) = 8,28

April 11-May 1879
sex/age Structural habitat complexity N x s,

ciass 3.4 5 g 10 11 12 13
o 1 0 11 2 3 1533 7 2 4 68 971 1.63
c1 eclys 0 1 0 1 3 2 &8 8 @& 1 25 9.24 1.96
®lyr . 0 0 06 2 2 3 3 2 0 0 0 12 8.03 1.38
& 01 0 0 2 7 12 8 4 4 4 -42 9.67 1.88
E3 ¢tyr O O 0 1 2 0 85 5 6 1 2 2 9.95 1.79
©lyr 1 0 1 0 0 2 4 4 4 1 1 18 933 2.38
d 1.1 T2 3.2 10 20 14 5 '3 B2 9.74 2,00
E4 oy 1. 0 0 0O 2 1 5 & 3 i 0 21 9.29 1.90
©Slyr 0 0 1 0 0 4 24 1.1 0 13 9.08 1.5
Summary | SHC X E X S, Go(sad. ) =65.88

_ -.{C.‘I + E3) vs E4, Gp‘('!.()d.f.) = 5,58

June-Qctober 1878
sex/age Structural habitat complexity N X% s.d;

class 3 4 5 8 7 8 9 10 1 12 13
d 31 o1 2 3 4 3 2 0 2 21 8.94 32.00
C1 ¢ 0 0 2 1 2 4 8 8 2 7 2 28  9.14 2.01
a 1.2 2 1 .4 4 8 12 8 2 4 48 8,23 2.40
E3 ¢ 6 2 1 1 4 5 18 22 9 6 2 70 8.51 1.79
¢ o 0 1 3 3 8 1215 -1 1 2 63 9,51 1.66 .
E4 ¢ 10 10 2 5 14 20 18 4 B6  9.80 1.60.
Sum‘mar‘yf.I :  SHC x E x S,

Go(szd,.f.) = 61,26

(C1 + E3) vs E4, = 20.09%

So(104.£.)

1 The G statistic was used to test the joint independence of 5.H.C,, sex/age class (S) and
enclosure (E), I dependertce was found, G was partitioned to examine which pairs of criteria
were associated. Antichinus stuartii was removed from E3 and E4 between July 1 and July 11 1978
and reintreduced anly to E3 between April | and April |1 1879, A few captures occurred in
S.H.C. categaries 1,2,14 and 15. These were grauped with captures in category 3 or 13 and

are shown in brackets. Eor November 11978-Apcil | 1978, femates <lyr and >1yr old are
considered separately in G-tests; for other months they are considered together.
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L'J"able 2.217 The dietary diver'sity of Antechinus swainsonii. N = number of individuals.
(g} Prey type diversity ' B : _ _
July -1 1978 July 1 1978 August 1978 Aprit | 1979 April 11 1979
) Cl E3 E4 c1  E3  E4 c1 E3 E4 C1 E3 E4 ci. E3 E4

Prey type N=T7 N=17 N=15 N=7 N=10 N=4 N=4 N=7 N=4 _  N=18 N=16 N=18 N=17 N=15 N=18
Collembola 2 0 ) R ¢ I 0) (¢ 0 2) 2 5 o0 5 1
Coleoptera 29 15 % M 8 5 4 - 8B 11 - 23 13 27 17 26 19
Dermaptera (6. 0O 1D (0 0 0) {0 1 0) -2 0 25 (1 0 3)
Aranea -5 23 g 7 9 5 2 6 6 .8 11 8 17 21 10

 Acarina (1. 3 V) (0 1 0) (0. 0 0) (0 3 0y (2 1T .0
Chilopodsa 2. 8 1 g 2 3 T 3 1 1 3 2 8 6 2
Diplopoda 0 2 2 (1 0 2) {0 2 0) 2 4 2 . 2 4 4
|sopoda : (0 0 0) - (1 o .1 {0 1 0) G2 4 2 0 2 3
Amphipoda 18 10 16 20 16 3. 2 1 6 . 18 10 30 18 13 10
Isoptera (0 0 o) (0 0 0} (0 0 1) (0 1 0) (0 - 0 3)
Oligochaeta (2 1T 0) (1 0 0) (1 0 2) 2 a z2 (31 0)
Lepidoptera (0 0 0y {0 2] 0) (0 0 0y (0 1 0) (0 0 1)

| Diptera (0 0 0) (0 0 0} (0 0 0) (0 0 1)) (1 1 o)

|  Formicoidea (0 1 0) (0 0 0) (1 0 0) (3 0 ) (4 0 )

i Other Hymenoptera (0 0 “0) (0 0 -0) (0 0 0 (0 0 1) (0 1 0)

| Blattodea (1 2 0) (2 1 Q) 1 0 1) 2 0 2 (4 0 0)

[ Hemiplera - {1 0 0) (0 0 0) {0 0 0) (2 0 0) 0 5 0

©  Orthoptera (0 0 0) (0 0 0) (0 0 0) (0 0 1) (¢ 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 T 5 3 (0 1 0) (0 0 0) (0 0 0) (0 0 1)
Vertebrates (0 0 1) (0 0 0) = (0 Y 0J (0 0 1) - (0 0 oy
Plant (0 2 0) YO 0) 0 0 0) 3 2 4 0o 1 1
Total no. prey items 101 90 71 S0 41 22 | 'TS - 28 34 .88 71 101 99 102 80

. No. prey types ; . S L

| represented 12 13 10 1010 g8 . 8 g 10 15 13 14 | 13 16 14

. Evenness J 0.74 0.85 0.81 g.75. 0.86 0.%3  0.83 0.91 0.8% 0.81 0.91% 0.74 0.85 0.80 0.85
Diversity H © 1.68 1.98 1.88 1.51 1.69 1.54 - 1.44 1.64 1.62 1.96 2.068 1.77 1.98 2.01 2.00

. . _ _ » o i o
Go(d.f.) | 30.90 14y 9._75(10} _ 1.1..39(.]0} 42.‘]6._(24) 33.92 (18)
;-__.r—-_‘=‘ e o
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. Table 2.21 (cont.) - ' o 127.
(b) Prey size diversity : ' :
July | 1978 'Ju.ly'li 1976 August 1978 April | 1979 April 1 1979
Ci E3 E4. C1 E3 E4 C1 E3 E4 C1 E3 E4 oy E3 E4
Prey size class N=17 N=17 N=15 N=7 N=10 N=4 N=4 N=7 N= N=18 N=16 N=16 .. N=17 N=15 N=16
(mm}) L
0.0- 0.9 8 2 5 2 1 1 (o 1 1) 4 3 7 g 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 2 14 18 8 14
5.0- 7.4 12 16 17 0 9 2 2 5 5 _ 5 8 17 15 20 18
7.5~ 9.9 12 5 17 2 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 g 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 0) (1 0 2) 1 2 2
17.5-19.9 4 1 2 {1 2 0) (0 2 D) 4 2 1 1 1 3
3 20.0 2 3 1 (0 0 3) (1 1 0) 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 _ e s .
| represented 10 10 9 - 9 8 8 5 - 8 6 10 g | 10 10 10 10
. Evenness J ¢4.91 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 1.5T 1.30 ©1.73 1.7 1.87 1.84 1.63 1.80
e - . » : :

Antechinus stuarlii was removed from E3 and E4 betwaen July 1 and July 1 1978 and was reintroduced only to E3 between
April t and April Il 1978. G-tests were performed on the raw frequency data, excluding values in brackets. Data for males
and Temales were pooled. B : ‘
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fabie 2.22 comparisds? of activity periods of Antechinus swainsonii
in three enclosures, using Kendall's coefficient of concoraance, W.
Malgs Females Boih
W X w )(2 3 W }{2 P
- June-Jduly | |
1978 0.63  13.1 0.21 45 n.s. 0.45 9.4  n.s
i July 11-Oct. o
1978 - - 0.41 87 n.s - - =
Nov. 1978~ IR
san. 1979 0% 8 0.13 - 2.8  n.s,  0.27 5.6  n.s
Feb.-Apr. | _
1979 - 0.09 1.8 0.08 1.7 n.s g.12 2.6 - N.s
= Apr. - : :
May 1979 G.44 - §.2 0.67 14.1 <0,05 0.63 13.2 n.s
- June-duly . _ ' -
: ..'1'97.9 0.57 11.9 0.22 4.6 n.s 0.586 1.8 n.s
- Aug.-Oct. :
1979 - - g.21 4.4 N.s - - -

N L_ o o

Al y2 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 cencordance. -
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Table 2.23. Summary of the effects of removal and reintroduction of A. swainsonii
on the population parameters and resource use of A. stuartii.

Effects of removal Effects of reintroduction -
e g Both s 0 Both
-1 Popuiation parameters o _
| Numbers - - - - - -
Survival J N N - - -
Trappability ) - - - - - -
Reproduction - - - ' - - ;
Movements ~ N J Y WA S
| Home rahge S N N J J*
P Home range overlap - J o - J J
| Body weight S T S i
Body length ' - s S J
Resources :
Habitat (arboreal) - . o ¢
i Habitat (terrestrial) WA o WA J 4 J
1 Food type . W W
' r  Food size . 4 -
C Time - - - - - -
¥ denotes that s‘tatistica-iiy. significant effects occurred in some sampling sessions (months
or group.s.' of months) anly; J4 that effects occurred in all sampling sessions; - that
no statistically significant effects were detected at any time. All effects were consistent

with the Interpretation of interspecific competition, except where marked *.

%
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Table 2.24. . Summary of the effects of removal and reintroduction of A. stuartii
on the population parameters ancl resource use of A swalnsonii,

1 ' . ' Effects of removal Effects of reintroducition
¢ ? Both o Q Both
|
| Population parameters _ _ _
Numbers - - - _ - -
Survival - - - - . _
Trappability - - - _ N _
Reproduction - - - - _ .
Movements - - - - - -
L Home range - - - - . .
Home range overlap o _
Body weight - o ' - "
Body length J .‘l* - J
f Resouprces |
Ok ~ Habitat (arboreal) - S - o
E | Habitat (te.m"estrial) - - *j‘g _ .- - _ .j
Food type - - _ ' \,‘!‘
Food size J* - "
Time - - - _ - - - :
J denotes that statistically significant effects occurred inn some sampling sessions {months
-or groups of manths) only; - that no statistically significant effects were detected at any”
time. Effects were consistent with the interpretation of interspecific competition, except
where marked *. ~
o
— I— e




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. -Réc‘t:an'"g'..les' (EXPT. -

T - EXPT. 4 and CONTROL) represent enclosures. 5alid arrows
within Eectangles represent an expansive shift in population
_pa:ra_mété_:rs or patterns of resource use when .'_-oné__ s"peci..e'é'._".i's'
remOVed,. broken a.f_'r'.ows a return  shift .when..th.'at speci'és_is
reintroduced. T.he effect of A, swainsonii on A. stuartii is
assessed by comparing populations in E‘I,. £2 and C1, whereas

the effect of A. stuartii on A. swainsonii is assessed by

“comparing populations in E3, £4 and C1 e
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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 enclosure is <71 Km from. E3 and E4, aﬁd may be
expected to have a similar clima’té. 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 fl'iroughot.lt the study;_ An CC)
and (d), the broken lines représent average mon-‘ahl"y maximum
- and minimum temperatures between 1966 and 1976, the solid lines

represent temperatures throughout this study,




|'!Il|-l[l].l!']'l'l"l-._[ll_jlill]1[il!]l!!l.l___l_IL_!1l!!]l

li1ll1[|1i11.11111|'i11!1!1'![L111I11L1|l;.11[1|

A.OOV

-5
0

WNWIUjWE pue  wWnuixen

1980

W I SNJ MM SNJIMMISNIMMIS N

1981

g
s

y
5

1979 -

~
&

1978

A
I




Fig. 2.3 Vegetation of . {a) the enclosures and (b) the'surrb.uhdin'g'
slopes. Note that the relatively dense fern understorey  and

litter cover of the enclosures is absent on the slopes.







Fig. 2.4 The_.enclo_surés. '_(a). the co;jtt_"ol en'ci.os'ure," C1; _(b}__..
exper“lmenta.l enclosures E1 and E2 E.'I- lies. on the sdqth b'an.k-ubf
'Lees Creek, EZI on the north bank; (c) ex&erimental enclosur..es
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 majolr creeks are shown

- In solid heavy lines, minor watercourses in broken heavy lines.
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Fig. 2.5 Resudence and tranmence of Antechmus in the encfosures.
AmmaIs were consider'e.d to be res:dent In the enclosures if <{0%

of their total captures occurred outside  the enclosures, and

transient or I"ESldGn'L on the trappmg lines if >’10  of their total

captures occurred outs;de the enclosures.
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Fig. 2.6 Popm'_ation parameters of A. stuartii in enclosures C1, Ei

and E2. (a), minimum humbers known to  be alive; (b);::”
minimum sessional survival of individuals known to be alive;
(c), : trappability of individuals k"nown_ to be alive. Cduly 'and"'_
July-' [1 1978 are represéhted by t‘h.e_. symbols .J and J'r
respectively, April- | and April I} 1978 by A and A*

respectively.
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Fig. 2.7 Population cnmpdsitfcn of A. stuartii in enclosures C1, E1
and E2. Different female year classes are represented by -soiid, '
hatched and stippled shading, male year classes by no shading.

* % _ :
J and A represent July |1 1978 and April 1t 1879 respectively.
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Fig .

2.8 'Average distances moved by A. stuar‘tu in enciosures C1

ET and E2 (a) males, (b) females <1 yr old, (c) females > yr

:-oEd. Solid circles represent means for C1, open inverted

trlangles means for €1, and Open upr[ght trlangies means for E2 .

*
J_, A and A represent July . ’1978 Aprll 11979 and August
l! 1979 respect;ve!y
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" Fig. 2.9 Body weights of A. stuartii in enclosures €1, E1 and E2.

for- E1, and open upright triangles' means for E2. Vertical lines

represent standard deviations about the means (sample sizes are

(a) males, (b) females <'1 yr old, (c) Females > yr old.. Sclid |

circles represent means for Cf, open inverted triangles means

. R R - ES 3k ® o :
given in Appendices 3a,b,c). J ; A and A - represent July || -

1978, April 11 1978 and August 111979 respectively.
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F1g 2.0 - Head-body 1engths of A stuartii in enclosures C1, E‘r and
EE‘._. (a) ma!es, (b) females <1 yr old, (c) Females >1T yr old,
Solid circles r‘epresent._ means for C1, open Inverted triangles

means ‘for E1, and open upright triangles means for E2,

Vertical lines represent' standard de\natlons about the. meansl

:i: £ £
(sampse sizes are given in Appendlces 3d e,f) J, A o and A
r‘epresent July 1 1978, April 11 1979 and  August 11 1979

respectively.
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Fig.

2.11 Activity of A. stuartii in '_.enclo's__L';J__r'es C1, E1 and E2. (a)
arboreal  activity (b) ground - level activity.  Solid Circles

répresent num‘bers of'hair ’cubes visited in C1, open mverted'

'-tmangles thOSe in E1, apen upmght trlangles 'those in E2. Tapes

fr*om halr sampllng tubes were usual]y checked at intervals of
25-31 days; in months marked by open stars they were checked

at mier‘vals of <25 days. A represents Apr'il 11879,

S
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Fig. 2.13 Population paramesters of A. swainsonii in enclosures C1,
E3 and E4. Solid lines represent the population in C1, dashed
lines the population in E3 and dotted l{ines the population in E4. .

(8}, wminimum PAumbers known to be ative; (b),  minimum

sessional  survival -of individuals known to be alive; - (¢),
trappability of Individuals  known to be alive. J cand A

represent July Ii 1978 and April 11 1979 respectively, _ i
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Fig. 2.14 Population composition of A swamsonn in enciosures -C1,

. E3 and E4,

leferent female year‘ classes are represented by

: solid, hatched and stsppled shadmg, male year classes by no

shading. J

respectivaly.

and A

“represent July 11978 _and Ap.r‘_'il Il 1978
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Fig. 2.15 Average distances deed by A. .SWainso.nEf fn“ enclosures
C'E_,.' £3 and E4; (a) males, (b) females yr old (c) femaIeS-
>1yr old. Sohd CImIes represent means for C1 open lnverted
tr:angles means for E3, and open upright triangles means for E4.

S and A t‘epr‘esent July {1 1978 and Apr‘ll 111979 respectively.
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Fig. 2.16 Body weights of A. swainsonii in enclosures C1, E3 and
E4. (a) males, (b) females <1 yr old, (c) females >T yr old.
Solid circles represent means for C1, 'open'_lnverted ‘l:r'ianglés'
mearnis for E5, and open upright tria-n-glés mea'r;s iFor- E4. Vé.r-‘ticai
liheé represent standard deviation_é abofui‘t the means {éamplé
‘sizes are given in Appendices 4a,b;c}.. J*_ ahd AA.*. _re_iarésent Ju!y

11 1978 and April M 1979 respectively.
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Fig. 2.17 Head-body lengths of A. swainsonii in enclosures G1, E3
and E4. (8) males, (b) females <1 vyr old. Solid circles
represent means for C1, open-_inver_tedj triangiss means for E3,
and open u‘br‘ig_ht_."tr'ia'ngl_es.. Mmean’s for  E4. Vé.l*f]c:é.lz.lihes_
r‘epr‘eseht. étandard _deviétiohs about the means (sémpie sizes are

given in Appendices 4d,e). J and A represent July |l 1978
- and April 1 1579 respectively.
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»

Fig. 2.18 . Activity of A. swainsoﬁii in ehclosures C1, E3 and E4
| {(a) arboreal é'ctivi'tyr,' (b} groi_,m'd level aé_tivity. Solid circles
represent numbers of hair tubes visited in C‘E,__.c.;pen inverted
_ triaﬁgleé those in E3, _bﬁen uprigh"t. ’cr‘ian.glés thos.'é.'i'n E4. .Tapes
- from "_'h:a:'r‘ sam-pZIrng tubes wera u.sua[[y:'checked: af intervalé of

25—31'day5; in.months marked 'by open stars they were checked

at intervals of <25 days. A represents April t1 1979,
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Fig. 2.19 Periodicity of activity of A. swainsonii “in enciosures C’l,
E3- ahd E4.' Captures of males are represented by no shadmg,
Temales <'i yr old by itght shadmg and females >‘1 yr old by

-he.avy shading.: Inverted arrows represent times of @ sunset,

Upright arrows times of sunrise.
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| _ CHAPTER 3
COMPETITION BETWEEN A. STUARTII AND A. SWAINSONII:

THE EFFECTS OF COMPETITOR REDUCTION AND.ENHA%J:C_EMENT

3.1 I.NTRDDUCTFQN

The experiments of Chapter 2 were designed to investigate

‘whether competition occurred between A. stuartii and A. swainsonii,

and used the crude but effective method of completely removing or
reintroducing all individuals of the putative campe‘titbr specieS_. The
experiments provided strong and-_-ebnsistehf evidence of interspecific .

competition, and showed that A. swainsonil- had a disproportichate

effect on its smaller. congenor. Although, at the outset of my Ph.D.

studies, | had planned to replicate the experiments of Chapter 2,
these findings . suggested that further Ensight into -competition wou!d_
be obtained by asking different questiorrs about the nature and
effects of the process. What, _'For :exam'ﬁte,; ‘would be the effects cn..
A. stuartil of removing only some A. swainsonil individuals? Would
the response of A. stuartii be a function of 'tﬁ_e. numbers. of A,
swainsonii that were removed, or would the outcome of cﬁmpetition be
qualitatively different? What wb.uld be the effects. of incr'e.as-h":g .‘che
nUf.f:ber‘S of A. swalnsonii individuals? This chapter addresses these

questions by investigating the effects on A. stuartii of reducihg and

- enhancing the numbers of A. swainsonii.

Plant ecoiogists have long been concerned with the effacts of
varying competitor population densities (Jackson 1981), and their
eXperiments have yielded much information on the nature of s‘peci.e_s
interactions and the resources for which competition occurs (deWit

1960, Hali 1974a,b, Etherington 1975). Usually, plant species are




grown alone or together in. prxégjs-e[y defined ratios, and - the
quantities of space and other resources that are available to them are
strictly prescribed. However, for the animal ecologist the. problem of
reducing or enhancing competitor numbers is not so siraightforward.
To create 3 s_,iftu‘ation in which, for e-xamp'te, A 's_tu;_;rm_i was four

species would have to be artificially fixed. Aside from the practical

difficulty of maintaining a pr.ecis"e- ratio of 4:1 (or any ather ratio),
‘there would be no way of k_nowihg Whet‘ner numbers were fixed ébové

or below the level at which resources were limiting. In addition, in

the absence of such Information, it would be unreasonable to expéat

competition effects ’tb bé simpie‘ functions of competitor ratios, and
this would reduce the chanhce to make accurate predictions about the
maghitude and dTr‘-e_c‘:tiori of agmpetition e‘Ffec.tsL K |

In Chaptér 2:,' re_mov_al experiments wefe..cond_uc‘t-ed on relatively
undiéturbed, quT'Ii'br'Ium_ populations of Antechinus, _-l'dea.ily, species
reduction or enhancement éxper'iment-s_shou{'c.i also be cvonducted on

such populations, and have predictable effects. Thus, teductioh of

the -numbers of one species of Antechinus should Tlicrease the

'availability of mutually limiting resources, and reduce the intensity of
interspecific competiti'on. in contrast, enhancement of the numbevé of
one species should  intensify the shortage of such resources and
exacerbate interspecific competition. In this c-Ewap'Eer, the effects of
reducing and -enhan.cing_ the humbers of A, swafnsonﬁ on the
Populations and resource use of A. stuartii are described. Except
for time (peri. “icity of activity}, home rande area and overlap, the

resources used and population parameters are the same as those
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considered in Chapter 2. The experiments were performed between

Jonuary 1900 and November 1881,

3.3 EXPERIMENTAL DESIGN

Ideatly, the design for these experiments would have been the
same as thot used in Chapler 2, extepl that 1.hq nu}nbers of species A
would be reduced (or enhanced) and not completely removed. Two
factors provented the use of this design. First, ‘c-hé- de_?:imation of :
the Antechinus popillation in the control enclosura ¢1 (and In source
area sites) meant that this enclosure had to be abandoned, Second ;
as trapping in._ the exparimen'_ta.l. enclosures continued i ‘19?9,‘_ it
became obvious thal the creeks se_paraﬂng E1 frr::fn E2 and E3 ﬂ*c:am' E4
were no longer acting as effective barriers to Antechinus moverments.

(The numbers of individuals = cressing the = creeks increased '- )

particularvly towards the end of 1979 C‘Tabi_és 2.7 and 2.2), probably

berause a prolonged dpy spe!I'(Fig... 2.2) reduced water fl:o"w in the

creeks 1o a level at which crossings could be made). Consequently,

enclosures E1 and E2 had to be considered together as & single large
enclosure {3.45 ha) and E3 and E4 as ancther (&43 Ra). No further
attempts were made 1o I<eeé debi*.-is out of the creeks Tlowing through
these enclosures, |

Simple experiments using only two enclosures are shown in Fig.

AL T B e g
T e e o P S N R R E R R ma st s e

3.1, with the rectangles reppesenting efiglosuras containing both

species of Antechinus, In the experimental enclosure In 1980, some

A. swalnsonii were removed so that its numbers were low relative to

oy b i A AT
pEFTERrY PRSI EEE L S T

those of A, stuartii, whereas In 1981 A. swainsonil was reihtroduted
to make it the more abundant of the two species. (| stress that no

attempt was made to maintain a constant iatio of the numbers of one
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species to  the other, -eis implied in" Fig. 3.1. | aliempted to
manipulate the numbers of A. swalnsonii so that they Qvere’ relatively -
jow or relatively high compared to the numbers of gi stuartii). In
the control enclosure the numbers of the two species were similar in
both years. In 1980 the reduction of A. swainsonil numbers was
oxpecied lo  reduce competilion on  A. stuartli and produce
#mﬁictable, expansive shifts in the population parameters and
rasource use of this species, b.ut in 1981 the increase in A. .
gwainsenti numbers was -éxbectted to revérse'.these shifts.  For -
canvenience, gnclosures Bl and E2 of Chaptt_a.r* 2 were combihed and
used as the "new! eﬁc;ﬁefihaen‘t-al.en.cl'ésure,' whereas enclosures E3 and
E9 were cbmbinéd and used as the 'new" control enclostire,
Henceforth, the control and experimental enclosures will be designated

C and E respectively, and the suffix 80 or 81 will be used fio

designate the year. (For example, C80 will refer to the control

enclosure in 1980; E80 fo the experimental enclosure in 1980 when
the numbers of A, stuarti] weré high - relative to those of g.
swainsonii), |

IT niche shifts are observed in & stuartii in the experimental
'enclo.sur-e;. it may be reasor‘iable.to infer thai: they have beén caused
by changes In the numbers of A, swain.sonii, and hence to changes in
the amount of interspecific competilion, Unlike the design of Chapter
2, however, the inference here cannot be critically tested by
returning A. swainsonil numbers to hor‘mal', cantrol levels due to the
lack of a third enclosure. Nevertheless, confidence may be gained in
the interpretation of competition by simultanecusly comparing the
effects. of relatively high, low and "medium" (control) numbers of A,
gwalnsonii on A. stuartli, and by showing ihat the eff’écts vary in

consistent and predictable ways.
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3.3 METHODS

3.3.1 Methads 'fo_yj assessment of popula.t.ion paré.meters and
-pai:ter.n-s of resogurce use.

Except where stated helow, thé 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 four
days a month every month except in January 1980 and 1981 and
between July and September in .b'oth years, In January, _'tr*ap.p_in.g._
was conducted Tor four days in the first half cuf the maonth and for a. |
further four days in the second half of the month. B'efweérfi July and
Septemher, adthioné.f, irregular *._ttfap.piin'g_ was. -cqndi..tc.ted; for up to
seven days in each month to obtain information on the timing of

reproductive events. [n 1980 two traps were set at every grid trap

station, but in 1981 this practice was continued only at trap stations

focated in dense, creek vegetation. All grid traps were checked
twice daily, once near dawn and once near dusk. No pitfal'l.iraps
were set for Antechinus, "grouhd 'level haw éémpliﬁg tubes Qere ﬁot
set, no head-body measurements were taken, énd jgle] 24-:hour_trapping

was conducted to investigate periodicity of activity.

3.3.2 Treatment of data.

Ostensibly, the experimental design allows a separate comparison

 to be made of control versus experimental populations in 1980 and in

1981, using appropriate one-tailed, two-sample tests. However,

although statistically legitimate, such comparisons do not Use all of

* the biological information that is available. Hence, although it is of

interest to compare the effects on A. stuarlii of A. swainsonii
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reductmn versus na reduction {contral) in 1980, and the effects of A,

swainsonii enharicement Versus no enhancement (contral) in 1981, it is

of still greater mter'est fo compare both controls and experimentals
simultaneously. Such a comparison is obviously unbalanced, however,
and it Intr‘oduc_es the com“u_smg-effects of betw-een-year-'difference“s in
addition to the drfferent enc[osure and treatment effects that already
exist. Neverlhe!ess, it may be argued that between-yeat effects
cauld not be detected at all if separate compamsons were made in 1980 .
and in 198'{ and  such effects may subsequently be helpful in..
interpre‘ting particular resutts -Hence, only 4-sample compar:sons
(c8o, c81, EBO and E8'1) are considered below.

To assess whether differences existed betWeen populations, Mode[
1 ANOVAs and G-fests were used, as descmbed in section 2.4.6.
Planned comparisons jnvolved foup popii-jatio.h's_,. and the appropriate

null hypothesis, for A. stuartii, is stated as Tollows:

I-{-0 i | E80 = p (CBO and CBY) = M E8T

where | is the parameter mean of the pOpUlatIan

In normal cur-cumstances appropriate orthogonal compamsons for a
t.wo~expemm._ental,- two~control design would be i) '(C1 and cra) vs p.
(E1 and E2), 1) p Gl vs p C2 and i) p E1 vs EE, wzth 3
degrees of fnéedom (Chéw 1976). Since the expernments in wie and’
E31 were expected to have different consequences, however, it would
be illogical to combine them as in i) abové. There are, instead, two
biU]Ogica[ly interesting (and statistically legitimate) planned tests:

M E80 =y (C80 and C81) coans (1)
Y E8T = p (C80 and c81) ceaes (2)
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unexpected'lf.ﬁnpiénned} differen«:esﬂ.bemean means wers detectsd
by the S{udent-i\iewmén—i_i-eu§s {SNK} tégt, |

Te summarisé_‘the -résuits of ANOVAS énd the pi-é.rmed 'écmpas‘“ﬁs-:n
tests, the fo‘liowi:_ng notation s used: Fo denotes .the F ratio for the

cverail ANGOVA,; F the . F ratio for the planned compariscn {1

K]

pl
ahove, and {-'p-z the F ratio for the pianned comparison (2} above.

As before, sample means that were not significantly different ars
undsifined, and the numerical values Yor mean, standard deviation
and sample size are shown in the daia summary. Eguivalent notation

is used to distinguish'_ overail and planned G-tests,

3,4 RESULTS
3.4.1 Effectiveness of the reduction and enhancement

experiments

At the end of 1979, both species of Antechinus were present in
the ccﬁtrol ahd experimentél'an:cl-os-@r‘esA In the contrel enclosure; A.
stuartii established Itself after its r-eintrgduétioﬁ in. Aprit ‘ES?é; and
by early 1954, a.fter._'_. breading successfully, the .-numbetj_s of the two.
species there '.Wer‘e”similar (Fig. _3‘2). The numbers of the.-'tx\fo
species 'remaihed similar thr‘ouéhout the per‘iods February-Jduly 1530
and 1981, and no removals or additions of A. swainsonil were
necessary, The numbers of both species were considerably lower in
1981 than in 1980,

In the experimental enclosure, A. swainsonil 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 _g stuartii (Fig, 3.2). Between .February a'rjd |

July 1880, the numbers of A. swainsonii were between 13% and 21% of

the numbers of A. M: and no further mampuiatlons of the

numbers of the former species were made ln the experimental |

enclosure in 1981, it. was necessary to increase the numbers of A.
swainsonii  relative to. those of A. s‘tuart.'ii. The numbers of 5..
stuartii in thls enclosure declined between 1980 and 1981, and A.
swainsonil was increased by adding 6 md;vnduals in ear!y January, 4
in late January, § in Febrvary, and 4 in March No further
addit:ons wefe made, and be{\véen_' February and Julv 198’1 the
numbers of A swainsonii \&er‘e 38-56% greater than those of Al
stuartii (Fig. 3.2). | _

In contrast to the experiments of Ch'épter 2, red"uctions"and
enhancements of A. swainsonii numbers were refatively unaffected by
the comings and goings of mdn\ndL]als that were extraneous to the
enclosures. No more than five such individuals were recorded on the
trap Hnes. in any mo’h‘t’h,’ ‘and 'since 'théy did “not upset the ratio of
bne species to the other, they were not removed. Because the two
species  breed at  different times"and:the young _appear" in the
trappable popul.at‘lon up to two months apai"t, consistent differ:*ences in
the numbers of one species to the other could be maintained only
betwesn February ahd July. 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 exﬁhance_'ment of A. swainsonii

numbers on the population parameters of _)g'.' stq;—i-r-tii_
3.4.2.1 Population numbers and composition

The population -number‘s. of A. stuartii fluc;:t.l._latec.i' syn‘éhmnously
in both 'enclo?su.res in.."l"QIBO. and 1981 (Fig. 3.3a);_. _ NuhﬁSer'_s were
fowest 'between Se'ptember ana Déacember each .-yeat'*'when only'."femaies
1 yr old were present, and highes‘t_l.ﬁsuall.y betwesn February'énd
April when juveniles were present. |

-Comparisons_ between the enclosures _f-be'twéen February and ::July_.
showed _-that. the ‘population in E‘SQ "*’?5 .cons'is"_cen'tly largér than amf
other population,. whereas that ln E81 .W.a,s .cbns_istently smallar (Fi'-g.
3.33). The popuia't:iqn in__E_SO::Was never - less -_’t_han 91% larger than
that in E81 (May), and in '.Febr'uar‘y it was 183% .lér‘ger"-. E_etween-year'

differences were also found in the A. stuartii popufation in the

control enclosure, bl_it_'- 'the$é varied between onif/_ 6% (July)'and 38%

(February)., In .198'0 ’the'popuijafion in ‘thée}(pel*iheh‘tal enclosure was
always 5-44% _lgr'ea*trer than that in’ ‘the..con__tzrol, and in 1987 the
popu]ati_t;n in ‘the experimental e.n_'clésure- was a|Ways 19-89% less th'an'
that in the c.ontfol. S’tatis’tically. sigﬁiﬁcanf differences Were fo_u_n:d
oply in planhed (1d.f.) comparisons of (€80 and C81) vs E80 in
February .(G = 4,94, P <-0.05), March (G = 4.3’1', P < 0.05.) and April
(G = 3.88, P ¢ -0.05)-.. | Planned male versus female comp.ar'i__s_ons for
these months r"e.Vealed.. no.'significant differencas, sugg.es'ting that
neither sex contributed dispr‘*oportionateiy to the relatively large
population of E80. _

These findings Suggest that when the numbers of A. swaihsonii

were  redyuced (1980), the population of A. stuartii predictably




increased; when the numbers of A,

population of A. stuartii predictably. declined. (The decline was not,

however, statistically significant). Although A. stuartii populations

declined in both enclosures between 1980 and 19871, the decline was

much greater in the eX’Pe'PimentaI than in the control enclosyrs.

3.4.2.2 Supvival

Minimum sessional survival rates of A. stuarti]
“more or less synchronously in both years (F|g 3.3b). Low survwal_

males, but survival rates of 60-100% were - recorded for all other_‘

months.

.evident effect on “the overall sur\/WaI of A. stuartii,
statlstfcally 5|gntf|cani overall or planned d;ﬁ“erances were detected m.
any month {or combination of months) between February and July of
either vear. The sur‘vnvai rates of males, females <iyr and females

Xyr old wet"e aiso Slml|al“ between enclosures in boih years (Tables

Considering females alone, however, survival in June in 080 was less
than in €81 (Flsher‘ exact probability tesL P ~0.02).

The survival of pouch and nestling A. sluartii 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 £80 (G =
4,35, 1d.f., P <. 0.05), and al.so less than in the control enclosure
when resylts for 1980 and 18871 were combined (G 3.87, 1d.f., P <
0.05) (Table 3.4b). |

swainsonii were enhanced, the

aga[n fluc:tuated '

(22~57%) always ocourred in August clue to the disappearance of alt:

Reducing and enhancing' 'th_e numbers of A. swainsonii had litt[e_;_.

and no

3.1, 8.2 and 3.3), and again, no .significant ‘differences were found.
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Despite between-year differences in survival .(e.g..-.Tab]e '3,413)

these results suggest that newly weaned individuals survive jess well

when A. swainsonii numbers are high than when they are low. [n
contrast, manipulation of A. swainsonii numbers had no efféc‘t 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 'Dece'n_ﬁ_bef'*, when sample sizes
were small, ’tra‘ppability_of A. stuartii was ué_ually '90—100%_-_('Fi§.
3.3c). Monthly '_'comparisdﬁs_.of all _i_h_d'ivid‘uals '.and of malés .an'd
females failed ‘to-. ..detect -.any statistically significant differenéés, 5_”'_‘d
suggested that .reduction .an'd enha_ncément of tlﬁe numbers 'of .:g.

swainsonii had no effect on ﬂ stuartii trappability. '

3.4.2.4 Reproduction )
Reproductive events in g S'tua'r;tii securred at about f.he sé]ﬁe
time as in previous years, althou:g.h they may have oc_c:l..n.“.{“'ed slightly
earlier in 1981 than in 1980 (Table 3.5). However, the differences

were of the order of only 3-4 days, and were not associated with

- manipulations of the numbers of A. swainsenii. (It should be noted,

however,  that breeding occurred outside - of the mtﬁn'ths
February-July, when ratios of the numbers of A. swainsonil to A.
stuartii w‘ere.maintained)-.. All males disappeared by early September
each year, and females gave birth in the last 11 days of September
after a preghancy of 4-5 weeks. Young were carried in the patich

for about 5 Wéeks but coniinued o be suckied for a further two
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menths. lhdePethHt young began 0 appear in traps at about three

- months of age,

3.4.2.5 Movements
Because morning and evening trap rounds were COﬂd;JCted it.
was possnble to calculate movements between ir‘aps that occur‘r'ed in -
the daytime and at night. These calculations showed that night-time.
movements were almost always g‘réater than daylime movemenis
(compare Tables 3.8 and 3.7). The mo\/ements of males and femaleg
were genherally comparable, ~and -there 'was I:’Ltle e\/ldence that
movements mcreased in erther sex throughout the pemod February ta
July {Tables 3.6 and 3.7).
Comparisons. between the enclosures r'eve-lled seVeI"al statlstlcally_. :
szgmﬂcant pianned dlfferences in movements (Tables 3.6 and 3. 7). _ i
1) The hight-time movements of females were less in  E8O
between I‘ebruary and April and between May and July than
{n C80¢ and C81.

2) In contrast; the daytime movements of females between

February and April were least in £87.

3) .Be‘l.';Ween May and July, the dayti[ﬁe_movement_s of females,
and of ‘males and females together, were less in E80 than in
C80 and ca1.
in summary, reduatfons in the numbers of A swainsonji
generally reduced the movements of A. stuartn, especially of females,

whereas enhancement had fittle consistent eﬂ'ect




143.

3.4.2.6 Body size

Body weight: - BetWeen Februar-y and July the body \NEIthS of'

male A stuartu generally mcreased (Tab!e 3.8), whereas those of

females <1yr- old remamed_more or |ess constan“t (Tab!e 3.9),

Statistically mgmflcam planned d|ﬁ’erences were evident in se\reral-

months, and may be summarlsed as follows

1) - Males weighed less in March and May in E80 than in any

other enclosure,

2) Maies weighed  more in June in E8T than in any other

enclosure,

3) Fema[es <']yr old welghed !ess in .June in EBO than in any

other enclosure

The results show ;tha't reduction of the numbers of A swai-nsorji'i '

reduced the body 'weig'hts'...of male énc.j' femele A. S'I:U'entil in some
months, whereas enhancement lncreased I:he bod\/ welghts of ma!e A
stuartn in one month only | _ |

The sample sizes of females >1yr old were small (Table 3.10),

and no statistical comparisons were made.

3.4.3 Effects of the reduction and enhancement of A.

swainsonil humbers on the resource use of A. stuartil .

3. 4 8 ‘I Arboreal habltat

Antechinus s’tuar-'tu was active In irees throughout the - year in

both the control and experimental enclosures (Fig. 3.4). Between
February and July, - there were several statistically significant

differences between enclosures. Overall differefces were detected in
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Way (G = 12.69, 3d.f., P « 0.01) and June (G. = 9.56, 3d.f., P
0.05), and were dué_ '_to the reiatiﬁely' low arboreal a:;':tl'vi'ty in the
experimental enclosure in 1980 (Fi__é;'.. 3.4), After :comb.irﬂng the
“months Féb‘ruary to April, ..ar‘bor’eal .act[v_its./ was |655  in EB0 than in -
C80 and C81 together (G = 4.25; 1d-.fﬂ,_"F.>. < 0.05),- but thér‘e was no
difference in the comparison of E81 vs (C80 and €81) (G = "1.51,
‘I_d.f.;.P n.s.). Af*tér combining the months May to July, arboreal
ac{fvity was very mQ‘bh less in €80 than in CB80 and C81 together (G =
24.11, 1d.f., P < 0.001), but again the planned ébfnparison of E81 vs
(C80 and C81) was not significant (G = 0.74, 1d.f., P n.s.). o
'Théasé __:t_“_e_.éults -é.how that 'tt:w"e af;bor‘eal activity of A. stuartil ‘was

reduced Wﬁén.the humbers of A. SWain_sonii were reduced, but was
relatively - unaffected when the numbers of Al swai'r.l-'s:c.mi'i were

enhariced.

|
| ‘ 3..4.. 3.2 T‘erres_’cm‘all h.a.bl’ta“c' (sitr}.rc:'tuha.l habitat complexity) TN +
As before (seé section 2.5.4.2), A. stu.értii was captured most
frequently at sites offering some structural habitat comple.ki':ty (Table - B g
3.711). Com;ﬁarisons-of the terrestria_ll habitat use of . A. stuartii
befween enciosures a.r'.e s'.hown in. Ta.bie 3.11, but they_ may be.
: ' ' .

summarised as follaws:

1) February-April. The habitat used by A. stuartii in ES0
was structurally moré_cdrﬁplex than that used in any other.
enclosure. The comparisen of E81 vs {(C80 and C81). was
not significant. Females >1yr old consistent!y used sites
offeri‘hQ gr:-eater S.H.C. .’chan either males or females <’l$}r
old, .and the relatively large number of these older females
in 'éSO contributed to the significant sex x enciosure”

comparison.
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2) | May-July. Thehe Were nt; sex .differenc:es_ in the use of
'5.H.C. by E'. stuartii with.i.h 'énclé'sures,' Bu't différ‘ence‘s'
existed in-‘the overall use of S;__H'.C. between én'c:'l'osu.r_‘es...
The betwgen-ehé]osure c;orhpar-i-so_ns s_ho.'w.éd that _A_ stUar_tIiiI e
was capt_u_red in more é.o_n‘.lpl.ex':habi‘tat' in EBO ‘l:han_"in c80
and C8&1, .but'_i.ri _Iess_éoméacex habitat in E81 - _ ) |

The results = show that A. stuartii ge_riél"'.ally used structurally
more complex -.ha.bi‘taf. when 'f_t_h'e ﬂumbefs of _g\_'. s»yainsonii_-_wezfe Jow

'(ESO)',. but (in the'--_]ﬁ_erio.d M‘éwduly- only) -lstruct_uraily _Ieéﬁ' comg:i-léx

habitat when A. swainsonii humbers_"were__hiéh (E8T). -

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 generafly found most
fr_equehtly, but 'Amph.i'_poda, : Lépfiddpt’efa ~and - other  types of
invertebrates cccurfed. spor_a_diéally. “The ye-rtebr_ate remains ap;ﬁear‘ed
to be those of ._skin.ks (Léfb-]ogi’_'sma "spp.).)',.'.whet‘é.afs the _Hair was '-that |
of A. stuartii. The pl_-a'nt. material was' identified as the seeds and

~ soft, mauve-staining tissues of Blackberry ( Rubus fruiticosus).

Berries were ingested l'a_i"gely in Ma_ar_ch' after they had Hpenéd -and
- Tallen to the ground. | |

Comparisons between the enclosures showed that:

1) The .types of prey eaten by A. stuar‘tii' in E80 differed
overall from 'those. eaten in .CBO and €81, but there was no
difference_in the comparison of E81 ws (C80 and C81).

Parfitibn-Ing G showed ‘that A. stuartii in E80 ate
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propoertionally more . Amphipoda (G(Td ’F. y = 5.46, P £ 0;05).,
more larvae (G('%d,f..) = 10.40, P < 0.01) and less Aranea

(G('ld.f.) = 4,87, P < 0.05) than in CB80 and C81 together,

2)  Prey type diversity was greatest in E80 and least in ES1.
This was due largely to the difference in the numbers of
prey types re_pr--ese;nted (21 In EB0 and 18 in EBT), and

apparently not to differences in the evenness with which

prey types were represented in the diels (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'assigned to a sté"c;Iass (Table
3.12b). Most prey were 1-12.5 mm long, although a few were 320 mm

' Jong (Table s.j_éb). | |

Compariséhs between the enclosures sﬁdWEd that:

1 Prey sizes d‘lffefed overall betWeen th‘e. -enclosures.

Howevér, the differenéé:s_' were between C80 ahd Cce1

(G(Sd £y T 15.35, P < .0.0'l)_ and between c8t and EST

(Clea.ry = 14.97, P < 0.05) but not between E80 and E8 ‘

(G(Sd £y = 8.38, 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 C80 than in G81
m("ld.ﬁ) = 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 = 7.63, P < 0.01).

(1d.f.)
2) Prey size diversity was greatest in E80 and least in CB1.

This difference presumably arose because more prey size
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classes were represénted in the diets of As -.stgga___x_*f_t_i-‘a. in E80

than in the other enclosures, and because the evenness of

r-fepr"e:sen'taﬁoh of prey size claés.es in C81 was relatjvely low
(Table 8.12b). o

In summary, “the reduction in.the numbers of _A. swaih'sbni.ii _wasf.
followed by am  increase in  the .pt‘d_portion._pf 'terre-s't-r?ia!?p:rfey'_
(Amphiﬁoda, larvae) eaten by A. stuaf'ti.i, The dijversity of types
and sizes of prey in ihe di‘ef}.df the smaller speacles al-sc_i incr‘ease.d.
In contrast, enhancement of the numbers of A, swa_i_r_jéonﬁ- had little

evident effect on the diet of A. stuartii.

3.5 DISCUSSION

Reductions In the numbers of A, swainsonii were expected to
produce shifts in the population parameters and patierns of resource ,
use of A. stuarti] that were simifar in dire;tion bul less in magnItude- _ o | -:.‘
to those praduced by {hé'remO'vaI of A, sWain_s_onii (see Ch.ap‘ter‘ 2)..

in contrast, = enhancement of the numbers of A. swalnsonii ‘was

expected to produce reci_pm.ca'l shifts. Compa'rison_éf_ T‘ablels_ 2,23 and
3.13 show that these expsctations were '1a1*ga1y'_(bm: nqt complete_i_y)'
borne. out, ar:i'd- lend .St:rong support {;ﬁ."fthe con'clusioh of-'. Cha‘pté.ﬁ 2
that A. stuartii s affected -adver‘se[.y by competition from A.
swainsopii. Much of the discussion of Chaptér 2 is applicable also to
the results of the presént- chapter, so here | only discuss some of the
problems associated  with 'th_e' experimental | design, unexpected
findings, and some of the biclogical consequences of reducing and
increasing competitor numbers.

A restriction of conducting cornpetitor'r-educt'ion and enhancement

experiments on Antechinus is ‘that they can be effective for only
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those manths (February to July) when juveniles of hoth species are
present and trappable. In other months, only small numbers of:
preghant or lactaling females are present, and these are difficult to
manipulate. Thi's restriction was not parlicularly seprious, however,.
because it included some of ihe winter maonths - when interépecific
competition was eXpecled to be most intense (Chapter 4). Pravious
a‘ttem.pts. at varying the numbers of one competitor species to another
have usually been conducted over periods of only a Tew days (e.g.
Price 1978).

Only two enclosures were avallable in 1980 and 1931, so only two
approaches to manipulating competitor numbers were possible, These
x\}'et‘é 1) to compare control versus experimenta‘l manipulatiohs ih- the
- same enclosure at different times, and 2) to compare control versus
experimental manilpulations in different enclosures at the same time,
The -first approach controls for between~enclosure differences, 1
whereas the second app‘r‘o‘ach. eliminates temporal (seasonal or annual)

differences (see Grant 1972b), Since previous experience (Chapter

2) suggesied that between-enclosure differences shauld be minimal,

~ the second approach, controlling for between-year differences, was
the one.tha‘t was ﬁsed here,

The advantages of using the second approach became apparent
between 1880 and 1981, when populations of both species of
Antechinus in the control enclosure declined (Flg. 3.2). The decline
was accompanied by an increase in the severity of a drought (Fig.
2.2), and by a decrease in the abundance of invertebrate food
(Chapter 4). The decline in Antechinus numbers could have
influenced the results of the experiments in two ways. First; the

frequencies of interspecific contacts in, low density, '"rarefied"




- — e ———

148,

populations would be less than in dense ones, and any resultant
competitive effects wau!d thus be difficult Lo detect, - - Second, such

effects would. be still more difficult to detecL by statustlcal anal yses

due to the mevi’cably small sample sizes -o__bt-alned fro_m these

populations. A further difficulty with Tnterpre‘cation of the results is -
that, although the popuiat:on densities of_tw:a .spec'i.es and the

frequencies of interspecific contacts hetween theiur- consti'ﬁueh't

individuals are usually positively correlated (Terman 1978, Glass and ’
Slade 1880), the behaviour of individuals can vary unpredictably at

different densities (Lomnicki 1978, Tayler and Taylor 1978, Cohen et

al. 1980 .and papers therein). The results of the present chapter

‘showed that enhanc':i:ﬁ_g the numbers of A. swainsonil generally had

less measuféble_'-effe.ct on -the A. stuartii _popﬁlaticins than had the
carresponding reductions of A. swainsonii humbers. _-Be_éause o_f.:th.e |
overall decline in -,__A__hietthinus_' numbers. ‘ti;urou'ghou_t the _-sfu.dvf | j
however, i is not clear wﬁét’lwer compé’ci'tor -en_hahcem'en't" aétually_ o

fafled  to Tntepsif'y_;'E'n'tersp'.ec'iﬂc competition, or -'whether this simp[y_

could not be detected, | | :

Reductions in the numbers of A. swainsonii were followed by a

predictable increase in the numbers of A. stuartii, and by predictable
shifts in the arboreal activity, habitat use and diet of the latter
species.  There is, ~however, one interesting question: Why,
contrary to the findings of Chapter 2, did movements of A. stuartii
decrease when A, swainsonil numbers were reduced? The most
attractive explanation is that removal of some A. swainsonii allowed A.
stuartii access to additional terrestrial sources of food, but still
Curtajled extensive  ground-level foraging movements. This

explanation js supported by the decreased arboreal activity of A.
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stuartii in E80, and by the finding that this species ate more
terrestrial inveriebrates (Amphipada, larvae) when A. swainsonii
numbers were reduced.,

If reducing the numbers of A. swainsoﬁii ihcreased the food
available to A. stuartii, why did the mean body w.eigh.t§ of the latter
species decrease in some months in this situation (section 3.4.2,6)7
This thorny pr‘c‘b{em was tackled in Ch-apter 2, where l,su.Qge_stéd
that, contrary to expecl:ation, intraspecific interference effects arié’i’ng
in unusually high density populations could actually reduce food
intake. The problem is now considered further in the light of fresh
evidence.

While clearing traps in’ the mornings and evenings, it became
obvious that A. stuartii was cohsiderably more active by day in E80
than in any ot_h_ér enclosure, especially in the'wiﬁteﬁmonths (Table . o
3.14). This finding was unexpected, since no shifts in  the
periodicity of activity of 3_ stuartii were de'.tected. 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 H
lavel, whereés-in the complete absence of co‘m'pet-i'tor‘\ individuals it is
maximised by ma-i_ntaining a normal, nocturnal aﬁ't-ivity pattern, but
maving morel at ground level. However, this exp[ana'tibn 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 A. stuartii was
actually short of food. In addition to the reduced mean body weights

of this spectes in E80, it was noticed that individuals in this
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enclosure lost more weight in the course of {he four day--_trappfng
sessions than in any other enclosure. _Mo.reovar} the-ﬁqagmtude of
the.weighf‘fc los-;es in ESO .apbeared to co..ii“\;:id.e .\:Mith tevels of diurnai
activity. — Average 'weight.'losses of females éépture_d- three_. ol 'mc_;r-'e'
~ times in each _monthlig trapping sessio__n' i.n-;_"-ESO were .__'0_059'_':'
(Febmary), ~0.08g -(N;a_rch)_, ;0.569 (April), "-__ii.,Oo_g_(May)‘-;__fd.ri?--g.
{June) and =0.77g (July). These.ivei_ght losses wére correlated with
the pmpm*t'ionS_O'F davtime captures of females in thesé. mon-t'l?.é
(rlag.sy = ~0.84, P < 0.08), éprres'pidnding:'Weigh“t.-!ossés_of males
~were _+o_.0’7'g._'(Febnu.ary),: -0.25g (March), -1.25g (April), 1.57g
(May), "O.ASé.g (J_u.ne) and -0.86g (_JLIIY), Whié:’h were almost _cor'r‘él_a-ted' |
With the proportions . of d?a:y'timé 'captu'r'es 01"'.. males m ‘ch-esé moﬁ_ths
(r‘(éld.f.) = ~0.76, P < 0.7). It is reasonable to suggest that, as
individuals lost weight, their need to find food increased and resulted
in unusually -high daytime activity, It is irrelevant whether trapping
_._providéd a - true .indication af diur“rﬂal éct'ivi'ty --i.n Al -__S'h..ia.r'l':i'l., C?_l“..
whether stch é3ctiv_i‘ty' incre_a.s.ed bécausestrappéd individuéls_weké :
'dep'r*i_ved af fhei’r‘-_-natura_-lr_ invs'rftebra'ﬁe_food_': bec.aLUSe c:o_t_"relati.c'_ms' of'_.
~weight losses and".diumal activ'it.y were .r‘er;o._r‘d.e'd. 'onl'y_..-']n EBO_,"'food'
was presumably 1’&55 a'bunda'nt, or -less available, in: this’ én..c:]c}sure
than in any_oth.el;‘..

So far-,. ‘th-e c_iiscus.sion lhas p"rbvide'd .érgu_ments_‘thét fead to two
quite different conclusions. On the one hand | proposed that
reducing the numbers of A. swai'nsonii“s_.houlcﬁ' increase the f’ood.
availabhle to _& stuartii, while an the ofher 1 .suggested that the
decreased body. weights and _asééciatéd increases m Idiu_r'-na] activity_

were due to a decrease in available food. How are these conclusions




to be reconciled? Other findings (shifts jn diet, arboreal activity and

terrestrial habiltat use) sUggest thaL reduction of the numbers of A

swainsonil does  indeed aHow A stuartii access to additional,

4

terrestrial sources of food, while in Chapter 4 it is shown that there

were no detectable dtffer‘ences in overall food abundance between the

gnclosures in 1.980 or 1981, Sincsa the numbers of A stuartii in ES0

were considerably greater than N C80 or C81, it seems reasonable 1o
. cotriclude '_that:_ individual AL stuarin interfered with one another in.'
gaining -access to food, even though that food did not appear to be.
imiting., A pomt in suppor"c of thls conclusion is that Iarge average |
~monthly welght losses and mcreased d|urnal aci:lwty in A stuartii
occurred only after March, when levels af agomstic_ behaviour.'
increase and the soci'_af structure of the population beg‘:i.ﬁs 1o break
down (Chapter 4)

How does the exjstence of 1ntraepec1T|c lnter"fel"ence mﬂuence Lhe.

-1nterpr'etat|on of competltton betweaen A. stuasrtii and A. swainsonii?

In E81, where the competitive effects of 5 swainsonii on A. stuartii

were . expected te be most l"n:tense, the numbers and surv1va[ of
newly-weaned A. stuar‘tn were relatively low. Daytime movements of
females v'ver'e'--. curtailed petween February and April,’._ and  the
terrestrial habitat used by bot-h sexes between May and J.uly was less
COmpIex than that used in CB80 and Cc81. Assummg that, er*asPecmc
mter‘ference effects were no greater in E8'i than in €80 and C81 (1h|s
is reasonabie in view of the Iow numhers of A stuartii in E81), these
effects  wera presumably due to increased competition from the
enhanced numbers of A. swainsonii. In contrest, the reciprocal
effects observed in ES8Q when _;3 ewainsonii numbers were reduced

were presumably due to decreased interspecific competition.
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‘Since most niche shifts in A s’tuartn may | be exPiarned by shifts
in the mLenslty of mLer‘spechlc compe‘utmn, decr'eased body welghts
and increased d!umal actt\/lty were probabiy the onty consequences of -
intraspecific -competntmn_. Moreover, since such lntraspemflc 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 support the tentative conclusions of Chapter 2.

3.6 SUMMARY

An investigation was made of the effects of reducing aﬁd‘
enhancing the numbers of A. _s.w_éinson_ii_ oh the population parameters
and .reéour‘ce’ use. e'r AL stuarfti'i_!.'. Popuilations of.thé.t.w'o spéefes wer'e...
.observed . tn two .'eeclosures '(con’tro.i andeXperlmentai) betWeen
February and duly. in 1980 and 198’! In the contro! enclosure, 'l:h‘e o
numbefs of both specues wepe 5|m|!ar in bcﬂ.h years, whereas in the -
exp_e_r‘lmenta-l--enclosu_re- the numbers of- A, sWamsonn Were_-redueed
relative to A. stuartii in 1980 bui‘. lncr‘eased in 1981. 'Redu::;tion ih.._'
‘Ehé numbere of A. swainsonii was expected to ailev:ate Lhe effects of
-tnterspecific Corﬁeetmon on A, stuartu, whereas enhanc.emen{ was
eXpected to exacerbate these effects.

When the numbers of A. swainsonii were reduced, the numbers
of A. stuartii increased. Individuals generally used structUr‘ally more
complex habitat and moved less al ground lével, and a decline in
arboreal activity was associated with an increase in the proportion of
terrestrial invertebrates (Amphipoda and larvae) in the diet. These
effects were generally consistent with the interpretation that

interspecific competition. had been reduced, and suggested that the




reduction of A. swainsonii allowed the smaller species access to
terrestrial 'sou'r‘c_es of food.  An .apparently incdn.-_s.isten*t effect .was
that body weights of A. stuartii decreased in some months. There
was some evidence that this was due to mcr‘eased mLerference among
A. stuart|1 lndl\nduafs in obiaanmg access, to Toad, eve‘n__ tho‘ugh food
did not appear‘ To be limiting. B | )

When t_he numbers _of_ A. swainsonii were enhanced the numbers_
and survival .of. A stuertiu decreased (aILhough the decrease _i.n'
‘humbers  was no‘t: statlstqcally mgmﬂcant). indl\nduals | used
structurally less complex habitat in some months (Nlay to July), and
the daytime movements cn" females were curtatled between Febr‘uary:r
and April. These effects'suggested that competltlon from _A_..
swainsonii had been increased. The single effect that conflicted with
this interpretation was an - lncrease in the mean body weight OF male
A. stuartii tha‘t occurred in June 1981.

Although manipulations of the numbers of A. swainsonii had
predictabie effects on A. stuartii, the affects o_f:heductio_n were
generally stronger and more 'cozﬁsisfen't 'I:ha.n' those of enhenceme_ht:. .
The investigation of enhancement uged relatively small and "rarified"
populations of .A 's-tuartii and A. SWamsonll, s0 1ha‘c Trequenctes oI'
interspecific contacts, and hence compethIVe el‘fec’cs on A .stuar‘tn,
may have been difficult to detecL

Changes 'in the in'tensi‘lzy of interspeciﬂc ‘competition, produced
bY the reduction  and enhancement experiments, had largely
pr‘edlctable effects on. populatlon parameters and resource Use of A.
stuartii, and hence ‘support the conclusions of Chapter 2. | Problems
that arose in the i.n*cerpi*e’ta”tion of these experimen'tjs cohcerned 'the
nature of the resource for whféh competition occur.s, and this is

Considered in the next two chapters.
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terrestrial sour‘ces. of food. AR appéhahﬂ.v i-ncohsistent effect was
that body weights of A. stuartii dec:t‘-'easec.!_. in some months. There
was some evidence that this was due. fo increased inteﬁference among
A. stuartii Individuals in obtaining access to food, even though food

When the humb_e,r_'s- of A. swainsonii were enhanced, the n_umb_efs :
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the daytime movements of females were curtailed between February
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swainsonif'h‘.ad béen in'c.r*eased::; The single effect th__af conflicted with
this interﬁré.fation was -an Thcreasé in the'mean body weight of male
A. stuartii that occurred in June 1981. | ”

Although manipulations of the numbers of A. swah.jsornﬁ had
predictab]é. effeéts_ on. A. stuartii, the effects of reduction were
generally stronger and _.méa:re_consis_tent thah‘-f_h.ose of anhancemer_ﬁt;'.
The investigation'of‘ énﬁahcement "u;sed 'rela‘cf\ké_ly small and. iharifiedt
populations of g._ éfuarﬁi and A. sﬁaihSon?:[;' so that freqhencies of
interspeciﬂc.c.:ontacts, and hence competitive effects on _f{ stuartii,
may have peen difficult to detect.

Changes in the intensity of inter_specific competition, produced
by the reduction and enhancement ‘éxperime__nts, had largely
Predictable effects on population parameters and resource use of A.
stuartﬁ,_ and hence support the conclusions of Chapter 2. Problems
that arose in the interpretation, of these eXperiments concerned the
nature of the resource for which competition occurs, and this is

Considered in the next two chapters.




Sample sizes are shown in brackets..'

Table 3.1 Minimum sessional survival'(%) of male Antechinus stuartii. .'

£E80

- C80

- B83(8)

C81 T E81
23(12) 89(9) 100(4) 100(3)
70(10) 67(3) 100(5) 75(4)
7301T) 8(9)  60(5) 100(4)
100(9) 78(9)  100(5) 83(8)
92(12) 75¢8) © 93(6) 80(5)
75012) 57(7) - 80(5)




(<1yr old). Sample_sizas_ are showh__in brackets.

—J-----f----!""iF-'""'!F'F"'llllIII|||||
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Table 3.2 Minimum sessional ‘:‘_’U:f‘\!f\_/al (%) of Tfemale Antechinus stuartii

E80 -

cs0 o c61
Fep. 88(17) 77¢13)  ~'73(95 100(7)
Mar. 83(18) 92(12) 100(8) 86(7)
Apr. 65(17) 91(11) 78(9). s707)
May 91¢11) 80(10) 10008) - 100(4)
Jun. 90(10) - 58(11) . 100(8) 75(4)
. 0010 0068) - 78(9) 75(4)




(>lyr old).

Sample sizes are shown in brackets. -
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Table 3.3. Minimum sessional survival (%) of female. Antechinus stuartii

 ESO c80 cé’q." E81

1008y 100(2) 100(2) 100(2)
60(5) 100(2) 50(2) 50(2)
33(3) 50(2) ©100(1) 100() -
100(1) 100(1) ©100¢7) oy
50(2) 0C1) 10001) -
100(1) 50(2) 01y -
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Table 3.4 _Surviv_avl_"of pouch, nestling and hewly weaned Antechinus -~

stuartii.

~ (a) Pouch and .neét-l-]ng youn'g .

Number of pouch Numbers surviving Overall
Syoung in September il Dece‘n_‘;ber B su’r\;ival -
1980 or 1981  © - (1980) or ‘November - - (%)
- ("1'98'1)- s : S -
E80 36 . laa g4 C
cs 37 3 97
cgl B> s e
E8 e e 00

(b) Newly weaned young

Number of nestling Numbers surviving Overall
young in December until January survival
1979 or 1980° . to April 1980 or O
I 1981 ' -
E80 & R
c8o 48 L 3¢ 7
cat 36 o - e 53
Eg1 o 34 o SR F 4
Goraq.5.y = 8-90, P < 0.05.

~in (&), 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 yaung in September each year were obtained by
counting yeung 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 numhers.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 Jate
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. _ :




Table 3.5. The range in timing of reproductive events in Antechinus stuartii in 1980 and 1981.

_ o First
_ Last_male - : _ Placed : .'En'd of juvenile
Enclosure captured Pregnancy Birth in nest lactation captured
E80 3 Sept. 18 Aug.- 2731 21 Oct.- 4 Jan. 2 Jan.
30 Sept. - Sept. - 3 Nov. ~ '
o : (N=9) - (N=8) C(N=B) _
c80 5 Sept. 23" Aug.- 23-28 26 Oct.- = . - 28(?) Jan. . 10 Jan,
' 27 Sept: Sept. . 2 Nov. - '
- {N=8) (N=6) . (N=5)
C81 29 Aug. 26 Aug.- 22-26 27-31 - -
25 Sept. Sept. QOct. -
(N=8) (N=8Y  (N=T)
E81 30 Aug. 15 Aug.- 20-22 - 24 Oct. . -
.21 Sept. - © Sept. -
- (N=5) - (N=2) (N=TY

Estimated from the condition of the hairs surrounding
4ok

the pouch (Woolley 1966).
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 b-raclge}is.




(m) % standard deviation. Sample sizes are in brackets.

Fable 3.6 Night-time movements of Antechinus stuartii. Values are mean average distances moved

E80

E8T

Fy  For Foa

Conelusion

Feb- &  44,2%723.4

April (26)

'@ 34.7%19.9
(62) -
o+g 37.3%21.3

(88)

May- < 54.9%30.5

July - '(30’)

g 36.0%£719.5

(34)

o+Q 44.9%26.8

(64)

38.0%£15.0 44, 1E16.8

43.6%20.2 . 40.3%17.1

41.5418.5  A1.6%16.9

#1.5:24.1  53.9228.9

50.1£23.0 - 36.7X16.T.

46.1%23.7 43,5%23.4

48.8+34.8.
10y
41.7412.3
U (24)
43.8521.1

(34)

44 021.2

oy
37.5%17.9
L)
40.5£19.3
e

0.63 0.43 1.712

2.07 5.13° 0.01

1.94 171 0.31

1.34 1.49 0.09

3Kk Ed
3.12 2.94 0.94

0.31 0.00 0.62

E£80 C80 C81 E81

ES0 C80 ©B81 E81

ES0 C80 C81 E8T

ES0 C80 C81 E8T

ES0 G8O0 CB1 EB1

E80 CB0 C81 E81




Table 3.7.
moved {(m} #* standard devistion.

Sample sizes are in brackels.

Daytime movements of Antechinus stuartii. Values are mean average distances

F

pl p2

© 28.0%18.9 40.7423.5

36.2417.4  29.6+15.1 34.1+10.9  17.4%3.7

6+¢ 35.9%15.7 28.9+16.0 26.1+17.8

35.0+18.8 36.8+16.4 44.5£21 1

28.2%+11.6 42.6+28.1 371.6%10.3  32.3%16.4

g+g 31.3%£15.5 39.5%22.0 37.0%16.2 27.8%16.3

0.51 1.72
0.71 3.61

©.1-1¢ 0.68

0.53 -
- %
2.95 0.23

. EH
2.92 1.35

Conclusion

E80 C80 C81 E81

EBO €80 C81 £87

E80 C80 C81 ES1

E80 C80 €81 EM

E80 C80 C81 E81




Table 3.8 Body' weights of male Antechinus stuartii. Values are means (grammes) *

standard deviation. Sampl_e sizes are 1n _b_r‘.acj':kets.
E80 - . csocEl sl F.O' - .-'qu_- Fpé Conclusion
Feb,  21.5:2.4  20.5:1.3  20.9¥1.7 . 19.5:2.3 0.7 1.21  0.73  E80 C80 C81 LI
(12) ® @w ® T .
Mar. 21.5¢2.3 22.8%2.1  24.1¥3.0  22.9%£2.0 - 1.40 3.19 - 0.10  E8D CBO €81 EB1
@ @ e, @ S h | R
Apr. 21.942.1 23.7:2.8 22,517  24.8%1.7 2.03 " 2.33 1.29 E80 C80 C81 E81
) €8 ©) SRR €Y | . o . o
May 22.8%2.1 24.1£1.6 ~  24.1¥1.7  25.5¢1.5 3.96 - 5.84 . 2.33  E80 C80_C81 E8l
(9) C® S ey o |
Jun. 22.7£2.5 92.3t2.2  23.5:2.2 2_5.:4ﬂ.8 S 2.5 0,02 . 4_.8.1”9':'380 €80 CB1 EB1
h (12) - ) O ® - _ )
Jul. C 24.7£3.0 24.2%1.7 26.5¥1.9  24.7#1.5 1.44 . 0.46 ~ 0.2% ~ E80 C80 C81 ESI




Table 3.9 Body weights of female Antechinus stuartii (<1 yr old). Values are means

{grammes) * standard deviation. Sample sizes are in brackets.

| ESO‘ G830 Ca1 E&T FO o1 02 Conclusion

Feb. 16.9%1.3 16.941.2 17.241.3  16.520.4 0.45 0.02  0.92  E80 C80 C81 E81
¢17) an 9y (7 .

Mar.  16.4%1.0 16.1#1.0 . 16.6¥1.3  16.3%0.6 0.42 0.07 0.00 E80 CBO CB1 EBI
(18) an )y - «(8) |

Apr. 15.441.2 16.3%1 .2 15.7+1.6  16.9%0.8 2.72 2.47 2.27  E80 C80 C81 E81
{17 (11) {7 (6

May 16.4%1.6 16.541.1 174815 17.8%1.3 1.55 0.78  1.27  E80 C80 C81 EE
(11) (10) (7 (4)

Jun. 15.7£1.0 16.741.6 16.8£7.1  17.1%0.6 2.14 £.96 " 0.36  E80 C80 C81 E81
(10) 11 (73 4

Jul. 16.0+1.1 16.240.7 16.981.9  17.1%0.5 1.19 1.27  0.51  E80 C80 C81 E81
{10) (6) (9 (9




in brackets.
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Table 3.10 . Body weights of female Antechinusr stuartii (>1 yr old).
Values are means (grammes)  standard deviation. Sample sizes are

ER0

c80

c81 £81
22.4%1.7 (5) = 23.5 (2) 25.0 (1) 245 (2)
20.9%1.3 (5) 23.5 (2) 21.8 (2)  20.5 (2)
21.0%1.3 (3) 23.0 (2) 22.0 (1) 24.0 (1)
18.5 M 24.0 (1) 24.0 (1) 25.0 (1)
19.5  (2) 200 (1) 24.0 (1) -
22.0 (1) 20.0 (2) 21.0 (1) -




Table 3,11
(S.H.C.).

Freguency of capture of Antechinus stuar-i:ii_at sites of different structural habitat complexity
The number of captures (N), mean S.H.C. (x) and standard deviation (s.d.)} are given.

February-April
sex/age ' Structural Habltat Complexity -
class 3 4 8 7 8 9 0 11 12 13 N % s.d.
g (2 3 8. 7 725 17 14 13 8 1 105  8.51 2.24
EB0  9<¢lyr (5) 7 g - 29 25 58 41 200 1. 14 3 222 . 8.0 2.10
RTyr (1) 2 2 4 4 6 . 15 - 11 7. 3. (8) 70 . 8.63  2.41
S 2y 4 8 9 18 18- 1 8 4 5 1 84 7.81 2.20
C80  Ciyr (8) 8 3 2024 . 14 10 - 10 3 0 (3 111 7.00 2.22
ey tyr o 1 0 0 5. 3 3 3 1 0 0 16 8.19  1.72°
g 0. B 4 5 7 6 4 3. 4 2 (1) 42 7.57 ‘2.52
Cc81T  lyr 2 d 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
| o 11 2 8 12 5 4 5 g 2 0 44  7.80 212
E8T  Klyr 0 2 6 14 1610 9. 5 2 2 1 87 7.52  1.93
>y 0 1 0 1 6 ? 3 4 T 1 0 19 0 8.32  1.95
S 1 sHC e . 9 sk
umma_rfy HC % E x §, Go(‘l‘lﬁ"d.f.) 199.04
' _ qokck
SHC x E, | Go(30 d.f.) 70.71
E80 vs (C80+C81), G L= s
S ASEET-E pP1¢10 d.F.) 7 :
E8T vs (CBO*CB1), G oqg gp.y =  8-03
ok
SHC x 8, Cor20 d.t.) 38.53

9'0(8-' d.f.)




Table 3.717 {cont.}

May-July
sex/age ' Structurat Habitat Complexity ~
class 3 4 5 6 7 8 9 10 11 12 13 N % s.d.
- ¢ (3 8 10 25 16 - . 39 23 14 20 4 3 157 8.08 2.29
E80 o (5) 5 8 19 5 24 28 363 7 7 174  8.81  2.37
C80 o (2) 2 6 14 11 17 9 5 4.3 1 -8 815 2.45
= (3) 4 2 15 17 17 8 10 7 BT 90 7.93 2.29 -
Ca1 g (4) 2 7 7 10 8 8 a4 3 1. 58 7.48  2.47
o 2 3 3 10 18 19 14 . 11 6 g 1 -9 g.27  2.19
E81 g 4 3 2 5 4 a4 8 ‘5 3 11 4 7.66  2.67
9 (3 1 4 9 - 4 T 10 73 0 0 52 7.82  2.10
Summary SHC x Ex S, . G o= q31.28
ummar : X EXS, . Guyggy = ) o
- skt
SHC x E, R 80(30 a.fy = 7843
R Foksk
: i *
E8T vs (CBOFCET) G oo 4 f ) - et
ng X S i g'fo('l_o g.f) - 1509
: of3d.f) = = 495

1

" The G statistic was used to test the joint independence of S.H.C., -sax/age class (3) and enclosure

(E). [f dependence was found, G was partitioned to examine which pairs of criteria were associated.
A few captures occurred in S.H.C. categories 1, 2, 14 and 15. . They were grouped with '

captures in category 3 or 13 and are shown in brackets. Morning and evening captures are pooled.




Table 3,12 The dietary d’Ver'SltY of Antechinus stuartii

(a) Prey type dwer‘szty

Prey type

E80

Zz
I}

28

It

C80 : . oL
20 N =24

Oligochaeta '_
Isopoda
" '_Amphipnda
Chilopoda
Diplopoda
Aranea
Acarina
Collembola
Coleoptera
Isoptera
Dermaptera
Lepidoptera -
Diptera
Formicoides
Other Hymenopter‘a
Blattodes
Hemiptera
Orthoptera
| Thysanoptera
Larvae
Other inverts
Hair
Vertebrates
Plant

———

TN

o
P

Pt
o A O W

E81

25

-

WU S (N S o S AV

IR U SR N S

o
n o

Y
[#21
o
o W

w.bémmow.o'.mOmemm

B o L - S = = I %

w

—‘—‘T\JU?.T‘];Q-Aow'N.'.m_'OQmOI.
L K

Total no. preay items

132

No. Prey types represented 21

E.VenneSs J
DiVer‘sity H

Go(d.ﬁ)
P1 (d.f.)

®pe (d.f.)

. 0.85
2:36

: st
34. 94(13)

16.58(1.3)

8 o 116

21 - 19
0.88 0.84
234 2.24
: gk
78‘92(39> |

106

18
0.83

2.16




Table 3.12 (cont.)
(b) Prey size diversity

E80 -

prey size class (mm) N = PR
0.0-0.9 4
1.0-2.4 . 12
2.5-4.9 g " og
5.0-7.4 ' 50
7.5-9.9 ' 10
10.0-12.4 6
12.5-14.9 ¢ 1
15.0-17.4 ( 2
17.5-19.9 ( 2
0.0 (3
Total no. prey items 83
No. prey size o 10

classes represented _ .
Evenness J I 0.83

0.88

| Diversity H .75 . 1.82 :._ 149 . 1._73C
Co(d.f.) . | - _ 25.78(15)
Gm(d.f.) : _. : __ 2542(53
Gp2(d.f.) _ 5.45<5}

Samples for C80 and £80 were callected in March-May 1980, whereas
samples for C81 and E81 Were collected in Mar‘ch -May 1981. G-tests were _
Performed on the raw frequency data, exa!udmg values in br‘ackets Data =
for males and females were pocled.




Table 2.13 Summary of the effects of reducin

o and enbiancing
population parameters and resource use of A. stuartii

numirers  of - swainsonii o the

Effects of reduction

Effects of enhancement

3 ? Both 8 @ Both
Population parameters -
Numbers = - 4 — - -
Survival | | - - hat — - Y
Trappability : - - - i - -
Repl_‘od-uction - - - - - -
Movements — v v* — Y/ —
Body weight Vx| Vi Ve -
rResources _
Habitat (arboreal) 4 : -
Habitat {terrestrial) 44 4 44 o v 4
Food  type ' 144 -
Foo_d ‘size - -
ATl results {except reproduction) refer to comparisons during the p'_er_iod Feb.ruar'y—July in 1980 and

1981. /-denotes that statistically significant effects occurred in some sampling sessions only; ¥ that

effects occurred in all sampling sessions; - that no statisticall;y significant effécts were detected at
| ~any time. Alf effects were consistent with the interpretation of interspecific competition,
except where marked *. ' ' o




170.

; S Table 3.14. Diurnal activity of A. stuartii. Frequencfes af day'time
B ptures are expressed as a percentage (%) of the total number of all

‘W captures (N)  for “each month. Males and females are shown separately. |

Esq - 80 cel E8T !
% N % (N) % (N % EN)_ |
7D 7 (28) 18 (1) © 18 (1)
14 (59) 6 (32) 8 (26) 8 (24)
23 (26) 14 (7) 0 ( 3) 13 ( 8)
22 (37) - 10 (31) 13 (15) 25 (16)
14 (74) 12 (41) 18 (31) 9 (22)
21 (24) 0 (5 13 ( 8) 0(7)
.28 (38) . 12 (25) 6 (18) 18 (17)
35 (89) 5 (38) 15 (26) 5.(21) .
40 (20) 0 (4 25 ( 4) 0 ( 4) }
32 (38) 15 (26) S 6(18) . 0 (10)
34 (67) B (36) 14 (29) 5 (19) : : 1
38 (58) 12 (33) 14 (21) 0 (15)
30 (53) 10 (30) 10 (31) 8 (18)
31 (81) 4 (25) 14 (21) § (16)

26 (54) g (24) 8 (36) 12 (17)




Fig’. :3.1_, | Experir:nents __d_esig.ned" to .inVe-st'i.gate the effects of
reducing and increasing ccmpétitioﬁ' on g.' stuartii (A.st) from A.
swainsonili (A.sw). All steps are described in detail in the text '
Rectarigles '(CONTROL and EXPT.) rebresent enc[osufes. Soii&
arrows within enclosures represent an expansive shift in population
parameters or patterns of resource use of A. stuartii when A
sWaInsonii.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. stuariii and A. swainsonii
known to be alive in the control and experimental enclosures in 1980
and 1981. The numbers of A. 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 sessjonal survival of individuals

known to be alive, (c) trappability of individuals known to be alive.
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Fig- 3'_._4._- Arbpr‘_e_al_ activity of A. stuartii.
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CHAPTER 4
T_HE RESCURCE BASE
4.1 INTRODUCTION

Although strong ..e.\)iden'c‘e for competition between A._ stuartii and
A. swaih-son_ii has  been presented in chapters 2 and 3, ‘the
manlpulatzon expemmen[.s have provided little insight into the nature.
or identity of those r‘esoull"c_.:e_;s for which competition  occurs.
However, thér'e are several clues that an impori;.ant scarce resource
might be invertebrate food. Thus, following the'removal or reduc:ti_bn
of A, swamsomt, the d:etar‘y dNer‘Slty of A. stuartii expanded and
the propertion of ]arga, typlca!ly terrestrial’ fores*L Httar mvertebr*atesf_'-
(e.g. larvae and Amphlpoda) in the diet incr'eased (secl:ions 2.5.4.3
and 3.4’.3.-'.3). Casual obsérvations also .'s.uggeéted that invertebrates
were l.ess abhundant, or'- Iéss conspicuous, in Wil’ﬂ.el“'-.'. at tﬁis time,
fema]es occupy more or Iess exclusive ho!me ranges, or ter'mtomes_
(section 2.5.3.8), and md|v1duals can spénd a relahvely Iarge amount
of time 'For'agmg by day, as .well as by night, to mamtam thelr body
weights (section -3.5). Mor‘eover,.-Lee et al.; Wainer 1976 and_'others
have proposed that mating ]n-AntechinUS ié ’cime'd- so that |actation
ahd the wean:jng of young cc_).i'n'cid.e with 'mcr__.eased'insect adtivity' in
spring and ‘summér; “this. again implies that saasonal. peaks and
Shor‘tf-all.s may oceur 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 per*fdd o.'F study, ahd'. attempts to deternﬁine whether
seasonal changes oc;:urr‘.e.d- in either the abundance or availability of _

this faod,




4.2 METHODS

logs . and r‘ocks, looking undeyr loose or*'c:is-_'artic'ating bark, and

was kniown to forage. For consistency W|thm th|s chapter, the
enclostres are termed C1, E1, EZ E3 and E4 throughout (see Chapter

2). ~ However, it will be remembered that, in 1980 and 1981,

£3 and E4 were considered logether as another enclosure.

4:2.1.  Sticky strip sampling

.by usmg Aeroxon strcky strips. This method was also adopted here:

T T — B e e S o )
L R g M e LT T TR T R e Phem DT e L e e A

at a site in each enclosur‘c, twO strips were suspended 1-2 m above
ground, hanging loose from an _Aggl_a_'. or Cdassinia branch. |n
addition, two further. strips were wound around the trunks of nearby
Ribbon Gum frees, one about 1 m ahbove 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 m:tes) on each str]p were counted the mean for the two
hanging strips at each site was used to compare with Brari'thwai'te's
(1979) findings, but the results for the two tree-bark strips are

Presented separately. In 1978 and 1978, four strips (two hanging,

two on trees) were used in each of the five enclosures, bhut
'ther‘eafter*., in 1980 and 1987, four strips were used in each of E1-E4,

but not in C1. .

172,

InVer‘tEbr‘ates were collected systemat:cally by sticky  strip

samplmg, pltfall sampling and . Iltter samplma, #d casually by turning -

heating = vegetation. These metheds  were .. designed to sample -

invertebrates in each of the enclosures_ in habitats where Antechinus

enclosures E1 and E2 were considered together as one enclosure, and’

Br'althwalte (’1979) obta;nec} an mdex of general msect abundance'"
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4.2.2. Pitfall trap sampling

P'Ptfi_ll_I trap$ were glass jars (opening diamster 7.0 cm-), sunk
flush to ground level, and provided with 2—3. cm of 59 formalin as

: preserv.atiVe. To prevent the capture of small mammals, the opemng

of each trap was - covered with T ‘cm chicken wire mesh. Al traps

were left open and cleared at the end of each month; preserved

invertebrates were rérﬁoved and stored Ih 70% ethanol. - Five pitfall
traps were estabIIShed in each of the five enclosures in Iate June -
F '1978, and. mamtalned u-nLll December‘ 1979 In 1980 and 1981, five
pitfalls were operated in each ‘of E1-E4, but those in the control area
were removed. _

[n each éﬁd|osU‘re, pi’m.“'él.l traps '\.'fIVere .set- 5-7 m  apart infa line
adjacent to the sticky stmp sites, and run Fmrn the creek up to neat
tha pemmeter of the enclosures on the lower slopes of the wvalley.
Pitfall traps were set singly along the lines, each in a d’rfferent;
habitat. These were a) At the base. of a mature Ribbon Gum (

Eucalyptus viminalis) tree; b) under Water Fern (Blechnum nudum;

c) Lmder‘ a ro’ttmg log (> 30 cm- diameter and > 3 m Iong), d) in

open ground and e) on a dry slope above the valley floor. From

trapping records, these habitals were known to be wisited by both

el

species of'An'tecthS. Arachnida captured in the pitfall traps were
deposited with Mr. R. Moran (CSJIRO, Division of Plant -Industry,
Canberra) for.de’cailed identification, but most of the remaining

invertebrates were deposited with the Australian National Insé_ct

Collection, Canberra. -
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4,2.3. Litter sampling
Four 'sa'mplés- of litter and topsoil were taken in eéc_:"h enclosure

at apprommately three monthly lntervals To ensure that 'the solume

af each sample wWas relaleeiy constaht (about 7900 cm ), a steel_
guadrat (31 5 cm by 31. 5. cm and .8 cm deep) was sunk mto the-”'---

ground, and 'the contents dug out w|th a trowel, Samples were

collected on dry mornlngs and placed into large plast|c bags in the
field, and returned to the laboratory for processing the same day.
The samples were placed separately into Berlese funnels and subjected
to an Increasing heat regime over 5-6 days. Invertebrates were

driven out of the Iltter and presePVEd m picric ac:d before - later

-~ iransfer to 70 eLhanoI

Four' samples of [itter ar\d topsosl were taken in each 'énc%osure‘-’ '

in four* of the five habltat types sampled by pitfall Lrappmg (Due to

the open, stony composltlon oT’ the slopes and the geneml iack of

litter, no-attempt was made to obtain samples from this habﬁca’c), Al

litter samples ‘were collected within 10 m of pitfall 'trap's in  ‘the

respective habltats. Sampling was conducted from October 1978 to
January 1981, in October (Spring), January/}:ebruéry (Summer),

April (Autumn) and July (Winter). Unfortunately, it was not feasible

to obtain monthly samples of litter, since the collection and exltraction

procedures were extremely Iabomous and time- consummg Extracted
litter mvertebra’tes were donated either to Mr. R. Moran or to the

Australian National lnsect Caollection.

4.2.4. Casual sampling
Several potentially important ~ groups of Invertebrates were

consistently urider=represented. in the systematic moh"thly collections

174.
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described above. These groups gener'ally live in particular, local

habitats (although ihey are potentially available to- Antech:nuS),

they were recorded or collected casually each month. The most

impartant of these habitats are Iogs under' rocks, under old, leSIduaI

bar‘k at the base of Rlbbon Gum trees on fetn fronds and angzosperm‘

feaves, and on creeks and creek banks, These habitats ‘prov]de
homes for a wide range of Iéwa_e, 't'errr'}'ltes, beetles, eockn"oaeiweé and
other invertebrates. Detailed estf‘m‘étes of di’versfty and abundence
could not  be--obtained from casual samplmg of mvertebrates, and

observatmns are discLlssed in gener‘al terms only

425 Alterrative sources of i"'ood, and the dispersmn 01' foad

in addrtlon to the sysLematsc and casual sampimg - procedures

described above, some observations were made of gross seasonai
changes . in  some plant species in each . of the  enclosures. Such

chan_ges..may inf'lueﬁce the food available to Antechinus i "'two ways-- :

first, by d|rectly providing alternative sour‘ces of foods, such as
fruits (section 2.5.4. 3 and 2 5.6. 3) and flowers (Statham 19823),

and second . by altermg the dlsperszon, abundance and avatlabllaty of

" invertebrate microhabitats, ~and hence, indirectly, of invertebrates

themselves. Observations were made of the decortication of Ribbon

Gum bark, the spring growth and autumn death of Water Ferns, and

of the fruiting times of certain species of shrubs (Table 4.1).

Observations were quantified monthly by - recording phehological -

changes of individually mérked plants (Table 4.1).
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4,.2.6. Treatment of data

n man‘y studies where an attempi has been made to examine the
food avallabie to msectlvares, only the b|omass 01" such food has been.
measured (e.g. Morton 1978, S*Latham 198251 Dunham ‘1980). on_m'as_s
is -easy to measure, an_d_ it .may proy:{de some _isndiqé’t]on of -seasohal
changes ir'\- 'the gross .- amount bf-_available food. UnFortunate]y,.
estimates of biomass alone fail %o take account of seasonal differences |
in the composition, palatability and energy content of food, or to
recoghise 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 'an.d _iden:téfi:ed' (usua_lly to "the tevel of Orcien*j. Althoﬁgﬁh
labor?'igus., this._ procedure aliowed estimates ‘_to'-:- .be.. made '. Qf_' the
numerical  abundance and diVe.r__s_Tty of inve_\.rjteiﬁrates .av'ai-lébié Yo
Antech_InLls_; and f-aq'ili'tated statistical compariéoﬁ of invé'r-fe'brate type :
and $fze' .di:stri"l_ﬁdf'cions between seasons and also between the
enclos'u.f_es. ik | |

Estimates of the -numerical abundance of - invertebrates were
obtained by counting alt individuals (exceplt mites < (}fS mm) coflected

on sticky strips and from pitfall and litter samples. Estimates of

1Y
invertebrate type and size diversity were obtained only 'F:fom pitfall X
and .Iitterﬂ .s'avamplesJ as. many stic-k_w“:crapped in.s_/.é'r-‘tebr‘a'tes_ dissoi\/ed:
into the giQe and could .not be further Identified.. Brillouin's (19586)
index.'H. (section:'2.4.$) was Used as a measure of diveré]W
throughout. This indeéx _is particularly appr‘opriate_ Ef“ c_ollectibn_s of _ _. " A

invertebrates are not made randomly (pitfall samples are biassed

towards T’r‘ee'ly—m{jving invertébr“ates, and litter samples towards more
sessile invertebrates; Plowman 1981), and if all individuals in the

collection are identified and counted (Poole 1974, Pielou 1975).

h . el e e
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Brillouin's index has been criticised by Hurlbert (1971) on the

ground that it Iacks biological relevance, and by Peet {1974) on. the

grounds that it may be undu!y biassed by the differenres in the-
sample -s-lzes- of collectlons Howewver, the non—random Sampling._

pmcedures adopted here (pltfall and fitter sampling)- fail to .Sa'tis-fy_'."

the _condltlons : requlred by altema‘tive indices, such as the
'c:ommon[y-used' Shannon-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 a__ﬂefé'r‘e-nt_:e. to CSIRO (1970), (1974), . Womersley

(1939), Main (1976) and McColl (1877). In addition, all litter -

invertebrates and all invertebrates collected in __p_i‘tfa[l" traps _i_n.-19_79_

(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). Thé:.:_.'s'izes of in-ver‘t-_é_:'brates recognised._ﬁere are those. -

used in the analysis of dietary diversily 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 intoc smaller groups than wer-e_-used in the
dietaf';;/ Iénaly-sis_ _’(Apﬁpendix 5). '_Sonﬁe_ i.nvertebraf:tes_' - 'such as .céré_bid

~and lycid beetles, snails and crayfish - as well as lizards - were

found = commonly in pitfall traps, but appeared to be eaten

infrequently by An'techmus (sections 2.5.4.3, 2.5.8.3 and 3.4.3.3,
see also Statham 1982a). These groups were therefore d;scarded, and
abundance, prey type and prey ‘size diversrty were calculated only

from those groups that were eaten or probably eaten by Antechinus.

e
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Because ..B-ri'llouin"s mdex measur‘es the dnvers!ty of a fulIVZ.‘

censused co[lectlon, it has. no standard error (Poole '19?4) Prey. type

and prey S|2e dlversﬂzy are Lherefore s!‘vown graphlcally leferences L '

~in the d'St‘“‘bUUOhS of” prey types and prey sizes between study areas

were tested by Kendall’s coefflcxent of concordance, W (S[egel ’1956)
This statlsuc has been - used spemﬂcally to compare ‘the abundance

dlStt"IbUt[OhS of mVertebr'ates from two (or mor'e) samples (Ghent

1963, Pielou - ’1975) and has been ShOWﬂ to - be lobust by Bullock'-

(1971). Rare mvertebpait_es., represented by a smgte mdlvrdual ina

compaz"rson of severai samples,_Were omltted from further analy5|s

(Ghent 1963) _No at'temp't_'Was made to _stat|s-t|<_:al.ly compare absolute
differences in the abundénces of 'd'i'Ffet?ent.-In\f"e_rtebrate g_r'jou'ps within ~

or between study areas. - Such methods are available' (e.g..

multivariate an_al‘ysis of varfance), bu't_-__”cheir assumptions are often

restrictive and the resu[ts.dlff:cult “to. interpret (A.J. Cam;:'\'b'ell,-

personal c:ommumcatton)

4.3 RES.U-LT-S.

4.3.1. Sticky strips - |

The numbers of .in\fer-ﬁebrates collected on '_'s‘éic:.ky strips. are
shawn in Fié, 4'] !n .all.'study areas, i;n've:r"tebr_ates (70~100% flying
insects) -were most abundanft in summer and"l-east.é_b'undant in ‘wi_nt.er'.
There were no chvious di’f‘-'f.e'rences in .t.he distributions of abundences
of these invektebra*tes '.either be'tween eficlosures, or betwe_en hanging
and tree-bark strips _a't a site m any one enclosure (Table'4.2)-. |
terms of. absolute aBundance;,. sticky stfips on 'the_r;ough bark.' near
the base of Ribbon Gums usually collected more invertebrates than

strips plac.:ed. higher' up on -the smooth bark. The rough-bark s'tr'.ips

L




- collected insects alighting on the outside of the strip, as well as

insects that moved in the interstices of the bark that were caught on
the inside surface of th‘e strip. These. I’Lndmgs pro\nde evidence that
some invertebrates, pﬂrucularly flying msects, show very marked

5

seasonal chandges in abundance, and that theSe changes occur

synchronously in each of ‘the enclosur‘es. )
4.3.2. Pitfall sampling
A total of 72,036 invertebrates 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 mest

months although Coleoptera also r-or‘:casionall\f predominated (Fig. 42)
Other . invertebrates, such as Arachnida (especially  Aranea),
Dermaptera, Hymenopter*a, Dlptela and Hemlptera were abundant only
in spring and summer. Amphlpoda and larvae were usually less

abundan’t componen'ts of the fauna, but they were trapped

'consmLently in low nUmbers throughout the year (Flg 4.2, see also

Dickman et al., in press).
Ih view of the large numbers of Collembola in the pitfall iraps

and the fact that they were not eaten frequently by either species of

Antechinus (sections 2.5.4.3,- 2.5.6.3 and 3.4.3.3), the compohents

of prey type diversity (numbers of individuals, numbers of types of
prey, and evenness) have been_caiculated with, and without, these
invertebrates (Appendices Sa,b,c,d,;e). However, perusal of these
appendices suggests that Collembola 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 overalt

pitfall Tauna.
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Figure 4.3 shows that prey type d.iveksi’cy peaked in- summer
_(NovemberfFebruary), but - was  usually lowest in  winter
(June-—Authi.st) each vyear. Thesé_ differences appear to be due to

' differenci:.es in the tota numberS_ O‘f_ brey captured and the numbers of

prey types !'"ep.reseﬁtéd (both of which were higher in summzr),

rather than to seasonal diuf‘Ferences in  evenness (Appendi;{ 5).

Trends in diversity were broadly similar in the five habitats. Prey
type diyersity generally decreased -from 1978 to 1981 (Fig. 4.2).

Inspection of the raw data for invertebrates in each habitat

(Appendices 5a,b,c,d,e) suggested that this wés probably due to a
marked decrease in the numbers of invertebrates captured. The

decline in prey abundance and diversity towards the end of the study

may have been due to drought. 7 |

Comparisons between the enclosures (Appendix 5) show that, for

some months, there was statistically significant concordance in the

abundance  distributions of prey. v every habitat, this was
particularly evident in summer, but less so in W'lnter‘ The lack of
concordance '__ét this time may._be 'expl_:g"med in two ways. First,
flooding of the pitfall traps occurred more often in winter than in
summer, This presumably washed out already preserved insects, ahd
subsequently vendered the trap Iinoperative. On other occasions,
rainwater cl.il‘ute'd. the preservative so that trappad insects began to
rot, .This .'appar*e'ﬁ'tly attracted large numbers of predacioﬁs beetles
or their larvae. In turn, this greetly reduced the evenness of
represantation of all prey types, and hence, diversity. Since some 7
pitfall traps were more prone to flooding than others, concordance in
the wet winter months was often low. Second, very few prey ifems 4
were captur‘edr 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, and the test statistic:'w would y-ie'id a

value of  only 0.25. It .is difficult to be certam that such low

numbers represent true dlfferences in prey abundance,'or simply
chance events. 1t seams r‘easonable to suggest that the abundance
distributions' of prey are concordant betweeh the enclos_ures for much
of the y'e'ar, .b.ut in .winter the .app'ro_pri'a:ce S‘tatisti'ea-i. evid.e_n'ce is
difficult to obtam | . | | _
Fig. 4.4 shows the sizes of p:tfall irapped prey. '_!n all months,

prey less 2.5 mm lc_mg 'pr‘eciom.ma‘ted, and the overwhelming majority of

prey was always less than 7.5 mm long. Most very small prey were

Collembela, H.ymenopﬁera (especia'lly_. Formicoidea) and Dipt-era-,_'-'_'__

whereas longer prey (> 7.5 mm. long) were usually _Oli’gocha_e_‘i:-a,

Amphipoda, Chliopoda, Dlplopoda, Dermapter‘a Or"thc’:p."cera and larvae.

in all_habntats (except perhaps under logs), size diversity - was
highe‘st' in summeér and lowest in winter (Fig. "4.3'). As with change's_" -

in prey type dIVerSIty, these dlfferences appear to arise [argelv Trom_.’l'

differences in the total numbers of prey captured and the numbers of

. slze class-es represented (boL-h of which were hngher in summer)f_'

rather than from differences in evenness (Appendix 6).
Comparisons between the enclosures (Appendix 6) show .that
there was .sta'ti?sti_ca'l%y significant  concordance .in  prey size

distributions in all habitats every month .

4,3.3, Litter sampllng _ . .
A lotal of 48330 ln\/ertebraie prey items was collected from litter

samples. In contrast to the results for pitfall 'trapplng, ‘the most

e
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abundant.IHKEE fnvertebrates were Usually Iarvée and liyhenoptera
(ESP-B-CI.HHY. _For‘miCOideg); only 3313 Collembola  were collected,
representing just 7% of the total Ntter fauna (Fig. 4.2 and'Appencﬁx
7). Coleoptera, Arachnida (especially Aranea and ‘Pseudoscorpiones)
and Hemiptera tended to be well repkesehted throughouf the year, .
but other types of thertebrates appeared to be seasonal or Were
t*epreSented by low numbers (F|g 4,23,

Changes in the leer‘Slty of litter invertebrates are shown in
Fig. 4.5, and the components of diVEI‘S]ty in: Appendlx 7. Figure 4.5
shows that the diversdy of prey types in litter was relatively
constant throughout the year, parhcuknﬂy for sanuﬂes taken from
under Jogs or fronl Ribbon Gum litter. ]n contrast 10 the fn1d1ngs
for pitfall samples (section 4.3.2.), the total numbers of individuals _
and the numbers of prey types represented from'ﬁiter were riot much
lower in winter than in summer. Low diversity values appeared to be
' assocnated with fow evenness values (Appendxx 7): sn such s.émpiéﬁ,
a suuye type of prey (e.g. larvae) usuaHy cantributed more
individuals to the sample than all others combined |

Comparisons of prey abundahﬁe distributions  between the
enclosures show that there was statistically significant concordance in
all sample months in all hébita'ts '(Appendix 7). |

The sizeé of prey in litter samples are shown in Fig. 4.4.
Overall, mcsi prey; were less than 7.5 mn1long} tﬁth pfey jh the
2.5-4.9 mm size class usual.ly .preddminati‘ng C.Fig‘ 4.4). Most of the
prey less than 5 mm long were larvae, Collembola, Formicoidea and
Arachnida (especially Pseudoscorpiones), but longer prey (37.5 mm)

were usually Amphipoda, Chilopeda, Diplopoda, Coleoptera and other

larvae.
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The prey size diversity of litter invertebrates was relatively
constant threughout the year in the four habitats from which samples

were drawn (Fig. 4a-5)- The number of prey size ciasses represented

in winter samples (usually 5-8) was iower‘ than in- summel* samples-
(usually 6-10), but in contrast to ‘the pltral trap . results, 'th'e:.
d[StI‘IbutIOh of lndIVIdLIEIS in each s:ze class appeared to be more even
in winter than in summer (Appendix 8). Unusually low wvalues for
prey size diversity (for example in "“open habitat" at E4 in February
1980, Appendix 8d) were associated largely with low evenness values.
There were ho differences in the prey size distributions in
similar habltats between .th-e ' 'enc[osur'es; - and- 'coefficients‘ of
concor‘dance were stattstwaliy highly s:gmﬂcanL in ail sample months

(Appendlx 8).

43.4. Casual sampling |

The invertebrate fauna under old, residual bark, logs and rocks .
was present at . all times of the -yeér'. No._a't‘cem_p'_t was made o
quantify seasonal changes in abundance -or diversity, but little
difficulty was eXperienced in finding the fnvertebr-ates of these
habitats at any time. in contrast, the invertebrates of fern fronds
and leaves and 'the. creek and its banks appear‘_ecj- 16 be abundant only
in sbr'in.g a"nd' SQmmer' Except for some simall spi‘ders (-F'_am:ily
Toxopidae) on the undersndes of fronds of the Water Fern, it Was
difficult to find even single specimens of the mVertebr‘ates of these
habitats in winter. The patterns of abundance af this latter group aof
invertebrates appeared to be qualitatively _simiiar to the pitfall trap
findfngs, whereas the more constant representation of invertebrates
under @ld, accumulated bark, logs and rocks appeared to be-

qualitatively more similar to the litter sample findings.
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~4.3.5. Alternative sources of food, and the dispersion of food - -
Each spec:les of frultmg plant. (Table 4. ‘l) ‘Fru-ited at aflmost
exactly the same time in each enclosure In 'a|| yeap5, Rubus -

_f‘_th‘LUi'_s. frmted from early January to ear‘ly February, R. fruticosus !

from early February to mid March, and Coprosma. hirtella from -m:d-
.Febr‘uary to I-gte March. Ch;}nges |n__'t'he dispersion p_aittérns ;:jf-s.ome i B
invertebrates were c.o..i*related with ﬁhEno!ogi;:al changes in the Water
Ferns and Ribbon Gums. The Water Ferns produced young fronds
from late September to early December each year, and d-ie back of the
fronds -o.ccur-r--eé. betWeeh Mar'c-h/'Apr'iI a-nd June Some types of prey
(e.g.. Heteropterar Opiliones, some Aranea and some Coleopter‘a) were
found oniy on the gr'owmg fr‘onds in late sprmg and ear-ly summer".'
but in wmter only toxop:d spnders lived among the dead fronds.

-Perhaps the most mportant .seasona1 change in the‘ dispersion of |
mvertebrate food was associated W|th the decortucatlon, or peelmg, of

Ribbon Gum bark: In late winter each year in all enclosures, the

grey o_.uter Iay_e_rs of overwintered bark loosened and detached from
the soft, creamy wocod underneath, and provided an extensive but
protected mfcmhabita‘t for invertebrates. ln spring, many types of

mvartebrates Use thS mlcrohabltat, poss;lbly ‘having mlgrated UpWards

.
from overwintering haun“cs in the p_er'mane__n'_t,. old, _accumulated bar‘k at i
the bases bf.‘the trees. Some, such as _elaterid beetles, some:
cockroaches (Family 'Blaberjidae)ll Dér.map't‘?r‘a- and huntsmen spiders
(Family Sparassidae) are flattened dorso-ventrally and ap_'parenﬂy
specialised for this habitat (Hémilion 19-78), Others, such as some .

Heteroptera nymphs,' and many species of beetles and spiders appear
to use the bark space oppor_tu'nistica!ty and are also found elsewhere.

In Novembe'r 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 bark migrate  to  the old,
accumulated bark at the bases of the frees, or. 0 .the ground. L'irge
numbers. of m\/ertebrates were c-lptur'ed on sticky strips at this time
(Fig. 4.6b).  In February and March, relatlvely large numbers of
ear'wigs,- Weewls and other mvertebrates “were captured in ~p1tfall
traps situated under the trees, and the leer‘smes of types and sizes
of prey at this time were correspondingly high (Fig. 4.6c,d). Very

Few 1nvertebrales were captured on the freshly peeled trunks of

.Rlbbon Gums (Flg 4 Gb), but some appear to overwnnter m the

accumulated bark at the bases of the trees (secuon 4. 3 4, )

4.4 DISCUSSION

At the begmnlng of this chapter it was suggested ‘that Tood was

an important Ilm:tlng resource  for AnLechmus To 1nvest1gate th;s

suggestion, invertebrates were sampled i_n' each of the enclosures over
a period of 3% years. = In general, pi’tfall—trappéd inveriebrates
peak__ed in abundance and_diyers_fty in summer’ and declined _‘in wintep,
whereas sessile ' invertebrates, buried in the forest litter, were
relatively constani throughaut the year. Seasonal fluctuations in the

abundance of pltfall 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 sojl fauna of rainforest and tall open-Torest in Quaenslahd,
Plowman (1979) found that peak invertebrate abundances occurred in

Summer. In view of the conflicting findings of the present study

il
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with others, the reliabjlity of the present data base will be brtefly
assessed before fur‘ther‘ conclussons are drawn.

The maidr problem in - the present study was tha;c systematic
sampling: for i.nve_l“_tebrates'_\é{as conducted on .'a_"s'ma_ll scale. Only five
pitrall 'tr"aps were. operated in eech.-encic_).sur-e' eacﬁ month, an'd only
four Hﬂ:er _séfnples were ta.k_en Trom each e_ni:[o_sur'e -every.ﬁthree
months. Un'fdr_.tu-na'tely', it was not possible to '._'i.ncr'e'ase fﬁe_. n’umbe_t;s
of_samples._c_:c_:"lleated_'or to sample in.other parts of ’_the'?__enclosures;

gver '120_'_ Q00 in’y-erteb-rates_ were collected . using a "small .scale"

sampling - programme, anhd the counting an._d identification " of these .-

specimens alone was an extremely .laborious task for this investigator

and  numerous “VOIunteer*s"' : Howevef", in view of “the very h]gh

degree 01' concordance in the type, size and abundance dlstr‘zbutlons -

of prey sampled from _SImrlar‘ habitats between the enc!o_sures, it seams
reasonable to suggest that  small s‘c-a‘i-e_ sa'm'p[ihg was sufficient to

detect representative portions  of. . the  total -"prey population.  In

addltlon, the floristic. and structural similarities -of each of the-'

enclosur‘es may have Ilmlted T‘urtﬂer‘ the pOSS[bIIIty oF unevenness of

faunal r‘epresen'tatlon, and hence increase. conﬁdence in the results.

A second problem in deter‘minmg the prey available to free- lrvmg

predators, par_fmcularly insectivores, is that 'the prey. liVe .n a Very

wide range of microhabitats. ~ Although - an attempt  was made to

SVStEmatiCaHy or casually record some of these prey, many were

probably ‘overtooked. - _(O_n.e such example was. a transient influx of

jewel beetles (Family Buprestidae) on sp‘r‘ing-'l’lower‘ing wattles that -
was noticed only in the final year of the study). However, failure to -

census transient prey items: amd other local or ephemeral sources of-

e
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food, sucii as carrion, and nectar and manna from Eucalyptus (Smith

1980), may not be very. important, since they probably contribute

little to overall trends in food abundance. |t seems reas-on‘ébl_e' to

conclude -that the sampling met'ﬁ_odé' used in the present study

provided at least an index .of invertebrate prey, and hence that

tr'endé in the I'eve.!s_of food: ai_;;un_ci'a'hce are reliable.
FreEIy~m6ving-i'nVer'tebra'tes, sampled casually énd by sticl;y

strips and - pitfall traps, were abundant and diverse in summer, but

not in  winter (see also Braithwaite 1979).  In contrast, séssile

invertebr‘ates, which were sampled most effectively by sifting forest

litter and by looking under Jlegs, rocks and tree bark, were

represented quite constantly at all times of the year, with o_hl"s) _'s'light

drops ih' 'abun_d_ance and divérsj_ty in winter. An‘te{;h"ihUs stuartii -

appears to be better adapted than A. swainsonii for finding and

catching .fr‘éélﬁ/~'moving - invertebrates (e.g. Dermaptera, some
Coleoptera, Diptera), and such prey are well represented. in ts diet

(sections 2.5.4.3 and 3.4.33). __ I“n_'contr‘ast, A. s_wainsoniii-' appears to . '

ke better adapted to digging out the sessile inveriebraies in forest
fitter (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 fiuctuations in the abundance, type and size

diversity of its food. Further, in_. view of the very 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 reasonable to suggest that A. stuartii -

may be food limited in winter. ' .

187.
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_Antechinus  stuartii 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 nt_:t:._"sur'pl"i-sing: in- an environment where food resourcéé
fluctuate seasonally, dietary specialisation may be difficult to achieve,
and n_étu_ral' selec:.tion' may instead favour dietary gener‘.éiiém (Fretwel|
1972).. It is therefore retevant to inguire whether A. stuartii faces a
real- shortage of food in winter, or whether 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
‘temoved, A. stuartii became more terrestrial (Section 2.5.4,1) and its
die.t;a-r‘y i_ntak'e of typical forest |itter invertebrates such as.larvae and
Amphipo'da,_ .Tncr‘eased markedly (Section 2.5.4.3). Thus, A. stuartii
- may ind.eed be Tood limited in winter, but the shortage is likely to be
more severe in the presence than in the absence of A. swainsonii,
since this species apparently denies its smaller céngenor access to the
fitter fauna. In contrast, A. swainsonii does not appear to be
food~-limited at any time of the year, although juvenile females may
'hevel"‘théléss achieve larger body weights in the absence than in .‘the
presence of A. '5't_uar‘tif (Section 2.5.5.7).

These t':orﬁbinecl findings suggest that food shortage and
consequent ihterspecific. competition are most severe in. winter. But,
the winter decline in invertebrate food may have other, less obvious
effects. In the enclosures, A. stuartii usually constructs nests above
ground in hollows in Ribbon Gum trees. Until about March each
year, mothers and some of 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

A
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while. food resources are relatively abundant and cl'u:'m'ped u'nder' the

bark of trees, but by the time all mvertebrates have mngrated to the.‘

'ground at the end of bar‘k peelmg, the advantages of for*agmg in a

group WOLI|C| disappear.. Thus, with mvertebrate food “scattere_d” on

the fores‘c floor', for'aglng retur‘ns are presumably higher for Ione

individuals than for tndlwduals in. gr'oups (Krebs and Davues 1978

but cf 'Taylor‘ '1977), and af’ter* March, the family “huntmg group”-
breaks up and individuals disperse (Dickman 1982h).

Concelvably, the break-up of the. famlly foraging umt in Mar‘ch

could subsequently lead to increased- lnterspeclﬁc competltion Since

'the_ foraging area t_r'avel_"_sed in a -g;ven: _tnme by a group of |-n_d1V|d'L1als

(one "arge predator") will almost :certai.nl.y be less than that
traversad by & much larger number of Independent, . solitary
individuals, the frequency of interspecific contacts after 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):1' A _stuartii"w‘du'ld then be expected to compete -

most 's’cr‘ong']y..wfth A swamsonn after M’abch and. "thr'o_ughouﬁ -the

winter '”mohths Hence, compeLrtlon for' _,f\ﬂh_' stuartii' would . be

exdcer*bated both by dwmdlmg Food t*esour‘ces in wmter, and by a -

change in the dispersion o’f“_fc_nod from clumped to dispersed.

Communal nestlng and foraging, énd subse'que'nt' break-ups of
famlly groups,' ev:dently ocecur iy populatrons of A. S_t_Ll.E.l.["'tii' that do
not inhabit Ribbori Gum forest (Bra‘uthwan-te 1973, 1979, D.Y. King, -
personal -co;nmun'ica't.ion) Howevw, bark peéling is a coimmon
phenomenon in many ‘other species of Eucalxgtus (e a. Glll 1980, E W
Pook, personal communication). It would be of great interest to

investigate séasbna'ii‘_ty in the bark fauna of these species using

e
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specialist emergence traps (Glen 1976), and ‘to compare this with

'd'emog'r‘aphi.c and social events in - Antechmus The bark Fauﬂa of - -

‘some eucalypts WhICh dao not shed then" bark (e.g. E.. andrewsrl) are
r‘elatlvely constant tthrgIlet the year (Lewr'le 1974) ConceI\/ably,

in forests where all or most of the : thees do not shed their bar'k

demogr‘aphlc and social events in Antechmus are less attuned io “shifts:

in the dlspersa] of food ard nnterspemflc competition 'For‘ this

resource is less intense.

4.5 SUMMARY
An ll'lVES'tlga'LlOﬂ has been made of the invertebrate fauna of the
enciosur'es used m the Antechmus mampulatlon experiments Once- a

mon:‘th m each enclosur'e, |nVer-tebr1tes were sampled in flve hab|tat

types by sticky Stl"l{J trappmg and pltfail tr‘eppmg, and by Iookmg_-
under rocks, iogs tree- bark and fern fronds Every thr‘ee months,

Turther '.samplin_g'_.Wes“co’nducted _i'n_. four habitat ‘l:ypes by s'n‘""ting fcir'est

soil and fitter, | _ y N
The fnvertebretes' sampled by the pitfeli apnd sticky --strip
trapping peaked in abundahee in summer (December te February) and
declined " in winter (June to August). ~Whereas the sticky strips
Captured mostly flying insects, the pitfall traps captul"ed a wide

range of freely-moving, largeiy terrestrial invertebrates. Forty-six

types of in'ver'tebra-tes_ were obtai’ned dur*in'g__ pitfall sampling over 3L

‘Years, buk, of the 72,036. individuals captutred, 3_0% were Collembola.

Amphipoda and larvae were _c_onsis'tentl-y_rep_re_sen*tecl in the pitfall
traps throughout the vear, but Arachnida, Dermaptera, Hymenoptera,

Diptera, Hem'ip'tera.. and Coleoptera peaked ih abundance in sp'ring and

- summer. In all monhths, invertebrates less thar 2.5 mm long were

i
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most numerous, and relatively fTew invertebrates exceeded 7.5 mm.

The diversity -of types and sizes of these prey fluctuated between

peaks in '_summer' and troughs i winter. The prey type and prey

size distributions were very similar in all habitats between the

ernclosures.

: The invertebrates sampled by sifuing the forest soil and litter | AN

; ' . Ya. o
were relatively constant in abundance throughout the vyear. Forty et

typé.s of invertebrates were recognised (four Orders of winged

insects, phasm-i_c_ls and turbeliaria (flatworms) were -absent) ahd, of

‘the 48,330 individuals captured, the most abundant were larvae and .

ants. Coleoﬁtéra,-'AFachnidé and Hemiptera were well rep&ésen-ted'
thr‘oughouf the vyear; other invertebrates were less abundant.
Although . most ]‘ittér- invertebrates were less than 7.5 mm long, most
fell into the 2.5-4.8 mm size class. The diversities of types and
sizes of these prey differed little be'tWeen the enclosures, and were
only slightly less in winter than in summer. |

Since A. EMELL mostly exploits freely-moving prey, it was
suggested tha_t_fﬁ.this épecies may face a sﬁcrtagé of food invinter, and
also 'cbmpetiti.on from A. swainsonii in gaining access to the moré

constant source of food in the forest litter. A break-up in ihe social

%\
structure _of'. the A. stuartil population in March .co‘lncides 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 for which A. stuartii and A. swainsonii compete. A

critical test of this suggestion is presented in the next chapter.

h———
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Table 4.1. Phenoiogma] observations of plant species that may provide food.
(fruits) for Antecths, or influence the dlspersmn of invertebrate foad.

Ptant species Observation* No of marked mdmduals per.
" : ’ enclosure

'c1__' E1 E2 E3 E4 |

~ Eucalyptus vir_n_in'aiis ~ Decorticating? R

2 8 6 8 6
Blechnum nudum ~ Frond yrowth? (Spr*irig) 8 8 8 8 8
| | Frond death? (Autumn) 8 8 8 8 8
Coprosma hirtella Fruiting? 5 5 5. 5 5
Rubus fruticosus Frufting? 4 8 4 4 5
Rubus triphyllus Fruiting? s 3 4 4 3
* scored as yes or no for each marked plant each month.
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Table 4. 2 Compamson of abundance dlstrlbutions oi‘ S'Llcky trapped invertebrales
hetwesn a) all enclosures and b) hanging and tree-bark str*lps in one enclosure.

|
1
;
i
:
i
I
L

a).

1978 and 1979 S 1980 and 1981
Sticky. strip . w2 P N T | . |
Hanging C0.88  64.4 15) <0.001 0.90 78, 6(22) <0.001 |
On rough bark . 0.83 62:50459 - <0.001 0.85 75,0553 <0.001 -
On simooth bark ~ 0.70.- 52,5 .<0,0071 0.72 63,7 - <0.001.. ‘
- - (isy <0 (22) |
|
Enclosure W G P : W Y P
A -1 3 T -0 0 |
ci T 0.64 37.6 515 0,01 . ey :
E1 ' 0.81 36,4017 <0.01 0.78 51, 2(22) <0,001
g2 0.82 37.1 (15) <0.01 0.86 56.4¢553  <0.001
E3 0.78 35.2 2015) <0.01 0.77 50.60553 <0.001
E4 0.85 38.4075) <0.001 0.85 85,9559 <0.001

E
';-'
7
§




"Fig. 4.1 Invertebrate abundance on sticky strips.  In (a)-(f), solid
circles represent the numbers of invertebrates captured in C1. In
(é), {c) and {e), open inverted triangles represent the numbers
captured in E1, and open upright triangles r.epr'esent the numbers
captured in E2. in (b), (d) and (), open inverted triangles
represent the numbers of invertebrates captured in E3, and cpen

upright triangles the numbers captured in E4.
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Fig. 4.2. T.he..types of pre? ;E.-n.-.p'itfai_l trap and Iit'ter sahples.frfggthe
months iiiuStra'ted, a:ll pray .s'aﬁ';pleid_ m pit_fa” traps Were combined, as
were all prey sampled in the Ii-t'pér. To allow comparison of the
draphs; the abunaanr;e of each prey ’ﬁ\}pe each month has been
expressed as é.'propor'tion of the mcqs.t:éb.undant type. Proportions of

0.02 or |less are shown hy a star.
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' . Flg 4.3 The typé and size diversity of prey m }fjJ.itf'a[I trap samples.
Solid circles. represent average diversity valﬁes for pitfall samples
from all therenc:]::sures combined, while the bar through the circle
represents the range in diversity for the individual pitfall samples.

(Detailed data are given in Appendices 5 and 6).
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F_i'g'..' 4.4 The sizes of pray in pitfall t‘ra-p' ang fitter samples.s In the

~ months _i-_l_lu'strated, _'aﬂ prey sampled in pitfall traps were combined, as
were all prey-sarﬁp]ed in the litter."._To alfow comp_arisdn of the
graphs, the abundance of each prey size class each month has been

~expressed as @ proportioh of the rost abundant size class.
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Fig. . 4.5 The type 'a'rlmd size dI.ve'rsffy of pr"e.y in litter Samp'le;s.. Solid
circles represent .aVer‘agé div.ersit_y va.l'u_,és” for litter samp.l'ies from ail
the encioSLlh.és combined, whfl’é the-.b..ar thr.r::_a.'ugh the éirc!e t*e_§resents
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: piﬂéy associated with bark

peeling in Ribbon Gum trees.

(a)

(b)

(c)

(d)

Percentage of trees peéling.

The solid line represents the numbers of- invertebrate prey
capt@red 'on a sticky .str;ip_ wound aroun_d'thé rough bark at
the '_bé:se of a Ribbon :éum tree; the r_:ié'tted-line represents
thé' numbers captured on a sticky strip wound around the
smooth bark higher up (3m) on the same tree.

Divarsity‘of types of prey captured in pitfall traps at the
base of a_-RI.b'bon Gum tree. Solid triangles represent the
total prey " diversity, open".-. tfiangiéé the di-versi'.ty.with
Collembola omitted. | | _

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, opén triangles the diversity with

Collembola omitted.
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CHAPTER 5
FOOD: THE SCARCE RESOURCE?
5.1 INTRODUCT[ON "

In Chapter‘ 4 -|t was shown that inver*t'ebra'tes' in-the forest Iit‘te'l?""

©oremain . relatavely c:onstant m abundawce and leersiw throughout the

year, whereas lnver*tebr*ates that ‘move fr'eely on the surface’ of the
fitter and in the treas dechne markedly in winter. Mm
stuartii feeds largely on freely moving invértebr'a‘tes, ang hence is
likely 1o face a seasonal shortage of food Why 'doe’s‘n't A, stuartii

S|mply broaden |ts dlet and forage in the Torest !rtter'? In Chapters 2

and 3 it was ;suggestad that th:ns species . is demed___access “to the
relatively abundant. litter Fauna by A. swainsonii. If A. swainsonii is |

removed, not'.only does- A. stuartii become fess ar'*bo'r'eal but its 'diet

shifts to. mclude more typmally terrestmal foresL I|tter fauna such as

Amphlpoda and Iarvae

N

These fmdmgs suggest ’che hypothes:s that the ’Lwo speues of- '

Antechinus compete 'For.--’_f“oocl, and fu-r‘_the.r that th_e._.effects of- s_uc:h
competition are greater on A. stuartii than on A. swainsonii. - To test

this hypothesis, it was desirable to .provi’de -supplementary food to

populations of A. stuartii, but not to those of A. swainsonil. If food -

was not, a_ft-_er‘- all, a ‘scarce r*e_so_urjce {the _hq_l’l hyp.otheéis.),
supplementar‘?.fo‘od 'w_oul-d"b"e expected to have no effect. on A.
stuartﬁ,'. 1f, on the other hand, food was the scarce resource for
which competi‘tion occurred, supplementar.y- food would be expected to

alleviate competition and cause shifts in the population -parameters and

paiterns of resource use of A. stuartli that were similar to those |

produced when A. swainsonii was removed (sections 2.5.3 and 2.5.4),

a
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This chapter describes. an eXperimeptaI'.'-aftempt o _'-t-est' the
hypothxésis "tha”t_ the_re- 'Is' .cornp.eti"t'ion. for f.oe-d 'bY: pr‘ovidihg
supplementary f_oo'-c_l_ only to_po_pui'etions of A. 'et_u-artii. Althou:gh_, as
in  previous Chépters .]‘t was Consadered desirable fo: -conduct
eXperimen:_ts._ on enc!osed.-pr seml-enciosed pOthlailonS, further
enclosures could not be found. - It was therefore necessary to conduct
exper|mehts in samnlar sized areas of 51mllar habrtat and to compare_
_populatlon parameters “and patterns of resource ‘use betw:aen these.
'Except for food tame (perlodlmty of act:wty) and overlaps in home

ranges, the ‘resources -_a_nd ..pOpuIatlon :parameters eonmdered in the

present chapter are the _s.a'm'e as those considered in Chapter 2.

5.2 EXPERIMENTAL DESIGN
Simple experimenits ~ designed to investigate the effects of - :
supplementary fo'od on p‘OpuIati_cin's of _;5_ s-t-uartii_:.are shown :in.. Fig: |
5.1, Each: of the r'ectangles (E)\PT 1, EXPT. 2 a“nd-C'C')NTROL)
represents a study area con*tammg a pOpulatlon of A. s_t_;.ier.t'izi:. (Note..
that A. SWEIH‘ISOI’JIL is also pre_sent,. although- it is extranesus to the
simple design described _here, fo_r.': reasons that become apparent’.
below), In the '-'ﬁrs-’t. step, . genducted betWeen"September | -'a'_nd
Deé:embe1~ 1980” b'opulati'ons -..w'e'r‘e trapped to "e“SU"‘e ‘that each
contained samilar‘ numbers of breedmg females and their voung. Ih'
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 thirel_, control
study area (C1). I pope!ations of A. stuartii in ET and E2 exhibited
an expansrve Shift in pOpulatlon parameters ar patterns of resource
use, but those in C1 did not, it would be reasonable to infer that the.

added food has produced this effecl:. Ih the third step, conducted
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between June and November 1881, this inference would be critically

tested. Supplementary feeding would: be ‘discontinued in E1, and a

reciprocal . shift in population par‘am:eters or pat‘tebhs of resource .use
would confirm that shifts in A. stuartii populations were due to
manipulations of their food supply . -

This design is analogous to that présented in section 2.2, but

differs in  that falsification of the null hypothesis may imply

accepfa_ﬁi:e_ of not. one alternative hypothesis, but two. The first
hypothesis._' s obviously ‘thatr supplementary feeding has effects on
populations of A. stuartii. The second hypothesis s that
s.u_pblémen’t_ary -feeding reduces competition with A. sWainsonii. This

hypc‘cl'zesi‘s'canhbt be derived 'frony‘the design of Fig. 5.1 alone, but

it follows logically from the findings ‘of Chapter 2. That is, if

~expansive '-_-sh_.l'fts “in  the population paramsters .and patterns of

resource -Use of A. stuariii are caused only by the reduction of

competition, and the same or similar effects are produced by adding
’ f,

food, the added food must perforce also serve 1o 'reduce. competition,

If the provision of a scarce resource stch as food (Chapter 4)

alleviates c;_o;np_et'ition, 'it_'_is__r_e'asonabie :L'_'c_J' conclude 'Furtheﬁ that this is
at least one _résour‘ce. for wh.‘ich. co'r__n_p.a'e'tition occu'r*s. 'm this design, it
is esSentEéI that the 'h.ur.nber‘s of .'_P_\q. swainsonii are not manipu-la'ted,
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'

The ' study areas used in the supplementary feedmg expemments '
oceur i localltles that had been . used prevmusiy in source at*ea.
trapping: (section ?.4.1;.3). These areas are . sumiar ﬂor‘lst:caily to
the enclosures described -.ear'ller*, but the forest st_'ruc‘tur‘e and
understorey - vegetation surrsunding fthe éf*_éeks ar_e,__’géhéral.ly” more.
open. From -earlier 'tl*apping. in 1978.: and 1979, it was Known that
populations of both species of Antachinus occurred mostly along the
creeks in these afeas. 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 mto and out of the
areas. In addltmn, densutles of - the two spec1es in the study areas
were .r‘elatlve[y low These -areas were among those ralded in '1'979-_
(section 2.5. 5) ancl |1. is po""|ble that the” number‘s of A. swainsonil,
in Par‘ucular were still  recovering. when the - pr‘ogramme"-.-qf'
supplementary feédiné bégah _ o B _ _

The study areas are each 3. 06 ha, and are 850-925 o above sea
level, The nearest Weather stations . are . those at Lees and Blundell
Creeks; -hence painfall and temperature regimes may be expected to

be very similar to those of the enclosures described in Chapter 2.

TAithough | have designated othe study areas -used in the
supplementary feeding experiments C1, ET. and EZ, it shou'd be
remembered  that these are not the same as the enciosures that were
so designated in earlier chapters. | have used the same termihology
only for methodological consistericy. : =




198.

5.4 METHODS

5.4.1 Proﬂﬁsion of su.pplemeht-ary food

Because of the practical - difficulties o;f rﬁanipulating fhe
abundance of invertebrate prey for A. stuar'tii, a more  readily
acceptable ‘Form of food . had to be found A 5|mple alternatwe was
the mixture that was used to bait traps throughout thls study, srnce'
this Wo!S eaten by both species of Anieohmus with no evident adverse | J
effec’cs. Unfontunate]y, al’chough the ba|t contams protem,_sugars,..
carbohvdrates and fat (m the peanut butter), it was not known
whether the proportions ‘of these components in the mixture were in

' any way r'epr'esentatlve of their occurrence in the natural diet. Nor

was it known whether A. sl:uartu was Ilkely to face a shortage of any.

cne component, such as protein, above the others.

To remedy these -pr‘oblems. a dried, propr‘letary cat food_ ‘
(Harpers CaL Chow) contammg added mmerals “and vitamins was
crumbled up and added to the bait mixture. IhlS had two further
advantages. It was readily eaten by Antechinus _in captivity

- {personal obsar.va’cions')_, and, unless moistenad, it did not go mouldy-_':f.
for U 'to. five week.s_‘. ApproxXimate proportione (by weigh‘t). of the
mixture were: oats, 20 parts; honey, 4 parts; peanut butter, 2- 2@
parts; cat chow, %-1 part. .

The n.atl;lral diet of g.' stuartii is’  comprised Ia'rg.e]y of
invertebrates, but also includes plant remains (sections 2.5.4.3 and
3.4,3.3, Statham 1982a) and possibly n'ectar‘ (Recher 1981 )... Thus,
although the composition and char'acter."istics of bai‘f differ markedly
from invertebrate food, ‘the ability of A. stuartii to rnake

Dpportumstlc use of plants and plant derlvatj\/es suggested that the

bait may be an accep table dietary supplement,
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How 'm:u-_ch supplementary food should be provided? .Bec:au_se fhe
precise energy content of bait and the particular dietary reguirements
of A. stuartii’ were unknown, this question was difficult to answer.
However, the energy contents of the bajt constituents. are know_n:

" Homey contains 13.0 kJ g—q, oats 18.5 kJ ghq, peanut butter 24.9 kJ
-1 1

g . and cat chow 13.8 kJ g ', so that 1g of baft mixture contains

18,1 kJ. Statham (1982a), citing unpublished work by . Hume,
stated that 'th‘e_ daily net energy requirement for maintenance, growth
and some activity of a 35g A. stuartii was 84 kJ, or the equivalent of

4.84g of bait. The digestible energy available in bait is unknown.

If, however, a ratber conservative guess of 50% digestibility is made,

and it is remembeted that in the ptresent study A. stuartii averaged

: body weights of 20-25g, the provision of 6g of bait was probably

: sufficient Vto satisfy fhe daily energy requirements of the average ' ]
individual._

f' _ 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.fo‘od are seldom precisely known,

and information on spoilage and theft by other species is almost

- completely [ack’ing" In an attempt 'i:o‘ address such problems, bait was | |
provided in the field in clean, dry; waterproof 1 litre cardboard
cartons. (These were generously donated by the Bega Milk Co-op,

L Canberra, A.C.T.). Bajt 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 visitations by the more terrestrial

A. swainsonii and R. fuscipes, cartons were tied with wire about 2m : i

above ground on the trunks or limbs of trees, with the entrance

T

L’é . . o
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pointing slight[y downwards to prevent ertry of rain. Double siaed

sticky .ta_pg was placed around the entrances to the cartons, and loose

hairs were Jater removed from the tapes to check 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 bait was provided only in those in E1 {until

May 1981) and in E2. (The empty cartons in C31 were set out 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 ET and E2, bait was replenished and sticky

tapes were changed. The minimum quantity of food (grams) provided.

each m."o'nth was - calculated by multiplying 6x the MNA for that menth
far that study area % 30 days. Thesé quantities were then divided
by 32 and the resultant weights of foocd were provided in each
carton. - Additional food was provided in February (10%), April (30%),
May €20%) and June (10%) _to‘offset losses of food to other species.

Evidence that A. stuariii 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

captufedi These were cleared the following morning, and the faecal

material of céptured. individuals was examined for traces of the soft,

vellow balt. Such traces were Tounhd 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 trappmg wrth Elluott Lype B foldmg meta[ 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 comprising

four lines of 35 traps. Trap stations were 20m apart (X 3m) on the

- long a-xes and 15m apart (& 2m) oh the short axes. of the rectangle. -

Traps were set and baited as described in section 2.4.1, and left in

position fol" three consecutlve days each month In view of ‘the heavy

trapping programme That Was still. in progress in the enclosures_

(C.hap.ter* 3), l- was mwable to clear traps more than once da|ly Ng'

line traps were set. Animals were weighed only at the time of first

capture in any mon'i:h,- and no scat ma"ter'lal was collected Animal

handling procedures were othermse the. same as those descmbed in -

section 2.4.2.

To assess the arboreal activity e'F A. stuartii, 25 hair sampllin.g
tubes were attached to tree trunks or br'anches 2%-4m abOVe ground
in each of the three study areas. None was placed at ground level.
Stlcky 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

Iaefore (sections 2.4.4., 2.4.5. a_n‘.d 2.4.6.)_. The following planne‘d. :

comparisone, again stated as null hypotheses, are derived from Fig.

5.1:

e

A




- 202,

AL stuartii

Januaty—l\/lay 1981 Hyt BC1 = p (E1 and E2)

June-November 1981 | Hc-).::_. i (CT and E1) =y E2

where y is the parameter mean of the population.

No nuE[ hypothesns is necessar'y for the- perrod September December
1980. Dur'lhg this pemod trappmg was conducted only to ensure

that the three study areas contained similar numbers of A. stuartii.

5.5 RESULTS
-.Betwe_en_ September‘ .a"n(.:l DecemBer 2.198:0', _four" '.p_e_.r.o__u-s female A
stuartii were known to be aliQe in each of the study areas. The
numbers of pouch young carried by these females were ccumed (but i
not sexed) in October 1980 In C.'I there were 36 young (10, -8
.and &), in E1 34 (1-0,_ 9 9 and 6) and in E2 Sb (']0 10, 10 anc:l 6)
Although no eetimates of other population parameters or patterns of
resource use were made, these ﬁndlngs suggested. that population
-Ievels between the study areas were stmular - Only the results of food

supplementatlon (January NoVembe‘r‘ ’198’1) are consndered below,

5.5.1 Effects of supplementary feeding on poptilation

parameters and patterns of resource use of A. stuartii

5.5.1.1 Population numbers and composition
In all three study ereas, numbers were relatively Jow in
January, as juveniles were not readily trapped, and between

September and November, when only parous females were present

(Fig. 5.2, top; Fi'g-... 5.3). Numbers were highest between March

i .
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and May and ‘also in August (FIQ 5.2, top). Bei.:\:veen January and

- April ‘Femaies COH’IPJ"ISEd 63- 88 of the popu!atuons in each study ar‘ea: '
but. as the ttme of mating - approached in August_,. _-males ‘became
retatlve]y more abundant (Flg 5 3). o |

Compamsons between enc]osures showed that the populatlen JIn E2;'

. was larger - than thai in Ct in every month e><c.ept Januwy ' E><cept-.
in this month and Tr‘om September to November when samp[e sizes; ..
were small the _populatson in E2 was ne\_/er‘_ less. than 21% larger Lhan
that ‘in C_.‘l;. in "Ju.!iy it was 7.1'%.Iarger‘. ' .T'he p‘d_puiﬁatiOne in ET1 and EZ _

- were 'Si.mi:].-a‘". until May; .when 'Supfblémentars} feediﬁg.:-iﬁ E1 was.:-.
discq'ﬁt"inued. BY - June, the - popula’uon in E1 bhad declmed 48% from
its May. level, whereas thase 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 E1 were simflar _ B
Despite the above trends, rno statlatlcally significant dlfferences
in overall populatuons su.es, G of the ‘numbers of mdles and females, s
were found between -the study areas. Takmg as an examp!e Lhe 16
irldf.v.iduals.k'nOWn to be"a[.iv.e in Ct:in February and May, it .is
relevant to- pomt out. that populatlons in Et'and E2 wou[d each have' |
to have increased 94% (to 31 md[wduals) to have been d;frerent fr'om
C1 at the- 5/ level of statlstlcal Slgmflcance - Since only 34 and 36: :
pouch youngd were counted r'espectlvely in E1 and E2 1.he prevmous
October, .such increases would r‘equlre exceptlonally hlgh survival . .

(86-91%) of the yourig.

5.5.1.2 Survival

Minimum monthly survival of A. stuartii in. the three study areas

fluctuated seascnally (Flg 5.2, mlddle), bui was Jowest in August
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due to male .dier-off '('-'Table 5,'i-)-._ Fluc’cuati:éns in sLi_EinaI in C1 ~and
E1 bgft\veen September and November were associated wfth small sample
sizes of females (Table 5.2), | :
Comparisons . between study areas showed that survival  was
genarally greater in E2 ‘.than in C1. Survival in E1 rwas' -él'st_: greater
than ~in €1 un‘c:i-_l April. [n May, 'héwever‘, sﬁfvival Ih. ET felt
dramatically, and.ther‘eafter was ge’ne.r.'a_l.[y less than in E2 (Fig. 5.2,
middie}. _Ekcep‘t in August and when samp!é; sizes w_ér*e small, -.t;.he
survival rates of males and females were generally similar (Tabieé 5.1
and 5.2). Statistically significanf_ differences in- survival were

recorded in two months:  In April survival in E1 and E2 combined -

was greater 'fhan in C1 (G = 3.98, P < 0.05), and in Ma
(1d.f.) | _ Y

survival in- E1 was less than m C1 andrrEZ_(G(Ed-.f.) = 9,36, P < |

0.01).  Poor syrvival of females in E7 c0r1t_r-ibuted- most to the Iétter* ' -

.,«esulf-(for* fem'ams Geag.f.y = 7-72, P < 0.05); there was no.

statistically significant difference in the survival oﬂq,ale_s._between the

study areas. | | - _ |
Of the pouch vyoung kr‘zbwn. to be- alive .in October 1980, 56%_

(20/36) in c1,.__._74% (25/34) in 'E'l,_aﬁd 65% (22/34) in E2 were -

ca-ptu.néd as indébendent juveniles between January and April of the

following year. There were no differences in..'th_e survi\_}al of these
young bg.tweeh the study areas '(G(Ed.f.) = 2.44, n,s.).
5.5.1.3 Trappability
Except for the m_o'hths September to November, when peopulations
were comprised solely of parods females, "t'rappability was never |less
than 80% (Fig. 5.2, bhottom). ‘i’here were no statistically significén‘t 5\

differences in~ the trappability of males and females prior ‘o
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_September, and no differences ln trappab|l|ty between the study areas

at any tlme

5.5.1.4 Repr‘od_ucﬁon

Because tnapping wa_s -conductec.l .*For only three daye a month,
precise " information on the timing of reproductive evenfs was not
obtained. Nevertheless, all males disappeared between the final day
of trapping ln Au:_:,ust (29th) and the F|rsL day of trapping in
September (’18th) m the three study areas, all Females gave b:th
between 20 September apd 17 October, and p]aced young in nests
between 22 October and 23 November From measurements  of the
crown-rump Iengths of the pcuch young in Ogctober, all. births were
estimated to have occurred between 20 September' and 3 October
(unpubhshed fmdmgs). ‘These findings suggested that reproductive'
events in these study areas occurred synchronously, and aiso at the
same time as equ;valent events in Lhe enclosures (see sechons 2.5.3, 4 o
and 3.4.2.4). Hence there was no ewdende that supplementézn; food'.ﬁ

influenced the timing of breedmg of A. stuartn

5.5.1.5 Movements )

In €1 and E1, movaments of male A. stuartii generélly increased - | | . ' F
from January to August (Fig. 5.4, top). In contrast, movements of
females of the 1980 year class and .males in E2 were relatively
constent througheut the vear (Fig. 5.4). Compa'r:_'isons 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
c females were remarkably similar in  all study areas. ' i
Variances were also very similar, and no statistically

significant differences in movements were founhd.
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2. in April 'and May, " Av. D values for' maies and females:
'comblned were Iarger in C1 Lhen in E1 and E2,

3. Between June and August alter eu-ppiementery'feed’in‘-g was

dlscontmued in E1, movements were gr‘ea't_eh in.this study. -

area and fn C1 th-an in E2, This difference was more

) evident in females than in maies.
4, ‘Betweén September and November, movements of females

were the same in the three study areas.

-The ﬂ-ndings provided some evrdence that . supptementary food'

. redueed the movements of A. stuar“tu- : Reductton was gr’ea'test durmg

the meer months and was most ev1dent in females

5.5.1.6 Home range
Home. lfenges _were calculated for three gr_'o'ups of '.m_e'r\th's o'h.ly;
hence detailed seasonal ‘trends in home range size are difficult to

find. Never‘theles‘s, between January and May, home .r'anges- of males

and females. ¢1 yr and >1 yr old were generaily comparab[e, but”’

between June and August as the time of metmg approached, the
home ranges of males were consmtently Iarger than those of females
(Table 5. 4). There was no evadence that home r'ange stzes in the

contral cr ex;aemmenta[ study ereas d:ffered at any time (Table 5 4)

5.5. '! 7 Body size

Body weaight: Mean body weights of male A. stuartii increased

Trom January to August (Fig. 5.5a). Mean body weights of females
of the 1980 vyear class increased from January to March, remained
relatively constant until August, and increased lo a peak in Oclober

when they carried young in their pouches (Fig. 5.5b). Sample sizes
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of females of the 1979 vear class were smali, bul their mean body

weights generally - declined 1‘-r‘..om January until June before increasing
again to a peak in September (Fig. 5.5¢). What were the effects of
providing supptemenLary rood to A, s'tuar'tu? _ " ' |

Males. There were no statlstlcally 5|gn|ﬂcant dlfferences in the

body welghts of males before June., However, males were. heawer in.

E2 than in C1 and E1 combined in June (F = 15.68, P < 0.001) and

in August (Fp =4.,45, P < (Q.05).

Females. The body weights of females ¢t yr old (1980 year

class} were greater in E1 and E2 than in C1 in March (Fp =7.82, P ¢

0.01) and in May (F = 8.86, P < 00'1) HOWever, after

'supplementary feeding was dlscontmued i ET in May, body we[ghts

were less-in  this s-tu_dy area ‘and in Ct than in Ez in July CF =

22.62, P ¢ 0.001) and in August (F, =673, P < 0.05). Dsfferenwa.i

in the body -weights of 'Fefnales <'l yr and a‘lso > yr old m.m,'

observed rn other mom.ha (F|g 5 5 b and c:} but sample sizes ware
too small to make sta‘mstu.al compar‘ssons -

Head~-body rlengt_h. The  mean head—body Iéngths of males and
females of the 1980 year class increased from January to August, with
no prolonged fulls in growth (Fig. 5.6a and b).

~ The effects of providing supplementary food are summarised as
follows: | | | |

i\’lales.. There  were no  statistically s[gniﬂc_:ant planned

differences in the mean h'._ead-body lengths of males between the study

-areas in any month. - However, an overall di'F‘Ference was Tound among

means in July (F, = 9.22, P < 0. 01), and a posteriori testmg showed
that the mean for E1 was greater than that for C1 (SNK Lest, q =

5.93, p < 0.01).




208.

Females. Between January -and May there were no planned

differences in the mean head-body Iengths of females between THe

study areas. However mean head ~body [engths in E2 were larger’

than in C1 and E1 in June (Fp = 15.92, P < 0.01) and in August (Fp
= 6.55, P < 0.05). | |

These findings show that, in some months, A. stuartii - -was

heav:er and longer when provided wuth stpplementary faod. These

differences tended to be greatest in t.he winter mon'ths_.

5.5"1.8 Arbaoreal habijtat

Antechinus stuartii visited arboreal pajr sampling tubes_ in all .

months .in all study areas (Fig. 5.7). Arborea| activity was generally

greatest beftween January and August, when males and femaleas were

present, and least hetween September and _Nevembér—_ﬁwhen females

alone were present, .

The provision of, supplementary food appeared to have some
effect on the arboreal activity of A. E@Hﬂ, but there were no
stalisticatly significant mont’h{y differences ln the numbers of hajr

tubes that were visited. (A difference was fdund in - October

(G(Ed 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 EZ were equal to or greater than the
numbers visited in both C1 an& 'E’I; .betv-een January and May .t'he
difference was significant (G(m,f,)g 4.05, P < 0.05). When
supplementary feeding was discontinued in ET 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). -in July, the reduced arbareal activity was
almosfc_, but not quite, significantly less than in E2 '(G(’ld,ifr‘.) = 3{52,
P < 0.1, > 0.05), The numbers of hair sampling tubes visited In E1
increased sharply between .Ju-ly and August, paés-i'bly due to incroased
activity of males hefore mﬁ‘ting. These findings show that Al stuartil -
. Was 'gener‘atly mare arboreal when provided with supplementary food,
'and' tha; arporeal activity declined (not quiie .significantly) when
s.upg?lemen'tar‘y feedfng was discontinued.
' 5.5,7.9 Terrestrial habitat (structural habital complexity)
~Although a few capiures of A.. stuartii cccurred in open and in
Very complex habltat, most occurred at sites offering moderate cover
'(Tablc—; "5.5), Unlike the enclosures, the proportional fepresentaticn
of sites of different 8.H.C. differed between .the stuely areas
(G(Zéd.f,).: 43,18, P <‘ 0.08).. This was because, In ET, the grid
encompassed relatively more open habitat than in either-of the other
_iwo study areas. However, many iraps that were st in open habitat
falied to capture Antechinus. When such unsuccessful trap sites were
om‘nt'ted'from consideration, no difference was found in the proportions
of sltes of different S.H.C. (G(ZSd,f.) = 34.28, P n.s.); hence it
was also possible to directly compare the frequencies of captures of
A. stuartii between the study area;.
'Comparisons petween the study areas are shown ih Table 5...5, :
and s.ugg-est that there was no significant effect of providing
supplementary food on the terrestrial habitat used by A. stuarti].

There wére, however, two other statistically significant comparisons

(Table 5.5). Betweeﬁ- January and March in each of the study areas,
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males and Temales <7 yr old tcgether lended to use more open habitat
than fomales 27 yr ol (G{wd.f. y ® 42,42, P £0.001). Partitioning
G shewed that this effect was siranger in C1 (G('wd.f.) = 25,48, P <
0.01) than in either &£ (G(’md.f,) = 18.31, P = 0.08) or E2
(G('wd.l’.) = 14,88, n.s,). Between Jung and August, there were
preportionately more males than females in C1 than in B1 and B2
4.1y © 9.12, P < 0.01).

A summary of the offects of supplementary Teeding on A. stuartii

is presented in Table 8.6,

8.5.2 The numbers of A. swainsonii

Between  Janvary  and - July, populotions of A, swainsonii
fluctuated more or |ess syi’ml‘wohbusly in each study area, and wers
comprised of males, females <1 yr old and femalas >1 yr old. During
these months, the maximum number of individ_ua-ls_ known to be alive
in C1 was 16 (February} and the minimum was 10 (June). The
respective maxima and minima in E1 were 12 (February and July) and
8 (June), and in E2 19 (January) and 13 (May). After July, and
beforé juveniles became ’cr‘appable in Movembear, populations in each

study area were comprised of only 1-3 pregnant or parous females.

5.6 DISCUSSION

Food has been implicated as a factor influencing the numbers
(Bendell 1959, Smith 1971, Freeland and Winter 1975), reproduction
(Symih 1068, Andrzejewski 1978), supvival (Watts 1969), distribution
{Flowerdew 1976b) and activity patterns (Grodzinski 1962} of natural

populations of small mammals, and is probably the ultimale resource




for whieh competlition occurs {Grant 1878), However, providing
supplementary food to test hypotheses éoncemﬂng population dynamics
and competition is seldom a simple undertaking, and in the present
stuéy, several difficulties were encountered with the practical design
of the Teeding experiments and the interpretafion of results,

Perhaps the most aggravating practical problem was thelt of the
supplementary food by species other than A. stuartii, Traces of hair

“~from Brushiail Possums (Irichosurus vulpecula) and Ringtail Possums

{ Pseudocheirus perearinus), Eastern Pygmy-possums ( Cercartetus

hanus), Pyamy Gliders ( Acrobates p'vamaeus), Fluffy Gliders

(Petaurus australis) and Greater Gliders (Petauroides valans), as well

as from Bush Rats (Rallus fuscipes), were found at the food cartons

in both study areas where food was provided. Although no more
than 18% of food cartons were visited by these species In any one
month,'fobd was also taken b;r ather, less obvious thieves, such as
ants.

In addition to theft of the food itself, some species of mammals
evidently found the food cartons palatable, and_'_.either chewed pieces
out of them (allowing rain to enter) or tore them loose from the troe.
However, such disturbance was infrequent (mo more than 9% of
cartons were so affected in any study area in any month), aﬁc‘i
damaged cartons were replaced monthly when food was replenished.

Overall feod losses to theft, spoilage and other disturbances
were difficult to assess, but probably did not exceed 25-30% In any
study area in any month. However, these estimated losses were partly
offsel by the provision of additional supplementary food in some
months (section 5.4.1), and should not have significantly reduced the

overall amount d‘F supplementary - food that was available to A.




stuartii.  Usually, 10-25% of carlons contained some residual food
when food was replenished each month,

A Turther "problem" with the supplementary feeding experiments
may be mentioned. In 1981, population densit-i-és of A. stuaptii (and
A. swainsonii) in the study areas were some 3-4 times less than when
trapping began in them in 1978, The decline in density appeared to
be due not simpiy'to the earlier removal of animals for the
manipulation experiments (Chapter 2) or to the unexpected human
interference (section 2.5.5), but also to the general decline in
invertebrate food that accompanied the drought in 1881 (Chapter 4).
To overcome the problem of low animal densities, the sizes of the
study." areas and the humbers of traps used were increased to the
maximum that 1 could handle, Even so, the minimum numbers of
animals  known to be alive were rprelatively low;  consequently
differences in population parameters and patterns of resdurce use
between the study areas had to be r.etatively large to be different at
the 5% level of sighificance. |

Notwithstanding thesé difficulties, it was apparent  that
supplementary feeding produced some effects that implied reduction of
competition, whereas other 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 fodd (although differerices in  numbers weres not
statistically significant), and decreased when supplementary feeding
was discontinued. These effects were the same as those produced by
the removal of A. swainsonil (sections 2.5.3.1 and 2,5,3.2). Other
effects of providing supplementary food to A. ‘s_t_ﬁr_‘y__['wwe to

increase body size and arboreal activity, and to decrease movements.




These effects were in the opposite direction to those observed when
A. swalnsonii was removed. In addition, supplementary feeding had
no effect on the home ranges or terrestrial habitat use of A. stuartii,
wher.eés mar_’ﬁpulations of the numbers 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, it is possible that
increasec.i' numbers in the supplemented areas were due to individuals
movir‘ig In from surrounding habitats., However, this is unlikely
because juvenile A. stuartii, especially 'femé|es, tend to remain in or
near the maternal home féng‘e for several months after weaning (Wood
1970, Dickman et al. 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 1 have been extensive prior to this time,
and new individuals probably contributed little te the population
peaks that occurred in the study areas in March and April (Fig.
5.2). Belween May and July, more new individuals were captured in
C1 (nine) 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 legast in the supplemented areas, Thus it is
reaéonabte to conclude that the increases in numbers in  the
supplemented study areas were due not to incoming individuals, but
to the enhanced survival of residents,

In Chapter 2, the decrease in body weights of A. stuartili 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




unusuatly high. Hovﬁever, sihce densities In thé present study areas
were relatively low, even in the populations Eéceiving supplementary
- food, strong iniraspecific i'n“terﬁer*.ence was not to be expected.
Thus, the increase in body size when pro_videc_l with sypplementary
food indicated that A. stuartii was indéed food limited, and further,
that the food alleviated coﬁpe‘tition with A. swajinsonii.

Although unexpected, the increases in arboreal activity and
decreases In movements of A. stuartii when provided with
supplementary Tood do not invalidate the argument that competition
oceurs for this resource. Instead, these effects are better explained
by one further point., This is that placing food in ihe trees not only
altered the abundance of this resource, bﬁt also its dispersion. In
Chapter 2, it was suggested -that_ the removal of A. swainsonii allowed
_{\é;-stﬂartii access to an additional source of invertebrate food that
occurred in the soil and litter layers of the forest. To explolt this
fodd, A, stuartii inevitably had to forage at ground level, causing its
ground level movemsents to increase and its arboreal activity to
~decrease. In contrast, since supplementary food was available only in
trees in the present exberiments, the decrease in ground level
movements and increase in arboreal activity of A. stuartii in the
supplemented areas were probably a direct consequence of '(ts.
exploitation of this resource, Although with hindsight suppiementary
food should not have been placed only in trees, when the experi_ment
began the difficulties of providing it at ground level and safeguarding
it from raids by rats, A. swainsaonii, ants and lizards appeared to be
of greatest importance. Thus, although the responses of A. stuartii
to the supplementary food were different from those tha_t were [nitially

expected, the results nevertheless suggest that this species took




advantage of the food, anc.}.' 80 reduced campetition with its larger
congenar,

Closer inspection of i‘he_ results revealed two frends that support
this conclusion. First, the effects of providing supplementary food
were generally most ébviqus in winter, Differences in the numbers of
A. stuartii between the -S_Upplemehted and non-supplemented study
areas . tended tfo be greatest In winter (Fig.. 5.2), and statistically
significant d_i-fferenc‘:es in movements between the study areas occurred
cmiy between April and August (Table 5.3)., In  addition, body
weight differences occurrad only after Februéry, and were geherally
most  pronounced between Juhe and August '(Fi.g. 5.5}, Since
supplementary feeding was most effective in winter when interspecific
competition was probably most intense', this again suggests that food
is the object of competition. ' _

The second trend. was thai_:'juvenile females responded to the
provision of supplementary food more strongly than either males or
parous females. Juvénile female survival declined sharply in ET when
supplementary feeding was discontinued there in May, and the
.r‘eduction in female movements in E2 betwean June and -ALig_ust w_aé
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 head=body lengths between the
study areas were found only among females. Since juvenlle females
generally responded more strongly than males or parous femeales to
the reduction 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.




One final point may influence the interpretation of results in this
chapter, and this Is the possible action of interspecific interference

competition. Interference effects can occur. irrespective of whether

~resources are actuaily limiting . (section 1.71.1.), so that if A.

swains'onii “interfered™ with A, stuartil at ground level, pr*.o.visi-on_'of _
supplementaf“y.'foad wou!d. not he ex_pecfed to alleviate all the effects
of competition. Unfortunately, the supplementary feeding experiments
were not designed to accommodate possible interference effects, as |
did not, at the time, appreciate the possible consequences of this
form of competition. (A partial assessment of interference effects
coutd 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 -interf‘erehée'c_:o'mp'l'icates the issue, it does not

outweigh the positive evidence that supplementary feeding reduced.

‘interspecific competition on A. stuartii, and hence dges not seriously

challenge the conclusion that food s an object of competition. The

subj'ect of interference competition is discussed further in Chapter 6.

5.7 SUMMARY

This chapter describes an experimental attempt to test the
hypothesis that A. sf.uartii and A. swainsonii compete for food.
Three study areas were established in September 1980, and trapped
until Decerﬁber of that year to ensure that each contained similar
numbers of both species. Because it was expected that A. stuartii
would suffer more than A. swainsonii when food was short,
supplementary food was provided to pot::ulations of this species in two

study areas, but not to the population in the third, control, study




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. |t was reasoned that, if
food was indeed the resource for which competition occurred, its
provision would alleviate compétition and hence produce shifts in the
populatlon paramaters and pattems of resource use of A stuartli that
were similar 1o those produced by ‘the r‘emoval of A. swainsonii
(Chapter 2). '

Supplementary feeding produced two effects that ‘suggested
alleviation of competition: an increase in numbers of A. stuartii
(albeit not a statistically significant increase) and an increase in
survival. . The body weights and bpody 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 movemenfs of & stuartii that were opposite to .’_ch.e
effeeté 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 AL
swainsohii; however, they were not considered sufficient to warrant
rejection of the food competition hypothesis.  Two furthe_r*.trends
supported ..the hypothes.is. "First, the effe;t of  providing
supplementary food was greatest In winter when & 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.




The discussion described some of the difficulties of conducting
supplementary fee_d_ing__ experiments, and concluded with an appraisal

of the probtems caused by possibie interference competition. This

subject is considered further in Chapter 6.




Table 5.1 Minimum sessional survival (%) of male Antechinus stuartii.

Sample sizes are shown in brackets. .

CY E1 E2

Food added to E1 and E2

Jan. 100(2) 100(2) ' B IGD)
Feb. 75(4) _57(33 | '83(5)
Mar, 80(5) 89(9) 75(8)
Apr. B0(5) 88(8) 100(9)
May | | N7 810y 83(9)

Food added to E2, discontinued to E1

Jun. 75(8) 83(6) 91(11)
Jut. ' ' 75(8) 89(9) 82(11)
Aug. : 0(12) 0(11) 0(14)




Table 5.2 Minimum sessional survival (%) of female Antécﬁhinus’stuartih

Sample sizes are shown in brackets.

c1 O ET E2
< vr }i v <1 yr > yr {1 yr >T yr
Food added to E1 ang EZ
Jan. 75(4) 754 100C 1) 100(3) 100( 3) 100( 4) -
Feb. - - 78C 9) 100 3) 100( 5)  B7( 3) 100( 8)  75( 4)
Mar-. 91(11)  33( 3  BT(18) 100( 2)  82(12)  100( 3)
Apr. 73(11)  50( 2) 92(13)  100( 2) . 100(12)  33( 3)
May 75¢ 8) 1000 1) 46{13) 50( 2) 92(12) 100( 1)
 Food added to £2, discontinued to ET
Jun. 83( 6) 100( 1)  83( 8) 100( 1) 100(11) 100( 1)
dul. 80( 8) 100C 1) 75( 8) - 0( 1) 100(11) 100 2)
Aug. 4005) o1 78( 9)  -(0)  s8(12)  50( 2)
Sep. -( 0) 100( 2) -( 0)  83( 8) ~-( 0)  8B({ 8)
Oct. -( 0) 50( 2) -(0)  80( 5) - 0)  100( 7)
Nov. " -( Q) 100( 2) -0y  75( 4) - 0) 100( 7)




Table 5.3. Movements of Antechinus stuartii.
average distances moved

Anechinds Values are mean
(m) * standard deviation. Sample sizes are

in brackets.
C1 - | X
; “ E1 E2 F, Fy Conclusion
| ‘Food added to; E1 and E2 _ ?
g 35.0417.4  37.2%17.17  44.64#17.0  0.99 0.8 C1 E1 E2
. (9) (1) (13) _
Jan.- Q<lyr  33.7£18.8  37.7#21.1 41.4%26.2 0.58  0.89  C1  B1 EP?
March (19) (18) 21 - T
?>1yr  50.8%20.7 38.1%16.2 44.5%22,3 0.83 1.20 C1 E1 E2
{(9) (8) (1)~ : T
&4 38.2+19.8  37.8%18.5  43.1%22.5 .0.89 - 0.36 C1 E1 E2
(37> (37) (45) B
s 52.4+18.8  38.1320,0 38.8%18.3 2.01 4.00 ©1 E1 E2
(10) an o On -
Aprii-  @<lyr  48.1%24.0 37.5%21,9 - 32.8%14.0 1.97  3.31 C1 _E1 E2
May 14y (22) - - (23)
@1yr  36.7£10.4  41.0%18.5 42.3%3.6 0.13  0.24 . C1 E1 E?
@ (3) (4) (4) . |
d+g 47.4%21.1 38.0%20.8 35.9%15.8 3.19  6.12 €1 E1 E?
- (27) (43) C(48)
Food added to E2, discontinued to E7 _
) 63.0£35.7 56.6126.5 46.6%33.3 2.04 3.58 <1 E1 E2
{29) (24) (34) . s .
June- Q 45.6414.6 ~ 43.1#18.0 33.7#21.4 3.82 7.03 1 E1 k2
Aug. 21 (27} (46) ot R '
d+o 55.7:29.9 49.4+23.2 39.2427.7 6.08 10.79  C1_E1 E2
(50) . (51) . (80)
Sept.- ¢ 39.5+13.8 33.7+13.5 35.7%18.7 0.28  0.01 C1 E1 E?
Nov, (6) (15) n

For January-May, Temales <1yr and >1yr old are considered separately; far
other months they are considered together.
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o Table 5.4, Home ranges of Antechinus stuartil. Values are mean mmmum .
areas (m ) * standard deviation. Sampfe sizes are in brackets. o ) .
C1 . ET . E2 : Fb Fp Conclusion
Food added to E1 and E2 _—
¢ . 2475E1227  2006+1318 19174715 - 0.34 0.46 CT E1 E2
| S @ ® o
JJan.- e<lyr 18624728 235511868 20781361 0.28 0.36 <1 _E1 E2
May - (7) (1ey . (9) ‘ ' . 1
- >1yr 24281838 18831870 18901925 0.35 0.71 Cl1 E1 EZ
(3) (2) (3 . o
- O4Q 2180+822 2250£1426. 19931063 0.23 0.02 C1 E1 EZ
: (15) 19y . {18} :
Food added to E2,'discohtinued o E1 - - _
g 25113853 22094605  3280+1377  1.54 2.89 C1_E1 E2
June- ¢ 20281466 1830£524 19084913 - .0.09 0.00 ¢1 E1 E2
Aug. o (B): (8) G _
O+ . 22891751  20¢wiSE0  2394:1256 . 0.45 0.58 C1 E1 E2
: (10} (10) ,oan
. Sept.- @ 17141267 22513686  2507+1146  0.68 0,88 C1 E1 E
. Nov. . @ (4) (5) ‘

For January-May, females <lyr and >Tyr old are considered separately; for
: other months they are considered together. :




~Table 5.5. Frequency of capture of Antechinug stuartli at sites of

different structural habitat complexity (5.H.C.).
captures (N), mean 8.H.C. (x) ond standard deviation (s.d.) are

given.

The numbep

af

Jariuahy-March

sex/age Structural habitat complexity _
class 3 4 5 86 7 8 9 10 1 - N s.d,
o (2 5 1 6 2 8 2 1 0 1 27 7.4 2.50
Cleclyr (3)86 2 9 1410 2 3 2 1 0 52 6.87 2,08
®lyr 0 0 3 4 3 0 3 6 4 1 7 25 0.04 2.4
g 0 4 2 3 7 7 4 1 2 1 0 3 7.39 2.09
Eloclyr (1) 5 4 7 11 13 8 2 2 1 0 51  7.16 1.95
®lyr 0 1 0 2 4 1 3 4 3 1 1 20 8.85 2.30
© 1.0 5.7 8 9 3 1 1 1 34 7.18 1.85
EZoclyr (2) 3 8 & 11 10 4 6 3 1 58 7.21 2,13
eiyr (1)1 2 4 4 3 3 7 2 0 29 8,21 2.51
Summary SHC x A X S, G, (84d.1.) =
SHC x A, G° (20d.f.} =
Cc1vs (E1+E2), G° (10d.1.) =
SHC XS, Gg (20d.f.) =
A XS, G, (4d.f ) =
April-May
- sex/age Strugtural habitat complexity . E
class 3 4 5 & 7 8 9 10 11 1 N % s.d.
¢ 0 2 0 2 5 5 &6 4 2 1 0 27  8.26 1.08
Cleciyr () 0 1 6 9 8 5 2 3 3 1 40 8.03 2.20
elyr 0 1 0 0 2 2 1 0 1 1 0 - & 825 2.49
& 0 0 1 1 9 168 3 2 1 2 43 8.47 1.67
Eloclyr 1 4 2 8 7 17 13 7 0- 0 4 B3  7.95 2.15
olyr 0 0 2. 000 1 1 3 2 0 10 9.20 2.82
¢ (2 2 4 -2 8 10 10 1 5 1 46  7.87 2.28
E29¢lyr 3 3 7 6 11 90 8 8 1 2 58  7.38 2.2
“@lyr 0 01 1 1 0 2 0 3 0 0 10 8.70 3.09
: S-t.lmmar*y‘1 SHC % A %S, GO Egggi% =
. SHC % A G )=
c1vs (E1 + E2), G° (10d.f.) =
SHC X 5, Gg’ (10d.f.) =
A xS, G, (Rd.f.) =
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Table 5.5 {cont'd.)
June=Auqust
sexsage Structural habitat complexity -
class 3 4 5 6 7 8 9 10 11 12 18 N X s.d.
o 8 9 4 4 9 7 13163 1 (8) 2 7.91 2.42
Clegiyr 1 0 4 2 B § 8 6 4 2 1 43 .44 2,14
oxTyp c 0 1 1 0 2 6 00 1 0 11 g.45 1,8
J 1y 58 6 9% 14 14 6 7 4 2 2 70 7.84 2.26
Elgclyr (2> 4 4 6 12 21 10 71 6 (1) 74 7.92 2,20
gxlyr 0 0 0 O b1 2 00 0 & 5 10,40 2.41
N (8)8 3 1119 16 13 7 4 7 1 9% 7.71 2.38
B2 eslyr .3 B 10 8 13 13 18 14 12 4 {4) 104 0.23  2.47
2lyr U1 60 1 2 2 2 3 0 2 1 14 5.93 2.50
 summary’ BHO X Ax 8, G, (52d.7.) = 65.44
EHC x A, 60(20 1"-)'—'21 29
(€1 + E1) vs B2, GF (10d.f.) =8
SHC x &, Ggmmﬂnzmmﬂ
AxS, G(Edf)-—-g.fla
September=November
- sex/age Structural habitat.complexity

s
7
0.

class 3 4 5 6 7 8 9 1 11 12 13 N

4 1.0 1 1 15 8.20 2.48

ci oo 0 1 2 1 0 4
E1 O 0 2z 1 4 9 B 7 4 P (2) 37 9.03 1.86
8

E2 ¢ g 2 2 0 4 13 10 2 4 3 48 9.08 2.10
Summary1 SHC % A (or 8) 0 {1 d f.)=17.25
: {C1 + E1) vs E2, ( g0 = 8,27

] The G statistic was used to test the joint independence of S.H,C.,
sex/age class (8) and study area (A). |If dependence was found, G was
partitioned to examine which pairs of criteria were associated. A few
captures occurred in S.H.C. categories 1, 2, 14 and 18, These were
grouped with captures in calegory 3 or 13 and are shown In brackets.
(Categary 3  was omitted from caleulations of G in  the period
September-November)., For January-March, females <1 yr and >1 yr old
were considered separately in G tests; for other months they were
considered together,
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'l‘able 5.6 Summary of the effects of supplementary feeding and its discontinuation on the
population parameters and resource use of A. stuertii.

Effects of' providing ' Effects of discontinuing

supplementary food supplementary fosd
a ? Both - e e Both
Population parameters
Numbers - - - - - -
Survival ' - - A - J ﬁ
Trappability - R - - - - :
Reproduction - - - - - - .
Mowvements - - 4‘ . - ‘;’ !
Home range - - - - - -
Body weight - Jd _ ' S J
Body length R -~ : L J
Resources _ _
Habitat (arboereai) 4 - -
Habitat (terrestrial} - - - - - -

J denotes that effects cccurred in some sampling sessions; - that no stattstlcaliy significant
effects detected at any time. Effects were detected by p[anned comparisons {suppiemented
versus non-supplemented), except where marked *, .




Fig. 5.1,  Experimenis designed 1o investigate the effects of
supplementary feeding ond competition on A. stuartii {A, st).
stéps are deécribed in detail in the text. Rectangles (EXPT. 1 and
EXPT. 2 and CONTROL) represent study areas. Solid arrous
represent an expansive shift in population paraméters or 'pa.tterns of
resource use in A. stuartii in response to sﬁpplementar‘y feeding, the
broken arrow a reiurn shift when supplementary . feeding s
discontinued. Between September aﬁd Decembér 1980 (:rectanglES
drawn with broken lines), the population numbers of A. stuartii and
A. swainsonii (A. sw) were monitored. The effects of providing
supplementary food were assessed by dbmparing populations in the
three study areas in the periods January to May 1981 and Junelo

Nuv_ember' 1981 (rectangles drawn with solid lines).
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EXPT. 1
September-Decemberé A. st
1980 { §
POA sw
Y
January-May A. St@
1881
A. sw
Food added ]
i
A. st 3%
June-Navember - S 3«%{
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A. sw
No food
added ]
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Fig. 5.2." Population parameters of A. stuartii in three study areas.
Top, minimum numbers known to be alive; middle, minimum sessions
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 aress.

Different female year classes are represented by solid and stippled

shading, the mate (1980) year class by no shading.
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Fig. 5.4. Mean average distances moved by A. stuartii in thres
study areas. Top, males; _'bottom, "Fe_ma]es (1980 vyear class only).
A and A répresent 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)
m_ales,' (b) females (1980 year class), {c) females (1979 year class).
Symbols (salid ci-rt:les ar open triangles) represent mean body

weights, while vertical lines represent standard deviations ahout the

means..
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Fig. 5_.'6.' Head—'bddy !'e'ngths- of A. stuartii in three study areas
(_a) males; (b) fema!es (‘[980 year class). Symbols (soi;d cwdes or
open triangles) r‘epr‘esent mean head body !engths, whsle vertlceﬂ lines

represent standard dev:atlons about the means.
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-

- measured by rumbers of visits to hair s‘a’mpiling:'_tubes eath month,

Fig. 5.7. Arboreal activity of A. stuartii in three study areas,
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CHAPTER 6
| THE MECHANISM OF COMPETITION
6.1 {NTRODUCTION
Two  important  mechanisms of  competition have been

distinguish-gd, _and these are referred to below as linterference" ahd '
“explditatign‘h Park (1854) wused interference in 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 tesources. Miller (1987)
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 ar requirement”,
whereas "Exploitation is the utilization of a resource once access to it
has beeﬁ achieved." Fighting (Park 1954), territoriality (Orians and
Willson 19684, Dow 1877) and allelopathy (Gill 1972, Etherington 1875)
are often cited as examples of interference competition. In contrast,
exploitation competition 1s difficult to observe and measure, and it
may be quantified only by precise measurements of intér‘specific
diffarences 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
(1968).

Miller (1969) concluded that interference is a Umore 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 Torms of competition could be
expected to occuyr, and argued further that interference competition
was the most widespread form in nature. As Miller (1967) pointed

out, however, under certain conditions both forms of competition may




227,

occur, and both m_ay restrict _tﬁe densities - or - distributions -df‘.
competing species,

A further impolrt-ah_-t.. generalisation  is that the particular
mechanism  of com:petitmh. that 1s involved in " an i'ntkasp'ec‘:i'_l’ic
r‘l.a.lati:nnship is o_ftén qualitatively similar to the mechanism = that
bperates _betwé’en. species (Hiﬁde 1956, Miller 1969)_-._ Wﬁere such
similarity -exists, intraspecific c_ompetiti.o.n is usually mér.e intense than
interspecific competition (Wiison 1971, 1975), |

Many studies:_qff.mammal."s _ha_vé implicated ‘the operation of
interférence rathér -.tha.m eXploltation competition. Direct Interference
competition has been inferr‘*’éd-:from obse#\faﬁons of In'ter'.specific.
intol-erant'beha{fiou:r -xa)' in the field bestween _'di'Ffe.r'ent species of
chipmunks (Eutamias spp.) (Brown 1971, Heller 1971, Meredith 1977},
pocket gophers ( Thomomys spp.) (Vaughan and Hansen 1984), and
possums (Trichosurus spp.) -(Biggin_s 1979), and. b) in the laboratory
between different species of woodrats (Ne‘ét_o_m'a spp.) ('Howe__1978),_
voles (Microtus spp.) (Randall 1978, Murie 1971a), and rats (Rattus

spp.) (Bafne’ct and Spencer 1951); as well .as between \_/'_ol'es"

~ (Microtus californicus) and mice (Mus mu:_s‘culﬂs)'(DeLong_ 1966), voles

( M. pennéy!vén'iCUS and  Clethrionomys  gapperi) and deermice”

( Peromyscus spp.) (Murie 1971b, Getz 1969), dearmi_ce_(_' P
maniculatus) and mice (.'i_VE_'. muscu_l-us) {King 1857), wvoles (Microtus

spp.) and cotton rats (Sigmodon hispidus) (Terman 1974, Terman and

Johnson 1971), ‘and rats and antechinuses (Braithwaite 1973, Kenner

1972). Maﬁy other references are given in Grant (1972b). |
Interference competition among species of small mammals need not

necessarily result from direct intolerant Jinteractions, but it may

result alsio from indirect  interactions, mediated by odours. For
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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
odours canipared with tf‘abs contaihizng the odours of other species,
and suggested thé't:.interspfiacific -.odour;s were sought or avoided
according to th’e’ 'réprodu;tive status of the respondent. In addition,
 Randail (1981). found someé avoidance by kangaroo rats { Dipodomys
SpPP.) of Gerbil- odour, and Moore (1985) showed that the deermouse

Peromyscus maniculatus . preferred its own odour to that of its

congenor P. polionotus. Many other studies have shown that species
- of small mammals are able to discriminate the odour of their own
species from that of other species (for 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 A. stuartii
and A. swainsonii. Thus, A. swainsonil denfes its smaller congenor
access to terrestrial sources of food, and some competition probably
still occurs even when the scarce food resocurce is supplemented
(Chapter 5). Moreover, intr_aspeciﬁc ihterference has already been
implicated in high density populations of .3. 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. research described in this chapter was not fto provide critical
evidence for one mechanism of competition or the other, but rather to
identify the-.kinds of interference interactions that occur between the
two species. Three questions are addressed: 1) Do direct
interactions occur between the two species?; 2) do indirect
{olfactory) interactions occur between the two species?; and 3) how
long does 7t 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 LIsed to investigate ~each of the three questlons

abo\/e are described separately

6.2.7. Direct interactions

In an attempt to observe direct interspecific interactions in the

fielcllr _sys‘temajtic: watches (1—31@ hours a night for 1-3 nights each- :
: month) were made of two nests oF A stuartu at the contro[ study

‘area from October 1978 to November' 1979, Anlma[s were observed:

from dusk onward under red or white torchlight from a distance of

2%-4dm. The two nests were in Ribbon Gum trees, separated from

each other by about'QSm.. 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 Unhobstructed.

Other than scattering food, no attempt was made to experimentally

"induce"  interspecific - interactions (for example, by locking up

individuals of one species in a wire mesh cage and placing them in

the k_nowh range of individuals of the other sp_e_'cies_) since ! hoped to

watch:'-'-hétu:_'ﬂa'i"‘ encounier;s_. * “The pr'es'en.c::e of the invés‘tig'ator.s].t"ting
on a log in relatively close proximity to a nest and to the scattered
food did not appear to unduly inﬂuen'ce the activity of Antechinus,
a[though some curious 1nd|V|duaIs ewdent[y ‘regarded the |nVest|ga’cor~
as a new object to be urinated upon. AII observations were recérded
in @ notebook, and every effort was made to remain silent and still

th roughout each watch.
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6.2.2. [ndirect interactions

Antechinus - stuartii deposit scats and urine. in the vi'rciniity of
th‘eir- neé‘cs'l(Golding 1979, G.A. Sattle per"'s.ohal -.communication)','an'-d
males, prior to matmg, depos;t secretions fmm glands in the sternal
and .cloacal areas. orito new objects (Braathwa:te ‘1973 1974 Lee 1972).

Antechmus swamsonn exhablts slmllar marking behaviour, except that

the deposrtlon of scats npear nests, usuall'y by females, has been
observed only in some captive individuals (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 19731, 1974}, the effects of
such behavnour on lnd|V|duals of -the same species or other specnas
are unknown.. = .

Té invésj:’tig'afe intra- a.;jd__"i_-n"ters'péc'ific r‘es.pon_s_efsj___ to. odours in the:.- .
.fiel-d, no .'attempt was mé;.d:_e' _fo separate ’:ché.'_effects of odours der‘_'E've.d '
fr‘brﬁ different _sogfc_eg .'(faécal, urinal 6r : .gl-andula'r _sec:‘_r‘ei‘:io.n.s).
lnéteéd, traps:: soiled by all three Kihds of secretion.s:-":\;ve.rééf used to
test the .subseq.ue'n't trap respohseé of indivian!s of both species;
Such responses were tested in two ways:

First, six separate trap lines were estab]ished within 19 km of
the contro| study area in areas of si_mirl.ar‘ habitat. These lines used
100-185" El'liott.t.ype B tive traps, placéd.singly a.t. i'r__"l.t_er-‘vals of about 5
m, and were operated for séssion"s of 3-5 consecutive days in selected -
months between June 1978 and January 1'980‘ Traps weré &h'ec.:ke.d
each morning dub_in:g' a 'trapping session. All traps were soaked for
36 h in-“_Deogen“ deodorising detergent before u_se.- ~Trapping and
animal handling pr‘ocedures were as descmbed in sections 2 4.1 and

2.4.p (exc:ept that no head-body measurements were l:aken), but aftet"
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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 tr‘-ap.m_ay then be attracted, repulsed or respond neutrally to
the_lingefing odours of the individual captured first. Unfortunately,

since up Yo five captures could occur in one trap on consecutive

_n--ights of a trapping session, ‘individuals capturec 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 capltured individual

'remains.. on a ‘trap, "s0 that -only ordered ar sequential pairs of

captures 'aré counted. If, far example, individuals A;"_B, C and D
were captured oh consecutive nights, the response to trap odour Waé
assessed only by countihg the ordered pairs AB, BC and CD. The
fr‘eq.uencies of ordered pairs recorded over all line trapping sessions
were cast info a.3 x 3 table, and tested for asscciation by xz.

Second, a more critical :assessment of the response to trap odour

was attempted in the contro!l study area between March and July 1879.

‘Four traps were set at each of 48 trap stations; at each station the -

traps were placed in a cross formation, opening inwards with about 10

cm between opposite entrances, so there was an equal chance of.

.capture 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 cofton 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. the traps in the cross were shuffied.

Traps- were bp.erated'él; three d_a'ys a month mid-way between regular
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 }{2.

6.2.3. The _”per"'c_eptio.n“_of c;h_ang_es in 'compe‘ti.t;i* humbers..

To assess how Iong it took A. stuartii to perceive changes in the
numbers of A. swalnsonii in field conditions, it was necessary to
manipulate the .n-umbe_.r*s_'-:of the [..atté:l'" .species'..and. meésufe the
r‘esponse“-.of g stu.a_t_"_'_cii over \}Er'y' short time intervals." This
presented very considerable logistic difficulties, since trapping
procedures were r‘elativély slow. and the numbers of individuals of
both species in an a.re_é' could not be éccu.rately censured in less than
3«4 days, Howevér, earlier experience - had _:s__Ll_ggestéd- that A.
swainsonii became more active in wet conditions,. when increasing

numbers of individuals encountered traps. Assuming that the

"effective density" of A. swainsonii changes in wet or dry conditions ,

it was 'felt.that shaort-term ﬂuctuations in_ the numbers 'weﬁe"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 sectiqns
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.




In @ small section of experimental area E3 only Where relatively

large. numbers of A. stuartii and A, swalnsonii occurred, 27 traps

were sel on grid pomts at ground level, and 26 traps were placed > 2

m above ground on the lower Ilmbs of Acacia melanoxylon and

Bedfor‘d-i'a” salicina, or in the more slender br‘anches of Pomaderris
_S_E_E_r‘i, or on the trunks of fallen eucalypts or acaCIas (an 6.1).
Traps were baited and msulated as beFore, checked hourly for 24. h; ' ’
and the numbers of captures of /1\ stuartii and A swamsonn were

recorded. Such trappmg was’ cmndUCted on three occasions: Ju_ne 23 _

1979 (dry weat_h.er*), June 27 _'1-9_.7_9 (wet Weathér) and July 2 1979 ('\.Met 7 | , ‘
“weather). _Trapp]ng was “also begun on 29 and 30 June 1979, but

abandoned because little or no rain fell,

6.3 RESULTS
6.3.71. _Direct Tntefacﬁ-_ohs. ) _
Bc_ﬁfh species of A-ﬁt_e‘cﬁinUS were .DbserVed during. night watches
(Table 6,.'.1’), but no: dir‘ect interspecific éncoun‘ters.occurhed on

some. hights both species of - Antechinus and . Rattus fusmpes were

observed eatmg the scattered food, but mvamab]y only one SpECleS
‘was present at a time. In con‘tra_-st, groups of .up to 8 individuals of
A. stuartii, 3 of A. swainsonii, and 2 of R. 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 B fuscipes was
seldom seen until about an. hour after dusk. An individual of any
species rafe]y remained in view for more than 10 consecutive minutes.
Two observations are worthy of note:_ First, the reactions of
individuals 'of each species differed sligh‘tly if distu_rbed (by wind,

bush noises or the ‘lhvestigator). 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 dlstur‘oance occurred for

about 30 seconds, c.ctlwty was resumed f further disturbance did

occur, in 86% of observations (N = 29) the individual spirailed,

corkscrew-like, rapidly up the nearest tree. Antechinus swainsonii

also froze and adopted ér) "indec_iisioma'l'ér‘t“ pds_tu_fe,.but this_ species
usually resumed a'ct:ivities wit.hi"n' 10-20 se’co"rids of the original
disturbance. I further dlsturbance occurr‘ed within this tlme, some.
mdwnduals (32%, N = 19) bolted for cover under the ‘Ferns, buit the_'l
chers_ froze _agal_n. No Al SWEII_I’}S_DDI:]_ sought _r_efuge on a tree,
‘Second, the body of a male A, _gﬁwfa'ins::c.mii that. died. in a trap on the
morning. of 2 Aggus';t' 1979 was p..i:é'céd: at the 'b:-.zse- of a nes'f' tree that
evening. 'So_cin' éfter dusk, .:a'r.l A stdartii approached the body sfole
and with apparent caution. After several a@pproaches’ and
withdrawals, this individual began to bite the carcase, and continued
. biting, but.not eat-ir_}g,.-for‘ 6 minutes. After thi_s -time the carcase
was lefi: alone, and no subsequent A. étu_art]i____-acti?ity was':ke_cor'ded._
Almost Lwo hours Iater, a female A Wa'in-sonif 'approachgd the ”carcase-
slowly but W|th Iess hesutatlon Thls femal'é {the only: “A swainsonii.
en the ctr‘ld) uttered "ch[t chit" calls (Fleay 1932) on her appr'oach to .
the carca‘se, buL after 1n1’||ct|ng tWO bltes she disappeared under;:
cover, and no subsreauen't act|vlty was observed

These obser‘.vatlons,.made .dum.ng som_e_; 80h of nocturnal vigit,
show that direct encounters between A. stuartii and A. ';Sﬂa_i.l%&fﬂ
accur infrequentty, or not at all. Ext_:ept when an A. stuartii
individual approached a déad _ﬁ:. swainsonii, no interspecific
encounters . were recofdédr whereas single species .9'”0‘-'!35 were

observed on several occasions.




6.3.2. ‘Indirect intetections
Table 6.2a shows that there is an effect of the capture . of one
speCIes on subsequent captures of the other two spemes Trends in
the levels of- assocsation between these pairs are shown in Table 5.2b
as the dewatlon of observed to expected values neach cell of the

table, expressed as a percentage ch the expected values (Slmpson et

al. €1860)). Values along the diagonals of the tab'le de\nate pomt[veiy._-

from expected wvalues, wher‘eas ali other VaIUes de\nate negatlvely '

This suggests that captures of conspecifics are more Iikely to oceur
- consecutively than are_captures of different species. |

Table 6.3a similarly shows that there is an effect of the 'bdour of
" one species on subsequent captures of the other two species. Tabie
6.3b shows further that each spec;es was captur‘ed more frequently
than expected in tr-aps contemmg conspemfle odours, but less
frequently thanreXpected in traps containing 'the' odours of other
species. [n contrast, the frequenmes of captures in odourless. traps
deviated little from expected ‘Fr‘equen0|es

These findings show tha‘t_ each sp‘ecfes discriminates and

responds to diffef‘er'i_ces in trap odolrs.

6.3.3. The "perception” of changes in competttcr numbers.
The patterns of act|V|ty of both- species of Antechmus (Fig. 8. 2)
were similar to those recorded pl“e\!lOUSly (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 different individuals were

captured ovép‘ 24 h, but in wet conditions on June 27 1979 (Fig. 6.2)




11 different individuals were captured.
captures of g.. swainsonii per hour over 24 h alss d =f’ereu,' Incressing

from 3.7 £ 1.8 in Gry weather o 7.3 £ 2.1 In wst westher (paired

sampie test, t(zs} = ;,}7 P < 0.887). Only thres captures of A.
swainsonii oc:cw*red above ground (13}, and these are ignored.
Cnncammitant with the shifis In the ieve! of terrestrial srtivity of

AL Sl

A. swalnsonii were shifts in the fevel of arboreal activity of A.

stuartilt {Fig. 5.2 and Tah%e 8.4}, In dry cenditions v,hén ihe hourby
activity of A. swainsonii was relatively low, 4. stuartl was ca;%.u%-ed
equ_a]ly en the ground and in the tress, but in wet conditions as the
fevel of activity of A. swainsonii increased, most 4. stuartil were
captured in the trees. To further iavestigaie .whet?aer rain or ths
increased ac'tii,{ity of A. swainsonii caused the shift in arboresl
activity of A, stuartii, trapping was again conducted in wet
conditions bt with A. swafnsonii temporarily removed {Fig. 6.2;3_.
Under these conditions, there was no difference in the hourly capturs

~ rates of A. stuartii on the ground and in irees {(Fig. 6.2, Table

6.4Y. This clearly suggests that the arboreal activity of &. stusrili

increas.e.s 'cﬁ'ﬁ;' in response to elevated fevels of activity of ﬁf
swainsonii -.on the ground.

in wet conditions on the night of June 27 1878, the numbers of
5_'. stuartii and A. swainsonii captured cn the ground were negata‘yeiy
correlated (r(‘12) = -0,60, P. < 0.03). This suggests not enly thst
A. stuartii responded to generally elevated levels of terrestris
activity of A. swainscnii, but further that such responses were

measurable on an hourly basis.

The mean numbers of
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5.4 'D-lé'cUssmN

Short answers 1:0 “the questmns pDSEd in the introduction to this
chapter are. that b dlrect, physzcai mterac’mons do net occur between
A. stua*’iu a.nd A. swainsonii, 2) mdlrec_t, .oifactor'y interactions do
accur, and 3) A. stusrtii perceives changes in the numbers of A.
swamsom: at least. on an hourly basis. These answers.arfe elaborated
below, with some speculations on how competitor avoidance may have
evoived,

Individuals of thre tw;: species  of Antechinus were never

. -o'bs'erved in close proximity to each ather, yet grwps-cbmpr'ising only

ong species were seen on - several occasions. - These groups were

largest in summer (Tabl-e__s;‘l') and pr‘ob_a‘b]‘y_repr‘ésented members of
one family (Dickman 17982b). Hall and Lee (1982) similarly failed to

~observe direct interactions between A. stuartil and A. swainsonii in

‘field conditions. When forced into close proximity in laboratory

cages‘, the two'species gener‘aily move away from each other {Kenner
1872), aithough avo:dance of A. swainsonhii by A. stuartii is stronger

‘than thHo converse situation (Seymour 1980).

The failure to observe direct interspecific interactions in the

field was diséppointin_g' but not par‘ticul'ar*_ly surprising. As Croft
'(1982) pointed out, most d'asy'urids (including Antechinus) are
-solitary, and éven direct Intr"as;ﬁecific interactions appear to be
limited to certain periods of an individual's life. Moreover, direct
interspecific aggression Is likely to be 'adv:antégeous chly if the
aggféséor .speciés can 'expect to 'maximi'se'_its contrsl of a shared
resource, and this expectation can depend, in turn, on the structure
of the habitat (Oksanen et al. ;19?9)6 In open habitats, subordinate
species are easy to see and evict (Dow 1977), but in relatively

comptex habitats théy may escape aggression by hiding. Both species
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of Antechinus inhabit structurally complex tall open-forests, where
the costs to one species .o_'F aggressively evicting the other presumably
outweigh the benefits _gai'n'ed by controlling r'esour'éeé..'

The increases in the terrestrial activity of A. swainsonii during
wet ﬁeather and the concommitant incr.ez_a_se_s in fhe. arboreal activity of
3. stuartii (éection 6.3,3) suggest that _A_ stuarti av’oid.ed its larger
congenor on an hourly, or perhaps even on a'.moment to moment,
basis. This Tinding corroborates the suggestion of Hall and Les
(1982) that A. stuartii uses trees to aveid confrontations with A.
swainsonil on the forest floor, as well as to obtain food. BRefore
considering how A. stuartii perceived and avoided its larger

congenor, it is of interest to consider briefly how wea-t’h_e'ri_' affected

the activity of A. swainsonil,

Vieather aﬂ’_ects the activity of many species of small mammals

(Gentry st al. 1966, Doucet and Bider 1974, Vickery and Bider 1978,

Sidorowicz 1960), but apparently not that of A. stuartii (Barry 1977,
Fletcher 1977, Statﬁam 1982b).  The k_easan-' why 5_.. .s':wainson_‘li
becomes more aétive in r.éih". is unclear, .but may be as.sociated with
the difficulty of findihg food. Borowski and Dehnel (1952) (cited in
Mystkowska and Sidorowicz 1961) suggested that shrews (Sorex spp.)

increase their activity to find insects sheltering from rain,

Mystkowska and Sidorowicz (1981) refuted this argument, and

suggested rather mysteriously, that vrain acls as a “c‘aptﬁre
regulator”. Cockroaches, bugs and beetles were often found inside
Elliott traps after rainy nights .‘m this study, and so it is plausible
that the activity of A. swainhsonii increases to search for this cryptic

food,
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The lac:k ef direct, phys:cal encouniers between the two Spemes
of Antechmus may be due in part to the. mutual avoidance of each
others odours. Butl, two kinds of odour avcﬂdance can be envisaged.
First, an individual could'.reduce the chance of--‘heing in the same
place as a congenemc lndwldual by avo;dmg sites, such as runways,
burrows and nests . where congenemc odours are concentrated. (This
- will be termed probablistic avoidance"). Second, an individual could
avoid moment to moment encounters with congeneric jndividuals by
smelling them and moving away before physical contact could be made.
{(This will be tet“medj - 5‘Tnstan_tanecus", or "moment to moment
avoidance' }. |

In Antechinus, in contrast to other species such as the possums

.Tr_-ichosuf*US vulpe_cula and T. caninus (Thomson and Pears 1962,

Biggins 1979) and the salamanders Plethodon cinereus and P. nettingi

{(Jaeger and Gergits 1979), there'ie evidence that only instantaneous
avoidance.occur’si Thus, i A. stuartii avoided burrows and other
sites bearing the odour of A. swainsonii, it would presumably not
respond to the removal of the latter species until all lingering odours
of A. swain-so_nfi h.a.d deeppeared.' However-, in Chapter 2 It was
shown the‘t A. stuartii responded within only a few days to the
remova.l of A. swainsonii, and it was shown above that responses
could even occur within an hour. Moreover, if aveidance was
probablistic, actual physical encounters would be expected to occur
by chance in lightly scented areas, or in the open. But, no such
encounters between A. stuartii and A. swaihsonii 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 A, swainsonil and R. fuscipes using a bait
station in a forest c}ear‘ing....: ~Although observa‘tions‘ wébe continued
fof over 'an'hc_)ur*, on'ly one-s:p'ecies was seen at.T..'he bait statiocn al one
time; individuals of the_'_..pfher' species would enter &nd feed only
seconds: af’ter_- the first species had left. Individuals of both species
were- seen sn'i'%ﬁng_the ai.r at o.pposite ends of the c_lea.rh;mg beforé
venturing i'rito the open, ;ﬁhus fé.inforcing.. the 'ime"ESs‘loh '.‘that
instantaheous avoidance . can indeed be mediated by smelling'
individuals of another species,

Olfactory responses to trap odours have been reporied in many
othar studies of small mammals, and have led to useful infersnces
concerning their population structurs and dynamics (Daly 9.‘& al. 1980:-_
Boonstra and Krebs 1976, Boonstra et al. 1982, 'M_az.d”zer et al. 1978,
ROWe:-"]970)a Such 'inf"e.re.nce_s éfﬁfen depend on _gm knowi'que of

the -population under .stu.d.y.'-- Rowe (’1970), for example, atiributsd an

unexpectedly high _captuﬁé' rate of:':male house mice (Mus musculus) In.'
male scented 't_r*_a_ps to  "latent aggressive be_haviour“-.,,_ Cbut an
unexpeé:ted!y high .cap'ture. rate of female mice in .maie séé:hted 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) attr'ibuted the avoidance of shrew {(Blarina brevic_auda)

odour by wvoles (N]i'c:ro_tus pennsylvanicus) to aveidance of predation.
In the pr.eéent study, the trapping methods used to demonstrate
avoidance of interspecific odours could be sharpenad by standardising
the sexes and ages of odour donors (e.g. Daly et al. 19-78),' and by
isolating the effects of odours from faeces, urine and other body

secretions.
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Although smell is probably important _in___aflc»ving _congeneric

individuals to avoid one another, other senses, such as hearing, may

also be used. Antechinus swainsonii is “noisier" than its  smalier

_¢ongenor‘_. 1t Mwhitters" and . Gtters sporadic Mchit=chit" calls and,

while feraging -among dry fern fronds and leaf litter, it makes

rustling sounds that are easily audible to a human listener at
distances up to several metres (pérsonal 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 pé’r-iods.'than A. swai_nscnii_' .and showed . a
greater tendenmcy to move to an apparently’ safe arboreal refuge

(section 6.3.1). AntechinLls__Stpartii probably responds in a. similar

manner to the noises pr*o_d.uted by  its _Iér_g_er congehor. Such

responses would clearly reduce the chances of a direct interspecific -

encounter, .'-;ér-:_d hence - suppohf__'the contlusion tha‘t- avoidance,
especially of A. gwé-i-nsonii 'by'g. stuartil, occurs on a moment to
moment baslis. | _ “

]‘t.]s doubtff.&] that field obéér-vations can .yieid mruch' further

insight Into the nature of avoidance responses in Antechinus, but

experiments on interspecific communication could be easily cariducted

rh :

in the laboratory. ' For example, to assess the stimuli that elicit

a\m‘rdénce r‘es_pohses in ﬁ stuartii, individuals cou}d be presented
with puppet skins of A. swajhsonii (visual stimulus only), objects
bearing the odour of A. swainsonii (olfactory stimulus only), or tape
recordings of A, éWai’nsohii vocalisations (auditory stimql-us anly).
Contral experiments would use the puppet skins, odours and soundé
of other, unfamiliar A. stuartii. The anecdotal ob_ser'vation that A.

stuartii approached and bit a dead A. swalnsonii, where auditory and
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possibly olfactory stimuli were absent, suggests that this approach

would be fru_'itful. In addition, both species of Antechinus produce

ulttfas'd(.:nds (D.P. Woodside, personal communication). Although the
functional importance of ultrasound in these species is not known, it
is concelvably 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, stua.rt_ii_ and
A. sw.ainsonii'. 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 congenor 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 aveids 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 1s of particular interest from an ewvdlutionary point of view,
and prompts the question as 1o 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 ints 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 wooadland
(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. swalnsonii occurs largely in forest

gullies where ground level vegetation cover is dense, or at higher
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a|tjtudes (> 1500 m) in dense subalpine and a!pine. heath (Wakefield

and . Warneke 1963, Dickman et al. in press). Avian predation

pressure in these habitats is likely to he less intense than in open
habitats, 50 selection for avian. anti-predator behaviour in A.
._-SWaTnsohii may be correspondingly less  intanse. Under such
CIrcumstances,. it seemsl reasonable to suggest that the greater
responsiveness of A. stuartii to bush disturbances‘ has evolved
. primarily as an anti—.pr'eda‘car' defence, and that avoidance of A.
swa_i_ns:onii__gccurs because the larger species is seen as a potential
pf.edatof':. _ |

o D_eépi.te the 'g.e.neral_ responsiveness of A. stuartii to ‘bush
disturl:;ances, .fhis species unddubtedly percéives its larger congjenor
as a specific threat and avoids contact with it more strongly than -
with rats. For example, increases in the terrestrial activity of A.
stuartii immediately followed decreéses in the activity of A. swainsonil
(section 6.3.3), although rats ‘were present and active on the ground
at all times. Moreover, avoidance by A. stuartii of the odour of A.
swa'i_._nsoh]_i' was stronger than its avoidance of the odour of rats (Tab_le‘
6.3b). .HOWBVEF‘, since earlier findings demonstrated that A. stuartil
is sélfdﬁom,. if ever, eaten by its larger congenor (section 2.5.6.3), it
is re'i'ev_ant to inquire why the avoidance response of A. stuartii to A.
swainsonii is so rﬁarked-

| A poésible explanation is that, although A. swainsonii generally
recognises the odour of A. stuartii, 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. stuarti
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can be reminiscent of these

insec‘ts. Since A. SWamsonn opportun:sucally eats a W|de range of

mver‘tebrates, |t pr‘esumably Iacks ‘a specific search image and, by

mistake, it could easﬂy approach and even atlack unwary A. stuartii.

.'Aithough it is unllkely ol AL swainsonii would expend the esnergy

required to subdue and eat adult A. stuartii, it is presumably
advantageous for the smaller species to recognise and move out of the

way af its [arger congenar, and so avoid risk of injury. In contrast

to AL swainsonii, rats are Iar‘ge'ly 6mniv.cr_'ous (Warneke 1971, Watts

and Braithwaite 1978) or even “herbivorous (Stewart 1979b), and

hence wouid se_[do..r.a approach A. stuérfi'i i mi_stake for an item of
food. |

This explanation could account for the anomalous finding that
juvenile female A. stuartii are more adversely affected by compstition

than males or parous females (section 2.6). Since juvenile females

~would be mistaken for insects by A. swainsonil more frequently than

would the [arger males and parous females, avoidance responses by

these sma!-l En‘dividuals WOuld also be more frequent, and their access

_to ter'restmal sources of food would be curtailed. The removal of A.

swaihsonii would' thus ailow JUVE‘.!‘IHE ‘females to spend proportionately
more time faoraging in s_tructu'r_'ali'y compiex, terrestrigl habitats thanh
males and parous females, and so produce the refatively large,
expansi\lf'e. shifts, that were observed in their survival and resource
use.

‘Direct harrassment of A. stuartii by A. swainsonii has probably

selected for competitor recoghition and avoidance respohses in the

smaller species, so that direct, physical encounters seldom occur.
Such avoidance responses  atso confirm that interference is the

mechanism of competition between these species.
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6.5 SUMMARY

To investigate the kinds of “interference interactions that ogeur

between A. stuartji_-an-d A, swainsonii, three qUesti'ohs were: 'asked:
1)  do’ direct ihtér‘actions .(e.g_.

interactions (e. g3 mednated by odours} occ:ur-? and 3} how 1ong

does lt take the mfemor competltor, _15; stuar’"_t'li, to perceive changes

in the numbers of its [arger congenor‘?

Dtrect -1nteract10ns Wer‘e ane3t|gated -by._-- 'w:atchin'g"_ for.

mter'specnﬂc encounter's at- “two balt statrons in the".'fielcl .-::
some 80 hours of observatlons over the course of a year, no dwect
physmai m‘terspemﬂc ‘contacts Were obser'ved although smgle specres
groups of__e.ach species .o*F_ Antec;h_mus, an_d of B.ush Ra"ts., were
recorded frequentjy. This suggested that direct interference
interactions seldom or never occur.

Indirect Interactions were assessed by m\/esLngatmg t_he
.' responses of eac:h specles of Antechmus, ancl of ra’cs, to tr'aps balted
with their own -and -w1th other specres odours-. Eac:h_- specnes-was
captured more 'fre_quently_ than egpectéd. in traps bearing . ;ohspec:iﬂ_.c
odours, but leSs'. frequently than expe.c.ted_- irj-jt'_r-ap's bearing .other

odours. This 'suggested that each species discriminates and avoids

the . odours. dl’ othér .spe'éiés, and hence " that indirect, olfacfcor‘y-

interactions do oceur, _ .

| To .assess the sw‘lftn.es_s of response of A. stuartii to c':h.anges.in
the numbers of A. swainsonil, comparison was made of the hourly
capture rates of the smaller species in trees a.nd on the ground, at
different levels of terrestrial activity of A. swéinsonii. In _d_ry
éonditions, when the terrestriat activity oflﬁ. swaihsonii Was low, A.

stuartii was captured equally in the trees and on the ground, but in

.ﬁghting) o'cclir7 ' 2) do indirect

Durlng
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wet .conditio.ns, when the terr*estrial activity of A. swainsonii- was
high, .the smailer antechmus ‘was captur‘ed most ﬂ“equently in trees

Furthermore a negatrve correlatlon was r‘ecorde‘d durmg wet

condltlons of the number‘s of the two spemes captur‘ed on the gmund
suggestmg that A stuartn responded at Ieast hourfy, and perhaps

. even on a mornent to- moment bas:s, to changes in- the numbers of its

larger congenor.

Antechi_hUs stuartii pmbébly dt;.tects & sw:ainé:-dnii--ﬁ b\)’ smell é:nd
poss:bly by souri‘d a'nr.:i it 'aQ.oidé ﬁﬁysicai:confrontatlons wnth.
congeneric individuals by climbmg into the trees At was suggested'i
- that A. swasnsonu may sometlmes m[stake the smaller spemes for Earge
inseéts, an'd 'th_aft it coufd conce[vably approach attack and :njure
Unwary _individu.éts. Although there |s no evidence that A swaihsonij
eats 1its smaller congenor‘, _such dn"ect harrassment of A s-tuartn
_c:ouid selec:t Tor spec:lflc competltor r*ecognrtion and HVO!danCE‘: in thls
species, so that direct, physma_l'enc_ounters_- seldom oceur,. - In th‘e_'
final chapter, [ _WII] d'iScués s_onte of the con’_séquences .:of _intérferénéé_'
campetition on. the n-at_ur‘e of 'co:existenc'e_ betwgen the two s_pe.cie.s;'..of-

Antechihus, a_nd._cons-idef_wh'y_c:ompetit_ion should occur at all.:




Table 6.1. The minimum numbers of Antechin
Rattus fuscipes observed at two sites in the

us stuartii, A. swainsonii and
ontrol study area,

Number of - - Minimum numbers of animals observed
_ .obs.erQatio_n :_ - SH';EI"I_ . ._ ~ Sjte 2
nigﬁts | | o |

Calst. Asw. R At Alsw

Oct., 1978 1 R T 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 8 2
Mar. 3 4 0 2 B 2
Apr. 3 1 1 1 0 0
May 3 1 0 1 1 1
Jun. 2 0 2 0 0 K
Jul. 1 0 1 1 0 0
Aug. 1 ( 1 0 0 0
Sep. ~ - - - - -
Oct. 1 0 0 0 0 1
Nov. 2 0 i 1 0 0
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Table ‘6.2. The responses of Antechmus stuartn, A'. swainsonil and

-Rattus fuscipes to trap odours, assessed by counting ordered pairs of - |

captures.  {(a) raw frequency data; (b) the percentage deviations .
of obset ved from e><pected l’r*equenc:ies Total trap nights = 3885.°

(a) - B - o Secchd capture
A stuary] A swainsonii R Fuscipes
First A stuartii . .. - g '108 E o .29 - .73
capiure A. swainsonii = - 34 - B | T
S R

- fuscipes. .- 60 - . 56 308

X(qy = 2195, P < 0.001

(b) L - ~ ‘Second capture
A.stuartil A.‘sw'ains'onii' ~ R.fuscipes
First A. ‘stuartii S #1130 0 -35.8 o =36.1
capture . A, swainsonii - - =306 +117.4 - -33.0
- R: fuscipes o ~4'I.-3 - -38.8 +33.6-
- | 0> E ' .
F Q< E
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‘Table 6.3.° The responses of Antechinus stuartii, A. sw,_ainéohii and Rattus

-{gsgiges to trap-‘odou'r‘s, assessed by counting captures of each species given the
choice of four different trap ddours. (a). raw frequency data; (b) the

peér‘é{:éegta'ge deviations of _Qbse.r"ved Trom expected frequencies. Total trap nights
| (a) Trap odour ‘ - \
A. stuartii A. swainsonii = R. fuscipes = None }
Species A. stuartil 45 e 21 42 40 §
captured 'A. swainsonii . 4 : 47 33 31 ‘
' -  R. Tuscipes ' 42 - 32 91 55 ' :
| | .'XBCSS = 44.5, P < 0.001 | |
(b)Y Trap odour ' |
A. stuartii A, swainsonii  R. fuscipes None ‘
Species ALostuartii +48.5 -30.0 -15.7 +5.8
capiured A. swainsonii ~45.3 ) +85.0 -271.8 -3.1
R. fuscipes -6.9 ~28.3 +22.8 -2.71
+if 0> E
~ifO<E
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Table 6.4, Compamson of the ac‘cw:ty of Antechinus stuar"tn (mean
no. of captures/h, % standard deviation) on the ground and in frees,
at different levels. of terrestrial activity of A. swainsenii. - (Sample
sizes  (total “numbers ~ of captures) T

Differences in acth!Ly of A

are shown in :br‘acke.ts). i
stuartii are detected. by paired sample t
tests - - _ - _ . P . _

~Level of ai:ti\/i'ty' of A. swainsonij

Activity of _@_..stua_rftii - . Low _ High - NIl
Cdry conditions) . (wet '_cénd,it'i'ons)'_ (wet conditions)
‘onground. - 4.9%1.6(68) | '2.61'-1{.5 (37) '5.7+2.1(80)
Intrees . 5.7%1.8(80) © - 8,4%2.7(117)  7.0%2.3(98)
fary o Mg BBy 198
D S s - <0.001 - ~n.s.




Fig. 6.1. Traps set on fallen trees.







Fig. 6.2. The response of A. stuar'cu (captures per hour in ground
level and -above ground traps) to changes ln the ter‘r'estmal activity of
A swamsonu. Above ground captures. are’_. shpwn By open triangles,

ground level captures. by so]xd tr‘lang]es The bar at the top of the

fsgure represents hour-s of dar'kness
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CHAPTER 7
_'GENERA.L_ DISCUSSION
7.1 INTRODUCTICN
In earlier chapters, | have. described the results of field

- experiments designed o ‘test the hypothesis' that competition occurs

between A, stuartii and A. swainsonii. In general, manipulation of

the numbers of A. swainsonii had very marked effects on the
population = parametérs and reSource-'u_se of A. stuartii, whereas

reciprocal manipulations of the numbers of the smaller species had

muah__ iés_s effect on A, sWai’-nson’i-’j. Investigation of the diets of -the
two S(.:Jecies,. énd of the seasanal abund.a'nces of theiy inveﬁtebrate
prey, suggested that A. stuartii faces a shortage of food in winter.
The food shortage for this species is exacerbated by the presence of
A swéinson_‘:i, and it was suggested that, by interfering with A.
stuartii on the forest floor, the larger antechinus denies its smaller

cohgendr access to alternative sources of prey in the Torest soil and

litter.  Further experiments, in which supplementary food was

pro_vi_'_c_ied: to _'A_.‘-._sf_cua_rt’i'i;_ s'u,.opor-‘t.e'_d this suggestion. These combined
find.i.ngs “sh_cj_\;v' tlﬁat_ A. .s.tuartil"_ and A. swajnsonii compete for food,
and ‘Furthér-,’ that '*cl.w.e' ef’Fec‘té' of competition are more evident in the
smaller of the two species.

| 'Wh'y do A. stuartii and A. swainsonii compete? The two species
appear lo 'h..a\/e had ample 6pportunity to evolve divergent

specialisations to reduce competition: They overlap broadly in their

- geographical distributions (Dickman 1982a), and they have been

sympatric since Pleistocene times (Wakefield 1967) and probably earlier

(Archer 1982). In this Chapter, | will first discuss a mechanism




e e mato

252,

involving gene flow that may Proleng or suspend competition in

Antechinus throughout evolutlonary -time, and then dlscuss other

apparenily conLr‘admtory e\udence ‘that d|vergence in thejr body snzes_'_

reduces competltlon

_ 7 2 GENE FLOW AND THE MAINTENANCE OF INTERSPECIFIC

COMPET[TION

Schoener et al. (1979) proposed that where the ranges of two
competing species are nharrowly sympatric, directional selection for
phenotypic divergence in the overlap zone can be impeded by gene

flow. A wvariation of this proposal can be applied to Antechinus.

Antechinus sthak"tii occurs - alengside A. _swajnsonil in relatwely wel, -

densely ‘f’or‘ested Iocahties, but |t also occurs aione ina W|de r'ange of
-drte.r and more spar‘sely ‘wooded areas. In sympatr*y, there ma\/ be

dir*ectiona[ select;on for dlvergence, but in ailopatry such.- selection

WOuid be absent. "~ Thus if gen‘e_.flow from largen allopatric to smaller - -

. sympatric p_o_pu.!a‘.tlc’nns of A. stuartii occurred, the sympatric seiecﬁt_i_on:

pressures would be ”swémped” 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 flow prevents local adaptation in A.

stuartii, what is to prevenmt A. swainsonii - which ‘almost always
occurs alongside its smaller congenor - diverging "unilaterally??

Because A. . swainsonii is far less adversely affected by competition o

from I_,g. stuartii than vice versa,; _competition-mediated selection

pressure oh A. sw.ainso"ni_i is likely to be weak., Moreover, A.
SW'ain_go"nii_ may experience selection from oppesite directions (towards
convergence, see discussion of body sizes, section 7.3.1), so that

overall fithess is maximised when weak competition effects still occur.
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How can:ge_ne' flow in 'A.”stuar‘tii be 'a'ssessed‘?'
depends on

from those where they were born, the most direct appr'oach would be

to. Lrack animals from birth until mating. This would involve live
tr‘appmg on a masswe scate, and is obviously |mpractlca| However,
an - indirect’ apptoach, used below, _'i-s to compare marker gene

"Frequencxes in adjacent sympatmc and allopatmc popula‘uons If the

gene fr‘equenmes are similar in both, this lmplles that gene flow does

indeed occur, but if the gene frequenmes are diﬁ"erenL, gene flow is

likely to be extreme!y Ismited

An appropriate protein  for studying genet’ical variation s

transferrin bEGaUSe it 1s polymorphic in A. stuartii, pr‘eSen't in blood.

plasma (and hence obtalnable wthou*t ka!lmg ammals) and easy to ruh.-'

and stain usmg gel electrophot*ems (Moritz 1982). ln 1980 and ']98’1
ten localities were sampled To investigate allele Fr‘equencses _‘For‘

transferrin in ﬁ stuartii {Table 7.1). Eight Iocalities' were in or

near the Brindabella Range;  A. stuartll was symoatmc with A. 3

swainsonii m fwe of these buL -allopatric, and at varying dlstances

from the nearest Al swamsoml population, in the other three. The

remaining two focalities were - geographically isolated from the

Brindahellas and served as controls (that is, no gene flow was

expected be'.tﬂveen them and the Brindabella Range). - Tallaganda is

some 43 km east of the Brindabellas, whereas Kioloz is over 100 km to .

the east on the New South Wales coast.

Animals were captured using standard live frapping 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-obody,

Since gene fiow -

individuals successful!y breedmg in local|t|es dlfferent




254.

tail, hind foot and ear lengths were made, and the animals released at

the pomt of capture.
subsequently stcr‘ed after separataon of the red blood and plasma, at
-20°C 'Electrophor'ems was performed by Drs P.R. Baverstock and

M. Adams at. the Instjtute of Medical and Veterinary Science,

Adelaide, using procedures described in Baverstock et al. (1977, -

1980). |

Two alleles, | designated “a“.éihd ot were variable in 'AQI ;ﬁuartii
(Table 7.1). ~In all localities in the Br'i'.ndabella Range; allele “a"
predominated irrespective of whether the population was allopa'tric_or
sympatric. with A. swainsonii, and. noldiffer.efnc-es in gene frequ'ency
among any of the p.opula'tions é_ouid be detected (tést on - allele
freq'uenpitas of sympatric versus allopatric populations; -G(‘ld f.)
0.02, P n.s.). In contras;c,‘ oui.slde of the Brindabellas allele “b"

predom.ina.ted (Table 7.1). Overali, the Fr*equenmes of alleles Ha" and'-

U differed strohg-_ly between the Brin_dabelrla anhd n0n~Brindabeila

populations  (test of Brindabella vs non-B8rindabella populations:

G(1d.f-) = 28.27, P < 0.001), suggeg‘tiﬁgf as expected, that ho g.eng
Tlow occﬁr*s- between them. o '

These fin'din'g.sr show tha'li_ *g:eheI frequencies of sympa't.ri'cf and
allopatric populations of Brindabella A. stuartii are the sa.me,' and
hence support the idea that gene flow occurs between them. Moritz
(1982) also found a lack of variatioh in transferrin allele frequencies
in ne[ghbourmg \/lctoman populations of A. stuartn 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

The blood was packed |mmed|ately on ice and'
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present study were rather small (189 and 107 animals, respeC'tIVely)

and involved only transferrin, Due to unexpected financial -

dafﬂcult:es and consequent delay in the electrophot*es;s, many samples

collected from 1.he andabelles "went off”,' and fundmg was not

availabl.e_"for 'stu_dying_ a large number of enzyme .systems.'- :

Never-thei'ess, gene . flow remains the best eXpIanatlon for- the
constancy of aIIele frequency in ne(ghbourmg populations, and the

_best explanahon for why A. stuartu and A swainsonii still compete

Other p0551-blllt|es, such as fixing of aliele frequencies by stabilising -

selection, can be  discounted because of the large differences that

occurred betwee'n Brindabella and non-Brindabella populations. -

7.3 DIVERGENCE AND THE REDUCTI|ON OF INTERSPEC[FIC
- CONIPETITION

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).%

Bod'y size is not'of itself a niche' diffecence, however, but is related

to The exptontatlon of cilfferent sources of Tood Fox (1982a), for
'exemp!e, suggested that d|ffere|11. sized -dasyu_rlds could'.exploit
different S|zed prey (see also Hall - 1980b), while W]Ison.(‘1975)
demonstrated that, in general, larger predators can take large prey
that are not available to smaller .pcedators. Since the two specie.s of
Antechinus compe'te for food (Chapter 5); il seems reasonable to
expect that divergence .in their body sizes should be especially
effective |n reducing competition.

.Howe\)er, before proceeding with this line of thought, it is

Necessary to reassess some earlier, apparantly contradictory findings,




o5,

concerning body IS_lze and com'petl'tlon. The probl-em'i'-s'why juventle
female - A. stuartit. ~ the smaflest individuats in A.- s*'cu'ar'-tii_"
PDPL_’_!E"C_EOHS - appear to be more adversely affected by C.Ol‘l"lpEltltlDl‘]'

from A. gv_»fn_n_s_q_rm than elther males or parous females (section 2.6).

~Apart ﬁ"om speculatlon that A. swamsonn mlstakes Juvemle Temales for
insects more: oﬂen 'than the Iar-ger males or. parous females (secL:on -
6.4), LWO explanatlons can. be proposed First, -sampl'e _-s‘lzes for

_Juvem[e Temales ‘were  usually arger than for ma_les'. and parous

fema_les_', and va_':fi-ance_s were often smaller, so that statisticélly
signi.ﬂcant effécts were easier to dei'ect Second, juvenile females

may be soc;ally subor‘dmate to. larger conspecnclc males and parous

_Females CLee 1972), a_nd so face ;nterference compeutlon from.

conspecific as well as congeneric individuals.  The removal of A.

swainsonii would eliminate interspecific competitloh and temporarily

reduce intraspecific compethlon on ju\/enlle females, and thus allow

them to expand their use of r‘esources proporLlonater more “than

ei-.’cher" mal-es or pa'r‘ousf females BoLh explanatmns suggest that the

_responses of male and female A sL_ua_rLu to mte_lfspemfz_c com--petltlon'

may not be 'mar-kedly different, a_n-d_ Nence "tlw_az"t_"tlwe paradox of intense -

compet'rtloh’ be'tween'.'ih'dividuals of 'vel'*y different body sizes is more

apparent than than real.

Sympatric A. stuartii and A. swainsonii differ in their head—b‘_oc_ly
lengths ;h&y a pratio of 1.3-1.35, and it has been suggested that this

%:e in maintained, in part, by differences in when they breed-

differen
(Dickman 1982a).. Both speéies breed oniy once a year and live, on
average, for little more than a year, so the s'pécieg that breeds first

gains an advantage in growth oveér the other species. Since in this

" case the earlier breeding species C._/}_-. swainsonii) is alfeady the larger
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of the pa’ir'? its. E'-E'T‘IY growth advantage further enhanceS'and

maximises the interspecific difference in size. The amount of size

enhancement due to Staggerlng" of . br-eeclmg can be illustrated as

follows. In the Brindabeltas, A. sWamsonu mates a month earher‘
than A. stuartii, so except for a few parous females, individuals of
the fc_wo:species d.i'f’fér in age by one month. - In July 1679, when A, -
swainsonii was aged 11 months and. A. stuartii 10 months, mean

head-body measurements (mm) of the two species were:

A. stuartii N A. Swth.S.C:}I."lii . Size ratio -
S 97,2 (n=11) 128.8 (n=8) 1.33
e 89.3 (n=11) 116.2 (n=5) 1.30

IT A. stuartii had mated at the same time as A. swainsonii, the size
ratio between the species would inevitably diminish. B8y how much?
In  August 1979, when A.  stuartii was aged 11 months, mean

head~body measurements. (mm) had ; Tncreaéed- from the 'previous

month:
| "I&. stuartii
=) ' .100.,.7 {(n=11)
? 91.4 (n=11)

Thus, it the time of mating of the two sbecies Was synchronised, the
size ratio between the two species would decline to ohly 1.28 (males)
and  1.27° (femal_es).. Clearly, select.un need not simply favour
absolute differences in the size of "I.:he two species, - since some
divergence can also be effectively maintained by differences in when

they breed. This argument is strengthened by the observation that

A. stuartii mates later than A. swainsonii in 27 out of 28 localities

where they occur together (Dickman 1982a).
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Seasonal - breeding in Antethinus has ohviously not ‘evolved

.slmply as a mechanlsm to maintain interspecific size differences, and

it is influenced by a range of other parameters. Lee et al. (1977)

suggested that mating is so timed that lactation and the weaning of

young coincide with a flush in  insect abundance in spring and-

_summer, _whll_e Wainer (1976) proposed 'Furrther that reproductive p'h'ase

differ‘:en_c_:es between Victorian populations of A. stuartii and A,

- minimus ‘were a result of dietary p-l*eferences for insect groups that

peak at different times. Antechlnus st'uair_*til and A. swéinsonii also’

mate |ater at hlgher altitudes, and the former spemes also mates Iater"'

at lower Iatltudes (Dickman 1982a)

In view of these many mfluences on the tlmlng of mal.mg, it is

~difficult to. dlsentangle the ll’l'LEI"Sp(ECIfIC effects alone. Nevertheless,

the times of matings of the two species of Antechinus were
investigated m populations at 43 localities in a relatIVely small area
(39,000 kmz) of thelr l"especLIVe geographlcal r'a'nges. .__:_Times of

matings were . obtained From five sources: published .records,

unpublished theses, museum spemmens, personal obser‘va'l:ions and’”

field ‘observations pr‘ov:ded by other researchers (Dickman 1982a),
For each populatlon, a mean time of mating was estimated to the
Nearest quarter of a month and assigned a l:or'r'espondlng numerical
value. (For example, a population mating in the last two weeks of
August was assigned a value of 8.75 on the assumption that mating
was centred .. sbout the " third quarter of T.l'le eighth month). This
procedure assumes that mating in‘any popullation is synchr‘oneus and

varies little from year to year (Wood 1970, Lee et al. 1982, Dickman

et al. in press), and it assigns a mean value for time of mating but

" Ignores the variance. LT
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Times of métin.gs were  then _i_n\'f'estiga't,e'd m relation - to 's.even_
parameters: |

1) Aftitude (m)

2) . Latitude (degrees and minutes south).

3) Long’ltude.(degﬁees' and mirﬁ.ites east).

4) Conger).éfic effect. This was calculated from trarpping
results in .each locality as the ratic of numbers of one species to the
other. For A. stuartii, for example, the congeneric effect is 0 i no
_A_. swainsonii ax%e present, "I_. if édual ...h.'umber_-s_ c-f-'_the two é_p__&;_ies aré
present, and 1 if A. -swains'o'ri"ii-: is the'.more'.a'b.l..!._hdan.t. species, o

§) ~ Distance (km) to the nearest congeneric pepulation. . For A.

- stuartli - sympatric. with A. swainsonii this wvalue .is 'J, but for

allopatric A. stuartii it is 0.

6)  Structural = habitat complexity.  Measurement of this

' _pérameter 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 wvariability. The-s*tandafd deviation, S, of X was

used as a measdre of the wvariation -in habi’ftat"cohplexi'ty. " This Wa's.:

standardised by calculating:

where V re[ﬁr_eseznts the coefficient of habitat variability. |

Multiple regression analysis showed ’_chat, in A. stuartii, altitude
(R2 = 42%,_ i~ = 25.43, P < 0.001) and congeneric effsct (RZ = 34.%%,
F =19.62, P <.0.001) influenced time of mating, but in A. swainsonji

only altitude '(R2 = 77%, F = 39.86, P < 0.001) was importan‘t. ln
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both species mating began later at higher altitudes, and in A. stuartii

lt was delayed fur‘ther when the numbers af sympatrlc A. swainsonii

were -high. At rltltudes of less Lhan 1000 m the two species are

usuaHy sympatmc and mate at dlfferen’c times, bu’t 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
t[tude) Sympatr:c ‘and ailopatl“lc A. sLuartn are plotted '

5eparately, mating it sympatr‘lc populatlons s mgnuﬂc:antly Iater\ than-

in allopatric ones (Fig. 3b, in Dickman et al. in press).

These flndmgs show that the time 01' matlng of A. stuarul is

delayed by altnude end by the presence of A swq:nsonn, and hence
5uppor'1. the suggestlon abave t-ha't temporal differences in breeding
enhance the differences in size hetween the. two specijes.. This is
prima facie evidence for“e_‘n.unueual kihd of charecter displacement, in
which _divergence- in_-a  morphological parame’.tef.".'(bod.y size) is
produced indiree‘t[y' by dfvergerj__c_e in a r‘epmdue’ci\}e anse (time__ of
mating). However, the divergence is one-sided and involves A.
etuartii only, the species most adversely affected by inferspecific
ccmpeti_‘tic’).n. o | | | |

. :Wha't. is_fhe_ a’d_Yan'tééé' to & stuarfji in bei_;__ng:. _s_'"rr:uali relative to _A_
Swainsonii? .I‘l: was .mentioned above that differ'ences in body size
between spec.ies' could promote differences in the food resources they
exploit. - Such differential expl'oitat_ion could be achieved 'in two way's.'
Two sympatric species could diverge in (a) the'kinds of food they
eat, or (b) where they forage. In (a) the 't'wb sf:»ecies could overlap
in their foraging microhabitats and not compete (syntopic coexistence,
after Rivas 1964), "_Wher‘eas in (b) they could eat the same types and

sizes of prey and not competer(alloto'pic coexistence). Overlap in

_
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foraging mi__c_mhabi‘tat is probably possible only if no interference -

effects occur between species, so that for Antechinus, where

interspecific. interference is important (Chapter 6), we should expect
to ‘fipd that co_ex’[s‘tence of the two species is allotopi__c. T will squest
below that intékshecific differences in b,_ody size al_sé promote allotopic
cd-existence', and that syﬁ'topy does not occur. i

The case for syntopic coexistence rests on the belief that
differ_z.a.n.'t sized animals eal different sized prey,  Wilson - (1975)
concluded, in part, that larger predators use._food sizes that are
unavailable to smaller predators, whereas the reverse is much less
true; this gives Iar‘gér‘ predators a competitive advantage. Hall-
('I'QSO.b) found : that the _pr‘.ey taker by g_.' swaingonii Wer‘é_[ o'n.
average, 23% Iarger than those taken by A. stuartii; this, and the
competitive superiority of A. swainsonii that was found in the pre'sen't_
S_tu_dy, ostensibly fit tl'{e Wilson (1-9\75);ﬂ model. Fo_é?(__ {1982a) Has'
suggested further that body size differences and prey s‘i.ze separation |
coﬁ[d play an im__p_ortan‘c rale in dasyurid ﬁdmmunity organisation.
O is - not clear,{-_f“[-.owé\/er, ‘Why predator hody size  should
correlate with prey size. Hutchinso.n (1‘959)'_ prdposed _th'a't.coexisting
speciésr ‘shoL!Id differ instead in the sizes of their trophic apparatuses
(e.g. -b-eaks. or jaws), and showed thaL the minimdiﬁ size difference
betWeen the ‘lar'ger' and smaller members of a pair was usually about-
1.3, But, this ratio is not obtained when _ skull parameters of A.
stuartli and A. swaipsonii are c;mpa-re_d. The following data (mean
measurements in mm for m'al.e;s and females combined, from a sympétric
population in Victoria (Wak-efield and Warneke 1963, 1967)) illustrate

this:
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A. stuartii A.swainsonii - Size ratio
Bas._ai'_ar length 22.79. 28.20. 1.24
Zygofn.atic hreadth 14.78 ' 16.04 1.409
Palatar length 12.46 15.71 1.26
Length M1 75 479 531 T
Breadth at M° 8.2 s 1.07

Compared  these ratios with the ratios for head-body  lengths
('1.3"1';85, see above), it js obvious that the two sp_aet:iesj are
convergent in the sizes of their trophic apparatuses. Hence, it is
doubtful that body siz_e.differences really do reflect d'iﬁ"erenc_e.s in
prey size. |

DeSpite finding that A. sw_aihsonii takes Iaf_ger prey than A.

stuartii, Hall (1980b) still concluded that the two species are

generalist, ép_portun]stic feedé'rs. In the V;Sresént, study & stuariij
ais_o ate geheraily smaller pkey‘ than its larger cbngenor, but when A.
swainsonii Was_re'move'd,- the proportion of large prey in the _d_i.et: of
A. stuartii - inereased (sectibn 2543) Clearty this spécies is
capable of eating large prey, but in .'l;he presence of its terrestrial
con-genof‘- it simply encounters them less frequently. In captivity,
both species selectively take longer prey (» 20 mm) in preference to

smaller ones_C-( 10 mm) irreépecti\/e_.df whether the prey are beetles,

cockroaches, locusts or mealworms (unpublished findings). Except

for rare invertebrates, such as Embioptera and Onychophora, both
species took every 'type‘ of prey  that was coileclted in the pitfall,
litter and casual sampling programmes, and moreover, they also ate

occasional vertebrates and fruits.
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These combined fmdmgs dispel any last doubt. tha“t the body size
dlffer‘ences 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 inVertebr'ates that - are patentially
available to A' stuartii are cicadas cenhpedes, locusts oligochaete
warms and certain Iarvae Al except Ioc_us'ts have soft cuticles, and

all may be Kkijited or immobilised by the same deft bites to the head

region with which the antechinus despatches smaller prey. Hence,

. there is !_ittle risk or energetic loss for A stuaan to attack Iarge

prey when |t ehcounters them, and the potential benefits in energy
gain are relatively great. In addition, A. stuartii is an active rather

than a sit-and-wait predator' Since many. of its prey are also actjve

-and free- movmg, this species probably carmot afrot"d to develop a

'Eectﬁ search image but realises its" highest capture success by

pursuing and attacking prey swiftly.

The case fot" allotoplc coexnstence in Ahtechmus rests largely on:
the assumptlon ihat body s|ze dlfferences allow differenLlaI access fo
prey Very 51mpiy, the small size oF A. stuartii allows it access to a
wide range of arboreal prey (es-.g' foliage insacts, trunk and bark
fauna), whereas the larger snze of A s\&'ainsc’mi‘i aH_oWs it access 1o
prey  in the 'Forest litter (e.g. larvae, Amphipoda).- .The bark'gf
several species of Eucal_y_'_gtu is rough and fissured, and it cah
provide a suijtable environment for a wide range of invertebr-atesﬁ
(e.g. Lawrie ’1974') However, the fissures are narrow (1-2 cm)l 50
that only the smaller an'techmus could gain access to them. Other
Eucalyptus trees periodically shed their bark, and for much of the
year a narrow dap (%-EIc:m-) exists between the loosening bark and

the main tree trunk. When the bark detaches fully from the trunk it
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frequently curls fengthwise to form tubes, and hangs loosely over
tree f"—“"ks or shrubs.  Although bark peeling displaces many .
lnver‘tebr‘ates from the tree trunks or\to the forest ﬂoor {Chapter 4),'

the tubes and the:gaps between the bark and ‘I:re_e trunk harbour a
rich invertebrate fauna, but they are accessible only to predators
such as A. stuartii that -are small enough to Squeeze into ‘chem

Access for the larger A SWalnsonu wou[d be prohlblted

Although small size may favour arboreal 'foraging, it is ot 'c]'éar‘
why a relatively large body size should, of itself, favour access to
invertebrates of the forest litter. The two species of Antechinus can
exploit terrestrlal sources of food (aILhough Al stuar‘tu does so only
in the absence of A. SWalnsonu), and McNab (‘1979) cancluded that -
other things belng equal - smali animals dig and burrow more
efficiently than larger ones. If, howeverr',' targer body size is
aSSOCIate'd with greater "strength“ (ability to dfspla_cé .s.oi-i and Iitter').,.-
it s * likely that' A.  swainst*il  more rapidly - éxjaoses buried
invertebrates than its smaller congenor, and hence achieves a higher
success rate,

Altho'ug_h. interspecific competition may s.e.lec.t for sfnaﬂ bodied ._3__
stuartii and ]arge bodied A. swainsonii, there are presumabfy-other*
ecological, physical rand physiological constraints on size. For A.
swainsonii, which is the superior competitor, the selective advantages
of being _nduch bigger are probably minimal and ba]ancéd by the rate
at which it would need to harvest larger amounis of food. This
species takes many sessile prey tﬁat 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

oceurs alongside the Long-nosed Bandicoot Perameles nasuta and the _

.S'outhern Brown Bandicoot |soodon Ob_?-_SILIiUS. 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. AMS834). Unfortunately, further
ecological information from these localities s completely lacking).
For A. stuartii, in contrast, most prey are free moving and

many (e.g. huntsman spiders, Dermaptera, some Cd.i-eoptera) emerge

only at night:: The smaller antechinus forages for. only this _p-a'.rt' of

the 24h cyc’lé.and hence may be unable __’to g‘_a‘thér ‘enough e_n_ergy' to

maintain a larger body size. Conve'rs_el_y, although a smaller body
size may facilitate access to a Iargé?"poﬁulation of bark invertebrates, B
~ this ) advantage: may be weighed against _pjhysiological'. (-efg:;'

‘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. stuartii often occurs

alongside one of two smaller species of dasyurids, the Common

Dunnart Smithopsis murina or the White-footed Dunnart $. leucopus.

Competiﬁon between the antechinus and dunnarts is suspécted (Fox
1982b, Dickman in press, a), and although A. stuartii is .probably the =

superior competitor, thée dunnarts could place a lower limit on the size

of this species. Conceivably éelectio‘n for iér‘gé size in ﬁ..=j$-tl..1.ar'ti-i
where it |s sympatric with a dunnart, and for small size where it is
syrﬁpatr‘ic with A. -s‘:wainsonii, could contribute_'to the differences in
body sizes of A. s:tL:artif populations that are allopatric and sympatric

with A. swainsonii (Table 7.2).
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Body -si‘z_é-differences promote coexistehce'-among §th§r species of
mammals, such as mustelids (Simms 1979 ng and Moors 1979, Moors
in press) King and Moors (19‘!9)_ note that sympatric weasels and...
stoats differ in their head-body lengths by a ratio of 7.1-1.3 and also
take pre_y_;of ._diff‘??’e“t sizes. However, thez-__‘ci./\._'b.'s_pecies also differ in
where they: fOrage. The smaller an_d more _eionéate weasels foragé in -
vo!e ..'r.‘unways wher'eas stoats fféquently. enter rabblt bur‘r*OWS |
Stoats are too Iarge f.o enter vole runs and so Ylose" in expioatatlon

competition - with Weasels, but they exclude their 's'_ma_'ller congencrs

_.._e_ls_ewher'e and hence "win" in- interference competition (King and

~ Moors 1979). Body size differences exist in other mammal communities

(McMab 1971, Coe 1975, Brown 1975) -but their function and

importance are less weil understood.

732 ' Divergence in other par‘ame.’-cé..t?'s
Although body size differences allow the two species to exploit

different arboreal and terrestrial sources of food, it is possible that

_ divergehée may also accur in tail ‘size. Thus tail lengths of A.

ostuartii (measured as a percén‘té’gé of head~bady length) are relatively

long in populations. -.-tha‘_t. oceur with A. swainsonii, .:Buf.'_éh.'or-t'.in
populatiocns that oééur -alonhe .(Table 7.2). When it is -c'[-i'mb'ing ar
changihg diréctién, the tail of A. stuartii "I‘.Iic-ks from one side of the
body to the other and presumably helps the ‘animal maintain 'i"lc's.'
balance. (f tail length is ass.ociated with climbing ability (see Horner
1954, Martin 1968, Hickman 1979), the Ionger' tails of sympatric A.
stuartii may *Fac:lH.aLe greater access to arbor‘eal sources of food, and
hence ailev;ate competition with the terrestmal A swainsonii. [0 this

context, it is of interest to note that the tail lengths of the three
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New Guinea species of Antechinus are always 111-128% longer than

the”’_if_fe-SPEC“Vé head- bOdV lengths  (Bishop Museum (Honolulu)

Records, courtesy of Dr. A-C- Ziegler). Al three species are

partially arboreal inhabitants of rainforest {Ziegler 1977, 1982), and -

their relatlvaiy lang tails presumably increase their climbing ability. |

Tail Ie.ng’l:h may obviously he influenced by factors ather than those .

suggestecl above (indeed there g ewdence suggestuVe of a-

. n_cr'th-south cline in Table 7.2), but with a larger data set,

mQEtiVar"ia‘te m'ethod_s_ could. again be used to separate their r‘el.a'ti\/e
impartance: | | |

in . some ~genera - of rodenfs., species:. that inhab'i..t complex
three-dimensional environments have relétiva}y iarge brains, whereas
those ir_iha'biting simple  terresteial environmef\.‘ts' have small ."_t_;rains
(Lemen ‘-1980, Mace and Eisenberg 1982). In Am.:-ec:hinus,._ﬁowever,
there : is no fur‘thér information available -_t_lo ihVestigafé- whether

divergence occurs in this, or in other parameters.

.7.3.3 Sexual _d:imo.rp.hism in body...si.z.e '

In Australia,'.usually no more than two dr three Sp.ec:ies__ ﬁf'
dasyurids coexist (Fox 1982a), whereas ih New Guinea up to six or.:"'
seveh spécies can c‘:ccur 'together- (Gressm ahd Nadkarni 1878).
Australian dasyumds, in - contrast ta theu New Guinea relatsves, show
marked sexual dimorphism in size; Fox (1982a) has sugges.t'e;d th'a-“c"
this increases the niche width of each specses and so reduces the
resources available for additional species.

fn the present study, male and female A. stuartii and A.
swainsonii differed strongly in size, énd this complicates the argument

(Section 7.3.1.) tHa't simple interspecific differences in size alone
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facilitate coexistence. Adult male A. swainsonii are 1.12 times longér

(in head-body) than females, hut 1.33 times and 1.47 times. longer,
respectively, than male and femaie A stuartii. In- contr‘ast female
A. swainsonii arn_ only 1.19 times !ar‘ger than male A. stuartii, but
1.33 times. longer than fqmales--; ‘Considering body size alone, male A,

swainsonii and female A. stuartii would be expected to compete

slight_ly, whereas male A. stuartii and female A. swainsonii weould be

expected to compete more s‘crongly Futher, since selection for'
d:vergence should also be strongest in *Lhe Iaiter pair, this should -
__:!ead. to smaller dlmorphu: rat|os in ,sympatric populations than in

_allopa‘trlc ones. There is some evidence that this occurs: In

allopatl"lrc -popul-'ations of A. stl..qé__r'fi:i:.males are 1.18 tlmes longer (in
head-bod.y) than 'females, whereas in sympatric‘ poptlations males are
only 'I.'IIZ:'-_"EEmes' longer (combined da_t%i_ for all populations in Table
7.2). | | | |

Sex r.afio# Uf A. stuartii 'pﬁo:L.tr:h."young are usuall? 'fer.n:ale' hiassed,
wher‘eas_those ._O'F A. swain’sonii. are male bizssed (sactioné 2.5.3.2 and

2.5.5.2). Although these differences ‘may be due to interspecific

. differences in female longevity and_dé’fferential probability of

MOth_er—daughter competition (Cockburn 'e_t al., manuscript), it is of
interest that they could .also ‘reduce ‘interspecific. competition. I“F.,- f’or’
example, sex ratios of pouch and in'd_ependen't young of both species
were 0.5 and Thdividuals of -bcﬂ:h._spécies “mixed" randomly, the
probability of a. male A. stuartﬁ'. ehéounter"ing a fe_male__ A. swainhsonii
is 0.25. (This species-sex combination is chosen as an example
since, on body ‘size, they would be expected to compete most
strongly). I, however, the sex ratic of A. stuarti Wez;‘e 0.4 (40%

male) and that of A. swainsonii 0.8 {80% male), the probability of a
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male A. stuartii encountering a female A,

a.16. Although the 'tWo-s'pecies of An‘techinus do ‘not, of cour”s.e, mix

_ randomlvf this simple example shows that sex l"a“tlo variations could

alter the probabiiity of encounters between 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 pr‘essufes. in eastern Australia, all
species of Antechinus mate once a year (Braithwaite and Lee 1979,
Lee et al. 1982). Males die shortly after mating, and competition
among males for matee is probably intense. In A. stuartii, large

"dominant" males probably mate before small males, thus maximising

their fitne'sei'”:a'_nd'. most- offspring may be fathered by 'rel.ative!y'f’ew_-_'-'ﬁ.'
.in_di_vidUaI.s (Braithwaite 1978). Hence large males probabjy;con"éri‘bute..
.'d:isbﬁeewtionate[y to the gene pool and contribute be‘"tt.i' to the
‘maintenance of str‘ong sexual  dimorphism el'jd ‘to:fhe unusual life

hlstory of this specues (BrmthWalte 19‘/3 1979). However', males”ﬂ:h’a't."":'-

are too- iarge may suffer in compet|t|on from other spemes,_on Kill

' females before ot during copuIaLwn (personal Obser’va‘tIOﬂS) These

individuals would 'contrlbuLe. nc)t_hl_ng 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 interspecific
competition, but also argued that divergence in body size, and

perhaps tail size, promotes allotopic coexistence and reduces

swainsonii would be only
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cc;mpefii;ion..
balance between gene flow and divergence may depend on the Iocal
d|str|butlons of the two spemes - The Brindabelta d|5‘_tr|but|on pattern
(A sWams.on_n localised, A, stuartii widespread) is more or less
typicai throughout the ranges of the Species. In geﬁera.l, assuming

that gene flow dccurs elsewhere, competition may always occur if the

overlap area for A. stuartii is small relative to the adjacent area of

a'ilopa‘tr‘y Conversealy, - JT the overlap area s Iarge relative to the
area of allepatry, Iocally s_-ympa'tmc A stuartlt may diverge so-that

. competition s r‘educed. A gradient: in the intensity of compet|t|on'

may then _resu!'t bemg most mtense niear the aliopatry/sympatry
border and Iea-s‘t in the centre of the area of overlap. It would be of
g%‘ea't interest to measure Qene flow and bod'y' size _in. other
populations of  Antechinus to examine whether these _eXpeCtat:iOns are
generally. true. | |

Multiv_ari_e't'e methods could be Llsed, as above, ’.to...ass"ess whether
divergence wes due to competition er to other factors.

Further research 1nto competition among Antechinus should Ay

to measure the d|Ffuse effects of specles in other, more distantly

r?el_ated taxa, as well as intraspecific effects. Fenton and Fleming'_

(1975), Brown and Davidsen (1977) and Landeen et al. (1979) have

already demonstrated that competition occurs between taxonomically
unrelate_d __spec’Ies‘,' and Fox ('198_1). has pioneered a pet_entia'ny very
useful mefﬁ'od for investigating diffuse effects in diverse natural
commupities of small mammals. [n the Brindabellas, a large number of
partly or wholly insectivoroue vertebrate species could compete with

Antechinus; these include the Eastern Pygmy-possum Cercartetus

nanus, the Feathertail Glider ACrObat_es pygmaeus, the Sugar Glider

A'“"QUQ-h these notions appea'r o be centradictory, a
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Petaurus breviceps and many

species‘ _of' birds, reptiles .and.'.
amph'_ibiahs. Although large scale -manioulation studies of ‘all these
species would not be possible or even deslr‘able, initial investigations
could pr*oﬂtably attempt to measure basn: pa“tter‘hs of resource Use.
and overlap | Subsaquent manipulations of se[ecied species could then
inv_:_e's-tig'ate individual niche shifts or shifts in control of trophic
energy (Van Valen ’-1976)-‘ : Judgmg from the prelnmmary resu[ts of

Montgomerie (1977), analy5|s of energy budgets may pr*ove to be most

fruitful for studying intensity and mechanisms of 'comp.etit_ion in

~diverse communities.

In Chapter 1, a hypothesis..\.,vas.proposed that A. s'tu.er.tii end A
swainsom‘i compete with each other under natur‘al conditions. It Wa__s' |
further. pr‘oposed to document any ohan_ges in the population’
pare'me'ters or patterns of resource use of the two soeci'es that were
attributable to competition, and to investigate '-__i__rj':._de'tail the nature of

interspecific 'Tnteraotions Much evidenc:e- h'as- subseguently been

pr‘esented that the two species do compete, anci the null hypethesis of |

“Mho cornpetltlon” has been reJected Moreover, competltion beiween

A. stuartii and A. swamsonu W']S seen to be a complex but subtie
and dynamic process, var_ymg on a local and geograph]cal scale, and
differing in lnten5|ty at different times of the year. The abundance,-
treppabllity 'and simple life history of these shy but curious and
beeu‘tifuf animals renders them ideal for fur'th_e_r* research. They
should serve as an ideal starting point for investigations of

competition throughout the Marsupialia.
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) Tor transferrin in plasma of Antechinus

stuartii’
;
Locality - | , | Distance to Sample | Alleles
nearest A.sw size Halt - It
population (km) (N
Br‘i_n'dabe_lla_ r‘eglon '
Bushrang'e"r‘ Creek - ' 0 23 78'. ' 22
Warks Road _ 0 19 79 21
Blundell Creek . _ o 0 13 2 8
Less Crosk . : 0. . : o G o -
Tidbinbilia - Sy 3 B 1
Kangaroo Creek - 0.5 g CLI 19
Bullen Range | 6 3. 8 7
N, Mur:r‘_u_mb_atema._ﬁ_ .' .33 o .‘100' : -0
Non Bf:fn'dabell'a .r'.egior.\“ | |
Tallagatida ' 0 2 25 75
Kigla 0 12+ 367
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Table 7.2. Head-body and tail measurements of A. stuariii in populations allopatric and sympatric with

A. swainsonii. All measurements are of animals aged 9-T2 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 B |
Lees/Blundell . a 99.3 + 3.2 (18) =~ 91.5 £ 3.4 (18) 92 1
Creeks, A.C.T. e 88.7 = 2,2 (16)  80.8 £3.4 (16) 91
Tidbinbilla, o C 98.0% 5.1 (4) 92.3% 4.6 (4) 94 2
A.C.T. e 885 % 3.8 (5) . 80.6*3.2 (5) 91 .
Thredbo, s 929+ 3.1 (9 90.0£3.0 (9) 97 3,4
N.S.W. 9 84.7 = 3.0 ( 79 81.3%2.9 (5) 96
Bega o 96.4 % 3.5 (16) 94.7 2 5.6 (17) G 5
N.S.W. e 85.7 = 2.3 (13) 85.8 = 2.6 (13) 100
Newnes | g 1047 & 7.3 (22)  94.8 = 11.3 (22) 91 5
Plateau, N.S.W. Q 89.6* 5.1 (14)  79.9% 6.2 (14) 89
Barrington, © 96.2 % 4.4 (27) = 86.2 * 3.8 (27) g0 6
N.S.W. 2 84.2 % 4.9 (13) 78.6 + 3.5 (13) 93
Bungwaht, s 97.8 * 16.5 (21) 86.3 £ 7.1 (21) 88 7
N.5.W. o 88.3 = 11.8 (11) 80.1 % 14.2 (11) 91
Kioloa, o ©100.9 % 4.3 (10) 98.5 = 4.0. (10) 98 1,8
N.S.\f. Q - 90.8% 3.3 (9) 86.7 4.3 (9 95 ‘
‘Guy Fawkes o 1M2.1 & 4.6 (17) 98.9 % 5.3 (17). 88 . 4,9
N.S.W. Q 97.4 % 4.0 { 8) 88.2 % 4.1 ( 8) 91
Loch Valley, o 95.3 = 6.5 (58) 98.0 = 5.6 (58) 103 10
+ 52 (13) 87.5 + 6.2

Vic. 2 84,9 {13) 103
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Table 7.2 (continued)

Powelitown, g _ 104.0 £ 5.0 ( 8) 102.0 £ 4.0 ( &) 8s8 11
Vie. e 95.0 * - 3.0 (10) 86.0 = 9.0 (10) g

Mean . 94

(b) Allopatric populations L

Bullen s 101.8 % 2.1 (6)  90.8 % 4.9 ( 6) 89 1
Range, A.C.T. Q 88.5 2,7 (5 80.1* 3.6 (5) 91 :
Murrumbateman, & 99.3 % 5.9 (15) - 84.0% 3.7 (15) 85 12
N.S.W. 9 91.5 = 4.2 (12) © 78.1% 6.2 (12) 85

Wandandian, o 115.4 % 3.6 (5) 104.8% 4.1 (5) 91 9
N.5.W. o 99.9* 5.2 (9) = 921% 4.4 (9) 92

Sunny Corner, ¢ 109.9 £ 6,7 (18) 82.6 £ 3.2 (18) 75 - . 3,13
N.S.W. o 991.0% 4.5 (7 704+ 3.1 (7) 77 S
Kuringai, s 119.9 £12.3 (17)  95.2% 2.5 (16) 79 "3
N.S.W. Q 93.1 % 7.2 (9 80.8* 4.1 (9 87 -
Levers o 119.5 = 5.3 (15)  99.8 £ 5.5 (15) 84 3
Plateau, N.S.W. Q 98.0 % 5.4 (4) 83.0 £12.2 (4) . 85 :

Mt. Glorious =) 116.6 £ 6.8 (115) 96.5 £ 5.8 (114} 83 14
Qld Q 102.2 £ 5.8 { 32) 88.5 = 5.1 (32) .87 '
Mean . : ' o 85

%*

Sources: 1, this study; 2, P. Filmer (pers. comm.); -3, A.B. Rose {pers. comm.); 4, CSIRO Museumn,
Division. of Wildlife Research; 5, Australian Museum, 6, A. Press {pers. comm.); 7, Lim {1979); 8, C.R.
Tidemann and D.P. Woodside (pers. comms); 9, British Museum (Watural History) and American Museum of
Natural History; 10, Wakefield and Warneke (1967); 11, Leonard (1972); 12, Dickman (1980); 13, D.-
Goldney (pers. cotam); 14, Van Dyck {1982). B o
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Appendix 1. SLUdIES concermng the small marsupials of Australia and

New Guinea. (On mlcmflche) Tms is a bibliography of Studles that

have been reviewed for evldence sudgestive of competition.

EPENDIX 1.
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Abmencie 5 n - - e
Appendix 2." Summary of some aspects of the biology of Antechinus.

grerences on general physxoiogy, the thsmmgloal aspects of male
die-off, Palaeontology and r‘esponses to fire and habitat deeruct;on

are not llsted but may be found in Archer (1982).

(a) Antechmus stuartu

Subject -Biological notes é_zr_m_i referehce sources
Taxonoermy o o "I‘Wo..su..bspeci'es are recognised, A. s. stuartii
and A. s. adustus (Wakefield and Warneke
| _]967_,_- Van : Dyck 1882). All following notes
~ refer to A s. stuartii.
~Range . Geographical: Western Vietoria . . _to
south-eastern  Queensland (Wakeﬂeid and
Warneke 1967, Dickman 1982a, Van Dyck
1982).
Altitudinal: 0-2000 m (Newsume and Catlmg
1979, Green and Osborne '1979) '
Habitat o T_a!l c]QSed~‘Forest C_ramfor'_es't) {(Wood 1970,

-'B-r‘aithWa'ite 1979);: - - tal" open~forest
(TyndalewBis_coe.and Ca[aby 1975, Stewart
1978a, Gullah. ._and"' ‘Robinson - 1980);
open-forest ‘and woodland (chk__man 1980, -
Statham  and - Harden 1982):  lowland heath

h _(Br‘aithw.aite. et _Ell_ 1978, Fox 1982b); rock
..'_tor*s (Greeh'and Osborne 1879, Dickman et al.
in press), coastal dunes and cliffs (Wakeﬂeld
and Warneke 1987); exotlc pmeb (Barnett et
al 1976, Suckling and He_ls]er's 1978).
;ca'th'am and Harden (1982) record maximum
densities (numbers per hectare) as 2.8 in tall
woodland and Iogged tall ¢losed- for‘est 4.4 in
tall open-forest and 7. 9 in open forest.
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Appendix 2. (cont'd.) .

(a) A. stuartii

Subject

Biological notes. .and' reference sources

B r‘eed:i'ng

Population. dynamics

-__Matmg oceur's only for- a short perlod (abouL
2 weeks) in- wmter*, after wh!ch 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
_“Che_ young . are independent (Woolley- 1966,

- Wood 1970). - Nipple numbers vary from 6- -10 |
(Lee et al, ‘1982)

Numbers are highest in spring and summer

.following the 'i'n‘l’lux of juveniles' inlto the

- popu!atlon Numbers decllne ther‘eafter* and

Movements

Behaviout

Activity

” are lowest after male die~off ih ‘winter (Wood '
- 1970, Statham ‘and Harden 1982).

Malee range further than females, especially

" near. mating (Wood 1970, Barnett et al. 1977).

Both sexes’ are partiy arboreal (Wood. 1870,
Hall and Lee 1982) '

Copul_ation is. vmlent and protracted (Marluw._ :

1961, Woolley 1966). - Maternal behaviour and

nest building are described by Settle and

'. C__roff_'(j98'2a)j_. the development of - young by o

Settle - and Cr‘oft_ (1982h). _Agomst;c
interactions among males lead to the formation
of a male dominance hierarchy 4-5 months
before . mating {Braithwaite 1974); a
femal.e-_dominafed -hierarchy was described by

"Ri"gby (1972), but this study used senile

males.

‘Nocturnal/crepuscular (Wood 1970, Hall

1980a, Warden and Wallis 1979).
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Appendix 2 (cont'd.)
(a) A. stuartii

Subject Biological notes and reference sources -
Diet. . '-']n\/er_*tébrétesl 'é's"p'écia['l"'j' arthropods (téonard
' 1972, Hall 1980b) and oc:éasionally plant
material (Statham 1982a).
Predators - nges (_”'_[':r::\ifnsend g "1'977, Gi"eén and Dsbofne

1981);' feral cats (Jones and Coman 19881) and
owls (Seebeck 1976; ?Tilley 1982).

Habitat classification follows Specht (1970).
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: Appendix 2 (cont'd.) .

(b) Antechinus swainsonji

Subject ~ Biological notes and reference sources
'_Tax_on.qmy 'T_wo' subspecies . are recognised, - A s. 3 o

swainsonii  (Tasmania) and A. 5;-.n—1‘imet;s
{mainland Australia) (Wakefield and Warneké
1963).  Notes on the bhiology of A. s.
swainsonii are given by Wakefield and
Warneke (1963), Green (1972) and Hocking
. (197%); all fo[lo.wing notes  refer to.g_. s.
mimetes.

Range Geographical Westarn Victoria ta
south-eastern Queensland  (Wakefield and
Warneke 1983, Dickman 19823, Van Dyck and
Ogilvie 1977). '
Altitudinal:  0-2227 m (Newsome and Catling
1979, Dimpel 1976). '

l-i&ibi‘cz—:it:k Tall closed-farest {(Van Dyck and Ogilvie

1977); tall open-forest (Tyndale—Bisco_e'and
Calaby 1975, Stewart 1979a, Gullan and
Robinsaon 1980); . open-forest and  woodland
(Wakefield and Warneke 1963); lowland heath
(Braithwaite et al. 1978, Newsome and Catling
1979); upland (alpine) heath (Newsome and
Catling 1979, Dickman et al. in press); rock
tors (Green and Osborne 1973, Dickman et
al. in press); coastal 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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Appendix .2 (Cont'd.-)-'

(b}  A. swainsonii

Subject

Biological notes and reference sources’

Breeding.

Populati_én dynamics

and movements -

- Behaviour

Activity
Diet -

Predators

Mating occurs only-fq'rj a short period (about
2 weeks) in winter, after which all males die .

(Lee et al. 1977, 1982). Gestation lasts for ©
© 29-35 days (Williams and Williams: 1982), pouch
~ I1fe for 5%-8 weeks and nest life for up o 7

‘weeks, after which the young are independent

(unpublished findings, Fleay 1932, Williams
and Williams ~ 1982). Nipple numbers vary e
from 6-10 (Lee et al. 1982).

2 Similar to A. 'stuari_:i'i (Leonard 1972), but

appears to be Iess __ar*}joreal (Hall and Lee
1982). B

Copulation, some aspects of the development
of young, and maternal behaviour, are similar
to A. stuartii (Willifams and Williams 1982).

Quantitative descriptions. of behavieur have

not been published, but'qu'alita'tive notes are

given by Fleay (1932) and Dickman (in
B _pr*es_s.,b)'-' o
'..".Equ'ail'y active by and by night (Hali 1980a,

Warden and Wallis 1979).
[nvertebrates, especi‘laHy a_r‘thropods (Leonard_ |
1972, Hall 1980b).

Foxes (Green and Osborne 1981), feral cats
(Jones and Coman 1981) and owls (7Tilley
1982). '

Ha.bitat classification follows Specit (1970).




" Appendix 3a. Body weights of mals Anté

{grammes} * standard daviation.

chinus stuartii. Vaiues are Means

cy

Sample sizes are in brackeis, .

azz.

1978

May
June
July i

July 11
August

1978
January

February-

March
Aprit 1.

April 11
May .
June’
July
August |

23.242 .1 ()

23.7%2.0 (10)

24,3421 {8)

24.942.1 (9)
28.72.2 (10)

18,0, (1)
21, 1#3.3 (7)
25.6%2.9 (1)
23.3£2.3 {9)

24,852.6 (9).
23.5+2.0(9Y
23,3£2.9 {9)
24,8%2.0 ()

- 27.6%2,4 (11)
August [} - - '

26.5%2.2 (7} 28.123.2 {3}  0.07

BV E2. Fy Fs. . Conclusion
Antechinus swainsanil not manipulated
23,722,3 {7) 24.0£1.9(%)  0.33 - €1 _ 81 L2
24.621.7 (7) 24.8%2.5 (8)  0.68 - CUoRTTEE
24.521.8 (8) 25.2:2,0(12) 0.52 ELELE2
: Ante_c.hfﬁ'us S\Qainsc:nif removed from ET and B2
26.851.4 (9) 25.822.2 (9}  0.88° 037 ¢l £t g2
25.8%2.8 (B) 26,822.5 (12) 2.11  3.14° €1 E1_E2
15.0¢2,0 (3} 1.0 () - . < . -
18.741,3 {10) 18.021.5 (7} - 4.23, 8.8, . C1 El __E2
22,8%1.5 {0} 24.2£1.8 (8 . 3.3, 5.07 ., €1 EL__E¢
20.7%2.0 (16) £0.440.7 (303 6.01 11.¢5 - £1 ET__E2
Antech'.inus swéinsonii reintrér.-‘uced ;‘;n!y o E¥ -
20.3%2.3 (13) 21.922.7 (8)  8.8%,, 1.5 .. €] E1__E€2 .
21.5%1,8 (12) 21.5£1.9 (33} S.81 2.4 - €1 Ei_g2 -
21.622.2 {11} 21.481.6 {793 1.786 - 1.43 £1_ Bl E2
P33E2.5 (7Y 23.5E2.9 {12} G817 015 o1 E1 €2
25.5%2.7 (18) 25.882.5 {12} . 3.26 2,77 €1 el EZ




Apperidix 3b,

‘Body weig'hts of fe

male Antechinus stuartii (<‘|yr- old).

28 .

Values

18.8%1.8-{7)

areg mi:aar.ls..(grammes) B3 sta@dard deviation, Sample sizes are in brackets.
Ct :_ E1 . ER ’ 'F'; Fp C;:nclusicn

1978 . Antechinus swainsonii not manipulated '

May 16.341.1 (B) | 15.781.0 (7) 16.741.4 (9)  1.17 - C1_ El__E

June . - 17.652,1(7) T 970153.1 (6) 16.331.2.(B) 1,48 - CT_E1 _E

July U 18,4800 (7). 16.430.8 (7) 15.821.2 (8) 0.6 - C1_ET_ R

'-Antechinus swamsn_ml removed from E1 and E2 B

July 1 16,220,6 {7)  16.041.0 (B) 16.2%0.9 (7)  0.15 0.08, €1 _E1 E2
_ __F.\Ugust 18.141.7 (8) 17.2%1.2 (8) - 16.8%0.9 (6) 2.76 4.95 [ Y E2
T _ w

January 14 30,4 (2) 91.881.2 (5 17.0%#1.2 (4) &, 49 9.59, €1 E1_E2

February 16.4%1.5 (10} . 14.9£1.3 (14) 14.9+1.5 (13) 3. 7,; w o 1. 4*;%*,, o R

March 1B.6%1,3 (8) 16.030.9 (14) 18.2%1.3 (16) 15. 22 30 52y CV E1. EZ

April 1 18,281.6 (9) 16 0""1 2 (14} 15.641,2 {15) 12, 50 - 24, 47 C1 Ei- E2

_ . Antechinus swainsonii r'eintr.:".-uced only to Ei

Apri) Il 17.221.1 (8) - 16.141.2 (13) 16.4%1.2 (13) = 2,15 0.06 C1 " E1T E2

May 18.681. 7 (T) 16.051.2 (12) 18.4%1.4 (14) . 1.78, 2.69 ci __E1_ EP

June 17.742,4 (6)  15.7%1.3 (11) 16.241.1 (11) * 3.44 0.07 C1 E1_ E2

July 171407 (6) 18.5%1.3 (10) 15,9%1.2 (93 = 1.94 2.78 1 El Ef

August I 17.081.0 (B}  16.1#0.6 (9) 16.280:7.€10)° '3.16 0,58 C1_ _E1__Es -

August [I - ) -:18.0'._*-0.8 {9) 0.75 - -




Appendix 3c,
are means {grammes) X

sta nc_!__ard deviation.

Body weights of female Antechinus stuarti (>1yf o.ld).' Values
Sample sizes are in brackets,
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December

- Conglusion

24.8%1.9 (4)

.c1 £1 ' © B2 F ¢
NS : e 0 P
18?8 ' S Antechinus swainsonii not ménipulated‘

" May 24.0 1Yy 22,0°(1) R - .
Juna 22.0 (1) 245 (1) . .- - - -
Juty | 21.0 (1) - o . - .

o E - Antechinus swainsonii removed from E1 and E2
September 22.3*1.8 (8) - 22.241.3 (7) 21,821,7 (4) . 0.08  0.03
October 27.1+1.7 (4)  27.922.3 (5) 27.7%2.5 (3)  0.15  0.28
November  25,3%1.2 (5) 24,8%1.3 (5) 25.041.8 (4) 0.15 0.27
December 23.8%71.1 (5) 25.821.7 (4) 25,5%3.0 (4) 1.28  2.52
1979 . o : .
dJanuary 27.04£2,3 () 25.543.3 (43 25.1%2.8 (4 0,50  0.96
Fehruary  24.3%2,2 (4) 23.941.3 (4) 22.0+1.71°(4) 2,23 1.77
March 24.941.4 (5) = 22,622.1 (4) 22.512.4 (4) 2,14 4,27
April 1 22,8+1.8 (2) 22.0£3.5 (2) 21.4%1.9 (4) 0.24°  0.39

' . Antechinus swainsonil - reintroduced only to E1
April 11 21.5%2.1 (2). = 22.5:2.1 (2) 21,7429 (3)  0.13 . 0.04
May 23.550.7 (2) . 27.0.(1)  -22.0%2.8 (2) - T
Jine Tho2,0 (3 21.542,8°(2) oo 20,5 (1) - -
July = . 20.5%0.7 (2) 21,5 (1) -
August | - 21.0 (1) 22,0 (1) - -
August 1 o o= 25.0 (1) - -
September 23.0%1.7 (5) 22.211.8 (8) 22.3%1.8 (8) 0,35, 0.12
October 27.0x1.4 (58} 29.8+1.2 (6) 27.3%2.3 (7} 4.46 © 2,08
November 25.0%1.2 (5) - 25.0%2,1(4) 25.621,5 (4)  0.21 0.4
26.120.9 {4) . 25.841.7 (4) 0.84 1.56

Cl B} E2
¢1 _Ei_ Ee -
Cl _E1_ E2
Cl _E1 E?
€1 E1 E2
o] E1 EZ
€1 __EV_ E2
Tl E1  E2
C1 - E1 E2
¢l &t g2
Cl E¥  EP
€11 E2
C1__E1  E2




99.254,4 (6) - 9B.823.0 (8_)_ 0.03 -
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Appendix 34, Head-body langths of male Antechi i 7
: — =g NINVS stuartii; val
mean§ (mm). t standard deviation.. Sample sizes are In brackats. ues are
) G1 (3] E2 ' Fé Fp Conclusion .
1978 . AntechinUs swainsonil not manipuiated
 June 97.522.1 (9) 98.332.6(7) . 97.0t2.5 (10 085 - @1 B g2
July | (98.724.7 (8} . 98.0¢3.4 (8) 96.332,0 (11) 1.28 - EiTELTE
_ ; . Antechinus swainsonii removed from E1 and E2
July 197 97.143,8 (9)  97.343.0 (9} 97.1#4.2 (8) * 0.01 - 0.00- c1 E1 E?
August 1 99.832.1 (10) . 99.743.4 (8) (973336 (10) - 208 1.38 T1 ET L2
1979 ' ' ' '
January - 86.5%2.1 (2) - - - -
February 85.8+2.8 (6) . 86.4%4,1 (8) - BS5.3t2.2 (8) 0,18 0.0v €1 #£1 g2
Margh’ . 8B.7x3.7 (8) 89.4%4 4 (7) 90,743.2 ()  0.49 0.59 C1__E1 €2
April 1 91.3%2.5 (8) 91.0%2.9 (12) 90.9%3.1 (9) 0.03  0.06 Ci_ E1T Ez
_ Antechinus swainsanii reintroduced only to Ei _ .
April il 91.282.7 (6)  92.083.2 (12)  89.22.5(3) 2.38 445" €1 £1  Ep
o May 93.9%4,0 (8) 93.1%4,1 (10) 92.7£3,8 (10) 0.70 - 0.14, €1 _ET _E2
CJdung 95.8£2.4 (8) . 95.5%2.7 (10) 93,1#43,3 (8) ~ 2.25 4,44 C1_E1 E2
July 97.843.5 (7) 96, 4%2.4 (7) -98,424,5 (10) 0.58° 0.89 T1.  Eq E2
August | 99,9125 (11)  98.9+2.6 (12) 100,9£2.6 (13) 1.82 2.85 1 E1l EZ
August 1] - -
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Appendix 3e,
Values are mea

Head-bady lengths of ferp

ale Antec
ns (mm} % standard devati

hinus stuart
on,  Sample sizes ar

ci

EY

E2

August 11

7978 2
June 89,423.3 (7)
July | 87.1£2,3 (5)

uly N a7.8k2.4 ()
August 88,942, 4 (8)
1878
Januapy 77.5%3.5 (2)
Februapy 871.9%3.7 (9)
March 83.8%3,7 (6)
April | 85.013,4 (7)
Aprit 11 - 84.8%3,8 (8)
May 86.1£2,8 (7) .
June 87.4%2.7 (5)
July 86.9¥2.9 (6)
August 1 88,3%2,8 (8)

Antechinus sivainsonh npt maniputated

B7.8%2,6 (B)

B7.5%2,3 {g)

87.124,2 ()

90.4%3.7 (6)

Antechinus swalnsonii removed from ET1 and g2

89.043.5 (6)
88.84,6 (7}

T7.523.7 {4)
81.924,1 (12)
81.3%4,5 (12)
B4.,4%3 .1 (17}

88,0%3.8 (8)
91,2452 (8)

78.583.4 (4)
< 79.733,1 (10)

83.5%3.4 (13)
85.8%:4.9 (12)

Antechinus swainsonii reintreduced onty 1o #1

87.624.2°(11)
83.524,5 (10)
88.6+2.8 (8)
89,143.56 (%)
B87.62,4 (7)
87.4%4,4 (5)

85,2336 (10)
84.0%4,3 (12).
87.8+3.0 (9)
88.8%3,9 (7)
80,942.6 (BY

89.3%2.3 (7)

33
|
l
i (<tyr ald), *
& in brackats,

Fa -Fp Conclusion

0.78, - g€1_.2:E1 E2

4.4 L1L_E B2

0.33 0,37 ©1 g1 E2

0.8  0.25 i E1 B3

0.44 0.15 C1 E1 g2

1.21 0.45 T3  E1  E2

154 0.44 Ti~ &1 Ep

0.35  0.01 9 B __E2

1.61 0,65 C1 Bl E2

0.85 "0,16 T1 E1  ED

0.29 007 CT__£1 2

9.81 0.8, T1_ €1 E?

3,27  6.368 T B B2

0.95 - -




99.8%2.1 {4}
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Appendix 3f. Head-body lengths of female Antechinus stuartii
. ) : 1 IS Staartii (>1yr old).
Vaiues are means (mm) I standard deviation, ~Sample sizes ars i(h lrr'acgets.
1 E1 g2 Fy F,  Cenclusion

1878 . : '-_n‘eech_im;s s‘wainsqnii removed from Ef émd E2
September 92,5%3.5 (4) 91.023.3 (5) 92,8444 {4} 0.25 0,94 €1 EI E?
1979 '
January  95.823.1(4)  94.2:2.8 (4) 92.342,2 (4)  1.68 2.26 C1 Etr £
February — 97,0:3,2 (4)  98.0%4.7 (4) 92.8%3.4 (4) 2,14 0.48 CTI1 &1 E2
‘March 93.5%4.0 (4)  97.5%3.9 (4) 95,542.1 (4}  1.35 2,02 T1 E1 Eb
April 1 97.0%4,2 (2)  94.5:3,5 (2) 95.022,1 (4)  0.41- 0.78 Ci_E1__E2

Antechirius s‘wain.sonﬂ reintroduced only o E1
April Il 96.542.1(2)  91,0%1,4 (2) 95.5£3,5{2) 271 0.65 C1 E1 E2
May 98.520.7 (2) 95.0 (1) 84.522,1 (2) - =
September 96.922.5 (5)  94,812,8 (5) 92.6£3.7 (7) 2,72  4.37 €1 E1 E2
Movember 97.5%4,0 (4) 95.043,6 (4) 2,04 3.6 Cl__El E?




Appendix 4a, Body
Values are means {y

weights of male Antechinus swy

aifganii,

rammes) * standard deviation,
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Sample sizes zre In brackets.

e

1973

May
June
July |

July 11

MNoverber .
- December

1979

January
February
March
April f

April 1]
May

June
July

November
Decembep

52.659.8 (1))

CB3.748.6 (10)

72.4310.2 (1)

73.3413.5 (4)

V7,551,989 {6)
© 36.813,1 (8)

49,5%6,7 (13)
54.0%8,3 {(9)

61.147,9 (10} -

58.647.8 (11)

60.028.3 €11)
§0.3:8.7 {12)

60.3%14.9 (3)
64.8210.9 (4)

36.045,7 (2)

37,0841 {8)

0.32

B E3 - Ed s | Fp Conclusion
Antechinus stuaetii nat manipulated. _
C73.2814,0 (9) 0,073 (1) 1,57 - g1 E3 B4
57.4312.0 (8) 70,9157 (10} 0,80 ~ B1TTE3T T3
88.0414.% {(10)  87.3+12,8 (10) - 2.95 - C1_E3 B4
Antechinus stuartil removed from E3 and E4
B5.05.0 (3) - 0.54 - -
18.4%2,3 (5) © 17,683.105) 0.21 0,16 €1 E3 E4
34.744.2 (10)  34,224.8.(12) 1.04°. 2.00 G E3 EA
48.616.0 (14) 51781 (13) O 0.07 €1 E3. B4
54,7897 (11)  57.59.5 (32) 0,35 0,14 Cl__E3 E4
56,1410.2 (%)  63,7%8,0 (10) 1,84  0.03 CI _E3 24
59,9%12.1 (3)  65,0410.7 (10 0.93  0.66 C1_ E3 _ EA
Antechinus stuartii reintroduced only to E3
$2.9211.9 (8) ~ 66.5:11,7(10) 0.99  1.64 &1 E3  E4
63.3%16,5 (7 89.7£10,6 (10) 1.85 3,39 TI__E3 _E4
63.8:11.0 () £6,4413.2 (10) 0,30 0,43 C1_ E3- E4
68.7#10,5 {9)  73.8%17,1 (11) 073 .21 Cl_E3 &4
16.541,0 {4) 150810 (3)  3.86 . - -
38,1%3.4 (9) 0.53 Tt  E3 B4
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Appendix 4h., Body'weights of 7&
Values are means {gra

male Antechin
mmes) £ standard deviat]

Us swainsonit (<yr old).
an. Sample sizes are In brackets,
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cp o

£3 | E4 . ’ ..FO Fp Cenclusian
1978 Antechinus stuartii not ‘manipulatad. R
May 38.6%2.7 (5)  36.03,7 (5) 34,284.8 (5)  1.69 - Gl _E3 _E4
June CA0.0X1.0 (3)* 40.4%7.7 (5) 34.8£3.8 (4} 1.29 - CETELTER
July 1 48.8%4,8 (4)  38,6%5,7 (5) 38.3£4,7 (4) 4.01 - €L _E3_ _E4
_ Antéch'in_us stuartii removed' from E3 and E4 :

July 1 49,0%4.6 (3)  42.525.5 (5) 42.785.9 (3) 1,54 3.08 C1 g3 E4
November  15,0%0.8 (4) 15.0 (1) 18,0 (1) - - - -
December  28.0£1.0 (3) - 29.3#2.8 (3) 26:8:3.0 (4) © 0.88 0,01 c1_E3 4
1978 _ : - - . _ =
Jaduary  32.813.4 {5)  30.824.0(5)  30.3:3.8 {4)- 0.3 1.20 ©£1 . E3 E4-
Februsry = 36.824.5 (4) ©  39,0%4.4 (5) 36.4#6.1 (5)° 0.37  0.10. C1__E3 B4
Mareh 38.623.9 (5)  d5.835.1 () - 46.5:7.1(4) 2.41 - 4.79, Gt E3 E4
Aprit 1 37.433.4 (5) 42,8841 {4) 45.337.5 (4) 2,77 5,06 TT E3_ E4

' " Antechinus stusctii reinfroduced only to B3

April 11 38.237.2 (5)  42.8%4.1(4)  42.8%3.5 (4)  1.07, 0.89, c1_ £3 4

' Mlaay © 39.5%2,6 (8)  42.042.6 {4) 45.082.7 (3}~ . 4.57 6.92 CI__E3 E4
June 40.0 (1) 44,0£3,5 (3) 46.084.0 (3)  0.43 . -
July 41.0 (1) 40.545.5 (4) 43,315.4 (3) 0,40 -
Novemper: - 16.310.4 (2)  16.8:1.8(2) - - -

" December 25,0 (1) 24,021.4 {4) 22.343.2 (3) 0,89 .
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Appendix 4c, - Bod
Values are means {

¥ weights of fe'mél'e'AntecHim.Js:
grammes) 7

+

+ standard deviation,

19§

1978

May
June
July 1

July 1
August
September
October

Navember
December

1879

January
Februapy
March
April )

~April 11

May

June
July

August
September
Cetober

November
: Dece_mber‘_

54.312.5

E3

$6.543.5 (2)
- 50.5%2,1 ()
54.532.1 (2)

57,317.8

48.7£6.8 (3)

48.7%7.8 (3) - .

52, 0%2,8 (2)
54.0%1.4 (2)

©45,015,7 (2).

50.030.0 {2)

50,0 (1)
52.0 (1)
54.0 (1
56.0 (1
53.0 {1
58.0 (1)
54,0 (1)

£2.3%7.4 (4)
48,7£5,1 (33
51,2£5.1 (3)
50,3+3.5 (3}

52,0%5.3

swainsonii‘(ﬁyr‘ old),
Sample sizes are in. brackets.
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E4

Fﬂ

F

Conclusion

47.044.2 (2)
48.5%7.8 (2)

50.545.0 (2)
45,0 (1)
47.0 (1)

Antechinus stuartii not manipulated
53.546.4 (2)

0.70

Antechisius stuartii removed from E3 and B4

53.5%7.8 (2)
48,6%3.5 (7)
58.3#8.1 (4)

-5‘I¢834.2_(4)

47,0 (1)
83,3%3,6 (4) "

-81.346.9 (4)

57-3:5.7 {3y

48,7£3.1 (3)
49,545 0 (3)
49,3%5.5 (3)
- 45.0%7.1 {2)
55.5%2.1 {2)
50,5%3,5 (2)

0.29
0,12
0,60
0.55

¥

0.64
0.69
0.23

g
10,03 -

0.53

. 0.25

0.05

0.13

1.

Antechinus stuartii reintroducgd only to E3

43.3%4,7 (3)
46.5+3.5 (2)

48,3%7.6 (3)
49,081, 4 (2)

.3
.2
7

53:3
60,
52.3

i+ 14

[ NI TN

{4)
{4)
(4
52,723.8(3)
Rch)

- 52.0%5.7 (2)

52:04.2 (2)

54,015.7 {2)
53.5%5,0 {2)

-58,4%6.2 (5)

£3.0¢11.8 (4)
58,313,8 (3)

60.3%1.5 (3)
58.0%4.2 (2)

0.90
1.52

0.78
1.53

0.95.
0.09
1,97

*
10.58

1.75

1
1

89

.3
.84

(]

C1__E3. 1 £4
€1 E3 B4
fogy} E3 [
€1 _E3 4
c1 . B3 E4
Gl ‘€3 E4
CT_ E3

Ci_E3 E4
Ci1_ E3. _EA
€1 E3 E4
c1_ E3  E4
€1_ E3 E4
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Appendix 4d, Head- body langths of ma
Va-lue_s areneans {gra

mmes) £

C1

standard de\uat:on

£3

le Antechmus swainsanit,
== IUS Swalnsanit .
Sample sizes-are in brackets,
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E4 -
E4

'E4 F_[J Fp ..:C.ﬂ_nc!usion -

1978 _ . Antechinus stuartli not manipulated
June 120,8%4.9 (B) 121,8%6.3 {8) 118.043.5 (9) 0,68 - . C1_E3_ _E4
July | 126.047,0 (9) 125,148.1.(8) 122.087.0 (3) 073 . HTET
. Antechinus stuartii removed from E3 and E4
July 11 129,555.0 (4)  125,2%5.3 (4) - 1.1 - -
November 85.4%3,8 (5)  82.282.5 (5) = 80.8%4.3 (5) 2,16 3,93 €1 E3
Decembar  95.9%3.2 (7)  §3,6*3.0 (7). - §5.323.7.(10) .84 - 2,21 TI. E3 .
1978 - '
Jantary 106.1%5,9 (10) . 104.2%4.2 (8) 104.0¢3.8 (9)  0.54 . 1.05, C1__EB . E4
February  7T07,8%4.4 (9}  172.935.2 (95 112.815.3 {11) 2.84 5.52 C1 E3 E4
March 114.9%4.6 (10) 113.3%4,7(9) - 115.1#4.9(8) 0.38 0.13 Tl E5 E4
April | -116.344.2. (10) 116, 8+4 78 118 4+4.1 (8) . 0.54 0.50 €1 _E3I E4 __
| | - Antechinus stuar‘tu relntroduaed only to E3

CCOApRIT I 121.3%4.5 (8)  122.4%3.3{8)  123.423,5 (8) 0.71 0.88 €1 E3  Ed
ng ' 123.3%3.9 (10) 120,7+3.8 (7) 125.644,1 (7) 2,67 3.56 Ci_ E3 &4
June 123.9+4.3(8) . 125.3%4.4 (8) - 0.40 - e
July 1'29,3*:7.1 {4y~ 125.6%5.4 (9) 125,8$3.8 (10} .0.95 0.2 C1 _E3 €4
MNovember - BaBk2 Y {4) 80.0:1.7 (3) 10.31 - -
December 92.5:3.5 (2)  93.6:33(B) 96.3.9(8) 1.35 253 C1 &3 4




Appendix de,
- Values are means (mm) *

Head-body

lengths of female Antechinug
-s_tandapd deviatiorn.

.-Becember
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swalnsonii {(<lyr old), ..
- Semple sizes are in brackets.

90.383,1 (3}

- B

g4 -

£3 .
: | 7 E4 Fo Fo Conciusion
1878 Antechinus stuartii nat maniphiated
" June 107.025.2 (3} W12.255.4 (59 104.324.7 (4)  2.80
July | 114.325.0 (4} 117.244,8 (5) 113.546.4 (4) . 5.27 Z
e - - Antechinus stuartii remaved from £2 and E4 . .
duly Bl 115.55.4(4)  118.243.5(5)  116.3:4.0 (3) . 0.56  0.69 C1 €3 £4
November 78.8%3.3 (4) 78.0 (1) 82.5 (1) - . - _
December © 92.3#2.5 (3) 89.741.5 (3) . 85.343,6 (4) 562 7.96 .01 E3 _E4
e - o
January - 700,622.2 (5)  99.0%2.9 (5) 98.824.3 (43 0.43 0.84, C1_ E3
February 101.5t2,4 (4} 97,8+2.2 (5) 88.822.6 (57  2.79 ' 5.14 T E3 . E4
March 103,6%3,5 (5)  101.0%3,2 (5) 105.542.7 {4}  2.30 ¢.iz €1 E3 B4
Aprit t - 105.013.4 (5)  104.084,1 (4) 107.322.2 {43 _ 1.01 6.1 €1 _ €3 Ef.i
B Antechinus stuartii reintreduced cnly o £3
&pril 1t 105.424,3 (5) 106.835.1 (4} 104.824.2 {4} 0.20 0.2, C1__E3 E4
' ng ' 110,722.7 {8)  1108,5%4.0 (4) T14.330.5.(2) . 3.22  8.21 C} E3  E4
dune - 109,323.5 (3} 110.027.2 {35 . §.02 - -
Cduly 119.0 () 115.3%5,5 {4} 114.0%5.0 {3}  6.10 -
b - 79.0 {1} B3.0x1.4 {2 - -
Dacember 93,0 (1) B9.7¥4.G (37
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Append_IX_: 5. The diversity of prey . iypes obtained. by p:tfall

samplinga Five habitats were sampled: | .
(2)  Ribbon Gum
(b)) Fern |
. {e)  Under log
(d') Open

(e) _S[opes :

The Apnendix tables .5(3)'5&3.) show the compornents of diversity
(B.r*i.li'o'uin's H} for each pitfall sample. .The componetits are . the
numbers of ind[viduais—in”‘the sample, -t he numbers of ._types- of
_mver‘tebrate pr'ey in the samp[e, and Lhe evenness, J, wnth wh[ch
they are r‘epr'esented. The- W statistic - Kendall's coefftCtent of
C.dncor'dance: - .w.-;s used to test for differences in the pr_'ey_type
_ d!str'lbutmns between the enclosures, 'and"was comptted efter‘ the
., actual frequenmes of the prey types were converted to ranks A
'.s:gmﬁcant }{2 value assoola‘ted wrth the W stat:st;c denntes that the
abundance d;strlbutions of prey types were concordant betWEen the
snclosures, whereas a non significant x [mphes that they d:ffered

In the tabies, unbracketed number's show the compenents of prey
type diversity. for all prey. The bracketed ‘humbers show “the
equivalent information, but with all Collembola omitted.

. sfter a pitfall site dengt'es th_a_t_th-e pitfall was flooded in

that month; | |
he pitfall dried up in that

4+ after a pitfall site denotes that t

month. : _ .

The measurements ©

f diversity -were based on the recognition of

46 types of prey:
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Appendix- 5 (Conttd).
Phylum Arthropoda

~ Phylum Arthropoda

Class Insecta: Class Arachnida:

(a )conemb_ola Scorpionones
Diplura ‘ Pseudoscorpiones
Thysanura Araneida
' Ephemeroptera : Oplhones '
Odonata | ( )Acam
Plecoptara _ ~ ' Class Crustacea
Orthoptera o : " |sopoda
'Phasmida Amphipdda _
Dermaptera P " Class Chilopoda
Embioptera | Class Diplopada

Cb)chtyopter _ Phylum Onychophora
Isoplera - ' Phylum Annelida

<C)Hemipfi:uer‘a Sub-class Oligochaeta

- Thysahoptera o E Sub~c_l‘ass Hirudinea

| Neufoptera ' : - Phylum Nematoda

- Lepidoptera Phylum Piatyhelminthes

Trichqptera
_.Dip'teré
‘Siphonaptera

(d)Hymenoptera
(e )Coleopter‘a

Notéé: (a) Subdnvuded into four groups, joosely Entomobryidae (3
groups) and Poduro;dea + Symphypleona (1 group); (b) subdivided
into cockroaches and mantids; (c) subdivided into Hemoptera and

: H H . .
Heteroptera; (d) subdivided into ants (Formicoidea) and “others’;
4

v p 1 - Lt th.
(e) subdivided into scarab, rove, weevil, tenebrionid and “others;

(f) subdivided Into mites and ticks. Classification follows Clark and

Panchen (1971). Snails, crayfish and certain beatles (Carabidae,

but are not included in analyses

Lycidae) were found in pitfall traps,

of diversity.
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Appendix 5. Campone'nts of prey type diversity:

(3)  Ribhon Gum pitfall trap samples

Date Pitfall Nt;rmbers of

! N R '
site prey types o?mptg; Plversity H  Evenness 4w ¥2(d. )
represented o :
E1 . 12 (3 ._
Aug. g2 14 Equ gg 833 .79 {1.44)  0.82 (0,77)
1978 E3 14 (4 20 3__) - 1.90 (1.82)  0.83 (0.85) o
E4 12 (4 s - Cgé} 1.92 (1.78)  0.82 (0.gs) 0-65  39,29%
Cl . 10 (15 .ap - @8 198 (1.60) o0.88 (0.90) (12)
_ HPooed2 8 .82 (1.72) 0.3 (0.93)
E1 5 (2)- 35 (23) 0,85 (0.39) 0.6
Sept. Eft 5 (2. 16 (s 88 -(0.39)  0.63 (0,44)
1978 g3 7 (2} 20 } 096 (0.43) 076 (0'50) _ :
T Eas 3 2 (73 1.27 (0.94y 0.82 (o.77y 013 4.
ci+ 5 (2) (2)  0.76 (0.46)  1.00 {1.00) oy
_ : 12 (2) © 1.00 (0.71). 0.84 {0.86).
1 17, (3 50 S
O T R B S T st - 3
s Ei 1? “% 139 (49) - 225 (1.96)  0.85 (0.g0) ©-82  B5.39r
& - (g LoV (23) 2,07 (1.73)  0.83 (0.79) ey
()_: S99 (1) 277 (1,83) 086 -(0.85)
wo B OB@ B @ otmen e e
) ! - 431 . {2,.24) : 0.85 i
1978 gi 20 (4 162, (48) . 2.38 (2.14) - 0.85 qug 0.72  71.79%%*
. 17 (2) 123 (13)  1.78 (1,56) = 0.69 (0,63} (20)
. 17 .(3) 989 (47) 223 (2.01)  0.85 (0.83)
bac E; ' gg Esg 230 qug 2,48 (2.29)  0.85 (0.82)
* Dec. : 4 294 (7 2,63 (2.46) ° 0.84 (0.83) .
198 B3 28 (3). =294 (81) 274 (2.67)  0.87 (o.m9) . 0-85  M0.3TWE \
£4% 24 (4) 271 (46)  2.70 (2.51) - 0.90 (0.89) . (28)
cl 22 (3) 308 (77) 2.47 (2.28)  0.84 (0.82)
- Et 25 (3) - #49  (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) . a4 ok
B4 24 (4) 293 {42) 2.60 (2.38) 0.88 (0.85) 108.04
ot 23 (3) 302 {B1) 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) 2p2. (23)  2.36 .(2.21)  0.84 (0.81)
Feb. E3 19 (3) 167 (23) 232 (2.11)  0.85 (0.82) g6 oy gqee
1979 Ed 25 (4) 217 (31)  2.54 (2.35) 0.8 (0.83) : ‘
c1 22 (3) 183 (34)  2.48 (2.32) 86 (0.85) (24)
S 17 (3) 127 {24) 223 (1.99)  0.86 (0,83
Mar.  ER - 19 (3) 208 {28) -2.18 (1.97) ~ 0.79 (0.78y -
1978 E3 - 16 (3) 193 (53) 2.31 (2.06)  0.88 (0.88)" g9 vg 7gmuw
E4 19 (3) 170 (33) 2,43 (2.25)  0.89 (0,88) . ‘
e 19 (4) 183 (57) 2.29 (2.22)  0.84 (0.90) _ (18)
€17 (3) 13 (40) 241 (1.93) . 0.81 (0.81) '
Apr,  E2 12 {2 180 (10) .12 (0.95)  0.47 (0.43) _ 68, G5
19p7ré 3 15 <3) 115. €25)  2.08 (3.77)  0.48 (0.79) 07_6 68.85
E  (3)
B4 19 {3) 112 (18)  2.35 (2.13)  0.88 (0.85) (18)
c1 - 15 (3) 93 (28) 2.19 (1.93) - 0.82 (0.88)
! . : 0.83)
Bl . 10 (&) 27 () 1.8 (1.41)  0.86 (0
May EZ. - 1M (1 54 (1) 1.64 (1.60) 073 (3-7?) .
1979 E3 no@ B0 188 EH‘E% 085 023 0.9 sesee
LA 57 . N .03,
_(E:’% - ]3&3; 31 (5) 1.82 (1.70)  0.85 (0.82) (14)




Appendix 5(a) Corit'd,

Date

" Es_fit:'fall Numbers, of

Numbers

!

N — . .
. Diversity H Evenness ) W y {a.f) .
. site Prey types  of prey .
: represented '

E Mosy Egsg "}*EE' E;f;g% g;;g gg.ggg
June 13 (1) 61. 1 N .78) . 0. ', =
'fég%f- ' Eg 11 Esﬁ 4. (26) 1.82 (1.53)  0.85 (0.8s) 0.54  35.05%

S8 B8R 8 ® G R s
e 12 (2) 83 . (s8) 1. B4) 0, .
' ' 3 1.05 (0.89)  0.55 (0.80)
I E; ?3 Eﬁ% gg Esgg 1.60 (1.56) ~ 0.69 (g'ggg -
O Bg R m oman tgin .
13 (3 . .
gﬁ 15 Es) 79 (39) 1,84 (1.85) .0.76 (0.79)
i 67 (1.56)  0.79 (0.87)
EA 11 (2) gg\ Eggg 18 E1_94) 0.85 (094 )
¢ 14 (4) . 94 (48) 1.75 (7. 8 ‘
W 53 13(3) 51 (35)  1.85 (1.74) g-gg Eg-g?g (14)
Cl 13 (2) 69 ..(33) . 1.86 (1.82) - .
| NO DATA COLLECTED
Sept.
1979 _

| 1.92) 0,82 (0.90)

. En 16 (4) 95 (;‘gg Egg 51«57) 0.69 (0.88) -
Oct: £ n & w ETB) 2.30 (2.10)  0.90 (o0 . 0.55  dg.yseen
TE o oxg xRl lwah os e

s B 213 (39 2.08 Q. i

- : 3 (2.15)  0.86 (0.83)
ET - 20 (3) 180 . (36) 2.39 (513) 083 (080} o -
e2 P S SO S b S (0.50) 583 s2.59m
1]\;;;!9 E3 18 (4) 180 gﬁg 2:44 (2.19) 0,90 (Oggg (20) -
2 1 lggg S5 (i) 232 (2.07)  0.85 (0. e
1 17 . e o
: : DS , .30) 0.76- (0.73) . . .
G2y 342 (2 . 2.24 (2 0.79 (0.75) - n.75 7857w
' £ R BE (hesy  oae (o 25)
Bec,  E2 4) . 38 (57) -~ 2.60 | 3 087 (0.85) _
- B3 28. (4. o g 2.63 (2. _ .
LIE E4 24 (4) 280 (69) : _ . .
. . B ) -'15'2 (_,].3_)' 2.23 (gggg 8,212 Eg;gg . .071 62.1.4***..
I - e Ess (rsy e 0.6, e
Sgens BB > (; 78 (44) 2 A7y 0.84 (0.
1980 Eﬁ Eﬁ §§§_ 183 (32) 238 (277 0. 0,56
i b (2) 163 (20) 2‘53 ggg% g:gg Egim 0.69  58.09%*
E1 22 2) 194 (41) 2'10 (2:24) 0.87 (0.85) 1)
fass - E5 @ w2 (2.00)  0.78 (0.74)
- 2 (5 26 (9 222 (2 w5 0.00
22 (3) 92 (9 g-?j gg'g$§ 0.6 (0:80% 0.52  45.99%+
: ) 0.90
wor.  E2 17 Ezg 142 E}gg 2.22 Eg.ggg 0.9 EO‘BB) (22)
y 18 (3 ’ 2.1 .
80 E3 51 . {10) , “
19 £4 18 (3) g2 (1.84) 0.73 (0.85) .
15 @) 116 (B8 Tl ey 0l (0:88  o.ap 269
£z 18 (@ % (?gg 1.98 (1.89) 0728 (0.90) (143
Apr,  E2 55 99 (1.83) .
00 E3 B B @ .
E4++ 184 - 07 olo0) o7 34.36%
(71) 0.86
1% 88 (1.85) 86)
E1 LS A AT 178y 0.84 (0. (15)
13 (1) 1 1.92 (1. 0.80 (0.75)
2 (21) 58)
May E3 13 (2) 68 4‘.{4) 1.84 (1"
1980 Ed 14 (2) 60 E




Appendix 5(a) Cont'd,

Date

Pitfall

302

] Numbers of  Numbers D N
site  prey types  of prey WETSitY H W 5°(8.1) -
represented
£l 3 5 (3) -
wog ord oy @ men o
£4 : 2 (1) (1.21) ¢ 0.31  8.60
26 {14) (1.10) - ¢ 7y
E1 -y 4 (3) oy - .:
Jdly - E2 o 24 (8) ' gﬂ?qs) o .
1980 A1 S2 L (E) (1.00) o, 0.8 5.17
e a8 €1,18) 0. o
El 8 35 125 (1.4) 0
Aug. EZ 10 © 35 () g1..53’} 0.
1880  E3 11 33 {12) {1.24) . 0.1 0.38  16.02
Edr+ g 20 (7) (1.09) 0. a1
_ £ 14 497 (22) (1.71) .8
cepl. Eg 13 67 (40) (.7) 0T N o
E4. 1 65 (38} (1.51) o, (14
o"zi _ E’é N 58 ES)) (1,48) o,
+ Qel, 14 40 1 (1.79) - 0.
L1980 E3 8 39 (14) {0.81) a. 0.58 . 23.36%r
: CBdwe 7 40 {12) (1,04 Q. o)y .-
. Bl 16 78 (12) E'I.QS) 0. R,
Nov. . E2 19 93 (186) 2.06) 0. g
1280 £3 12 77 (13 .67y 0. - D.69 44,.03%F
Ed 14 85 (9) (1.41) 0. ' (18)
R 12 52 (13% Emgg o
Dec.: E2 17 157 (86 2.08) o .
1980 E3 13 62 (31) (1.64) 0.4.5.1._ 27.37
o E4 15 67 . (33) (1.75) a8
CET 19 159 Ewg Egggg gg; _ R
Jan. EZ 19 139 (64 . . 0.65 44,40k
1981  E3 16 131 (41) (1.77) 0,79 0.6
E4 17 145 (54) (1.78)  0.77 an
E1 17 126 (22) (2.14) 0,89
Feb, E2 16 176 (99) (1.71) 0.71 0.55 41, d4%%
- 1981 E3 - 18 g2 (18) (1.95). 0.83 (19)
' E4 18 71 (12} £1.95)  0.84
E1 12 B9 (19) (1.40)  0.78 |
Mar.  E2 18 g8 (10) (2.13)  0.88 0.21  12.69
1981 €3 16 51 (86) (1.77)  0.59 o
E4 16 109 (42) (2.01)y Q.76
13 g9 (47) (1.58)  0.61
Apr E; 14 45 (19) (1.86)  0.87 0.26  14.55
1987 63 8 26 (12) (1.35)  0.81 _ o
E4 1 o  (18) (1.38) 0.79
. 0 .
101 (89) (1.34) 0.3 _
g.; ";g 41 (27) 4 .42) 0.59 0.54 a-] 47
TSS}:I E3 8 2 (21 {1.24) 815’5; (10}
E4 7 20 (1) {(1.19) .




Appendix 5(a) Cont'd,

Date’  Pitfall Numbers of

site . prey types f\éLfrmpbreEr; Diversity H  Evenness J W K(-)
represented_ :
E1 12 (3) 3z (307)  0.54 (7 94y
June - E2 15 (3% () ae RS ol
R 3L 8 (45) 1,88 (1l48)  0.70 (0,97) .68 34.56*
v T s (B 87 (se)  olae (0.6) (13)
El+ 708 18 (1) 1 :
Juty g2+ . 5 (3) g Ed)) 1.8} ES:E—?% 8'33 %8'92%
19817 ) E:ﬂ ] 11 (3) 25 - .(12)7 1.73 (1.35) 0';92 (0:92) 0.26 10.57
4 12 {4) 26 (13) 1.74 {1.41) ©.89 (0.88) (o)
Et+ 5 €¢2) 14 (11)  0.72 {0.80 0.58 (1.00) .
Aug.  E2¢ B (D 14 (2 1.09 go.eo% 0,81 Eoivs%
Tegr B3 7o) 2 (8 1.3 (0.81) 0.8 (0.75) 08 8.28
E4 8 Q@ 19 (9 154 (1.12) - 0.92 {C.81) (8)
ot g; _ '11; g4g 120 Eee-)) 2.06 (1.83) 0,80 (0,87)
ept., B2 3 {4 148 (113)  1.49 {1.85) . 0.62 (0.8% ‘
1981 E3 - 4 (4) 140 {93) 1.82 21.74‘3 0.74 EO.B?% 0.80  -38.27m*
“EA 15 (4) 10 (77 176 (1.81) 0,71 (0.91) C18)
£1 16 (3) 194 (72)  1.68 (1.27)  0.64 (0.54) D
Qct, - E2+ 13 (2) 94 (80)  1.53 (1.76)  0.66 (0.89) - o o0 g pews
1981 E3 13 (3} 80 (28) 1.84 €1.73) 0.80 {0.88} ) ) :
: g4 13 (3) - 120. (S6)  1.83 (1.,79) 0.73 (0.82) (16)

343




Appendix 5. Components of orey t

Fern

Date

Ype divérs-ifcy:

pitfall trap samples

PIufall Numbers of  Nombers  Diversity 1 Evenness J W y2(d.f)
.site brey types - of prey R
representad i
EY 1908 5 13y (2 o (0.83)
Aug. E2 12 C4) 81 (40) 175 (1.58)  0.79 (0.92) 4y 5q g
1978 E3 14 (3) 75 €45) 183 (1.72)  0.70 (0, 8g)
E4 137043 . 84 (28)  1.88 (1.55) 0.85 (0.85) (e
c1 12 (3) 43 (21) 172 (1.58)  0.82 (0.92) )
E1 803 3 o) 145 (0,83 o (0.68) )
t.  Ep+ 6 (1) 31 . (14) 119 (1.03) 0.78 (0.80) 041 44.08
Sept. 4 (0.68) 0,77 (1.00) 2
1978 B3+ & (3) 23 {18) 114 (0.68 . N
B4+ 4 (1) 29 (18)  0.8% (0.77; g'ég Egggg (9
1 9 (2 42 {2) 1.25 {1.13 . . :
M (3 73 {43) 1,74 (1.35)  0.81 {(0.78) L
Oct E; 15 Eag g1 (41} 2.05 {1.82) 0.84 (Ggg) 0.71 49, g#ew
1978 E3 17 €4 s () 1.84 (1.88) 071 (0.85) i
£ - S 14 (3) 108 (50)  2.00 (1:83)  0.83 (0.37)
- c 1) 773 18 (173) 085 (0.88) o
. .62 (1.30)  0.67 (0,80) _ .
E1 13 (3) 185 (23) 1 : %1_51}_ D76 (07) g0 ey e
Nov.. B2+ S L (2.10) 0.88 (0.88) O
RO N W iyl b (0.97) (17)
Ef{" 14 {2) 157 (38) . 201 (1.88)  0.85 (0.82)
' - 2.30)  0.88 (0.85)
N E1 ‘20 (2) 208 Egg% g‘;g Eg,m)_ 0.81 (0.77) 4 o5 gg zywes
Dec, - E2+ 19 {3y a2l 31 (2.07) 0,83 (0.79)
9% g 24 Egg s EZB bt (2.21) 0.8 (D.EB% (23)
. E4 24 (3 : 85 (2.42) 0.8 (0, 8)
E _ 54) 2,85 (2
c1 24 (3) 226 ( _
S . 2.40 (2.18) 0,86 (0.84) _
BT 0 .20 (3) 1?;% EEE% 2.47 (2.26)  0.85 {0.B2) "
Jan. E2 .22 (3) 2 66) 252 (2.42) 0.85 (0.88) 0o g qgmer
1979 €3 - 24 E3§ §§§ 5243 2.30 (2.14) 0‘83 Egggg : (25)
£4 - 19 (2 38} 2.80 (2.33) 0.9 . .
c1 23 (4 s (38
_ : Yy . -2.34 (2.17)  0:86 -{0.83)
e 19 (2). 17 ggg LB (2.05)  0.87 (0,84) e
E2 16 (2)° 155 2.6 (1.89)  0.85 (0.84) 4.0 40 00
3 5 (2 131 (19) 2. 0.85 (0.86)
Feb.  E3 B B 1 (4 234 (208) 0.88 (0.88) (20)
e (E:ﬁ '?g Ez) 145 (30)  2.34 {2.7) .
) o .84)  0.82 (0.85)
E1 (NS S L 10 (e ol (o-00 .
Mar. E? 15 {3) gg E24) 2.22 (1.97) g-gg 53.78) 0,84 67.38*
1979 E3 12 g% 117 - {38)  2.07 f:‘l'gg% 0.91 (0.89) - (1B)
E4 1 3 79 (28) z.18 (1. S
! v 4)  2.03 (1.81)  0.89 go.gsg »
3 {1 : ) 0.74 {0.73) . ¢ g1 ag, 750k
El w8 e @y e “'623 0.85 (0.84) -
I 16 (3) 126 .24 (2.01) 0. ‘
1978 k3 18 (4) 8 (30 2 (.77) .77 (0.78)
4 ‘ 97 (1. -
' 133 (61)  1.97
ci 16 (3) ) 1.63 (1.40)  0.82 Eggg%
4 ‘ ' X .
E 1.2 ég; Eﬂ) 1.39 qg?% ggg (0.87) .57 a2, G5
Ma E2 1 (@) (12) 187 (% 0.84 (D.82) :
g0 E3 N8 % 1es (en 0. (0.81) (15)
ct 10 (2) 4
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Aﬁpendix 8{b) Cont'd,

Date Pitfall Nu'mbérs of

site. prey types %gmpﬁrj Piversity K Evenness J W x*(d.1)
represented
£l 6 1m0 (1)
June  EZ g8 (2 21 (1.90) - 0.89 (0.89)
1979 E3 9 E2§ I Egg 138 (L12) 0.9 (1.00)
SR E @ & Imom oo em g
)& 49 (31) 148 (1.38) 077 (0.82) (13
e S - R T B PR O TR |
: ‘ . .69 (0.85 -
oy e & m G 1 (s olm f0:5%)
- (2) BB (23) 1.57 (1.20)  0.89 (0.87) _
B4 15 Egg %2 ESZ) 1.87 (1.68)  0.77 (0.83) 0-71  AR.Baww
- o8 3B) .51 (.37} .77 (0.89) - (12)
E1 8 (2 50 : '
Aug.  E2 14 (33 97 Eg?)) IR 8"233 0 %3'33)
1978 E3 13 (3) 82 . (40) 1,78 (1.75) ©0.97 (o'.sgg .
E4 100(3) 91 (69) 1.20 (1.33) 0.57 (p.gg) O-88  4B.agum
C1 7 12 (3) 63  (40) 1.65 (1.48) 0.75 (0.85) 1)
Sept. T NO DATA COLLECTED
1979
E1 21 {3 104 (23) 2. .08) .
Oct. E2 19 (3% 127 Ea1§ .53 Egggg 0.8 ESSS? .
1978 E3 15 (3) 113 (24)  2.20 (1.98)  0.89 (0.87) st
- E4 22 (4) 146 (48) 2.57 (2.20) 0.88 (p,se) O-38 . 4393
e 17 (2) 128 (29) 220 (2.01) 0.85 (0.82) (22)
Bl 1B (2) 166 (35)  2.27 (2.14) 0.85 (0.84)
Nov, E2 21 (4) 234 (71) 2,31 {2.12)  0.80 (0.81)
1978 E3 20 (4) 1 (5%)  2.31 {2.07) 0.8% (0.82) RE gt
: {  0.64  5B.84
B4 19 (3) 138 (25) 2,38 (2.21)  0.88 (0.87) . :
Ct 16 (2) 175 (86)  2.15 (2.04) © 0.83 (0.84) (21)
5 51 gs E3§ 210 Ezag 2.?3 Ez.zgg 0.83 go.agg
ec. g2 0 (4 185  (17)  2.18 (1.9 0.78 {0.7 -
1979 E3 24 (4) 207 (26) 2.5 (2.37) 0.8 (o.85) OB IS
£4 20 (4) 221 (44) 2.45 (2.25)  0.87 (0.86) (23)
E1 19 (2) 79 E1a; %1;5, Ea.gsg g‘gs Eggﬂ
Jan,  E2 17 (3 1M (44 15 (1.94 .83 (0.
1980 €3 18 (3) 11 (24) 2.6 (1.92) O.g2 (0.79) 0-70  53.50%%
E4 18 {(4) 118 (s8)  2.18 (2.04)  0.83 (0,88) (13)
g op® 2@ lmam oaman |
Feb,  EP 15 (2) 67 a2 (1.9 .90 (0, o
1980 E3 % (2) 78 (15) 2.7 (2.00) 0.8 (0.87) 063 0.2
B4 . 14 (1) 59 (6) 2.12 (2.02) 0.92 (0.91) (16)
B 18 (2 170 (4)  1.43 (1.38)  0.55 (0,54)
Mar. E2 15 (3% 55 (13) Z.22 (1.97)  0.95 (0.84) 4 5 4y g
1980 E3 . 17 (3) 64 (7} 2.08 (3,%0) 0,85 (0.83)
E4 19 (3) 67 (1) 2.3 (2.12)  0.91 (0.89) an
14 (2 42 (4 2.04 {1.971) 0.92 (0.92)
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) a7
E1 12 {2) 113 (4) 1.32 {1.21)  0.57 ({0.56)
May  E2 13 2y 29 () 1.8 (1.73)  0.91 (0.9) a4 29 30w
1980 g8 (1) 31 {2) 1.49 (1.38) 0.86 (0.85)
Eﬁ iz (2) 34 (8) 1.80 {1.64) 0.89 (0.89) {12}




Appendix 5(b) Cant'd.
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Date Pitfall Nurﬁbers ofﬂ .N{me-' ) T ; ;
. ; e H - .
site prey types  of pre};f “ Diversity H - Evenness J W ¥(d, )
representad _
El 5 () 19 (s |
June  E2 9 (1) o9t ) 107 (0.78)  ©0.82 (0.73
1980  E3 7 Eag by Egg 153 (1.40) - 0.97 Eo.gsg .
£ 6 (39 13 53 1.23 (:Q_gg) - 0.85 {1.00) 0.45 149,88
i 1.25. (0.88) 0,94 (1,00) (6)
E1 8 (2) 7 ) i
July  E2 743 ::0 Egg ;lgg (g..az;) 0.88 (0,79)
1980 E3 8 () 20 'Y . {0.96) 0,87 (0,94) .
B4 o 20 E]g% 1R Qe o8 (.00 0.3 13.74
: ‘ 1.37) 0.87  (1.00) 10}
: E1- 8 (3
YR T T L TR D ¢S LA - - R L S
980 2 301 7 (0 066 (0.3 o8 (o 018 2.80
- E4 4 (1) 7 {4 0.76 (0.80) 0,83 (1:003 oy
B 10 (3 26 , , -
Sept, EZH 6 (13- 7 égg) 112 E&:SS% % E?SS%
e 2 ¥ 83 « E7§ 1.67 €1.30). 0.95 (0,92) ©-35 11.23
o7 (9 1,26 (0.73)  0.85 (0.74) 7))
L ET 18 (2) 72 (20 2.0 X
oct, E2 16 (3) 26 E?)) 508 51323 e E?Sﬁ%
1980  E3 11 (2 30 (7Y .78 (1.83) 0,80 (o.sgy  O»B3  40.31%
Edbt M2y 21 () 1.es (1.44)  0oe1 (0.93) (18)
E1 - 5 (1) 26 (10)  1.72 (1.60)  0.94
Nov. E2 14 (2 54 {14)  2.01 Eq‘.sag 0.88 %8333
1980 E3 10 (2. 32 {1 1.77 {(1.58) 0.9¢ (0.92) 0.55  26.25%*
E4 5 (2) 24 (8). 1.84 (1.39) 0,94 {0.91) {12}
E1 19 (3) 88  (45) 274 (2,09)  0.82 (0.82)
Dec, E2 19 (2) 58 {14) 2.02 (1.88) = 0.88 (0. .
1980 £3 0 (1) © 38 (@) 1.7 Ew.'se% 0.50 Egg% 0.9 41.39%%
g4 10 (1) 26 (4)  1.77 (1.68) 0,86 {0.98) (15
, g; ;g gg 177 Essg 2.21 E1.90% 0,85 (0.80)
an. £2 - 205 (57 2,07 (1.83 0.74 -(0.70) . it
1981 EZ - 15 (3) 88  (23) 216 (1.85y  0.89 (-o..a4§ 0.75 51,379
g4 - 14 (3). 73 (20) 2.08 (1.74)  0.88 (0.83) Ners)
El S20 (2) 921 . (30)  2.20 (2.01)  0.81 (0.78) o
Feb, E2 12 (2) 72 (36) 175 (1.56)  0.79 (0.81) 45 @0 a7 gyme
1987 €3 15 {3y 95 (29)  1.80 (1.85) .74 (0,75) - 7.5
E4 14 {2y 70 (18} 1,84 (1.78)  0.83 (0.82) (15}
" E1 10 Ezg 48 .Ewg 1.7 Ed,mg 0.86 (o.aog '
ar.  E2 . 17 (3y . g5 (37) 2.05 (1.81)  0.81. (0.79 y
1981 E3 . 15 (3) 53 (24) 1.74 (1.70)  0.75 (0.86) 0.62  36.94%F
E4 12 (2 39 (18)  1.73 (1.68) 0,83 (0.82) (15)
E1 15 (2) 35 (7)) 208 (1.94)  0.94-(0.96)
Apr.  E2 13 (2) 4y (8) 191 (1.71) - 0:89 (0.87) 4 45 g 33
1981  E3 7 {2 9 (3  1.27 (0.98) 1.00 (1.00) ‘ .
E4 & (2) 1 (7 ¢.79 (0.79) . 1.00 (1.00} {12)
7 E1 10 €1y 26 (4_) 1.71 (1.58)  0.93 (0.92) .
May  E2 10 (2) 27 (10)  1.59 (1.36)  0.88 (0.88) 4 4y gy 40
1981 E3 68 (2) 8 1) 1,10 (0.79)  0.96 (1.00)
B4t 4 (2) E 4y p.80 (0.35)  0.92 (1.00 (9
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apeendix 5{b) Cont'd,
t pitfall Numbers of Numbers - Diversity H .
e site - prey types of prey . .r51_y Evenness J W x'g(d.f)
. repr‘esemgd
e 28 @ 1 (1.47)  0.83 (0,83)
e E2 o)y 88 (4g) 178 (1.72) 079 %Gfggg . |
woEH 7 ()22 () 120 (1Led)  q7e (o.73) 03 16.32
B 8@ B @ 17 (0.98)  06s (0.67) ) .
i+ 5 (3) 6 (4) 0.98 {0.35)  1.00 (%.00 g
e B ) @ (B e (18 08 (0
W B 3 ()27 (1) 072 (0.62) 0.74 (1.00) 035 3.58
B 2 {0 3 () 040 (0.90) 0,64 (0.54) @)
' v B (3 7 (3) L1 (0.79)  1.00 (1.00)
pg,  E2r 12 3) 55 (25)  1.69 (1.36) 0,81 (0.79)
1 Ed 5 (0 22 (0) 0.93 (0.93) 0.69 (0.63) =024 7.8
£l 14 (4) 94 (52) - 1.82 (1.38) - 0.76 (0.7D)

Sept.  E2 13 (4) 95 (88} 177 (1.63) Q.76 (0,80) o oo s
woE 12 (4 48 (ed) 167 (1.52) 0,79 (0.92) 328
B4 12 (4) 80 (30) 1,59 (1.54)  0.74  (0,95) (1)

- E 13 (2) 77 (48)  1.67 (1.71)  0.7%F (0.91) _

o Gete B2+ 40(3) 775 (86)  1.53 (1.70)  0.65 (0.98) oo 450
MBS 10 (2) 47 (28)  1.24 (1.44)  0.62 (0.91) . 18,
. b 7 (3) 43 (38)  0.76 (0.76)  0.44 (0.83) ¢14) -
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iR &
. Com
ponent
s of pr
pre

(c)
Unde
Date . nder ["Q\I: type divarsit
Pitfall o yi  pitfall
i site umbers g i 3l trap
: - Prey t s af N samples
t o P esefted af prey Diversit
i Aug. E e . rsity H ' .
g g. 5 ray . - :
§ 1978 Eg . 10 . Egg ’ 38 e : Evenness J .
f‘f Eq ) 12 (4) 48 (28) ; _1 T . . XE(
C1 8 ¢ 80 {273 1.25 d.f)
S@ oy (112)  0.67
s E1 (2) as 1 s o e :
| Joptr oA 4 (1) P G 1.50) 5.0 R
; E3+ 7 (2) 15 _ 1.28 (1.;3) 0,79 (093] 0.59
E Ed+ 5 (1 36 (2 3 0.6 (0.97) 0.59 L
; Ch+ g (43 M Eg% :llg; {0.83) .64 (0.86) . ?%1‘;5“*
; oct. o @ 1 (12) $~93 gg:gg) ,3;3; {0.96) -
. B 58 G lxem i3 oh
f 3 T o s b 5 (0,03 00y ) o
) E4 14 (3) 163 Y 1.9 0.97 .86) 14 5
j HOTR @ s 06 (0.5) o
o 2 (3) N Eng g 8223 002 Eg-‘”)
1978 '_Ea'i' . 13 {3) ) 5) 1:31 (1.98) 886 '(0‘333)
SR 199 (2 (11619 074 e S
§ Ed+ 9.2y 7% 3 .2 0.74 | «86) 85 45.82 "
o 5 e o 1139 a.m Epm
; | E2+ 2 (4) (28) 2% (3.4 250 tooe |
o Coag 3) 21 (3) 2.00 (_ln3b} 0.8 : R
Il LG iR R 0w g
9 E2 16 . (2} o - {48) .2:;‘;‘3*' (2:553 0.79 Eg%)
E4 20 ¢ 24 7y 1,91 0.88 ) > 54.63"
ci 22 (2 -2 (21) 91 (1.89) 0. (9.85) & 3
F 18 {2 18 (43) 2.9 (2. y o oom - R
e H & am an el (52) 087 (o6 e
] 16 (2 16) 2-11 (2.40) 0.87 (-0. 5) ) .
.15 h.86) :
E3 1?’ ra% ;44 (25) {1.99) g:gg (0.373 0.71 85, o
& o 2 (32) 2.19 (2.0 (0.77) iy
! 24 (3) 2 (37) 2.43 (2. o) 0.8 )
Mar, 1 HE e 25 (59 0.85 (0.222
1979 2 13 (3) oan T e (0.28)
E3 LA S+ e S (.88 068 _
£ bor SO Y; (18) 2 0.71 (0 2) 69.78"
: C1 15 Eg; 104 5;93- 1:%2 1.78) 0 -66) (21)
Apr, 12 (2) 9 (1) 2.03 {1.50) 0'90 (0.88)
i TR | 5 oan e SIS
E2 - 14 (2) 2) . 1.86 (1.91) 37 (0.80)
£3 15 {2 £g a 86 {1.65) 0-7 (0.86) 6.77 51,45
E.:d ig 53 gg (5:;_) 212 (1.92) ‘82 (0.78) (1&‘)15 ;
1 3 ' -t 1.92)
w ow OIS ohas o Ben
9 o (11 32 (2.09) 0.86 (0.8 :
Egt+ 10 (3) ) a0 E?‘Qg) 0.89 {0.84) 0.
E3 3 (1) 46 (1 '77) 0.9 {0.87) _‘58 49 ko
e % &8 % an 1 G S0 &
- 12 (4) (14 76 (0. 0.85 '
5 b TE GG o (.60
7.36 E}ggg 25 Eg.g?g ot
o _ 0.73 . _4) ' 27.83“:*
o (Q..94)_. I

<1
10 (’3) 38 (24)




349

Appendix 5(¢} Cont'd.

B B T e o

e PEfall Numbene e mbers  Diveroie .essd “ W TGRS
i Date  Pitfall Numbers of Numbsgrs Diversity H Bvenn .
| “slte © prey types - of prey. | |
% :TeDFES_en.t.ed A
i 2oy 68) .84 (1.37). 0,72 (0.79)
: (dune ET ‘§E§§ - 54)) D.60 Eo.so) 0,88 (0,88) g™
; R §§++ 9 -(2) 33 (18)  1.83 {1.37) 0.87 (0.87) 0,53 ?15)
£4 Bt 2 8 s (1a3)  olsg (0.84)
5 o1 10 .(3) 80 (27 182 (1.25)  0.79 (0.7 }
: ' . LB (1) 154 (.3) 0.2 (0.78)
| s e 10 0y S (1 E»a-.ssg 088 (018 5 gy oy
1 ] ] 2 ) i i.28 0.7 .
. 63 (40}  1.47 (4.2 o
4 2 (5 % gy 1A R S e a0
36 50 (1. . :
c1 M (@) 62 (38) 1.
| - 4 (4) 135 (1.97) 072 (0.81) .
o b 10 Ei% & %35% 1B (1.35) 079 (0.83)  5pe og g g
: IS o) 88 (85) 180 (1.85) 0.7 (0 583 (9)
O RE 8 @iy wen
: ci $ @ 3 @ s (.
j t. 1979 N NO DATA COLLECTED
5 Sept. . : :
: Oct.  EY 1€z 51 (9 ggﬁ E},gq% 0.82 (0.80) 5 14 39,4k
o 5 (2) 3 (7) ' 3 0,88 (0.86) .
i 1973 Eg : 14 {2) 63 {9 23§ E]!‘ggg 0.85 £0.83) 17y
i PRR A Ya 4 1 (18) 2. . ‘ :
i B E;g 91 (24) .84 (177 0,79 (0.78)
: : L . n an 0.90 {0,88)
i ) S 114 {15) - 213 (1.98) (0.78) 53, BgHRE
g Nowv. E1 qg Egg 132 (10) 2,16 {2-833 g'gg E0-82) 0.63 o
% A 17 (2) 124 (20) A - SO T g3
: & i % 170 E?I%) 177 (1,80 0.70 (0.77)
: c1 - 15 )
i%” : - ' i35 (7) 210 (2.09). 8'33 %g:ggg 73 72,920
¢ s g 25 () i 4 zer (on) 0.82 (0.78)
i 137 8. 5 (3) 238 (333 e E??B 0.75 (0.78) (25)
: B >R - -+ S v &+ -28) |
o Eé. _ 24 :() 47 {5) 1.87 (1.88) g‘gg Egggg 3
,; dan. BT 13 {3 91 {19y - 1.97 (1.73) 0.82 (0.83)  0.70  47.38
1980 g2 LI GRS LB Y B (0.3 s t0es (17)
'NE | s 18 (3 @ o ek (uen o
5 4 ; kel
E o (1 e 08 08 2.8
E1 13 (2) 1) 2.4 (1.95) O 0.80)  0.82  (18)
1586 £y B@ BE) 3 o o (0.8
Te m@ ooy dm g o el o
E4 13 94 (0.93)
. . (1.77) 0. =
' 4 (8) 1.9 - 0.78 (0.75) 03
£2 12 (1) 4 2.07 (1. 0.85)
1980 105 {24) , 02)  0.85 (0.
£3 17 (4)> 90 {23) 2.18 (2.
£4 18 (3 1.83 (1.77) 073 (0’333 0.39  20.07
6 @ o @ B8 e 1o . 3 (13)
: Apr. El s (6) 4 (0) 79 (1.80) . 0.73 (0.7
1980  Eo2++ ?5 (2} 93 (1% Hs (1.59) 0.78 (0,75)
£ n o m7a 48)  0.81 (0.78) 16,79
% May  E1 Yo% @ tw (G159 o3 (0@ 0.3
; 1980 €2 5 B o 1 3 0w (082
E3 11 (1) 54 (5) 1.5 (1.
; E4 10 (1)
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Appandix 5(c) Cont'd,
Date #itfalf. N"ufnbers Of N R — — . : N
site prey types o‘;m;i';f Diversity H Evenness J W «Ped.
represented ' : ' : -
Jume BT 8 () o ' an
1880 E2 9 g% ?g Eig 1.36 (1,12 0.84 (0.80)
B8 N8 mum odm i
E4 -30 (1. 97 (3.00 0.19  7.65
8 (2) 2 (4) 1.40 {1.15)  ©.98 (1.003 (10)
July E1 7 (2 16
O B B RGN Bt B R
E3 M€ 19 (10) 170 {127y 096 (1
. .27) . 1.00 0.2 .
£4 1@ 20 (9 1.73 (1.34)  o0.96 Enoo% ’ 1(?;3%3
E1 8 (2} 11 (2) 1.30 (1.07)  0.93 -{0.90
Aug. : . ; : 90 :
153% Eg 3 E;) 14 (8) 0.94 (0.87y 0,76 (1.00) 0.16 .00
o 2 (3; E grﬁ:g :gg Eaggg .00 (1.00) (8)
. . 0.96 (0,95)
Sept,. E1 11 {4) 25 (12) 1.7 (1.23) 0 0.81 {0.87) '
1980  E2 8 (3) 26 (12)  1.56 (1.13) . 0,92 (0.91) 0.56 - 26.64"
E3 9 (2) 19 (3 180 (1.28) o9 coen (12)
£4 8 (2) 22 (8) 1.40 (1.08)  0.85 (0.79)
E1 10 {2} 26 (7)) 1.65 (1.48)  0.90 (0.91)
Oct.  E2 B (3) 39 (23)  1.42 (0.88)  0.79 (0.68)
1980 - E3 9. (2) 22 (4) - .52 (1.29)  0.89 {0.B6) 0.40  15.94
£4 9 {2) 24 (3) 137 (1.5 0,78 {0.74) (10)
: E1 71 31 (3) 1,47 (1.33)  0.89 (0.88)
. Nov, E2 1M {2) 85 {18) 1.4 (1.18)  0.84 (0.57) - -
1986 E3 © 8 (2) 40~ (18) 1.44 (0.93)  0.80 (0.66) 0,41 19.48
. E4 10 (2) 32 (12)  1.57 (1.24)  0.82 (0,78) eI
5 CE1L 7 Eag B0 206 (2.08)  0.82 (0.94)
ec, E2 10 (1 52 (15). 1.83 (1.50) . 0.81 (0.80) 0,41  24.33
1980  E3 12 (2} 55 (13) .86 (1.71)  0.86 (0.87) (15)
E4 10 (2) 22 - (2) 1.6z (1.47) 0,50 (0.9%)
;‘SQ E1 18 (3) 121 (_.34%- 2.41 Ez.zg% gg'é Egggg _
1 0 EZ. A0 (1) B8 (28). .. 1,57 (1.52 Nl : .
E3 16 (2) 153 (13)  1.71 (1.52) 0.66 (0.€2) 0.80 48,28
CE4 18 (3) 105 (18)  2.12 .(1.91)  0.81 (0.78) . (20}
Feb'_"'-.f:"i: . 16 .(2) 134 (35)&12 (1'98) 0..83 (0.82) . w_,r:g
1981 g2 14 {2) g2 (18) .00 (1.78)  0.84 (0.81) 42,94
£3 17 (2) 97 (43} 1,97 (2.00) 0.77 {0.86) . 0.77 (14}
Ed 14 (2) 75  (28)  2.00 -(1.94) 0.85 (0.90)
Mar.  E1 1 (2) 31 (9 172 (1.56) 0.88 (0.91)
1981 E2 12 (2) 68 (23) 1.65 (1.51) 0.75 (0.76) o
E3 13 (25 72 (23) 1.97 (1.91)  0.87 (0.92) 0,59 32,87
£4 13 (1) 34 (3 1.8 (1.75) 0.89 (0.87) (r)
Apr. E1l 3 (0) 300 080 (0.60 1.0 e
B 0 = (3 Te (a0 (09  oe7 144
oy 8 (2) 18 (6) 1.35 (1.06)  0.85 (0.80) (1)
- : 0y 0.3 (0.35)  1.00 (1.00)
May E7++ 2 (0) 2 (2) 0.62 (0.35) 1,00 (1.00)
1981  Eowt 3 (1) 4 (2} 0.38  5.67
5 1) 13 (2) 118 (0.99)  0.88 (0.84) -3 .
A § (1) 1 (3 1.20 (1.01) 0.94 (0.95) )
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i Appendix E(c) Cont'd,
i ‘Date Pitfall Numbers of  Numbers i $ 2
f;  eite prey typee of pray iversity H Evenness J W ¥ {d.f}
zii ) represented
% J £1 9 (3) |
: ape ot . 57 (30) 187 (1.25) .85 (0.83 |
1981 E2 7 (1) 23 (8 7.3 (1.21) 0.86 %o.asg '
: E3% 3 (1) 301 080 {0.35)  1.00 (1,00) 0.37 .5.13
: Ed+ 3 (N 5 () 0.68 (0.37) 1,00 (%.00) N
July E1 7 {(2) 100 (8) 126 (0.98)  0.87 (1.00)
i 1981 E2 4 (1) 23 (17)  0.65 (0.57)  0.55 (0.76) -~ 0.54  5.43
E3+ 3 {0) 5 (6) 0.80 (0.80)  0.88 (0.88) (5)
: Edt 2 {0 7 {0) 0.43 (0.43) 0,88 (0.86)

Aug.  ET 73 14 (B)  0.37 (0.95) . 0.93. (0,95)

1981  EZ 3 (N 14 (1) 0.50 {0.37) . 0,56 (1.00) 0.08  1.57

£3+ 4 {0) 7 {0) 0.86 (0.88)  0.94 (0.94) " '
: Ed+ 4 {0 9 (0) 0.81 {0.81) 0.82 (0,82) (53
i Sept, E1 12 (4) 75 (48)  1.76 (1.55) 0,79 (0.91) .
: 981 E2 15 (4) 78 (48)  1.83 (1.74) 0,76 (0.90) 0.44  21.p3%
3 E3 9 {2y 18 (5) 1.48 (1,18)  0.88 (0.83) ) )
E4 8 (2) ~ 38 (8)  1.59 (1.37) - 0,94 (0.95) (12)

: Oct.  E 16 (3) 46 . (18) | 2.02 (1.85) . 0.87 (0.92) _
: 1981  E2 9 €2} "8 (61)0 13 (1.44) 0 Q8B (0.91) a0 a0
! E3 13 (2) 3¢ (6) 1.80. (1.58) - 0.88 (0.84)
E4 10 (2) 44 (7)  1.86(1.42)  0.84 (0.80} {13)

JE IR e 113




Appendix 3. Components of

Open
Date  Pitfall = Numbers of Numbaprs: -
site Prey lypes of prey -
: represefited .
E1 g (2 30 :
Aug. E2 10 (3) 30 Eliﬁ
1978 E3 11 (3) 44 (28)
E4 10 (3) 37 (=8)
C1 6 (2) 54 ta1) -
E1 5 (3) 43 (8)
Sept. E2 5 (2) 4 (2)
1978 E3 4 (1 11 (3)
E4+ 4 (2) 8 £3)
¢l 4. (2) 2 (8)
1+ 13 (3) 99 (32)
Oct. E2+ 1% () 101 (44)
1978 E3 18 (3) 128 (57}
Ed+ 17 (3) B1  (28)
o 14 (3) 152 (30)
Bt 12 (3) 70 {19)
Nov.  E2+ 8 . (1) 9 (1)
1978 E3 20 (3) 208 (7
- E4 18 -(3) 134 (33)
Ci+ 0 (2) B (N
Dec,  El 21 (3) 306 (V0)
£2 25 (4) 291 (62).
E3 24 (4) 269 (96)
£4 21 {3) 366 . (160)
o 18 (3) 133 {37)
Jan. BT 6 (3) 156  €39)
1979 E2+ . 25 (4) 242 (23)
E3 ~23° {4) 135 (28)
- E4 23 (2) 180 (33)
c1 20 (=) 180 (11}
Feb.. E1.. 15 2y 1M . (25)
1976 €2 21 (2) 334 (22)
ES3 17 (3) 183 . (52}
E4 24 - {%) 165 {45)
1 19 (2) 242 (31)
Mar. - B i3 {3) 95  (34)
1979 E2 14 {2) 137 (79)
E£3 14 (3) 116 (65)
Ed 14 (3) 82  (28)
c1 8 (3) 110 (54)
Apr. Bl 18 {2) 141 (43)
1879  E2 13 (2) 46  (9)
£3 14 (2) 63 (19)
E4 18 (3) 102 {24)
c1 17 (2) 111 (42)
May = E1 13 (2) 100 {21
1979 g2 8 (1) 13 (4
£3 8 (2) 52 (23)
E4 16 {3) 66 (15)
ct 11 (3 88 (12)

prey type diver‘sit_y:

DiVers&y H

= 0N -
LW b0y
N1 Qe

NN_I_I_I
MO m W
T3>

+

=M
[{e Q40 ]
[Ta s+

1.98

mn
15
w

1.92

1.85
1.38
1.62
2.06
1.57

pitfall frap samples

(1.40)
(1.36)
(1.48)

(1.30y -
(0.70%

(0,28
(0.54)
{0.78)
(0.32)
(0.,35)

(1.72)
(1.79)
{2.05)
(1,97
(1.16)

- {1.54)

(0.78)
{2.28)
{(2.02)
{1.35)

{&,15)
{2.23)
{2.43)
{2.05)
{2.00)

(2.18)
(2.12)
(2.37)
{2.28)
(2.31)

(1.90):

(1.72)
{2.15)
(2.31)
(1.72)

{1.56)
{1.88)
(1.65)
{1.77)
(7.94)

(2.25)
{1.78)
{1.80)
(2.23)
{1.93)

{(1.57)
{1.27)
(1.40)
(1.79)
(1.26)

Evenness J

!

xz(d.f)

. 0,80

0.89

0,74

0.70
0.87

0.8
0.67

0.97
0.86

0o OO =g
P -
o o
-~

[=R=g= -] COoOoOoOQO CoOoDOo |
hahusiiagibesih b bt P
QMW A

-0 = 00 L

M=

COOoOOo (=N ool fa) QOO oO O
P v v s e - e e e
~J Ca 02 ¥ ~J ~§ W oW o 0 0~ D -] 0O O Lo

ERT -]

O gy mn

{0.93)
(0,92}
(0.93)
(0.97)
(0.65)

(0.55)
(0.62)

(0.95)

{0.70)

(0.77)

{0.83)
(0.80)
(0.88)

(0.87)

(0.52)

(0.80)
(0.43)
(0.87)
(0.82)
(0.73)

(0.79)
(0.78)
(0.87)
{0,76)
{0.82)

(0,97}

{0.74)
{0.89)

{0.84)

(0.89).
(0.88)

(0.85)
£0.93)
{0.81)

(0.72)

(1.00)
{0.92)
{0.81)
0.66)

0.83

0.30

06.73

0.35

0.68

a.72

0.64

0.76

0.63

0.51

o
37.93
(12)

7.51
)

tY

g9
(18

N I
33.21

(19)

il
78.17

(23)

B
86.20
(24)

) EES
70.94

(22)

(18)

: Foe
60.19

(19)

: ek
35.63

_(14}

23

QTS
~57.23
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Appendix 5(d). Cont'd,
5 Date  Pitfall Numbers of fq_u P
aite prey types of“;abri:f Diversity H Evenness J W xa(d.f)
represented .
June  E1 12 (2 43 — :
Woe pa § ) 1R am a e A
: 3. 3 {1 55 Tom  fal . : . 4
CE4 15 (4) . 88 E;;% 122 E;‘?f‘) . 0.88 (0.88) 0.54- 3519 ... i
ee B 33 w0 (23) . .73} 0.75 (0.83). - (13) S
. B @) v (1) o.ss (0,88) _ R
Whom 7 Gy o @ 18 0un s ()
€3 S0 25 3 Bl 139 (ES) 095 (0.94) -
= 1 _ roo019) o152 (1.44) 0 0,79 (0.91)  0.26 - 16.93
SN @2 (8) 180 (1l60) 0.8 (0.07) (13)
s o '.:'10 (@ -39 9 4 (.41 075 {os) o ST
Aug.” E1 -0 {2 s i
T TR B B B o B )
E3 12 .43) 46 (27) 1,77 (1.52) = 0.83 (0.90) 0.68 40.75"" .
Ed 12 (3) 36 (19) 174 (1.60)  0.85 (0,97) (12)
€1 10 (4) 44 (31 1.43 (.28 0.72 (0.95)
?3_5’:; ' NO DATA COLLECTED
Get. E1 17 (3) 108 (35) 2,27 (2.08) ©0.88 (0.89)
1979 g2 M o{4) 96 (36) 1.67 (1.35). 0.70 (0.68}
S E3 17 (8) 92 © (40) 2,23 (2.02) - 0.88 (0,89) ' -
B4 . 22 (4) 194 (119) - 1.90 (2.17) “0.66 (0.B6) - 0.80 . 87.90=x
el - 18 (4) 122 (BOY  1.97 (2,01 0.75 (0.87) o (22)
Nov. Bl . 18 (3) 151 (25) . 2.22 (1.98) 0,83 (0.79) . .
1979 . E2 22 (4) - 177 . (29) 2.3 (2.05)  0.81 (0.77) O
o E3 21 - (4} 180 {27} - 2.18 {1.90) 0,76 (0.72): 0.B6  65.82
- E4 18- (4) 158 (40} - 2.43 {2.18) 0,90 {0,80) _ (20)
c1. 18- (3) 174 (68) -~ 2,12 (2.18) - 0.79 (0.88)
Dec. E1 26 (2) 274 (48) 2,37 (2,27)  0.77 (0.76)
1979 E2 27 (3) 0 (20) 2.43 (2.30) 0.78 (0.76) o
E3 21 (3) 248 (31) . 2.46 (2.30) . 0,86 (0.84) 0.75  81.54
E4 26 (3) 286 (54) 2,56 (2,39) . 0.83 (0.81) (27)
Jan, £1 21 (3) 120 (45)  =2.12 (1.88)  0.77 (0.74)
1980 g2 21 (2) 166 (21)  2.24 (2.08)  0.80 (0.77) sk
E3 20 (3) 79 {10) 217 (3.97)  0.83 (0.80) 0.7 59.82
_ B4 4 () 91 (18) 2.04 (1.91) 0.85 (0.88) o (21)
Feb.~ E1 - 20 (3) 96 (38) 2.22 (2.10)  0.83 (0.87) _
1980 © E2 18 (2) 85 (11> 2.12 {(1.%6) . 0.83 (0,80) T s
- -E3 20 (1) 72 {8 2.2y (2.12y 0.85 (0.84) 0.57  47.52
TE4T L 17 .(2) 92 (30) - 2.13 (2,03) .. 0.84 (0.85) o (21)
E1 13 (3) 34 () 1.8 (1,56)  0.89 (0.84) } '
‘ - Mar.,. E2 11 (2 40 (1) 1.82 (1.56)  0.90 (0.86) _
1980 ° E3 10 Ezg 49 (18 1.73 (1,50) . 0.86 (0.86) 0.5  26.64%F
f‘ E4. 10 (1), 37 {8 - 1.77 (1.66) 0.92 (0.82). (12)
E1 16 (3) 56 (26) 1.99 (1.88)  0.84 (0.92)
.59 (1.65)  0.68 (0.84)
W e 4 2 2 (53) 1575 %1.52) 0.81 (0.76)  0.48 . 31.59%
1980 © £3 12- (2) 59 (10) (189
£4 13 (3) g4 (7Y .83 (1.47)  0.79 (0.71)
E1 11 (2 20 {(6)  1.66 (1.49)  0.92 (0.96)
May E2 11 E3g 89 (66) 1.64 (1.60) 075 (0.96) -
1980  E3 g (2) 17 {6) .62 (1.24) 0.96 (0.97)  0.39 1(;.2)
£4 1 (2 32 (8) 1.81 (1.58)  0.92 (0.90)




Appér_\djx_'_ﬁ(d}, Cont'd.

Date

Pitfall  Numbers of

O 3m4

Numbers  Diversite 1 _ -
site prey types ' af pray L COWH o Bvemessy W Zan
- represented’ ' '
wne 2 8 (% ® e am ow o
1980 ©3 7 1 (5) 1.70° (0.89) 0,82 (0.70) .
e ! ES) 12 (3) 1.38 (1.19)° 0.88 (1.00) 0.15 5.5
- YoM D 130 {079)  o.97 (1.00) (9)
Jul. E B () 34 (24)  1.23 (0.87) o0.80 (0.86)
1980 Eg g '_(g) 10 (4) 1.01(0.57)  0.87 (0.76) "
(3) 14 (6) 1.52 (1.15) 0,98 (1.00) 0.26  7.17
E4 g (3) 13 (6) 1.4% (1.12)  0.98 (1,00} - (N
£1 7 (21 () 1.31 (1.06)  0.84 (0.89)
Aug, - EZ 9 (2) 13 (4) 1,48 (1.27) 0,98 (1.00)
1980  E3++ 3 (2) 3 (2) 0.5 - 1.00 - 0.1%  3.10
Ed+t 27 () 2 (1) 0.35 - 1,00 - (7)
E1 13 (3) B3 (46)  1.46 (1.64)  0.65 (0.97) '
Sept, E2 S8 (2) 45 (31 0.78 (1.15)  0.43 (1.00)
1880 E3 8 (3) 40 (31) . 1.27 (0.99)  0.70 (0,80)  0.45  16.93%
E4 8 (3) 0 (40) . 1.14 (0.85 0.62  (0.73) (9
E1 3 (1) 45 (16)  1.42 (1.26)  0.74 (0.73)
Oct..  E2 13 (3) 87  (63)  1.40 (1.81)  0.60 (0.88)
1980 @ E3 6 .. (2) 22 (8 1.35 (0.91) © 0.92 (0.84). 0.32  15.25
o E4 8 (M) 24 {B) 1:31 (1.12) 0,88 (0.88) - 2y
Nov. El+ 5 = 13 - 1.04 (1.04) 0.85 (0.85) __
1980 E2° 18 (2) 8¢ (5) 2,00 (1.85) 0,82 (0.81) L
E3 1) 58 (15) 1.7 (1.84)  0.83 (0.83)  0.41 = 19.7
g4 9 (D 22 (N 1.60 (1.53)  0.93 (0,94) ' (12)
Dec, E1 14 (3) 85  {45) 1.B3 (1.66) 0.77 (0.82) -
1980 - E2 + 12 (2) 80 (22) 1,67 (1.52)  0.76 (0.78) o
. E3 12 (2). .30 {9 1.92 . (1.76) 0,80 (0.89) - 0.48 - 27.05

CEE s (e den (B 187 (1.79) 086 (0.83) . (M)

Jan. Bl 1B (2) 110 (25) 2,21 (2.01) .87 (0.85) o
' E3 4 {2y 57 {1H) 2.08 ¢1.92) 9.91 (0.91) - (15)
B4 18 (1) 67 0 () 19 (1.79) | 0.84 (0.82) .

' § (2) 98 - (41)  2.00 (2.02) - 0.8 (0.85) ks
Feb. € 18 () 98 (‘2“63 07 Ez'..ozg g.B2 (0.88) 072 46.27
1981 E2 . 18 {2) 70 ' 066 (0.57) (16)

. E3 13 (2) 60 (12)  1.48 (1%3% 086 (578

E4 13 (2) sz (8 1.7 (. : ‘
: 7). 2.03 (1.80)  0.90 (0.80)
Mar.,  E1 15 Egg s 8 .00 (2.00) 0.2 (0.88) -
£3 0 (2) 41 (15) .67 (1.50) 0.8 (0.89) 0.7z 40.21
= g (2) 22 (6) 1.58 (1.36)  0.92 (0.92)
) .68) 0.96 (0.96)
Apr.  E1 1 (1) 22 (38)  1.78 Q1 0.89
1981 E2 12 () s4 @D 12 (185 0.6 (083 .27 11.74 (1)
R S S SRR S IR R
: .00)  0.95 (0.97) _
May £1 15 (2) a1 (9) 213 (2 a.79 {0.90) '
1981 g2 5@ @ 5 (0% 0k “% 0.06 2,08
£3 3 : .88
Ea 5 () 5 (3) 1.01 (0.60)  0.95 (0.88)




55
App'endix 5(d). Cont'd,
Date . Pitfall Numbers of  Numbers "QOﬁﬁ H.'*. - C
site prey types  of prey 2 : .-?Ve.'.‘”ess J w X (d.f)

tepresented

Jun. El+ 9 {2) 3. (23) 1.21 (1,07 0.64. (0,73

1981 g2 B (N 14 {1 1.36 '(1',.'25% 0,50 Eo_gg%

. E3 5 (N 21 (6} 1.04 (0.73) 0,79 (0.68) 0.49 . 13.63 ’

B4 7 (2) 19 (6} n.34 (1.04)  0.88 (0.85) {7

Juit. ET# 5 (2) 8 (2) 0.93 (0.57)  0.87 (0.76) 3

1981 E2+ 4 (2) 15 (2) 0.53 (0.20) . 0.48 (0.34 0,48 5,78
E3 4 (2) 4 (2) 0.79 (0.35) - 1.00 (1.00) (3) ,
Ed 3. (2) 6 {4) 0.8B 0 0.91 "0

Aug.  El+ s {1 6D 0.92 (0.79) © 0.72 (0.72)

1981 E2+ 4 (2) 26 {2 0.37 (0.13) - ¢.31 (0.21) :
E3 6. (3) 11 (8) 1.20 (0,60) 0,94 (1.03) 0,34 6,75 :
E4 4 (M 7 (33 0.86 (0.62)  0.94 (1.00) {s)

Sept. E1 17 () 94 (49) 2,02 -(2.01)  0.79 (0.91) _

1981 : - E2. . 140 (3) . 48 - (26) 1.2 {1.72) 0.72 (0.92) Uk :
E3- 7 10 (4) S5 (45)  .1.23 (1.19)  0.61 (D.97)  0.43 24,22 :
E4 8 (8 58 (47 100 (1.18)  0.5q4 {1.00) - (14) |

Det.  E1 17 ¢2) . 95 (33) 2,93 (1.98)  -0.84 {0.8%) i

1981 E2+ 14 Ez) B {23 1,72 {178 0.77 (0.92) - D.54  36.61

g3 1303 104 (5%)  17v (1.43) 073 (Q72) 0 o (A7)

: 1.96 (1.78)  0.85 (0.84) . o

£4 15 (2) _45.1].;11)
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' e ci'iveréi'ty: pitfall trap samples _
' Components of prey t.yp S o : Y2(d. )
Appendia 5. (e)  Slopes - T, Evenness J W
Numbers Diverstty . :
Pitfall  Numbers eog of prey '
Date e prey Wptéd _ —
’ representes —— 082 (0.03) S gyee
NN 1,35 (0,94) 0.76 (0.61) 0
Y 3y ey 57 (1.06) 2 {00543 (10)
- 7 ('g‘g a0 ey 1‘55 €0.92) 32;4 (0.3}
EZ :11} Eq) © 78 Egg% 1‘54(832% 01.‘]0 {0.57)
Aug. E3 8 (3) 47 €a1) 1,402 ( . _ 74)
e B4 S @ e - (1.00) 0,75 Eg'sz} 0.18 . 7:35 |
&1 : 26 (2) Hg {D.79) 822 (0-:'30) - - (&)
ET+ 5 (o) o E A R R :
: & ) 0, : 0.84)
Sept. = E2 8 (2) 1? (4) é'g? EO'-,-;) 0.70 (. - ) ;
RG- S0 k= wo I G 073 s2.a7ex
c1 > e Gay 1B s 077 (o O a0
- 12 {4 132 (49) 1,99 (1.95) 0.5 (0.81)
LRI 0B 8% o
el. - Bz . 18 . g .68 )
Dt.ﬂ»_ (B3 . 4 (3 .‘1.2_7 (83) 1,98 (_ _ - {0,88) 39, 77%x
e 130 TE 68 1 @2 0.8 (087) 44 3 ;
ci R 193 (81) 558 sortn) o5 & (18 ]
20 (4). . 178 (61) 1,47 (1.00) 0.87 (1.eo§ ;
. Ep R E B R
v 0 ) ! b . ey
2:9?; o g (2% ‘21?18 - (82) . 204 . 60) 0.80 (0-?}2% 0.82  103.i0%k
4+ 3 R 0.76 -
2 18« 5 (104) - qua) oo Eo.an (25)
R W Qe 2z OO IR (S,
25 07 (82 2,14 (1, 0.73
E1 24 (3g B (19% 2.20 Ug}g 0.80 (0.83)
2 1 (3 9% 9y e 2.2y
Dec, ES"' 14 Eq_)._ 302 qu) 235 ( 5 (b:69)
1978 E4 gg @y 258 1y 208 UJS% 8‘74 (O'SB 0.77  84.4znis
s i . : o -2:08 . 8 3
C1 : 2180 . (41) 09 (1.78 0.8 (0. 22)
Kol & A - (32) 2.43 (2.17) 0.84 (O'ng (
E1 21 (3) 166 (51) 2.25 (1-533 0.66 (0.6
Jan, Ez 21 (4) 141 csgg 1,76 (1.49 (0.82)
- ! ' Si (b6 o 0.88) - 4
o (37) g (2.2 0.88 ( 3)
oo : 144 2.4 273 { (0.83) (2
| IR iy
i ET - 20 ( 131 (32 2.17 80) 0.7
[ £2 L5 SR R R 8 (0.78) ;
Feb¢ Ei 2; Eg) : 173 ( 1 g8 (1‘60) 8:34 (0.3%% 0.83 g2, 05"
R 1 105 e 25 ou e o (1s)
- 13 Egg 10? _Ejg_) Sgﬁ E:hs) 3_125 (0.82) .
roo E2 20 (3 8 an 2.0 (&1 (0.72) J—
s E3 13 Egg 74 (34) 1.60) 8'32‘(0‘7’93 0.54 .
B4 13 (21 1.9 73) 0.8 €0.90
c1 w7 en 1 (300 o8 0.81)
{(3) 1 {2 . 5 (0.
- 14 Egg g4 Eggg 3;3 _53‘55) 8:_32 €0.83)
f o E2 S 0 4 B (B0 € 7 (0.79) "
-é 'IAQRI'Q Ef’l 11 ES% 107 (4% 93 (7.43) ggo (Ogg% 0.64 48, QU
g 1 29 18 0 085 (0. T s
C1 69 (29 T.74 (..-653 0. 4 (0.78) (
(4) (32) 2,01 (1. ; 0.8 0.92)
BTN v e o
€2 a) . .88 (1. :
Woeoong 8w
18 E£4 10 (3
c1
:
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Appendix 5(e) Cont'd, ..
Date Pitfall Nuﬁnbers of  Numb et T o
Cosite . prey types  of pray VoW N Evennessy 1206,
e represented ' L ' .
2 . :
E CETe 8 - {2) 81 3 ' ; ' '
ﬁ woe E2 e @ owm Gy MR8 0m 0sy
: 1979 €3 0 W@ 80 (19 q'ss sy o (0.89)
&5- 4 AT £2) 73 (17 1'34 (1"55 76 (0.62) 6.78 47, 90%EE
; c1 10 ) -6 (38 1.8 (1.5 R ) ‘
_ . S8 0.78 (0.89) 1)
E1 & (1) 37 (9 _ o
Wy Booop @ 8 ey %GR e |
i SE3 { 3 (17 5 18 *e g
! - B2 1 () s o 2 (g 0.8 e 082 3395w
¢l 8 (2) 29 .M s (h22)  0.89 (0.£3) (11)
E1 8 (2) 35 {13}  1.69 (1.4 -
Aug.  E2 10 (1) 27 {4) 1,74 Eqéig ggl EB@B
1979 E3 11 €2) 49 (25) 1,83 (1.6} 0,79 (0.95) -
. Ed 12 (3 39 (2) 1.71 (1.53) 0.82 (0.93) 062  30.78%wx
- oy 12 (2) _ 4.1_  7 178 (3.59)  0.86 (0‘..88) - {10)
Sept. ) NO DATA COLLE S
o | A COLLECTED
€1 18 (2) 127 (27)  1.87 (1.58) 0.73 (0.86)
Oct, E2 16 {4) 127 (54) 2.13 1.90)  0.84 {0,85)
1978 E3 S15 (8 77 (30)  2.07 {1.86) 0.8 (0.87)
E4 20 (4) 145 (42) 1.82 (1.57) - 0.70 (0.g2) 047  48.28%
.l 11 (3) 8  (22) .97 (1.62) 0,90 (0.86) (21
BV 1B ({3) 202 (38)  2.14 (1.79)  0.82 (0.75)
Mov. CER 20 (3) 134 (32} - 2.47 (2.24) 0,90 (0.87) .
1978 “E3 18 (3) 155 (59) 2,17 (2.05) 0.81 (0.8) o gg o
B4 . 20 {4) 143 (34) 2,35 (2,08} 0.26 (0.82) A5
Cr 15 (3) 124 (28) 2.13 (1.83)  0.85 (0.81) (19}
: E1 20 (4) 260 (81) 2,40 (2.19) - 0.85 (0.84)
Dec. = E2 23 (a4} 388 (B8) 2.46 (2.96) 0.82 (0.77) 4 es gy ggesk
1979 E3 24 (3) 299 (38) . 2.60 (2.45) - 0.86 (0.85) o2 8
b S E4 17 (3y 169 (18) 2,28 (2.12)  0.87 (0.86) _(26)
£ £l 16 (3} - 118 -~ (30) - 2.13 (1.82)  0.86 (0,81) o
i Jan.  E2 13 (2) 60 - (13) 2,03 (1.82) 0.87 (0.84) 4 e 35 7pmx
1980 E3 14 (2} 73 (18)  2.12 (1.94) 0,90 (0.89)
: E4 14 (2 72 @18y 195 (1.73)  0.85 (0.83) . (15)
E 21 (2) 310 (132) w.22 (2.22) Q.76 (0.81) '
Feb,  E2 19 (2) 255 (52)  1.80 (1.55) Q.65 (0.58) o3 . 73 g7k
1980 €3 20 (2) 125 (22) 2,44 (229) 0.89 (0.09) 2
E4 22 (2) 159 (44)  2.28 (2.16)  0.80 (0.80) (22)
: ET . 13 (2) 85  (44) 1.76 (1.80)  0.76 (0.79) '
Mar. EZ - 14 (2) g1 (25) - 1.98 (1.86}  0.86 (0-93) 0.46  24.03%
| 1980 g3 18 (1) 85 (3)  1.88 (1.77)  0.80 (0.79) -
- E4 16 (2 g0 (1) 1,93 (.77 0.78 (0.75) (13)
e . .80)
1t 13 (2) 47 (13)_ 1.86 (1.89)  0.85 (O
Apr. . E2 18 (3) 186 (U 194 (201 072 (0.88) o7 31750
1880 E3++ 15 (2) 60 (1) 2,06 (.88 0.8 (.08 )
Bt 13 (2) 43 . {6} 2,00 (1.83) O : -
' : 0,64 (1.00)
B 6 (3) 23 (17)  0.84 (0.75) :
SO SO RS B A
(1 13 -de . ) )
e Eg g Eo% 17 (o)  1.20 (1.20) 0.85 (0.8%) (8)
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. -Appaﬁdi%-.S(-E)"C‘oh-t-'d‘ NSRRI o _ : C L R Co ) |
Date. P;lt'-fa'ﬂ"" Q'Ufébérs-of_ N .b o ' .
site pray types olt{n;a_ ;‘;f Diversity H Evenness J W ¥(d.
represented
o El 10 (4 3 " o
Cowme B8 (3 TR B
B S O C(1:25) 0,86 (0.93) - 086 21.08%
R 29 _ C (1) - 0.81 (0.89) (8)
- E1 S8 {3 V14 1.05 ’ ‘
suly €2 7 @) a7 51.043 0.97 53333
4 ° @ 18 0.24) 0o ¢1.00) (8)
E1 11 (4) 45 (1.24) .71 (0.93
Aug. 62 s (&) a3 (055 oo o
1880. -E3 12 ¢4 26 (1.41) 092 (0.96) 0483 25.20W
E4 | .12__(3) 24_. (1.55) .85 (1.00) £10)
CEY 12 (h) 59 (1.45)  0.73 {0.92)
Sept, E2 11 (4) 42 (1.27)  0.87 (0,84 ,
- Ed 13 (4) 31 (1,37} 0,91 (0.95) 12y
.01;' gé ;0 Egg -42, €1.a1) 0.71 . (0.77)
ct. E2 8B 45 1.21) 0.7t (0.85)
980 B3 w0y a7 (1.62) 0.91 (o.god 040 17.43
o TEAT 8 (0) s (1.53) 0,97 (0.97) (1)
B 18 (2%- 87 E1.94) 0.83 (0.87)
Mov.  E2 11 (2 47 1.68) 0,90 (0,83)
1980 E3 12 (1) 74 (1.77) 0,83 (o.8a) 064  35.69%
Ed 1M1 {1 48 (1.81) 0,92 (0.92) {14)
E1 i3 (@) 84 (1.54)  0.73 (0.73) _
CBec. EZ.0. . 4 (2) 75 (1.84)  0.84 (D.87) (o a4 gawn
1980 -E3 -0 15 (2) 64 (1.86)  0.80 (0.86) - :
B4 13 (1) 51 (1.82)  0.88 (0.86) (15)
CUEU 47 () 144 (53) 2.1 (1.94)  0.80 (0.80)
Jan. - E2 7 (2) 189 {59) 2.08 (1.90) Q.78 (0.77) 4 g3 . gy soer
1981 E3 - 16 (2) 88 (17)  2.27 (2.09) 0.91 (0.88)
E4 8 (2) 102 {12y 2.31 (2.16)  0.8% (0.87) (18)
CE T (2) 50 (15)  1.68 (1.31)  0.80 (0.71)

Feb, €2+ . 10 (2) 33 (10} 175 (1.48)  0.92 (0.88) 44 o4 g%
1981 £3+ 4 (2) 62 (13}  2.03 (1.81) 0.88 (0,84) Can
B4 13 (2) 44 (4) 2,03 (1.81)  0.34 (0.94) 7 -

T 13 (2) 59 (30)  1.50 (1.60)  0.67 (0.83)
Mar, -E2 15 (3) 80  (3z) 1.80 (1.79) 0.7 (8@;) 0.62 39,52k
1981 £3 16 (2) 82 (19) 2.32 (1.96). 0.8 (0.85) (15
EA 14 (1) g4  (18)  1.99 (2.01)  0.86 (0.93)
: .91) -
E1 10 (2) 46 21 1,59 (1.53) 0.80 (0 )
Apr. E2 1) 40 () 1.6 (.4 0B L0ID 0 o8 1012w
1981  E3 g (1 17 B 149 (13 LA T )
Ed4 7 (1D 17 (5) 1.42 (1.29) . L
.79 (0.92)
May  E2 6 () 15 (&) 108 (008 0.78 E?ggg 0.58  9.25
1981 g3 6 (1 8 (@  1IS (0‘35) 9.95 (0.94) (4)
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‘Appendlk 5(e) Cont'd.,

Date  Pitfall Numbers of Numbers

Diversity H Evenness J W XE(d-f)
site prey types af prey
reprasented
E1 100 (3) 44 (30) 1.87. (1.39)  0.84 (0.96)
June - E2 1@ 29 (18)  1.67 (1.35)  0.87 (0.92) o pr  pg gawn
1981 . E3 9 {4 72 (34) 1.47 (1.12) 0,74 (0.8B) : )
E4 -1 (4) 42 (27)  1.39 (1,39) 0.95 (0.98) {10
_ E1 .8 (3) .23 (18)  1.39 (0,96) 0.84 (0.34) _
July E2 - 10 (4) 19 Q10 154 (1.10)  0.88 (0:88) 4 as q2.00
1981 E3 -4 (R) 5 (3 ©.82° (0,35) 1,06 (1.00) " '
E4 5 (3. .8 {5 1.10 (0.60) 0.96" (1.00) (8
CE1 703 17 (11) 1.2z (0.87)  0.82 (1.00)
Aug. E2 7 (3) 22 {18)  1.31 (0.80)  0.83 (0.82) 4 4c g9 g
1981 E3 7 0(3) 20 (1) 1.38 (0.81) 0,90 {0.82) : ’
Ed 73 14 (8) 1.35 (0.87)  0.93 (1,00 (8)
EY 17 (4) 42 (102)  1.89 (1.95) 0.72  (0.91)
Sept. EZ g (4) J06  {73) . 1.87 (1.89)  0.72 (0.84) 4 .= 3p o
1981 E3 14 (2} 78 (33) 1.87.(-.87)y. 0,78 {(p.83)
E4 4 (1) 67 {173 1.98 (1.94) 0.85 (0.B88) (18)
_ E1. 13 {3) 75 {B0)  1.63 (1,54} 0.71 {0.84)
Oct. B2 18 (3) 87 {(43) 1.46 (0.88)  0.83 (0.45)  , c. 40 79
1981 E3 18 (3) 113 (83) 2.02 (2.07) - 0.76 (0.88)
E4 S8 (2). 0 12 - (73) . 1.86 (1.87) 0.86 (0.9

.13 G




360

Ap.’p-ehd-ix 6. The diversity of prey sizes '-ob.tai'ned by pitfall trap
_ samp.iin.g.._ ' |

| Notés for this Appendix are the same as for Appéhdix 5, ékcept
that prey are classified by s-i.zé, not t\}pe* The measurements of

diversity were based on the recognition of 10 size classes (mm):
. _ g

< 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
17,5-18.9

220.0




Appendix B. Compenentis
: of prey si i i 3
(2 Ritbon GU%..Y size divarsity! pitfall trap samples, 6

Cate Site Numbe -
umbers of Numbers of = Di
size classes : 2l Diversit Ev 2
represanted prey H v Erhness w ¥o(d.f.)
December E1 T 0 S —— _
197_.9. . B2 B gjg 1.29 0.58
E3 10 2 1.38 0 &8
R E4 10 280 :l]gg 0.63 0.94 33, 87
SJanuary L g ™ 0.76 (9
1880 - E2 10 157 1.65 0.80
E3 10 1%3 1,51 0.72
g4 . 10 . o183 158 0.72 0.83 29, 89w
1.61 :
February El 10 0.73 (9)
1980 E2 5 163 1.78 0.82
e g i 1.45 0.69
: E4 10 22?3 :}.29 0,861 0.84 30, 2wt
. .99 o,
march €1 10 *‘5 (8)
7680 . E2 o 92 4 60 0,95
B3 7 14z 1,43 0.89
B4 a g? 1,15 . 0.65 0.80 2B, BO*HA
- 1.30 0,71 '
April £l 8 {93
€3 5 gg 1.23 0,60
' 1.08 0,74
May E1 5 (9
1980 E? & 106 0.95 0.56
£3 - 49 1,23 0,77
€4 5 gg :]1;14 0.54 .86 o7 agEEi
G4 0.64
June £ 3 (8
1980 E2 6 5 0.65 0.88
£3 4 36 1.22 0.78
Ed 4 375 0.58 0.79 0.79 75. 82k
' .9 0.76 _
July £1 2 (5}
1980 E2 : A 0,35 0.77
E3 5 24 1.01 0.75
B4 6 %1 :1'; 0.83 0.63 15, 11%
) .2 0-89 :
August  El S 5 _ (6)
1980 E2 2 3 1.10 0.79
E3 5 35 1.41 0.80
£4 5 2(3) 1,08 0.70 0.72 DB, gEEF
: ! 1.02 0.77
SeptemberE' 9 45 (8)
1980 E2 7 1.45 0.75
£3 7 67 1.21 0.68
4 ; ég 0.62 0.35 0.7 25. 4%
0,89 0.54 .
October  E1 5 8 : (9)
1980 £2 5 e 122 0.75
‘ 0.85
Ei 2 ig 0.90 0.63 0.75 24, 08wk
0,84 0.58 )
) 8
November E1 8 78 ‘ (8)
1980 E2 8 93 jlflig 8.59
+ : .62
£a S J 1.19 0.63 0.85 30,767
1.16 0.62 (9
December EIl B o
o SR B
ES 6 62 7.12 0.68 0.73 26.,30%F
Ed 7
: &7 1.22 0.68 (9)




E4

Appendix §. Components of prey si
_ of prey size diversityr pi 3
. (b) Fe:rn : y slza :dl\?.al"SEtY.. pitfall trap samples.
Date Site Numbers of -, - .
: Numbers of  Divarsi :
size classes o Divarsity  Evenn L2
reprasented prey H J 8ss W ¥ (d.1.)
' De_f:ember E1 ' g T -
1979 EP 3 %ég 1.67 0.76 ——“
E3 10 o207 147 074 .
E4 10 il 1.78 083 0.52 33, 10"
1.71 .78
Japuary E1 10 . {8
1980 g2 B 1?3 1.56 0,74 :
E3 10 11 1.15 0,63
E4 : 8 , B 1.60 0.75 0.87 37, 4
' 1.45 0.74
Fetruary ET 10 . (9
1980 E2 7 200 1.2 0,58
E3 5 78 1,33 0.78
E4 7 b 1.32 0.80 0.83 29, 7a¥Hx
1.48 0.84
- March Ef g (M
1980 E2 7 R - 0.97 0.48 |
E3 7 &4 1-20_ 0,88
£4 5 o 130 0.73 0.76 27.53%%
aprit | E1. 5 )
1980 £2 3 gﬁ , 1.4 0.72 o
E3 & ot R 0.77 ' _ -
4 7 1.7 0,92 0.79 25, g5k
55 1.18 0.56 (8)
1980 E2 8 a5 0.90 0.53 _
£4 p : 1.28° 0,83 0.80 2, 48
: _ 34 o100 0.8 o
June E1 4 CL
1980 E2 M ’,}g . 0.89 0.78 , _
- 2 s 1.10 0.87 :
E4 3 ‘ 0.81 0.84 0,70 11.15%
. . 13 . 0.7 0.831 {4)
July E1 4 o ' B
1980 E2 4 13 0,98 0.87 '
© E3 4 50 0.87 0.865
i p B 7.03 0.89 0.63  18.18%
: 20 0,98 D.8% ' (6)
August . El 8 22
1880 E2 3 c 1.22 - n.83
: £3 3 & 0,79 1.00 ' ,
E4 3 7 0.66 0.87 0.40. 8.00
7 - 0,33 Q.70 (53
S‘-’-Dtember E1 "B 2B . i
1980 £p 2 1.18 0.78
£3 5 7 0.28 0.55
£4 : 20 1.15 0.87 .65 18,29*
. 17 i 1.05 Q.82 NG
October El g 72 .
1980 £2 5 a5 :fg 8.75
: : - . .87 '
Eg ! 30 1.14 0.70 0.73 26 . 45%#
6 21 .07 0.74 (9)
MNovember ET
1980 E2 7 ¥ L2
. .60
Ei 8 32 1,14 b.74 .78 21.83%
7 24 1.25 0.78 (N
December E1 -
1980 E2 : % 123 5.3 |
E2 5 35 1.13 0.79 0.81 22.69%%
S % 0.99 072 @
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Appendix B. Compe
. ponents of : '
.(4). Undar -log prey size diversity: pitfal}
_.t . ‘ WLiali trap samp
. les.

size classes Divers E —
. ] . rapresented prey lVe:{SIty Evenness W 2 —
December E1 - 8. d xo{d 1.3
187 E2 8 T
’ E ) ’ a4 5
Eﬁ . 10 377 1.38 0,70
. T - 10 338 :{gg 0.62 E .
January € 44 ' 0.39 0.98 - 34.B69%
1980 £ 7 ) 1.55 o5 R
E3 6 o 1.98 gy
£4 8 1 160 0.73
ebruary 'x L7 0.84 - 30.12%
8 E
Ej 9 a2 jl .28 0,87 -
7 136 1-%3 0,70
March : 88 * .83 6.77 27 .
1980 ?a g " 1.3 0.73 (;4”’—‘
£3 5 57 1.36 0.75
. . £4 v 105 1'82 0.70
April CE1 90 1.18 ‘8558 0.86 30, Ba%
19_80 E2 7 91 i .B> (9)
- . 3 ks
£3 5 4 e 0.64
o 2 o 03 g og 1.00
1980 E2 ; 0 0.74 : oy
B4 5 27 > 0.94 _
June  EI ' 24 1.33 g 'gg 0.74 20, 63%*
1980  E2 : 20 : 7
E3 5 17 }?lg 0.87
B4 5 11 IS 0,82
July E1 12 1,00 8.26 0.78 15. 86%
5
: E3 17 0.7 0.78
E4 : 19 ?‘fg 0.73 .
August  E1 20 0.98 g‘gg 75 14.96%
1980 E2 g 11 108 ' (5)
E3 : , 02
g4 4 14 0.70 0.92
4 5 13 o 88 0.79
s 14 . 0.82 0.74 14, B9
eptemberE1 1.05 0,85 ,BO%
1980 £2 j' 16 o . )
E3 26 - 0.75 =
E4 : 19 109 0.9 . ’
October E1 22 1.20 'g'gg 5 14.96%
1980 Ez2 3 26 1.23 ' (5)
E3 35 »28 0.90
E4 : 22 107 0.8
N 24 .22 0.91 0.74 14
ovember El 1.25 0.84 Bak
1380 ED . ? 3 0.76 ) (5)
E3 95 i 0.62
E4 'é 10 1.00 0.55
Bbecen - 1.24 0.73 0.78 »
ecember El , 1.28 0.84 5,05%%
1980 E2 : 85 1.06 ¢8)
E3 & 52 ,1:00 0.64
5 55 1.26 0.68 0.7
' 22 1.18 g.;g .78 21.92%%
: (7

Ed




Appendix 8. C e - : s . : _ 363
ppendt {d‘;m%’gs:ts of prey size diversity: pitfall frap samples.
Date .  Site Numbers of " ) ‘ ) A
- size classes Nupﬁﬁirs o DWE;:]S'W : Evenness W xe(d‘f')
represented v
December E1 10 24 1.47 ~ 0.68
1978 E2 9 300 1.81 0.75 '
E?v 10 : 248 1:52 0'73 ~ 0,88 35,91k
E4 8 . 1 285 1.49 0.70 . @
January E1 9 120
1980 E2 10 166 e o o
gq 6 79 129 077 0.81 29,05%
| 7 9 1.46 0.80 (9)
Februapy E1 8 96 . : )
1980 E2 5 85 . }33 353 .
Ei 3 72 1.58 0.79 0.77 . 27.68%
E g 92 1,32 0,65 : (%)
March E1l ] 34
1980 2 7 40 : :‘ugg 8?13 -
E3 & 49 1.08 o5y  0.8% - 28,400
E4 B 37 1,711 0.71 (8)
4;\%? E; 5 56 1,09 0.74
_ 4 T 0D - n.98 Q.75 : C n asu
. E3 4 . 58 . 1 ‘OD . 0 ‘78 0-79 18 -96"‘*
E4 7 84 - 1.32 0.73 63
’;’;g’o g 7 20 1.37 0.89
4 89 0.95 0.7 . : N
ES 5 17 1.08 o84 056 21.08%x
4 7 2 1.14 0.69 (8)
;’SQ& E1 8 36 01 e
. E2 . 4 14 0.86 0,79 - .
£3 4 12 .72 0.68 0% 18,434
E4 4 - 1 0.87 0.83 - - (5)
nga\,nv El 5 34 0.98 0.69
1 E2 3 10 0.7 6.85
£3 3 14 1.02 0.94 0.45 7.15
E4 4 13 1.08 0.98 (43
f.g%%u_st E7 5 31 ' g.w ' 0.86
g2 4 13 .95 0.89
E3 L3 3 0.50 1.00 0.35. 8.46
£4 2 2. 0.35 1,00 . (6)
s§grembe}~s1 5 63 0.96 0.65
1930 g2 5 45 0.64 0.44 .
£3 4 40 0.83 0.66 0.84 16, 75%*
E4 © 5 50 0.55 0.85 (5
October &1 7 gs 1,38 0.81 o
1980 £2- 7 7 0.94 0.52 - .
E2 ! ) o8 -3 . 0. 24.08%*
E4 4 24 0.74 0.52 (8)
Movember E1 ] ;g 1 -12 830
1980 E2 B 1.3 2 -
£3 8 58 1,48 0.79 0.80 28. 88 **
g4 7 22 1.35 .86 (9)
Dacembar ET 6 85 1,02 0.61 B
1980 E% '-2 gg 233 ggz 6.82 23.08%%
E4 5 0.79 m

48 1.15




aAppendix §. Components of pr 13 . L
j (o) %lope& oT prey size d'VEl‘.SltY- pitfall trap samples,

| Date Site Numbers of Numbers of

cize clacses ity Diva;:lsity Evenness W NICED
rapresent_ad : J :
December E1 SRR
1979 e E-'z!’. R ; ']g - ) ggg L }1'32 078 B o :.
B 10 239 1 42 . ggg ~ 0.94 33.74%%.
' 10 188 1.28 0,59 (®
January E1l 10 1
e A g a0 o8
Eg ' 8 83 1.45 0.78 0.70  26.42%F
s T R 0.89 (9)
February E1 W 3w L aans o oss ) '
1880 €2 7 hee A oeE ST
E3 , 10 125 1.64 0.76 0.83 . = 30,08
E4 10 159 1.49 0.68 (9)
March  E1 8 85 1
1980 E2 7 81 118 o
o B3 o g5 17 o - 073 26.21%
o o B L R L R .72 0.8 Yy
Aprit  E1 5 B B T
1980 2 7 i R 3 T D
E3 7 ) - 1.3 0.75 . 0.75 27.03%F
£4 8 43 1.43 0,79 ' BN C) I
May El 3 23 0,74 0.78
1980 E2 6 32 0.92 0.750 : : R,
£3 3 B 0.6 070 0.59 19.,02%
E4 8. 7 - 1A 0.94 - (8)
Jume  Et 3 s 0.8 O a.e LT
¢80  E2 3 30 070 0,72 ' o
= 3 = o O I SR
E4 3 29 . 0.77 0.79 (2)
i'{;?& E’; 4 14 0.93 0.86 |
180 _ 3 17 0.93 0.82 _ —
E3 5 18 1.01 oy o4 T
j ~ E4 4 16 0.82 0.73 (8)
fo! August &1 6 45 . 1.08 0.67
: " EZ. 5 43 0.92 0.84 - ,
; £3 4 26 1.00 0.83 0.83 1654
! £4 5 24 _ 0.96 0,71 (5
?gg Dtember-&‘l 7 59 1.07 0.61
: _ E2 6 41 0,87 0.55 R
€3 5. 27 ot O 2T
3 . E4 7 31 1.0 0.73 @
x October &1 8 PrE 1,07 0.62 o
. o8 £2 9 46 1.25 0.68 o bg g
_ e2 7 el o 6. 083 0.83 29,768
: E4 8 15 1.35 0.93 (9)
4 November E1 B 87 1.08 0.86
1980 E2 6 47 1.14 0.71 -
E3 g 74 1,36 - 0.87 0.76 25,52
E4 g 48 R L1 0.73 (9
' December ET - 84 136 0.70° ' '
1980 £2 8 75 - .27 0.76 . N
ez J [t 134 oo 0.88 . 2B,07RX
E4 8 59 1.43 0.78 (8)
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4 | |

3 : Appendix 7. ‘The diversity of prey types olitained by litter sampling.

| . Notes for this Appendix are the same as for Appendix 5, except
3  that "slopes" habitat was not sampled, and onty 40 types of prey

were 'r‘ecognised. Ephemeroptera, Odonata, Plecoptera; Phasmida,
Trichoptera and Platyhelminthes were never captured during. litter

sa_mpﬁng,
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Appendix 7. Coampg g of @ . ] . .
| (3) Ribbon Gt 7 YP® diversitys liter samples -
Date:  Site Numbsars of . N - :
PFEY'WPEC"S bi?%ti? Diversity #  Evennass d ~ W - y*(d.f)
represented .. - C
Oct. E2 2 @) 36 () 20 an om e L.
RS ER & @ ERem tam o o
: 29 21 (1.84) 072 (0.70 23
€1 B (2 @6 {15) 2.6 (2.03) 079 Em?g (22)
: Bl 16 (2 175 (36 : .
dan... EE 18 (1) 2 (4 207 %%825‘; 05 {0093
-sg?g 5.3 . ! SO wx L - 0.79 (0. Igj *
. 12 (0 290 (0)  1.94 {1.94)  0.81 (0.81)
?:?1 8 (1) 20 (5) 226 (2.21) 9,83 (o.e3) O 7R ST.34mE
_ 72y 25 (5 237 (2.04) | 0.80 (0.78) ey
E1 19 (3) 21 (30) am (2 - |
Apr.  E2 2z {3) 302 (zsg 53 Ei%ﬁ% 0.6 Egggg : 5
’ e e 2t (1) 224 (16) 240 (2.32) oO.84 (0.83) - 074  8mIAFE
& 24 (3) 266 (21) 2,43 (2.28) 0.1 (0.79) @)
i cx 17 {1} 218 (23) 2,20 €2,10)  0.81 {0,79)
1 _ _ £1 18 (3) 200 (21) 219 (2.04 .81
i July - g2 165 (1) 336 {7)) 1.31 §1.24§ g;ﬁ; Egif@%
R L = 18 (2] 930 (8)  1.80 (1.66)  0.68 (0.85)
' ' . E4 18 (2) 1707 {(12)  2.06 (1.94) 0.76 (0.75) 13 E8.@%Er
i 18 (2) 188 (9) 193 (1.82)  0.74 (0.73) 9y
1 16 (1} . 268 (5) 164 (1.58)  0.62 {(0.61)
Oct,  E2 19 (1) 74 (4] .2y Ez..zzg 0.84 angg
: 1979 E4 18 {1}y 144 (3) 207 (2.00) 0.8 (0.80) | sh x; o
. E4 18 (0) © 154 (0)  1.89 {1.88) 0.70 (0.70) ©0-.89  89.4@w
<1 18 {1y 217 (2) V8BS (1.82) 0.87 (0.67) (20)
w B0 OB Y men men
feb.  E2 . 1.36 (1.33)  6.49 (0, e o
1980 - B3 17 (D) 194 (8) . -2.10 %2.06% 0.80 Eggg% .73 76.62we
foonT R4 17 1) 438 {4} 1.69 {1.85)  0.6%1. (0.B2) t21)
el 2 (1 336 (1) 1.9 (1.87)  0.66 (0.64)
E1 22 (3) 246 (31) 2,28 (2.10)  D.B3 (0.80)
Apr.  E2 - 17 (2) 206 (26} 2,03 (1.91)  0.81 (0.79) . s
1980 E3 2t 3 3 (1) 2.36 {2.21) 0.78 (0,74) 077  BS.IOWE
E4 23 (3) 381 (18)  2.27 (2.09) 0.78 (0.76) (23)
¢ 20 (2) 284 (34) .97 €1.72)  0.80 (0.77) -
i L 7 E;g g_zs__%z-sg 2,18 Emp’g 0.81 (0.77)
duly 147 (31 2.07 (1.8 0.63 (0.60) _
1980 g3 16 1) 158 {12)  2.05 (2.01)  0.80 (0.793 0.71 70,58
T E4 ool {3) 210 (6) 2.15  {2.07) 0.87 (0.8 {193
Set 18 () 184 {15) 199 (1.90)  0.76 (0.74)
- o, o 16 E'rg 180 Ea)) 2,02 Emssg 0.78 (0.77) .
ct.  E2 21 (1 217 {12y  2.36 (2.30)  0.88 (0,86)
1980 €3 . 18 (@) 188 (5)  2.14 (2.09) 0.8 {0.8’1% 0.85  87.63%wx
E4 17 (2 159 {68) .89 (1.83)  0.77 {(0.76) (219
c1- 19 (1) 228 (3). 176 (1.73)  0.70 (0.70)
) 3 20 ((2; 343 53? 2.23 (z.w%' 0.85 (0.84)
an. CE 18 {1 281 . (6Y 2.5 (2.10)  0.81 (0.8D
1981  E3 17 (1) 212 (12) z.20 (2.13)  0.82 (0.82% 0.75  73.2p%
; E4 19 {2y 233 (5)  1.88 (1.93)  0.69 (0.89) {19)
1 i 18 (1) 184 (B)  2.31 (2.26)  0.87 (0.86) -
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Appendix 7 {g?;}oer:_ints of Pr.e.y typ_g dIIVEI*Slty: litter  samples,
pate  Site  Nu : . T e
- e p?g\;bi;;ezr .ri‘-f‘mplif:; Diversity H Evenness .J w - ¥2(d.6)
repraesented -
B 20 (1) (1) 2.3 (2. ,
Qct. B2 23 {3} - 247 (21} 2.5 E2,3g§ 8'2@ ngigg '
1878 E3 22 (2) 21 (1) .56 {2.45) 0.88 (0.87) 088 100.68%F
BE 23 () - o222 (12} 2011 (1.98) 0.72 (0.72 (23)
Ct 2t (2) 295 (1) 2,09 (3.98) 0.72 (0.70) -
o B 18 (1) 25 (21) 2,09 (1.98) 0.7
Jan..  E2 16 {2) 308 (36) 2.14 (1‘95% 0{83 ES§'§§ N
1978 E3 16 (2) - 237 (21} 202 {1.88)  0.77 (0.74)
. B4 17 (2) 249 (16) 2,10 (1.96) 0.78 (0.75) 0-76  EB.0BWe -
| C'l___ A7 {2y 282 (40) . 1.98 (1.78)  0.73 (0.69) 18y
L 18 (3} 208 (27) 2,27 (2.13)  0.84 (0.84 |
Apr. = EZ 24 (3] 320 (40) . 2.35 (2,18) (.78 -Ec.:'s% B
1979 ES - 25 (3} 230 (28) 2.57 (2.42) q.85 (0.84)  O:85 102,55
B4 22 (2) 209 (23) 2.32 (2.18) 0.80 (0,78) (24)
c1o.21 (2) 208 (15)  2.97 (2.03) . 0,76 (0.74)
. El 14 (2y 95 (13) 1,93 (1.71)  0.81 (0.76).
July - E2 16 (2y 130 (23)  1.84 (1.78) 0.76 (0.73) _
1878 - E3 14 (2) - 255 (%) 1.68(1.58)  0.67 {0.86) , N
' €4 18 {2) 425 (8) 121 (1.14)  0.43 (p.4z) | 73 6581
c1 18 (2)y . 297 (10} 1.83 (1.51) 0.58 (0.57) - (18)
) 17 (1) 119 (1) 2.8 (2.21)  0.88 (0.87) .
Oct. E2 - 19 (1) 237 {(11) 2,37 (2.30) 0.85 (0.84)
19718 E3 23 (3) 40 (1) 2.4D (2.26) . 0.84 (0,83) . .o P—
g4 17 (1) - 163 (5) 2,19 (2.13)  0.83 (0.8gy O8O0 8878
c1 18 (2) 134  (5) 2.15 (2.08) 0,79 (0.79) ©(22)
- E1 25 (3) 503 (127) 2.43 (2,41)  0.78 (0.8%)
Feb. E2 24 (2) 361 (81)  2.50 (2.52) 0.83 (0.87) .o -
1980 €3 24" (3) 406 (70)  2.36 (2.27) 0.77 ¢o.78) . O0-B1 939
: £4 23 (2) 395  (B4)  2:36 (2.48)  0.85 (0.,85) L (23)
cl 22 (3) 314 (37)  2.54 (2.44)  0.86 (0.87) :
BT 19 {2) 2571 . (15) . 2.34 (2.28)  0.B4 (0.83) _
Apr.  E2 21 (3) 212 (38) 2.4 (2.00)  0.75 £0.73) o oo eo o
1980 B3 . 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)
¢l 20 (3) 2127 (25) 2.28 (2.11) ~0.82 (0.81) :
Bl 17 (2) ™8 (18) 1.9 (L.77)  0.77 (6.74) -
Juty - E2 19 {2} 230 (17)  1.78 (1.70)  0.63 (0.B1) 5 o5 oy oo
1980 E3 18. (1Y 208 (37) 2.09 (1.98) 0.78 (0.75) - "-'f '
_ E4 18 (2) 247 (21) 2,00 (1.88)  0.76 (0.73) (18)
ct 16 (2 - 188 (12) 1.8 (1.78)  0.71 (0.68)
'0 BT 20 (23 156 E‘:g 1.93-%;.3;3 8.72 Eg.gmg
et E2 17 (1] 128 (S 2.23 (2. .8 .85 s
1886 ez - 19 (1) 178 (1) z.20 {2.14) o0.82 (o.g) O-86  85.36Wm
E4 18 (2) 208 (18) 2.4 (2.04)  0.79 (0.77) (22)
c1 22 (3) 243 (27)  2.48 (2.32)  0.84 (0.82) :
. El 20 (2) 216 (17)  2.39 (2.29) 0.83 (D.82)
Jar, g2 18 (1) 198 (19) 2,11 (1.89)  0.78 (0.76) gy o3 awes
1981 E3 2t (1) 236 (22) 2.41 (2.31) 0.8 (0.84) .°° ’
E4 17 .(3) 281 (29) 2,74 (1.88)  0.77 (0.74) (19}
c1 19 2y o273 (31) 2.07 (1.95) 0.76 (0.74)
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Appendi® 7. Companents of ' iversity: o e

'.iJate': Site | “NU b s NG ar T - -

_ ! pr;;f %;p'ef : -]\é?n;,br;:f Dwersxt\f‘ﬁ Evenness J W xz(d.f}
réprasented ' '
E1 21 ¢2) 189 (&) .42 - '

Oct, B2 24 (2)  2pa (9) 598 (oo oo S5 -

1978 E3 2y (3) 22 (7)) a1 (2,02) 0.70 {o0.70) 0-78  81.15wer

- B4 21 {2) 150 (7) O 2iz2 (2.12)  0.73 (0.78) (25)

s M w7y 2w (218) 082 (0.81)
B 18 () 201 (7). .34 (2.2% 9

dan, - E2 - 16 (37 - 304 (128). =2.02 Emag ghg EE?E%

1978 E3 15 (2) 226 (1) 1.80 (1.69)  0.70 (0.59)

Ed 38 {2) 333 (52) 1.82 (1.78)  o0.88 (0.e6) V72  BB.EETE
<1 20 (1) 24t (81}  2.20 €2,20)  0.78 (0.80) (19)
£1 20 (2) 278 (11)  2.19 (2.09) 0.77 (0.7 | |

Apr.  E2 22 (3 243 (8)) 2,37 -Ez.za'g o;g E‘SES% o :

1919 e 23 (2) 313 (5} 2.17 (212}  0.73 (p.73) 085 10665
E4 24 (3) 303 (19)  2.48 (2.36) Q.82 (0.81) © (2s)
Ct o2z (2) 326 (M) 208 (1.99)  6.71 (0.70) .

Bl 13 (1) 121 {3)  1.88 {(1.83) .79 (0.79

duly B2 - 18 (2) 223 (8} 2,19 (2.12) . 0.79- Ems%

1979 B3 21 (2) 180 (3) - 2.1 (1.04)  0.75. (0.74) - .
E4 8 (2) 265 . (5) 1.4 (1.88) o0.71 (o.y1y 078 Tn.2EEM
c1 20 (2) 720 (6) 2.7 (2.20)  6.81 (0,81} 18y
E1 19 (1) 171 (3} 2.0 {2.05) 0,77 (0.76) S

Oct.  E2 23 (2) 174 {10)° 2.05 (1.94)  0.71 {0.69) S

1979 E3 4 (1) 117 {2) - 2.2 (2.08) 0.87 (0.88) —_—
E4 e () 173 €10) - 2.1 (2.08)  0.77 (o.ysy 078 7B
<3 7 (1) 135 (8 . 1.67 (1.55) 0,84 {0.51) 18y

e E:; 22 Eag Sg qu '3-.37' Ezm% 0.84 Eo.s:;) :

eb, 23 (2 (9 .94 (1.85)  0.65 (0.64) R

1980 B3 . 21 (1) 274 (3} o 2.44 (2.41) - 0.84 .(0.es)  0-63  ES.22mm

. E4 21 (1) 236 . (5) L77 (1.71) =2 (0.60) (22)
c1 - 23 (1) 381 (8)  1.87 (.82} 0.66 (0.65)

N T ET zg (2 - 3% 217% 2.09 %1.93) 0.74 50,733'

pr.  E2 20 (1) 233 (32 2,18 (2.10)  0.81 (0.79 e e e

1980 E3 18 (2) 289 (28) 2.30 (2.18) 0.84 (0.8q) 071 7947
E4 21 (3} 178 (21)  1.88 (1.72)  0.85 (0.64) {22)
¢t 18 (2 456 (41)  1.29 (1.14). 0.468  (0.44)

BV 15 (®) 87 (90)  1.80 (1.91)  0.B3 (0.72)

uty 2019 (2) 235 (7). 2.3 (2.04)  0.77 (0.78) 4o 50 poyes

1980 E3 7 48 (1) 197 (21)  2.01 (1.93)  0.84 (0.82) ' -

_ B4 LN 20 (1) 248 (15)  2.28 (2.23)  0.80 ({0.79) (19)
1 17 (2) 294 (18)  1.94 (1.83)  0.74 (0.70

o ET - 18 (1) 176 E?)} 2.15 Ez.o*gg o‘gz Eog;;

ct. E2 - 19 (1) 212 (i) 1.90 (1.8 0,69 (0.8 s

1980 £3 22 (2 193 (8)  2.31 (2.26) o0.87 (0.§1) O-7% 823

 E4 20 (25 261 (6)  R2.24 (2.20) 0.7 (0.79) (21)-
o 17 ¢2) 163 (10) .73 (1.83)  0.85 (0.63)

| £ 19 (2) 245 §1§) 2'2‘,8 Ezggg o.go Eggg;

an.  RZ 20 (2) 198 gy 1.92 (1. 0.68 . —_—

1981 £3 21 (19 210 . (6)  1.84 (1.78) 0.65 (0.s3) 0:B2  95.68w
E4 20 (1) 173 (24) -2.13 (2.03) 0,79 (0.76) (23)
cl - 24 {3} 148 (38) 2.471 (2.23) 0.83 (0.82)
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ppendix 7 {d?;g::;;:ts o_r prey type diversity: Ilitter samples.
Date.  Site  Numbers of Numbere Do —
represented - '
El 17(2) 280 (25) 1.9 (1.84) 0.7
et E2 . 22 (2} 185 (1) 281 ey 0B AT
1978 g3 18 (1) 262 - (19) - .75 (1.62) 0.84 (0.g0) O-86  Bl.gmwes
oo B 173 244 (31)  2.04 (1.91) 0.76 (0.73
1 17 (2} 244 s (1 .78 (0.75) (19)
o (13) 185 (.83 Q.72 (0.71)
B 15 €2y 311 (52) 2,16 (1.84)  0.83 g
Jan. ©. E2 101y 288 (1) 1,73 (1.84)  0.67 Egés?.
1979 E3 () 357 (1) 157 (1.57)  0.87 (0,67 . N
Ed (1 2 (1) L5 (1.42) .65 (0.64) 0-71 7 Ba.iEwsr
C 16 (2) 156 {30 2.08 {1.89)  0.80 (0.76) gy
&1 15 (1) 278 (5) .98 (1.93) 0.7 (0.76 |
Apr.  EZ 18 (3) 230 {48) - 2,36 (2.13) - 0.88 E083§ ko
B4 20 (3) 205 {200 228 (2.12) 0.82 (0.80) (21)
Cr. 20 (2) 284 (1) 2.08 (1.99) 0.73 (D.72)
o E 13 (1) 0 18 (7). 1 (1.59) 0.72 (0.70)
duly “EZ - - 14 (2) 183 {18) 1.91 (1.78)  0.77 (0.76)
19799 B3 17 (2} - 195 (47}  1.87 (1.70)  0.70 (0.67) o
£4 15 {2) W5 (1) 187 (1.73)  0.74 (o.72)  D.82  57.69
! 14o(2) 280 (7))  88 (1.43) 0,67 (0.80) . = (14)
E1 20 (2) 401 {7y . .78 (1,77)  0.81 (0.81)
Oct, E2 B 1) 94 (5) 2.06 (1.97) 4.84 (0,83)
1979 E£3 19 (2) 222 (18)  1.84 (1.71) .65 (0.54) 80 76, i
E4 17 (1) 303 (38) .81 {1.42)  0.50 (0.54) 0.80  76.26%
LT 15 (1) 3 (3 126 (1.23)  0.48 (0.48) (19)
cb E gg : :{g Eq; gas _ E;g 1.64 5151% 0,71 (0.72) '
1980 EZ - 19 (2) 300 {7}  T1.8% (1.80) 0.8 (o.ssg 0.69  85.20%r
. B4 17 (13 849 (4y  0.80 (0.87) 0.32 (0.32) (19)
1 18 (2) 333 (6) 2.6 (2.10)  0.78 {0.77)
. £l ;5 ca.g' 193 Eg) 2.03 (1,9’5% 0,79 (0.78)
pr.  E2 1 (2 262 2.18 (2.08) 0.78 (0.75) e
1880  E3 18 (2) 269 {11) 2.3 (2.02) ©0.76 (0.74) O71 . J2.09%
E4 18 (1) 303 (28) 1.93 (1.85)  0.68 (0.87) {20}
cl 19 (3) 218 (9)  2.27 (2.12)  6.83 (0.81) g
: BT 14 (2) 184 {18). .81 (1.67)  0.73 (0.71) .
July €2 - 19 (2) M3 (9) 200 (1.90) 075 (0.75)  goe pe pne
1980 €3 - 13 (2} 208 (21).  1.88 (1.75) 077 {0.75) ‘ :
_ E4. 8 (1) 231 (24) 2.14 (2.08) = 0.79 (0.78) (18)
c1 16 (2) 147 {3)  2.07 (1.98)  0.82 (0.83)
E1 14 (1) 231 (18) 1.73 (1.63)  0.70 (0.B8)
Oct.  E2 18 (1) 268 (22)  2.08 (1.98)  0.7¢ 00.71) 444 sg ygues
1980  E3 18 (2) 398 (33) 2.1 (1.95)  0.77 (0.75) ‘ o4,
‘ £4 16 (1) 193 (4)  1.85 (1.81)  0.75 (0.74) (163
1 ci 17 (1) 178 (10)  1.97 (1.80)  0.77 (0.75)
; , E1 18 (1) 18? ES)) 2.10 Ez.mg 0.79 Eo.‘f:f; )
an. E2 22 {2 # $7y  1.18 (1.12)  6.41 (0.40
1981 £3 17 615 20 (1) .88 (1.88) 0.71 (o.71) O0-B3  8BaZwE
£4 19 - (2) 412 (2) 1.8 (1.57) 0.57 (0,59) {19}
ct 18 (1) 177 () 1.84 (1.89) 0.69 (0.89)

1
f
t
f




Appendix 8. The diversily of prey sizes obtained by litter sampling.

Notes for this Appendix are the same as for Appendix 6.
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Appendix 8. Components of prey size diversitys litter sani : ' ¥
“{a} Ribbon Gum, 4 ' fpies. R

pate’ . Site - Numbars of . Numbers of. Diversity ﬁveﬁﬁass w ) X.a.(& .}
' -~ size classes prey . H : J . T
represented ' - o
October ET - g 202. o -i‘55 o b,-]é_
14873 EZ 10 343 1.38 0.59 ‘ _
E3 10 229 1.59 0.72 0.94 42 N qrEE
E4 10 335 1.49 0.66 (93
| 1 10 236 CT1.38 . 0,63 -
January EZ R 175 1.2 0,65
19 2. .8 : 228 . 1.33 . 0.86 ' g e
g5 - - 6 o 290 © 1,34 097 B.77:0 . B4, TwwE
E4. 10 220 - 1.47 0.67 (9)
c1- 10 ' 265 - .87 0.57 '
Aé::ril Eg ‘13 261" 1.62 .73
1979 E 302 1.41 0.70 —
£3 8 224 1.27 0.63 0,92 AT g
£4 7 266 1.0 0.54 (9)
c1 7 279 1.25 0.66
July ¢ E3 8 200 139 070 |
1973 E3 5 1336 . 118 0.87 S
. UE3 6 130 13 ooy o 088 eI
B4 8 R i+ B 1,43 0.72 ' {9 '
Lot g 188 - .23 o
October €1 7 268 1,04 0,55
1979 E2 174 1,46 0.70 : o
E3 8 144 1.54 0.78 0.9 41867
E4 8 154 1.41 0.71 (9}
ci g 217 1.65 0.78
February E1 7 197 1.28 °  0.88 . . :
1930 B2 8 298 .04 05 :
. B3 8 144 106, o059 - BB 38,57
- E4 E - - 438 - . 0,80 0:51 ' A9
<1 g 236 2 1,18 0.55 i
April BT g 246 . 1.41 - D.6Q .
1980 E2 7 206 - 1.12 0.80 .
E3 g 3 1.36 0.64 0.88 38.81
£4 g 281 .20 0.38 (%)
ci 8 284 1,27 0.63
July E1 7 223 1.26 0.67
1980 . g2 8 . 34 - 1,38 0.68 0.91 35.8gxnx
-~ ES 6 158 1,32 .78 :
© - E4 8 210 1.45 0,72 8y
c1. 7 184 . LN 0.58
Ggtober BT 5 80 131 g.go_ |
1980 B2 g 217 1,09 .51 . whx
E2 2 a e oa4 0.84 3:?.80
E4 7 159 1.47 . 0.80 : {8)
c1 8 228 7.23 0.60
January  E1 8 . 343 ;lgg g.fssg
A9 g2 8 287 . . . 0.90 40, Gk .
. E3 8 212 e o %% N
4 6 233 S 20 0.69 (9)
c1 9 194 1,29 0.6
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Date Site Numbars of : N-um.b.ers: of ! Di i ' | ' 2 .
size classes Drey : l.ve}r_;sity Eveaness W A d.f
i - represented )
October E1l 8 268 .
1978 E2 B 247 12 0
E4 6 ) '
c1 9 295 et 0.6e )
: . 0.83
January  El .8 215 1.98
1978 £2 7 .,308 1,20 . g:gg ' ' .
- E3 B 2a7 - 1.38 . 0.88" 0.83 2g, powd
£4 8 249, 1,34 0.57 (7
| P . )
1 c1 8 282 _ 1.26 0,62
April E1 5 208 1.18 0.68
1878 g2 8 320 1.13 0.55
E3 5 236 . t.33 8,77 0.83 37,177
E4 7 209 1.28 0,58 (9
C & 208 1.24 0.72
13% E; 5 95 1.13 0.75
, g 130 .40 0,82 '
£3 5 255 1.15 0.73 0.%0 - 31.62%
B4 8 425 _ 1.1 ' 0.58 ' (7)
cct 7 297 - 1.30, 0,69
o.:tg"ber £ 9 18 1.3 - 0.74
197 E2 8 237 1.46 0.73 ‘ .
. E3 3 140 1.55 0.79 0.87 39,07+
£4 8 163 1.49 0.75 (9
: 1 g 134 1.36 0.66 -
Fegguary E‘t 10 503 1.29 8,57
19 2 10 3651 .43 0.64 .
, E3. 10 408 1,25 0.80 0.51 40,737
- E4. 10 395 1,38 0.70 (9)
c1 10 3 1.58 - 0.7
Apg‘;ji! £1 7 - 1.21 0. 64 -
19 £2 8 - 210 1.42 0.71 ' .
E3 8 278 1.26 0.62 0.78 35.33=
E4 g 186 1.18 0.56 (9)
1 ch 7 212 1.37 0.73
3 nggy E1 6 118 . 1.223 o:zg
; 1980 E2 7 238 1.47 0.8 -_—
1 E3 5 208 1,04 o8 084 29.86%%
) B4 7 247 12 0,59 7
o 6 169 .19 0.69
3 October . E) 8 156 1.37 o.gg
1980 E2 2] 128, 1.24 0.861 ' : -
E3 7 179 - e oee OB 34,47
E4 8 208 1.47 0.74 (8)
c 5 243 1.30 0.61
Jaguarv E1 10 218 1.61 0.73
1881 E2 8 198 1.30 0.64 —_—
E3 10 236 1.27 o.gg 0.92 41&;‘;
E4 9 281 1.54 0.
c1, g 273 - 1.20 0.57




Appendix 8. Components of . ize diversi R 314 S
| (&) Under g PFEY‘ size diversity: litter samples, _ <L
Date .- Site Numbers -af.'. N — : ' : o
' © size classes u$23rs of DNEII-‘{:‘?IW Evenness W : Xz(-d T3
. represefited ' ; J ' o
— - N
1978 E2 7 204 SR Y
: E3 8 242 }'2'8 0.85 " g.93 g |
£4 9 150 v oe o |
e 7 ¢ : 35 87
159 .33 0.71 &
January E1 9 v
1679 £2 5 gg}a :)gé o
; €3 e ’
G 10 240 %S; 823 9
f Aprit E1 8
1979 E2 9 Sﬁg H? g'gg
£4 5 309 1.3 '
o 5 38 . 0.75 (9)
1.30 0.64
July E1 7 (
1979 E2 7 ,l_g% : 32 g;g
1 E3. 7 180 1,44 0.77 0.92 43, 20%
£4 g 266 1.97 0.55
¢ 7 220 1.36 ' 9
. 0.72
Ociober E1 - g .
1979 £2 "9 Y ' Hg gg '
Ei ; M7 ) '1:!15 . 0:80 . 0.92 IR
4 - 73 w3 S
: < 7 18 . .28 0.68 e
Eobruary E1 3 e !
1980 E2 7 ;;(15 Hg 081 ' e
R & 278 .31 o.es B8 3990
_ 836 - . 0.87 0.43 o '
c1 10 399 120 0.54 ®)
April E1 7 0T - : 0. Bt
1980 E2 8 M 1w 08 e -
E3 8. 269 -~ 1.0 o530 08 34,57
(E;% K 178 2 0.58 (8)
| _ - 7 451 1,27 0.66 :
July E1 7 167 .28 .68
1980 £2 7 222 : '-"::gg o gﬁg - :
£3 & 197 1.36 0.79 0.92 32,39+
g 8 248 1.22 0,61 7
7 294 1,12 0.59
October  ET 8 176
1980 E2 7 zzz Hg gﬁgg
e3 8 193 1.20 064 08 35. 71k
£ 7 260 1,38 0.74 8
¢ & 163 1.49 0.89 ®
Januvary E1 8 45
1981 E2 9 %98 h :gg o8
E3 10 210 ‘im0 09 .78
E4 7 173 1,20 0.64 (9)
c1 8 148 1.14 0.57
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i Appendix 8. Components of pray size diversity: litter samples., !
i {d} Qpen il
Uate - = Site Numbers of Numbers of Diversity  Evenness v xz(d,f_)
size glasses prey : + J v
repreaseniad : ‘ :
October &1 8 230 432 0.5 L
1978 E2 ] 185 - 1.0 0.53 L : S
£3 9 260 1.31 0,62 0.84 373w
E4 -9 244 1.46 0.89 : (9) I
c1 8 244 - 1.43 0.68 i
January E; : g 3T o 1.24 0.71 i
1979 E 288 ©. 1,08 0.52 ¥
E3 6 357 1.02 0.58 0.55 38. 11w i
E4 7 an 1.09 0.57 (9) I
oy 7 196 1.26 - 0.87 i
g [
April 1 8 278 1.16 0.67
1972 £2 7 230 1.37 0.73 _ W
£3 g 232 -~ 1.37  0.88 0.90 A0.40%
Ed 7 205 1.37 0.73 () oy
cl 8 294 1.2 0.54 3
July  E1C 6 118 1.01 0.50
1978 ‘g2 8 - 183 1.22 0.71 een >
. E3 7. 195 1 24 0.66 0.88. 35, 3g= [
£4 7 175 1.13 0.61 (8)
¢ B 260 1.06 0,51
Oetober  E7 ' 1] 389 1.12 g'gg : o
1979 g2 9 a4 - 1,5 .7 -
£3 7 222 .28 0.y 08B 38.85T
Ed 7 303 . L 1.04 0.55 - (9)
cl 7 311 1.18 0.6
February E1 8 Zgg o 83_} 833
: 1980 EE . 7 . + b3 B P
B3 B 300 0,95 0.54 0,78 35.27
E4 6 - 849 0.37 0.21 {(5)
: c1 7 333 0.97 0.51
CApril B 7 193 1§§ 8.gg .
1980 EZ 8 262 1. . . A L
E3 8 269 © 120 0.y 080, .. 3G ]
E4 8 303 1,38 0.58 {9) .
C1 7 219 1,19 0.63 . SO :
July El 6 164 . 1.04 0.60
L ER 8 209 1.20 0.89
E4 7 231 1.18 0.63 N
c1 5 147 1,27 0.74
October £ 7 231 1.23 0.65
1980 . B2 g 264 .27 0.60 0.78 35, 2Rk
£3 10 398 1,18 0.53 _
£4 7 193 1.19 0.83 (9)
eI 5 178 1.07 0.62
January  El 6 186 1.06 0.62
1981 - E2 7 611 1.18 0.61 0.54 4D PR
E3 8 241 1.24 0.61 (9)
E4 7 412 1.09 0.57
¢ 8 177 1.29 0.65
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Appendix I. Studies concerning the small marsupials of Australia

and New Guinea.

C, R. Dickman. (Ph.D. thesia, The Australian National University,
Canberra.)

Superscripts placed io tHe 1left of the first author’'s°name refer to
studies that provide evidence suggestive of competition. The numerical
value of the superscript {1-4) wafers to the maximum number of possible

- examples of competition between different pairs of species in that study.

Imbracketed superscripts refer to studies that provide evidence suggestive -
of competition among small marsupials, bracketed superscripts to those : “
providing evidence suggestiﬁfggﬁxcompe%ition between small marsupial

and eutherian mammals, L

kil

Supsrscripts are omitted if a study discusses.or reitsgratss the. findings

of a previous study. For example, although Main (1961) discusses '
possible compsetition among Macropadidae, his discussion adds little to

the original observations of Serventy (1951), and a superscript fox this
study is therefore inappropiate. Hope (19?4) also restairs the observations
of a previous study (Hope 1973), so again no superscript is provided. N

J/'
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Appendix I,

1. STUDIES CONCERNING' THE SMALL IQRSUPIALS OF AUSTRALIH

“

ditken, P.F. (1969). The mammals of the Flinders Ranges. Pp.255“35% in
"The Natural History of the Flinders Ranges". (Ed. D.W.P. Corbett).
Libraries Board ¢f South Aust.: Adelaide. :

Aitken, P4F. (1971). Rediscovery of the large Desert Sminthopsis «

(Smlnth0951s psammophilus Spencer) on Eyre Peninsula, South Australia.

Vict. Mat. 88: 103-111.

I!J, o !
Aitken, P.F. {&B71). Planlgjle tenuirostris Troughton.o Thé& Narrow-noseg
planigale, an addition to the mammal fauna of Zouth Austral®a. S. Aust.

P

Hat. 45:18.

™
e

Aitken, P.F. (1972}. Planigale gilesi (Mrsupialiam, ﬁasyuridae); a Tew W @
species f£ram th2 interior «¢Ff south z¥stern Augfiralia.  Hece S. Aust.
Mas. 16:1-14.

Aitken, P.F. (Lg?Z). JSmintansis murina {¥Waterhouse) 1838, A new record)
from Kangaroo Island, South @ustralia. 5. Aust. Wat. £6: 36-37.

aitken, P.F. (1973). Mammals . Pp156-166 in "Yorke Peninsula : A Natural
History". (Ed. D. Corbhett). Dept. of adult Igincation, Univ. of
Adelaide, Adelaide. '

. e ij :

Aitken, EB.F. (1977). Rgdlscovcry of ﬁwamp Antechirug in Gowth Mustralia
after 37 years. . Aust. W, 5% 28-30.® . Ak

Aitken, P. {1979). Th@) tamgﬂ of endangered Australian woiikpts, bandiceots
and the marsupial mole. ¥p.61-65 in "The Status of mnﬁangared
Australasian wildlife". (Ed. Malg ‘Tylex). Roy . Zool. fwe. of S.
hAust., Adelaide. ; B

Anon (1972}. Report on the mammals, yiptiles and amphibians of the north
Strathbdgie Ranges, Blue Range and Koetong Plateau areas of Victoria for L
the land Conservation Council of Viet&ria. Unpubl. Rep. G” Yhrch 1972. -
National Maseunt of Victoria, M2lb. (no pagination).

Anon (1973f. Report on the arboreal and othexr mammals of the ;Eﬁyvale

' Block, Koetong Plateau, north-eastern Victoria for the Land Conservatio®)
Council of Victoria. Unpubl. Rep. Jan. 1973, National Misetm of
Victoria, Melbourne (no pagination). ;

archer, M. {1975). Ningaul, a new genus of tiny @syurids (Marsupialia) and -
two new species, N. t3 §§leyi and N. midei& from arid Western Austradia.

Mam. 4 Mis. 17; 237-24%.

[

fircher, M. (1976}, Miocene marsupilcarni@res (Mrsppialia) from centrad &
South Rus¥gilia, Ankotarf?}a tirarensis gen. et sp. nov., Xeeung
woodburnei, gen. et sp. nov., and their significance in tpms of early
marsupial z&diations. Trans. R. Sec. 8. aust. 100: 53-73.

Archer, M. (1977;. Revisioﬁ of the dasyurid marsupial genus Ante%@ﬁnomys
Kreffte %mu m Mis. 18: 17-29. )
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Archer, M (1978). Mrdern fauna and flora of the Texas Caves area, 7
southeastern Queensland. HMem. Qd Mas. 19: 111-119.
Brcher, M. (1978). Quaternary vertebrate faunas f£rom the Texas Caves of
goutheastern Queensland. Mwn . 0d Mis. 19:61-109. /r
: /
Archer, M. (1979}. The status of Aust?allan dasyurids, thylaC1ﬁldS/é£d
myrmecobiids. Pp.29-43 in "The Status of Endangered Australasidn
Wildlife” (EBd. M.J. Tyler). Roy. Zool. Soc. S. Bust., Adelaide.
) Zrcher, M. (1979). Two new species of Sminthopsis Thomas (Dasyuridae:
L]

Marsupialia) from northern Australla, S. butleri and S. dougla51 aust .
Zool. 20: 327-345.

Archer, M. and Rich, . {1979). Wakamatha tasselll gen. et sp. nov., a
fossil dasyurid (Marsupialia) from South Rustralia convergent on modern
Sminthopsis - Mem. Q4 Mis. 19: 309-317.

Aslin, H.J. (1975). Reproduction in Antechinus maculatus Gould
(Dasyuridae) - Aust. Wildl. Res. Z: 77-80.

Aglin, H.J. (1876). Discovery of a new dasyurmd marsuplal in South
Australia. 8. Bust. Nat. 50: 39-41.

Aslin, H.J., Forres t, J.2. and James, C.T. (1981). Mammal Club Report: A
trapping study of small mammals in Cleland Conservation Park, and the
effect of prescribed burning. 8. Aust. Nat. 55: 36-45.

Barnett, J.L,., How, R.A. and Humphries, W.F. (1976). Mmmals of Clouds
Creek, northeastern INew South Wales, and their distribution in pine and
native forests. Aust. Zool. 19: 23-34.

Barnett, J.L., How, R.A. and. Humphries, W.F. (1978). The' use of habitat
components by small mammals in eastern Australia~ Aust. J. Ecol. 3:

277~-286.
Bartholomai, A. (1972). Aspects of the evolution of the Australian
° marsupials. Presidential Address. Proc. R. Soc. {4 €2: V-XVIII.
Baynes, A., Merrilees, D. and Porter, J.K. {1976): Mimmal remains from the

upper level of a late Pleistocene deposit in Devil's Lair, Western
Australia. J. Proc. R. Soc. W. RAust. 58: 97-126.

ﬁ&gq,.R J.  (1981). The small mammals of Little Wourlangie Rock,; ¥M.%P. IT. S
Ecology of Antechiaus bilarni, the Sandstone Antechinus (Dhrsuplalla
Dasyuridae). Aust. Wildl. Res. 8: 57=72.

BEgg,qRﬂg.' £1981). The small mammals of Little Nourlangie Rock, N.T. IIX.

Ecology of Dasyurus hallutatus, the Northern Quoll (Mrsupialia
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