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CHAPTER 1.

INTRODUCTION AND AIMS OF STUDY

Animal communities are typically comprised of a few common species and many rare
ones (Krebs 2005). But why are some animal species rare and others common, and
are there identifiable ecological and behavioural characteristics that predispose some
animal species to rarity and others to commonness? These are increasingly important
questions as continuing habitat destruction and over-exploitation significantly decrease
populations of what were common species and threaten the existence of many rare
species (Gaston and Fuller 2008). Rare species are generally considered more at risk
because of the inability of small population sizes to recover from stochastic events or
habitat loss (Hutchinson 1959; Caughley and Sinclair 1994; Davies et al. 2004). While
many rare species are not currently at risk of imminent extinction, threatened species
are typically rare. Consequently, conservation at the species level is primarily focussed
on rare species with common species, often in the same taxonomic group, generally
receiving less attention (Gaston and Fuller 2008).

However, species that are currently common and widespread are also under pressure
from human population growth and the predicted effects of climate change (Gaston and
Fuller 2008).

Moreover, studies have shown commonness in animal and plant

populations is itself rare and that there are fewer common species than rare ones
(Hutchinson 1957, 1959; Gaston and Fuller 2008). Notwithstanding, Rabinowitz (1981;
Rabinowitz et al. 1986) identified seven different forms of rarity but only one form of
commonness: „species with a wide geographic range, broad habitat specificity, and
somewhere a large local abundance‟.
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It is clear, however, that relatively small proportional reductions in the abundance of
common species can remove a significant number of individuals from assemblages
across large geographical areas (Gaston and Fuller 2008). The ecological importance
of common species is further demonstrated by the fact they form much of the
characteristic structure of most community assemblages and ecosystems (Gaston and
Fuller 2008). Recent historical records show, however, that many previously naturally
common species have undergone substantial declines and extinctions (e.g., passenger
pigeon Ectopistes migratorius, rocky mountain grasshopper Melanoplus spretus)
(Gaston and Fuller 2008).

Rare species are generally described as very uncommon or scarce organisms with low
abundance and/or small geographical ranges (Gaston 1994). However, the concept is
also influenced by species that have a very narrow endemic range and/or fragmented
habitat (Macnally and Brown 2001). Hanski (1982) found that rarity was common and
widespread (also refer to Brown 1984; Orians 1997; Gaston and Fuller 2008), and
much earlier Darwin (1859) believed that “rarity is the attribute of a vast number of
species in all classes, in all countries”. More recently, Kunin (1997) concluded that all
species are rare somewhere. Studies have shown, however, that some species are
rare everywhere (Orians 1997).

There is a growing body of published evidence indicating that rare and common
species (however defined) differ overall in a number of important aspects (Gaston
1994). However, few comparative studies of biological traits of closely-related rare and
common species have been conducted (Gaston and Kunin 1997). Evaluation of the
relative importance of rarity characteristics are difficult as for the most part only those
studies that find significant differences in the biological traits of rare and common
species are likely to be published (Gaston and Kunin 1997).

There are diverging

opinions as to what constitutes rarity and rarity characteristics in population and
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community biology (e.g., Mayr 1963; Drury 1974; Harper 1981; Margules and Usher
1981; Rabinowitz 1981; Reveal 1981; Cody 1986; Rabinowitz et al. 1986; Hanski 1991;
Reed 1992; Gaston 1994, 2003).

Kunin (1997) described rarity as a trait of species‟

population and environment rather than an attribute of an individual organism. But as a
rule rarity is generally expressed using one or two of the following variables:
abundance, range size, habitat specificity, temporal persistence, threat, gene flow,
genetic diversity, endemism, taxonomic distinctiveness (Gaston 1994). One of the key
hypotheses underlying rarity characteristics is that naturally rare species can become
further influenced by the laws that govern which species become rare in the first place
(Kunin 1997). The major limitation when exploring the diagnostic traits of rare and
common species is that most rare taxa are little known e.g., “the reality of rarity is we
don’t know anything about that particular species” (pers comm. Bomar in McDonald
2004). Critical information gaps include basic knowledge of their ecology, abundance
and distribution patterns, species-habitat relationships, life history, and potential
responses to disturbances (or global warming). A selection of published studies and
essays on the characteristics of rarity and commonness in species are reviewed in
Section 1.4.

Study species
Prior to this study little was known of the ecology of the rare Pygmy White-tailed Rat
Uromys hadrourus and, surprisingly, only basic distribution and population data was
available on its sister species the more common Giant White-tailed Rat Uromys
caudimaculatus.

Uromys caudimaculatus represents a naturally common rodent

species i.e. a species occurring in relatively high abundance through a wide range of
habitats and possessing a large range size that is probably still extending (Moore
2008). In contrast, Uromys hadrourus appears to be one of the most naturally rare of
Australian rodents, occurring in extremely low abundance and currently known from
only three restricted rainforest locations in north Queensland. The rainforest habitat at
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these locations is relatively unaffected by anthropogenic habitat loss or degradation
(Moore and Winter 2008).

1.1

ORIGINS OF AUSTRALIAN RODENTS

All Australian rodents belong to a single family, the Muridae, which probably derived
from a radiation of rodents from the East Asian regions during periods of temperature
instability and decreasing sea levels in the Miocene. The temperature fluctuations of
the Pleistocene resulted in expansion and contraction of the ice sheet, with sea levels
dropping by as much as 140 metres (Hope 1996; van Oosterzee 1997), exposing land
bridges connecting Australia and New Guinea; this facilitated later radiation. Although
the vegetation of the land bridges was likely a mosaic of savannah woodlands with
gallery forests and extensive low-lying swamps (Torgersen et al. 1988), some early
connections were certainly corridors of closed forest (Flannery 1995; Aplin 2006;
Oosterzee 2006; White 2006). Watts and Baverstock (1996) hypothesised that rodents
reached the Indonesian islands and New Guinea between 10-8 mya where they rapidly
speciated before crossing from New Guinea to Australia some 5-7 mya (Aplin 2006).
Although murines were widely distributed across the Sundland Platform i.e., Lesser
Sunda group of islands (Indonesia) by 10 mya, molecular clock estimates suggest they
did not reach Australia until 7-9 mya (Watts et al. 1992; Watts and Baverstock, 1994a,
b, 1995a, b).

On the available evidence, therefore, the following two broad „radiation

events‟ of murines between Australia and New Guinea seem to have occurred in the
following sequence:
 ~5-7 mya
Arrival of the Australo-Papuan Old Endemics represented by the arid-adapted
Conilurine rodent(s) ancestors of Conilurus, Mesembriomnys, Notomys, Leggadinia,
Pseudomys, Xenuromys, Uromys, Melomys, and Zyzomys.
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 1-0.5 mya
Arrival of the Australo-Papuan New Endemics represented by eight species of
native rats, all in the genus Rattus (Breed and Ford 2007). Movement of rodents
have not been all one way. Current distributions and phylogenetic relationships
suggest that the Australian murine species Rattus sordidus, Pseudomys delicatulus,
Xeromys myoides, and Conilurus penicillatus may have crossed from Australia to
New Guinea, and colonised the trans-Fly plains of southern and south-eastern New
Guinea (Flannery 1995, Aplin et al. 1993; Aplin 2006).

1.1.1

Mosaic-tailed rats

In Australia, the rodent group known as „mosaic-tailed rats‟ comprise the genera
Melomys and Uromys and are generally referred to as „Old New Guinea Endemics‟
(Tate 1951; Groves and Flannery 1994; Flannery 1995). The group name derives from
the mosaic pattern of interlocking scales on the tail instead of the more annular tail
scales of other rodents. The tails are sparsely-haired and appear to be naked in some
species (Watts and Aslin 1981). The tail of Melomys, the smaller-bodied genus (50120g) is semi-prehensile. The tail of the larger-bodied Uromys caudimaculatus (500900g) is not prehensile but can curl over a surface, its rasp-like scales contributing to
the grip (Moore 2008). In contrast, while strongly proportioned, the tail of Uromys
hadrourus appears to have no obvious capacity to clasp branches or otherwise assist
in climbing shrubs or trees. There are currently three recognised species of Melomys
in Australia: Melomys cervinipes, M. capensis, and M. burtoni; and two species of
Uromys; Uromys caudimaculatus and U. hadrourus. New Guinea supports a greater
diversity of both genera, with at least eleven species of Melomys and five species of
Uromys, which includes U. caudimaculatus.
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1.1.2

Distribution and taxonomy of the Genus Uromys

First named by Peters (1866), the genus Uromys has been subjected to numerous
taxonomic revisions. Tate (1922) divided the genus into three groups i.e., Uromys,
Melomys, and Solomys based on the structure of the feet, skull morphology, and tail
size.

Rummler (1938) recognised five species in the genus Uromys (U. anak, U.

salamonis, U. imperator, U. caudimaculatus, and U. neobrittanicus. A further revision
by Tate (1951) resulted in the deletion of U. neobrittanicus and the recognition of an
additional five species; U. sapientis, U. salebrosus, U. porculus, U. ponceleti, and U.
rex to total nine.

Due in part to its wide range and morphological diversity, the least

taxonomically stable of the species has been Uromys caudimaculatus (Groves and
Flannery 1994).

Rummler (1938) recognised six subspecies of caudimaculatus:

caudimaculatus and sherrini from Queensland, seibersi from the Kei islands, aruensis
from the Ari Islands, validus from New Guinea and nearby islands, and barbatus from
montane New Guinea. Tate (1951) subsequently placed barbatus in a monotypic
genus Xenuromys. In the latest revision of Uromys, Groves and Flannery (1994)
recognised a group of nine species based on a suite of derived morphological
synapomorphies. They concluded that Uromys was monophyletic and comprised nine
species in two subgenera (Figure 1.1, Table 1.1).
caudimaculatus, is found both in New Guinea and Australia.

Only one species, U.
Figure 1.1 shows the

most parsimonious cladogram for the genus Uromys presented in Groves and Flannery
(1994). The distribution of Uromys in Australasia (Groves and Flannery 1994, Flannery
1995) is shown on Figure 1.2. Three subspecies of U. caudimaculatus have been
tentatively recognised based on morphology (Groves and Flannery 2004): U. c.
caudimaculatus (north-east Queensland and throughout the trans-Fly plains of New
Guinea); U. c. multiplicatus (mainland New Guinea); and U. c. papuensis (mainland
New Guinea but excluding the trans-Fly plains and the Gulf of Papua).
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TABLE 1.1
Worldwide distribution of Uromys species
Location

No.
Species

Species names

PNG & islands

5

anak, neobritannicus, emmae, boeadii,
caudimaculatus.

Solomon Islands

3

imperator, rex, porculus (porculus = possibly extinct).

Australia

2

caudimaculatus, hadrourus.

FIGURE 1.1
Phylogeny of Uromys proposed by Groves and Flannery (1994) based on
cladistic analysis of morphological features.

Most

parsimonious

cladogram

for

the

genus
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Uromys

produced

by

Hennig86.

FIGURE 1.2
Distribution of Uromys in Australasia (from Groves and Flannery 1994, Flannery 1995)
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The molecular distances between U. caudimaculatus and other New Guinea Uromys
(U. anak & U. neobrittanicus) are large, corresponding to a divergence date in excess
of 2.5mya (Watts and Baverstock 1994a).

Hence it is possible that the

caudimaculatus-hadrourus lineage has had a long history in Australia. Alternatively,
the ancestor of U. hadrourus may have entered Australia separately and much earlier
than U. caudimaculatus (Aplin 2006).

Some regional differentiation has occurred within U. caudimaculatus and this is
reflected by chromosomal differences between northern and southern populations in
Australia (Baverstock et al. 1977a), and between these and the New Guinea population
(Donnellan 1989), but no molecular comparisons are available. There is considerable
size variation within the genus with weights ranging from 230g (U. hadrourus) to 1100g
(U. anak and U. caudimaculatus) (Figure 1.3).

FIGURE 1.3
Comparison of body weights of members of the genus Uromys
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Apart from U. caudimaculatus and U. rex, which are believed to be scansorial (adapted
for climbing and/or to live predominantly in trees), the majority of Uromys spp. appear
to be terrestrial in habit.

However, further research into this little known genus is

needed to clarify the ecology of its members. Although U. porculus from Guadalcanal
is possibly extinct and little material exists of the species apart from the original type
specimen collected in 1889 (Groves and Flannery 1994), it does appear to be larger
than U. hadrourus (Winter 1984; Groves and Flannery 1994). Thus, U. hadrourus is the
smallest Uromys spp. while U. caudimaculatus is one of the largest.

1.2

STUDY SPECIES

1.2.1

Giant White-tailed Rat Uromys caudimaculatus

Abundance and distribution
The giant white-tailed rat is one of Australia‟s largest rodents, with adults attaining
~900g in weight (Figure 1.4). Uromys caudimaculatus occurs in northeast Queensland
and on some off-shore islands (Moore 2008), and is also found throughout New
Guinea. Figure 1.5 shows the extent of its predicted distribution in the Wet Tropics of
north Queensland based on bioclimatic modelling, and identifies the location of the
study area for this project (Williams 2006).

The Mt Bartle Frere – Bellenden Ker

subregion was not identified as core habitat due to a lack of ecological data on this
species at the time of mapping. The map shading represents the predicted climatic
habitat of the species, which ranges from „range‟ (lightest shade) to „core‟ (darkest
shade) (Williams 2006). Although no density estimates have been calculated prior to
this study, U. caudimaculatus is considered moderately common in rainforest and
associated habitats at all altitudes (Moore 2008).
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FIGURE 1.4
Adult female Uromys caudimaculatus caudimaculatus (650g).
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FIGURE 1.5
Distribution of Uromys caudimaculatus in the Wet Tropics of Australia

12

The first of the two chromosome races identified in the Australian population
(Baverstock 1977a) ranges from Townsville to Cooktown and is physically separated
from the northern form, which is found in the Iron and McIlwraith Ranges. Although
relatively common in fragmented habitats, U. caudimaculatus is most abundant in
continuous forest. Little is currently known of its population dynamics and general
ecology. The species is known to utilise a wide range of non-rainforest habitats e.g.,
wet sclerophyll, melaleuca swamps, woodland, orchards, and a variety of agricultural
and urban situations. Recently it has been found to be plentiful within the riparian
vegetation of streams traversing dry woodland habitat many kilometres from rainforest
and more mesic habitats (Gabriella Eris pers comm., 2008; Moore 2008). This dry
woodland ecosystem is considered to be key habitat for the black-footed tree-rat
Mesembriomys gouldii rattoides, and may indicate an extension of distribution for U.
caudimaculatus and a significant habitat competitor for Mesembriomys g. rattoides.

Diet
Uromys caudimaculatus is scansorial (climbing or adapted to climbing), enabling it to
forage on nuts and fruits while these are still on a tree. It also forages extensively on
the ground and has a diet that includes fruits, nuts, fungi, insects, small reptiles,
amphibians, crustaceans and bird eggs (Moore 2008). Strong jaws enable it to break
into hard-shelled rainforest fruits that are resistant to most other rodents. It caches
uneaten seeds, a behaviour which is thought to assist in the dispersal of hard-shelled
palatable tree seeds particularly in rainforest fragments (Harrington et al. 2001;
Theimer 2001, 2003).

Laurance et al. (1993) concluded that the white-tailed rat

(Uromys caudimaculatus) was a highly adaptable omnivore and an important predator
on bird nests.

Voice
The species is vocal and makes loud rasping calls when disturbed.
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Breeding
Females have four teats and the gestation period is approximately 41 days, after which
a litter of two to three young (rarely four) is born (Watts and Aslin 1981).

Predators
Known predators are the lesser sooty owl Tyto multipunctata, which takes individuals
up to 300g in weight, pythons Morelia sp., spotted-tailed quoll Dasyurus maculatus,
and the rufous owl Ninox rufa (seen with a partly-eaten large adult in its claws). It is
likely that the barking owl, dingo, and feral cat also prey on this species (Moore 2008).

Rarity classification
In this study U. caudimaculatus has been categorised as a “naturally common species”
partly based on Fretwell‟s principle that an abundant species is one which occupies
many habitat types (Fretwell and Lucas 1970). Uromys caudimaculatus possesses
other traits of commonness including: a relatively wide geographic range (New Guinea
to Australia), a comparatively high abundance throughout most of the habitats the
species utilises, a varied and adaptable diet, and high dispersal abilities (dispersal
abilities e.g., Macgowan and Walker 1979; Glazier 1980; Crowson 1981; Reveal 1981;
Hanski et al. 1993; Rabinowitz 1986; Gaston 1994; Cotgreave and Pagel 1997;
Blackburn and Gaston 1997; Kunin and Gaston 1997). A number of other variables
have been used to distinguish between natural commonness and natural rarity and
these are discussed in Section 1.5 of this chapter, and again in Chapter 8.

1.2.2

Pygmy White-tailed Rat – Uromys hadrourus

Abundance and Distribution
The pygmy white-tailed rat Uromys hadrourus was discovered in 1973 on the summit of
Thornton Peak, tropical north Queensland. A detailed description of the species is
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given in Winter 1984. At an adult weight of 170-230g, U. hadrourus is the smallest
member of the genus Uromys (Figure 1.6). The map shading represents the predicted
climatic habitat of the species, which ranges from „range‟ (lightest shade) to „core‟
(darkest shade) (Williams 2006).

As for U. caudimaculatus, the Mt Bartle Frere –

Bellenden Ker subregion was not identified by Williams (2006) as core habitat due to a
lack of ecological data on this species at the time of mapping. Originally described as
a species of Melomys, Groves and Flannery (1994) moved hadrourus from
Melomys to Uromys and, along with Campbell (1996), concluded it was probably a
sister species of U. caudimaculatus. Uromys hadrourus is a member of a group of
species that are endemic to the Townsville to Cooktown region and considered to
be „relicts of a wet and cool-adapted fauna which may have originated in Australia
from a common pre-Pleistocene stock of Australia and New Guinea’ (Winter 1984).
The species is listed as Rare (Queensland Nature Conservation Act 1992). Uromys
hadrourus has only been recorded at three sites, each located in undisturbed
rainforest: Thornton Peak and McDowall Range, Mt Lewis, and the western slopes of
Mt Bartle Frere above 700m altitude (Moore and Winter 2008).

The original type

specimens of U. hadrourus (six individuals) were caught on the ground in rainforest on
the Mareeba Granite of the Thornton Peak massif. Vegetation at the type locations
varied from simple microphyll vine-fern thicket with a canopy height of 6-12 metres,
simple notophyll vine forest with a canopy height 25-35m, and mesophyll vine forest
(Tracey 1982). Captures were made in areas with dense understorey, fallen logs, and
numerous boulders and all were located near creeks (tributaries of Hilda Creek), or the
heads of gullies (Queensland Museum 1976, Winter 1984). Little is known of its habits
in the wild although it was originally thought to be scansorial (Winter 1984; Harrington
et al. 2001).
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FIGURE 1.6
Adult female Uromys hadrourus (200g).
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Figure 1.7 shows the predicted distribution of U. hadrourus from bioclimatic modelling
(Williams 2006). The encircled locations are: 1) Thornton Peak and McDowall Range
(type location); 2) Mt Lewis (skull fragment); and 3) Mt Bartle Frere study site.

FIGURE 1.7
Distribution of Uromys hadrourus in the Wet Tropics of Australia (Williams 2006)
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The absence of U. hadrourus from rainforest fragments (Harrington et al. 2001) may
indicate that its populations have declined on the Atherton Tablelands and elsewhere
due to fragmentation (Moore and Winter 2008).

Alternatively, its current known

occurrence may reflect the original distribution and abundance due to the species‟
narrow habitat selection and natural rarity (Gaston and Kunin 1997).

Morphological description
The original description of the species described the pes colour as “skin cream-buff”
and this attribute contributed to the morphological cladogram of Groves and Flannery
(Figure 1.2). However, this observation was an error caused by discolouration due to
the preservation of the specimen in 100% alcohol. The pes of U. hadrourus is variably
coloured, ranging from light purple-brown to dark brown-purple (Figure 1.8).

Pes

photographs of all captures showed individual colour patterns remained unchanged
throughout the study, and that no two animals marked in the study possessed identical
patterns.
FIGURE 1.8
Pes colouration of Uromys hadrourus
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Diet
Available data suggest that although predominantly vegetarian the species also feeds
heavily on large passalid beetles and other insects obtained from rotting logs (Moore
and Winter 2008).

Voice
There appears to be a sex difference in calls with females being particularly vocal
(Moore and Winter 2008), producing a whining call which, although softer, is
reminiscent of the vocalisation of U. caudimaculatus.

Breeding
Similar to U. caudimaculatus, female U. hadrourus have four teats. Gestation period in
this species is unknown but is probably between 38 days (Melomys cervinipes) and 41
days (U. caudimaculatus).

Predators
Uromys hadrourus is potentially more vulnerable to predators because of its smaller
adult size.

Known predators are the lesser sooty owl Tyto multipunctata, pythons

Morelia sp., spotted-tailed quoll Dasyurus maculatus, and the rufous owl Ninox rufa
(Moore and Winter 2008).

Rarity classification
In this study, U. hadrourus has initially been categorised as a “naturally rare species”
partly based on Fretwell‟s principle (Fretwell and Lucas 1970) that rare species are
often restricted to a small number of habitats within a number of more widespread
habitats. Other potential indicators of rare species include: a relatively small geographic
range (isolated populations within the Wet Tropics of Australia), low abundance at most
of the locations where it has been recorded, habitat specificity and restricted habitat
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distribution, and low dispersal abilities (e.g., Glazier 1980; Crowson 1981; Reveal
1981; Macgowan and Walker 1985; Hanski et al. 1993); Rabinowitz 1986; Gaston
1994; Cotgreave and Harvey 1992; Blackburn and Gaston 1997; Kunin and Gaston
1997). Additional variables have been used to distinguish between natural
commonness and natural rarity and these are discussed in Section 1.6 of this chapter
and further in Chapter 8.

1.3

PREVIOUS SMALL MAMMAL STUDIES IN NORTH QUEENSLAND

A number of terrestrial small mammal population studies have been conducted in the
rainforests of north Queensland. Only one, however, explores the population dynamics
of sympatric rodent species. Leung (1994) examined the ecology of three species of
small mammals in the Iron Range area of Cape York Peninsula: Cape York rat Rattus
leucopus leucopus, the Cape York antechinus Antechinus leo, and Cape York
melomys Melomys capensis. Their congeners in the southern rainforest of the Wet
Tropics were examined in this study: Rattus leucopus cooktownensis (subspecies), the
Atherton antechinus Antechinus godmani, and the fawn-footed melomys Melomys
cervinipes.

The comparative ecology of these two north Queensland mammal

populations (Cape York Peninsula and Atherton Tableland) is described in Chapter 4.

The effect of forest fragmentation on the diversity and abundance of terrestrial small
mammal species was explored in two separate studies on the Atherton Tablelands in
the Wet Tropics World Heritage Area (Laurance 1994; Harrington et al. 2001). The
composition and abundance of mammal populations in continuous rainforest were
found to differ significantly from those in fragmented forest. Laurance (1994) found that
differences in species accounted for only 10.2% of variation in abundances of species
in continuous forest, but 37.1% in fragments. Rodent assemblages in fragments
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appeared more intensively structured and less random than those in continuous forest
controls. Total rodent abundances in small and large fragments exceeded those in
continuous forest sites by 20% and 27% respectively. Rattus fuscipes and Uromys
caudimaculatus were more abundant in continuous forest, whereas Rattus leucopus
decreased sharply away from fragments. Forest-dependent species (Antechinus spp.
and Hypsiprimnodon moschatus) were more than twice as abundant in continuous
forest. Assemblages of „common‟ native rodents were significantly more abundant in
fragments with strong competitive interactions thought to occur between ecologically
similar Rattus species (Laurance 1994).

In a later study of rainforest fragmentation on the Atherton Tablelands, Harrington et al.
(2001) also found that Rattus leucopus was most abundant in fragments while R.
fuscipes occurred at higher densities in continuous forest. They also concluded the
Uromys caudimaculatus abundance was positively correlated with the size of fragment
but peaked in continuous forest. Melomys cervinipes was captured in similar numbers
in both continuous and fragmented forest. The paper did not address differences in
ecology or population dynamics of small mammals between the two habitats. Seed
predation of the large fruited rainforest tree Beilschmeidia bancroftii by Uromys
caudimaculatus was examined by Theimer (2001, 2003) who found that uneaten B.
bancroftii seeds were cached up to 80 metres from the parent tree. This dispersal of
large fruits was thought to have an important role in altered habitats such as fragments
due to a scarcity of other effective dispersers.

Williams and Marsh (1998) found there were changes in the structure of the small
mammal assemblage across the rain forest to open forest ecotone. Species richness
remained relatively constant across the gradient but the evenness and diversity of the
assemblage declined across the transition from open forest into rain forest. Mammal
biomass increased in the rain forest, largely due to the high abundance of Rattus
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fuscipes. They concluded that while species richness of the small mammal assemblage
was not determined by the spatial heterogeneity of the vegetation structure, the
evenness (and therefore the diversity of the assemblage) was strongly affected by
habitat heterogeneity. The ecology of the three Antechinus species known to be
present on the trapping grids, Antechinus adustus, A. flavipes rubeculus and A.
godmani, has been previously looked at in upland rainforests (Watts 1997).
Comparison of her trapping success with capture data for temperate populations of A.
stuartii and A. flavipes suggested that Antechinus densities in the Wet Tropics were
among the lowest in Australia. Captures of Antechinus from this study are compared in
Chapter 4 to Watt‟s results from her 1997 study.

1.4

AIMS OF THIS STUDY

This thesis is concerned with identifying ecological mechanisms that may influence
rarity or commonness in two sympatric and closely-related rodent species, and
attempts to establish why one of the species is naturally rare and other abundant. The
field research had two key aims: 1) determining the degree of niche differentiation or
niche overlap in the two species; and 2) identifying those characteristics which may
predispose each species to rarity or commonness. The variables by which the two
terms are generally defined are explored later in this chapter (refer to 1.6, page 38) but
brief descriptions of their use in population and community biology are provided here.
In this study the following hypotheses are examined:
1.

The two sympatric Australian Uromys occupy independent and unique
ecological niches within the rainforest ecosystem.

2.

The distribution and abundance of the smaller-sized Uromys hadrourus is
influenced by competition with the larger and more common Uromys
caudimaculatus.
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3.

The ecological characteristics separating Uromys hadrourus from Uromys
caudimaculatus are also the dominant factors influencing its distribution and
rarity.

The ecology and life history of the pygmy white-tailed rat Uromys hadrourus is
described for the first time in this thesis. This study also expands on the currently
available data on Uromys caudimaculatus by providing details of its reproduction,
breeding strategies, population demography, densities, and population sizes.

In

addition, the ecological niches occupied by the co-existing small mammal assemblage
at the study sites are explored and the findings used to more clearly define the niches
occupied by the two Uromys spp.

Published studies and essays on niche

differentiation in sympatric species are summarised in Section 1.5.3, while those
recognised characteristics of rarity and commonness in species are reviewed in
Section 1.6.1.

1.5

DIVERSITY AND ABUNDANCE OF SYMPATRIC SPECIES

Niche partitioning and differences in dispersal and competitive ability among species
have traditionally been cited as key determinants of community composition and
abundance (review in Chase and Leibold 2003; MacArthur and Wilson 1967; Macarthur
1969, 1972; Vandermeer 1982; Gilbert and Lechowicz 2004). More recently, neutral
models such as Hubbell‟s Unified Neutral Theory of Biodiversity and Biogeography
(UNTB) have revealed that communities of species with identical life-history
characteristics and no adaptation to environmental niches can form spatial distribution
patterns similar to those found in nature, so long as the species have a limited
dispersal distance (Hubbell 1997, 2001; Bell 2001).
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Both approaches attempt to

explain species‟ patterns of distribution, abundance and coexistence, and are briefly
described below with examples of their application.

A comprehensive review of niche theory is not presented in this thesis. The history of
the concept of niche in ecology has already been reviewed by many authors e.g.,
Chase and Leibold 2003; Colwell and Fuentes 1975; Griesemer 1992; Hutchinson
1957, 1978; Leibold 1995; MacArthur and Levins 1969; MacArthur 1968, Schoener
1987, Udvardy 1959; Whittaker 1972; Whittaker et al. 1973; Whittaker and Levins
1975; Vandermeer 1982). In this thesis a brief outline of niche theory is presented
along with a review of recent field studies exploring niche differentiation (ecological
separation) in trophically similar sympatric vertebrate populations.

1.5.1

The ecological niche concept and niche differentiation

Ecological niche is characterised in a number of ways: as the way in which a
population utilises a habitat (habitat requirements), the ecological role of a species in a
community, and the ways in which different species interact e.g., competition, resource
partitioning, and coexistence (Hutchinson 1957, 1959; Chase and Leibold 2003).
Niche space is often assumed to be largely saturated with individuals and species,
leading to strong competition from coexisting species with similar ecological
characteristics such as diet, habitat preference, nest sites, and behaviour. In this
„highly-contested‟ scenario, species are restricted in their use of resources by the
competition of similar species, preventing expansion into other niches or in same cases
forcing species into narrower niches (Rohde 2005). Ecological niche has been divided
by researchers into fundamental niche and realised niche. The fundamental niche is
the potential area and resources an organism is capable of using based on its
physiological requirements and resource needs (Hutchinson 1957, 1978). Where a
species actually occurs is called its realised niche “the ecological position the organism
occupies as a result of limiting factors present in its habitat” (Hutchinson 1957, 1978).
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A species‟ realised niche may be considerably smaller than its fundamental niche
because of interspecific interactions (competition for resources between species)
(Hutchinson 1957, 1959, 1978; MacArthur 1969; MacArthur and Levins 1964; Chase
and Leibold 2003).

Gause's Law of Competitive Exclusion (competitive exclusion principle) states that two
different species (interspecific competition) competing for the same resources cannot
stably coexist if other ecological factors are constant (Gause 1934).

The limiting

resource(s) can be food, space, breeding partners or nesting sites (Begon et al. 1996).
When one species is a better competitor, competition negatively influences the other
species by reducing population sizes and/or growth rates, which in turn affects the
population dynamics of the competitor (Lack 1947; Hardin 1960). However, the LotkaVolterra equation maintains that two competing species can coexist when intra-specific
(within species) competition is greater than inter-specific (between species) competition
(Armstrong and McGehee 1980; Chase and Leibold 2003).

Hutchinson (1959)

suggested that the more similar two species were, the more finely balanced the
suitability of their environment must be in order to allow coexistence. To co-exist,
therefore, similar species must avoid or at least minimise competition between them
(Chase and Leibold 2003).

However, the fact that species may use the same resources need not result in
competition if that resource is not in limited supply (Rosenzweig and Lomolino 1997)
e.g., extensive crop grain availability in agricultural landscapes or pine cones in pineforestry plantations. Additionally, if the population sizes of two species are negatively
correlated (small versus large population) the two species do not need to be competing
for the same limiting resource (Johnson and Raven 1973). Instead, the two species
might be independently responding to the same environment e.g., one species may
thrive best in warm conditions and the other in cool conditions. Strong (1992) showed
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that although they had the same diet and occupied the same habitat, a group of hispine
beetle species coexisted without any evidence of segregation or exclusion. The beetles
show no aggression either intra- or inter-specifically.

There are three possible outcomes to niche competition: 1) competing species share
resources more or less equally (neither population changes niche); 2) one or both
competing species alters niche to reduce overlap (niche partitioning); and 3) one
species loses out completely (competitive exclusion) (Hutchinson 1957, MacArthur
1968). Competition can be reduced or avoided when two sympatric species partition
their use of resources (niche differentiation) (Hutchinson 1957,; Miller 1967; MacNally
1995; Chase 1996; Chase and Leibold 2003). The size and shape of a niche may vary
in time and space because of changes in the environment, the physiology of
individuals, and species‟ behaviour (Ackakaya et al. 1999).

Regardless of the

methods used, therefore, the detection and demonstration of niche differentiation is
often difficult and complex (Chase and Leibold 2003).

1.5.2

Types of niche differentiation

In a recent study, Levine and HilleRisLambers (2009) found strong evidence that niche
differences were critical to plant biodiversity in an area of high plant diversity in
California, and that species' differences were responsible for their coexistence. Niche
differentiation is usually described using three distinct categories: 1) Resource
partitioning; 2) Conditional differentiation; and 3) Tilman‟s R*.

Resource partitioning
Resource partitioning occurs when two species partition (divide) a resource based on
behavioural or morphological variation (differential resource utilization or resource
partitioning – Leibold 1995; Krebs 2005). Sympatric species often avoid competition by
living in different portions of the habitat or by utilizing different food or other resources.
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This pattern of resource partitioning is thought to result from the process of natural
selection causing initially similar species to diverge in resource use in order to reduce
competitive pressure (Krebs 2005). Partitioning can also occur when two species
eliminate direct competition by utilising the same resource at different times (temporal
partitioning). This separation may happen on a daily scale or on a longer, seasonal
scale. An instance of the latter would be reproductive asynchrony, or the division of
resources by the separation of breeding periods (e.g. Lawler and Morin 1993). Spatial
partitioning occurs if two competing species use the same resource by occupying
different areas or habitats within the range of occurrence of the resource. Spatial
partitioning can occur at small scales (microhabitat differentiation) or at large scales
(geographical differentiation – non-overlap). Albrecht and Gotelli (2001) found that
grassland ant species in Oklahoma (US) partitioned resources at fine spatial scales
with significantly less spatial niche overlap than expected by chance.

When two

competing species with overlapping home ranges partition a resource microhabitat
differentiation may occur e.g. the sympatric flycatchers Arses kaupi and Monarcha
trivirgatus in the north Queensland rainforest forage in different strata: A. kaupi climbs
vertically on tree trunks while M. trivirgatus gleans branches and leaves, and makes
sallies after flying insects (Morecombe 2000; pers. obs.).

Morphological differentiation or character displacement may occur when two competing
species evolve differing morphologies which allow them to use a resource in different
ways (Schluter 2001; Campbell and Reese 2008). In the Dominican Republic seven
sympatric species of Anolis lizards have varying morphological characteristics, such as
leg length or body size, that appear to be adaptations to their respective niches e.g.
tree trunks, branches, ground foraging (Lister 1976). In a seminal study of sympatric
bumblebees in Colorado, Pyke (1982) found that proboscis length in the seven
bumblebees studied were correlated with the flower corolla lengths they exploited:
long-, medium-, and short-tongued groups were most often observed foraging at
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flowers with long, medium, and short corollas, respectively. The exception, a single
short-tongued species with well-developed mandibles, robbed nectar from many plants
with long corollas by chewing through the sides to access the nectar.

Species whose ranges are only partially overlapping sometimes exhibit greater
differences in morphology and resource use than geographically separated
populations. Termed character displacement, this phenomenon is thought to result
from natural selection facilitating habitat partitioning and thus reducing competition
(Campbell and Reese 2008).

Two Darwin‟s finches (Geospiza spp.) have bills of

similar size where the finches are allopatric, each living on an island where the other
does not occur. On islands where they are sympatric, the two species have evolved
beaks of different sizes, one adapted to larger seeds, the other to smaller ones (Darwin
1859). More evidence of character displacement was found in a study of the male
morphology of two closely related giant rhinoceros beetle species Chalcosoma
caucasus and C. atlas in twelve allopatric and seven sympatric locations throughout
southeast Asia (Kawano 2001). While the enlarged difference in body size between
the two species in sympatry could be attributed to habitat differentiation, that in
genitalia size far exceeded what was expected from the general body-size
displacement.

Conditional differentiation
Conditional differentiation occurs when two competing species differ in their abilities to
use a resource based on varying environmental conditions (Tilman 1982, 1988; Leibold
1995). Competiveness in a set of environmental conditions may favour one species
with the second species becoming more competitive in another set of conditions
(Tilman 1982, 1988; Leibold 1995; Chase and Leibold 2003). The two species are then
able to coexist in a varying environment as each species is sometimes a better
competitor.
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Tilman’s R*
When the limiting factor is a resource, the minimum level at which an organism can
survive is termed R* (Tilman 1982, 1988, 1996). If two species compete for the
resource the species with the lower R* will always out-compete the species with the
higher R* and exist alone (Tilman 1982, 1990; Chase and Leibold 2003).

This is

because the species with the lower R* can reduce and survive on lower resource levels
than the other species (Chase and Leibold 2003).

Coexistence without niche differentiation: exceptions to the rule
Some competing species have been shown to coexist on the same resource with no
observable evidence of niche differentiation and in apparent violation of the competitive
exclusion principle. Apart from the example of hispine beetle species (Strong 1982),
many species of the haplochromine cichlid fish communities of the rocky habitats of
Lake Malawi live side by side with apparently very similar resource requirements.
Genner et al. (1999) found that although significant differences between species were
present, considerable inter-specific resource use overlap was commonplace. The data
indicated that this assemblage of cichlid species coexisted both with and without niche
differentiation. However, in a study of trophic niche differentiation in soil microarthropods Schneider et al. (2004) found that the coexistence of micro-arthropods
(oribatid mites) was not an example of a lack of niche differentiation as previously
presumed for this group. Using stable isotopes to evaluate the trophic niche
differentiation gradient, the data suggested that (a) different species occupied different
trophic niches and (b) oribatid mites spanned three to four trophic levels.

1.5.3

Field studies of niche differentiation in sympatric species

Many studies have looked at niche differentiation between sympatric species, often
rodents, primarily using habitat and diet as key separation factors. The two
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independent factors of fundamental niche and realised niche were primary drivers in
the separation of the sympatric rodents Peromyscus and Microtus (M'Closkey and
Fieldwick 1975; M‟Closkey 1976). The two rodent species differed in diet and location
of nesting sites (realised niche), and the arboreal activity of Peromyscus was
considered to be an example of fundamental niche separation. Habitat selection and
diet were also responsible for the considerable ecological separation observed
between two sympatric grass mice Akadon longipilis and A. olivaceus in
Mediterranean-climate areas of Chile (Glanz 1984). Populations of A. longipilis were
higher in areas of high rainfall, dense shrubby vegetation, and greater litter cover, while
A olivaceus preferred more open habitat. Although both species were omnivorous, A.
longipilis specialised in hunting spiders.

Edwards et al. (1985) concluded that coexistence between the two sympatric
populations of fox squirrel Sclurus niger, and grey squirrel Sciurus carolinensis,
squirrels was maintained through niche partitioning of habitat, diet, and the location of
nest sites. Grey squirrels selected Pinus stands with more middle storey and canopy
vegetation and nested in a greater variety of tree species. In a more recent study of
habitat competition between sympatric populations of rodents, the introduced squirrel
Sciurus carolinensis and the native red squirrel S. vulgaris in Scotland were found to
have a considerable niche overlap of 0.77 („1‟ equals total overlap) (Bryce et al.
2002).

As there was no significant difference in macrohabitat preference it was

postulated that habitat partitioning (niche differentiation) may have reduced competition
between the two squirrels. Another explanation may be that resources were not limited
to the extent that competition between the species was taking place.

Brannon (2000) examined the niche relationships of two syntopic species of shrews
(different species sharing the same habitat within the geographic range of the two)
Sorex fumeus and S. cinereus in the Appalachian Mountains of America and concluded
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that coexistence of the shrews was dependent on different-sized species exploiting
distinct microhabitat niches. The ecological variables associated with the separation
included preferring differing levels of litter moisture, amounts of woody debris,
invertebrate diet sizes, and the presence or absence of mountain dusky salamanders
(Desmognathus ochrophaeus). Body size has been identified as having an important
role in effecting ecological separation in multi-species communities where a high
degree of morphological and ecological similarity occurs between members. Small
versus large prey and foraging mode were the key ecological separators amongst six
species of sympatric shrews in Russia (Churchfield et al., 1994, 1999). Although each
shrew species did not occupy a separate, well-defined food niche, differences in prey
size and foraging mode reduced niche overlap between species of widely differing
sizes. Smaller shrews were predominantly ground-surface foragers while larger
species were more subterranean, with body size and dietary occurrence of soil prey
being positively correlated. Using field studies and morphometric analysis of museum
specimens, Louette and Herroelen (2007) examined the comparative biology of four
forest-inhabiting hawks (Accipiter spp.) in the Democratic Republic of Congo. They
postulated that the large variation in preferred prey species indicated significant
behavioural differences between species and that ecological separation of the
sympatric species was due to these behavioural differences.

It appears more

probable, however, that interspecific competition, acting as an evolutionary force in the
past, has left its mark on the diet, behaviour, and morphology of the four species,
resulting in little present-day competition between them (Connell 1978, 1980).

Mammalian carnivores have been the subject of a number of ecological separation
studies. In a study of food habits in sympatric jaguar and puma, Taber et al. (1997)
found that dietary overlap was 65%, and six of the seven main prey items were shared.
It was concluded that both species likely occurred at densities too low to produce
competition. In a similar study of the ecological relationships between the coyote Canis
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latrans and bobcat Lynx rufus (Thornton et al. 2004), it was postulated that ecological
separation was also achieved by dietary differences. Coyotes and bobcats displayed
similar habitat selection and activity patterns and their high interspecific overlap in
home ranges indicated a lack of large-scale spatial segregation. It was hypothesised
that patterns of small-scale spatial segregation were present however, with a lack of
negative interactions suggesting that non-overlapping core areas were reducing
agonistic encounters between the two species. A study of three sympatric canids in
central Brazil (J´acomo et al. 2004), the maned wolf Chrysocyon brachyurus (~21kgs),
the crab-eating fox Dusicyon thous (~ 6kgs), and the hoary fox Dusicyon vetulus (~
3kgs), supported the role played by diet in carnivore separation, but found habitat use
to be the major differentiation factor. The diet and habitat use of the crab-eating fox
differed significantly from the other two species, while diet items and habitat use
between the hoary fox and the maned wolf were similar. Maehr (1997) found similar
diet and habitat separation occurred in the comparative ecology of bobcat Lynx rufus,
black bear Ursus americanus, and Florida panther Puma concolor coryi.

The

difference in food habits, habitat use, and movement behaviour effectively reduced
competitive interactions among the three species; although all three species preferred
upland forests, they consumed different foods and utilised the landscape in ways that
resulted in ecological separation.

Dietary differences and habitat differentiation were also identified by Jones and
Barmuta (2000) as primary niche separators among three sympatric Australian
marsupial carnivores: the Tasmanian devil Sarcophilus laniarius, spotted-tailed quoll
Dasyurus maculatus, and eastern quoll D. viverrinus. Diet was partitioned on a body
size–prey size axis but there was substantial overlap between adjacent species, the
impact of which was lessened by horizontal (vegetation type and structure) and vertical
(arboreal) niche differentiation. Eastern quolls used grasslands more than the other
two species and the arboreal activity of spotted-tailed quolls reflected a large proportion
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of arboreal prey species in their diet.

However, the origin of the marked habitat

differentiation among the three species was not conclusive. Co-evolution in phenotype
among predators and prey (and the consequent constraint on performance in different
habitat types), or the current behaviour of the three sympatric species may be a result
of past competition („„ghost of competition past‟‟ - Connell 1978, 1980).

1.5.4

Discussion of niches

Most vertebrates co-occur with one or more similar species (Rosenzweig and Winakur
1969; Brown 1973; Brown and Lieberman 1973; Rosenzweig 1995). In these
situations, potentially competing species are able to co-exist when intraspecific (within
species) competition is greater than interspecific (between species) competition
(Gause 1934; Armstrong and McGehee 1980). These shifts in the ecology of one
species in response to another species may include one or more modifications to diet,
foraging

behaviour,

social

organisation,

reproductive

physiology, sensory adaptations, and predator avoidance.

strategies,

morphology,

It is probable that the

persistence of some sympatric populations of similar species may be influenced by the
availability of food e.g., non-restricted food sources such as modified grasslands or
manipulated habitat can support otherwise uncompetitive species (Gaston 1994;
Blackburn and Gaston 1996, 1997. In one study, sympatric carnivore species simply
occurred at densities too low to generate competition (Taber et al. 1997). Overall, diet
has been cited as the most frequent indicator of ecological differentiation in the studies
reviewed, and the source of most calculations of niche breadth. This is to be expected
as diet is the easiest difference between species, apart from body size, to measure
quantitatively.

However, dietary separation was seldom complete, with significant

overlap in food items bringing with it the probability of increased interspecific
competition. Microhabitat selection seems to have been identified as a way of reducing
this competition. Sympatric species with similar diets used the macrohabitat differently,
some partitioning the habitat into vertical or horizontal strata and others specialising in
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different-sized food items or foraging behaviour. Most studies highlighted reciprocal
niche overlaps, differences in some ecological factors that explained the coexistence of
similar species and competition in others. However, apart from a few mammalian
carnivore studies (Jones and Barmuta 2000; Maehr 1997; J´acomo et al. 2004),
differentiation in habitat use has only been tentatively clarified. Similarly, the role of
behaviour and life history strategies was not addressed specifically in any of the
studies examined, and there was little attempt to evaluate the possible influence of past
competition on contemporary niche differentiation. The role niche breadth (MacArthur
1955, 1969) plays in rarity is uncertain and few studies have produced conclusive
evidence that rare species have narrower niches than those of abundant species (Mac
Nally and Doolan 1986; Mac Nally 1989; Ford 1990; Shkedy and Safriel 1992; Gaston
1994).

1.5.5

Unified Neutral Theory of Biodiversity and Biogeography

Hubbell‟s (2001) Unified Neutral Theory of Biodiversity and Biogeography (UNTB),
which has been advanced in recent years and applied to rainforest ecology, is a
proposed alternative to the concept of niche partitioning to explain species distributions
and sympatry.

The theory has received some criticism for its oversimplified

assumptions (Chaser and Leibold 2003; Etienne et al. 2007; Gaston and Chown 2005;
Levine and HilleRisLambers 2009; McGill 2003). These assumptions include functional
equivalence among different species (neutrality), the assumption of point mutation
speciation, and the assumption that resources are continuously saturated such that
constant resource availability implies constant community size (zero-sum assumption)
(Etienne 2007; Gaston and Chown 2005). Hubbell‟s neutral model considers only the
birth and death of individuals, random dispersal, the overall population of individuals in
the ecosystem, the total number of species and the origin of new species (McGill
2003).
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Neutral theory attempts to reconcile two long-standing divergent perspectives on the
nature of ecological communities: the niche-assembly perspective and the dispersalassembly perspective (Hubbell 2001). The niche-assembly perspective (sensu
Diamond 1975) asserts communities are stable groups of coexisting species whose
composition and abundance are imposed by functional traits that determine how
species interact with each other and the environment (Bell 2001; Gillespie:
http://www.cnr.berkeley.edu/~ gillespi). The dispersal-assembly perspective (UNTB)
holds that dispersal dynamics is the primary determinant of distribution and relative
abundance of species (Hubbell 2001).

Although not dismissing the niche concept

outright, Hubbell‟s model does not require niche differences to generate predictions
(Chase and Leibold 2003). Instead it is hypothesised that the diversity of the
assemblage results from stochastic ecological and evolutionary processes acting on
both local and regional scales (Hubbell 2001, 2006; Gaston and Chown 2005), and that
the distribution of species abundance in the community is determined by the neutral
drift of species abundances („ecological drift‟) (Bell 2001; Hubbell 2001, 2006). As
such, the neutral model predicts that dispersal limitation will have a greater impact on
community assembly than species-sorting and adaptation to local conditions (Gilbert
and Lechowicz 2004). No selection pressure is involved in the „per capita‟ probabilities
of birth, death, migration and speciation for all the organisms in a community (Bell
2001; Hubbell 2001, 2006).

The local regional communities are considered a

metacommunity, the evolutionary biogeographical unit within which member species
originate, live and become extinct (Bell 2001; Hubbell 2001, 2006; Hubbell and Lake
2003: Gaston and Chown 2005).

One of the advances of the neutral theory is that it supposedly allows falsifiable
predictions to be made about the form of species–abundance distributions, patterns of
species richness, species–area relationships, and turnover in species composition with
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distance predictions (Hubbell 2001; Bell 2003; Gaston and Chown 2005). The theory is
predicated on two fundamental assumptions:


All individuals belonging to all species are equivalent with regards to the
probabilities of birth, death, dispersal and speciation (Hubbell 2001, 2006).
Individuals exhibit no traits associated with their species identity that have any
influence over their reproductive success, longevity, movements or likelihood of
speciation (Bell 2001; Hubbell 2001; Gaston and Chown 2005). The absolute
numbers of births, deaths and dispersal events will, however, vary between
species (which will vary in abundance and distribution) (Hubbell 2001, 2006).



The community is saturated with individuals, such that if one dies its place is
taken by another, and individuals are thus engaged in a zero-sum game
(Hubbell 2001, 2006). Once more, individuals exhibit no traits associated with
their species identity that have any influence over the contribution they make to
community saturation (Bell 2001; Gilbert and Lechowicz 2004).

Although the mathematical theory is increasing in complexity and sophistication (e.g.
Vallade and Houchmandzadeh 2003; Volkov et. al. 2003; Etienne and Olff 2004;
McKane, et al. 2004), sceptics of UNTB believe that recreating patterns is not the same
as understanding the mechanisms that cause them (Chaser and Leibold 2003; Gaston
and Chown 2005; Gilbert and Lechowicz 2004; McGill 2003; Whitfield 2002).
Nevertheless, Hubbell‟s modelling approach appears to predict and thus provide some
explanation for a number of important patterns on the local diversity and abundance of
species, in particular some of the patterns of diversity and distributions of tropical tree
species (Bell 2000, 2001; Chase and Leibold 2003; Chave and Leigh 2002; Hubbell
1997, 2001). But a number of field studies have found that the predictions made by
UNTB were not always matched by biological reality (Chase and Leibold 2003; Gaston
and Chown 2005). Mathematically the theory predicts that the species abundance
distribution within a community should follow a zero-sum multinomial distribution
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(ZSM). McGill (2003) postulated that for this to be correct the ZSM should fit the data
significantly better than the reasonable null models. In contrast he found the ZSM
failed to fit empirical data better than the lognormal distribution 95% of the time and
concluded there was no evidence that the ZSM predicted abundances better than the
more parsimonious null hypothesis. Gilbert and Lechowicz (2004) tested the competing
theories of niche partitioning and ecological drift in a sampling design that decoupled
distance and environment in the understory plant communities of an old-growth,
temperate forest. They found strong evidence of niche-structuring but almost no
support for neutral predictions. Dispersal limitation acted in conjunction with
environmental gradients to determine species‟ distributions, and both functional and
phylogenetic constraints appeared to contribute to the niche differentiation that
structures community assembly (also refer to Urban 2004; Vanschoenwinkel et al.
2007).

Similarly, Levine and HilleRisLambers (2009) used field-parameterised

population models to develop a null expectation for community dynamics of annual
grasses without the stabilizing effects of niche differences. It was found that niches and
species differences had a critical role in stabilising species diversity.

However, in a study of metacommunity patterns in larval odonates (dragonfly)
McCauley et al. (2008) tested the neutral model prediction that dispersal limitation
would have a greater impact on community assembly than species-sorting and
adaptation to local conditions. Their field data showed that both species-sorting (niche
assembly) and dispersal-assembly mechanisms were critical to explaining patterns of
richness and species distributions across habitat gradients. They concluded that many
natural systems are probably structured by processes occurring at both levels (e.g.,
Cottenie and De Meester 2004;
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1.6

RARITY AND COMMONNESS

Reveal (1981) presented a succinct definition of rarity which states:
“Rarity is merely the current status of an extant organism which, by any combination of
biological or physical factors, is restricted in numbers or area to a level that is
demonstrably less than the majority of other organisms of comparable taxonomic
entities.” While this definition describes the state of rarity, it does not explain how an
organism is measured and subsequently determined to be rare or common i.e., the
categorisation process itself.

1.6.1

Definitions and characterisation of rarity

A consensus on the biological definition of „rarity‟ and „commonness‟ is still far from
being achieved and it is probable that this study will only present another modified or
differing view. Nonetheless, there is growing evidence that „rare and common species
differ overall in a number of important respects’ (Kunin and Gaston 1997). This brief
review will attempt to synthesise the dominant views on rarity from a varied set of
published studies and essays. Due in parts to the difficulty in obtaining data from rare
species, these studies are generally non-experimental and biased towards examples of
differences rather than similarities (Reveal 1981; Rabinowitz 1986; Gaston 1994;
Blackburn and Gaston 1997; Kunin and Gaston 1997). Moreover, the diversity of
species investigated has resulted in little compatibility with other studies and many
studies fail to consider the possible complication of phylogenetic relatedness of species
(Harvey and Pagel 1991). Constructing a set of characteristics and evaluating their
relative contribution to species rarity, therefore, is a complicated matter. The field data
obtained during this study was directed primarily at whether a rare species differed
ecologically from a closely-related common one. The difficult questions of how such
differences developed and exactly what evolutionary mechanisms were responsible for
them are not addressed in this thesis.
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Depending on available data, species categorisation has generally involved the
correlation of some or all of the following ecological and biological variables: breeding
systems, reproductive investment, fecundity, dispersal abilities, temporal dynamics,
competitive ability, resource usage, habitat intolerance and tolerance, body size, and
ultimately, geographic range size, and abundance. Many of these variables are not
independent e.g., breeding systems-reproductive investment-fecundity and habitat
specificity-dispersal ability.

Nevertheless, it is commonly accepted that rare and

common species typically exhibit different suites of characteristics which are not
qualities of an individual organism but are instead emergent traits of a species‟
population and its environment i.e., a species characteristic (Kunin and Gaston 1997).
Those qualities of a rare species believed to influence or typify rarity as a species
characteristic have been postulated in many theoretical and some field studies (e.g.,
Glazier 1980; Spitzer and Lepš 1988; Paine 1990; Sutherland and Baillie 1993;
Rabinowitz et al. 1986). However, data are seldom adequate for accurate
categorisation due to the lack of studies on rare species. The major ecological and
biogeographical characteristics that have been used in published studies on rarity are
described below.

Rabinowitz et al. 1986
Rabinowitz et al. (1986) categorised plant species according to geographic distribution
(narrow or wide), habitat specificity (broad or restricted) and local population size (large
or small) (Table 1.2). Rarity was defined by the presence or absence of the three
factors, with those species possessing all three aspects of rarity considered the most
rare and vulnerable to extinction. Rarity, therefore, was naturally divided into three
types according to the existing number of rarity aspects:
Rarity I: Extensive Range, Broad Habitat Specificity, Small Populations;
Rarity II: Extensive Range, Narrow Habitat Specificity, Large Populations;
Rarity III: Restricted Range, Narrow Habitat Specificity, Small Populations.
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Those species that do not possess any rarity aspect i.e., species which have extensive
geographic ranges, broad habitat tolerances, and some large local populations, are
categorised as common.

TABLE 1.2
Seven forms of rarity and one form of commonness, derived by combining traits
of geographic distribution, habitat specificity, and local population size (after
Rabinowitz et al. 1986).

Rarity

Geographic
distribution

Habitat
specificity

Local population
size

1

Narrow

restricted

everywhere small

2

Narrow

restricted

somewhere large

3

Narrow

broad

everywhere small

4

Narrow

broad

somewhere large

5

Wide

restricted

everywhere small

6

Wide

restricted

somewhere large

7

Wide

broad

everywhere small

Commonness
8

Wide

broad

somewhere large

Rabinowitz et al. (1986) recognized the difficulty in assigning categories of rarity and
commonness to taxa due, in part, to biases and preconceptions about what constituted
rarity. Furthermore, the relative nature of the categories themselves create unclear
boundaries between narrow and wide geographic ranges, broad and restricted habitat
specificities, and local population sizes that may be somewhere large or everywhere
small (McCoy and Mushinsky 1992). Difficulties also arise in regard to the quantity and
quality of data on geographic range, habitat specificity, and local population size.
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Regardless, the majority of studies distinguish rare species on the basis of one, two, or
at most a few of the variables described below (Blackburn and Gaston 1994;
Rosenzweig and Lomolino 1994).

Abundance (density) – abundance is the number of animals per unit of spatial sample
at any one instant (Blackburn and Gaston 1994).

However, this variable requires

further definition as to whether it is absolute or derived from open or closed population
estimates (Reveal 1981). In general, species with high densities and population sizes
tend to have larger geographic range sizes (Blackburn and Gaston 1994; Gaston 1994;
Rabinowitz et al. 1986). Conversely, species with low densities and low population
sizes tend to have smaller geographic range sizes. However, this interaction is a weak
one, particularly when species numbers are large or phylogenetic relationships are low
(Blackburn and Gaston 1994). Furthermore, species with low abundances are liable to
be recorded from fewer sites regardless of the number of sites at which they do in fact
occur (Rabinowitz 1981; Rabinowitz et al. 1986; Blackburn and Gaston 1994). There
are also a number of important issues that need resolving when using published
abundance data, as the widespread variation in sampling methodology and sample
area size often results in little or no compatibility between studies.

Finally, the

possibility of apparent rare species being chaotic species (uncommon or absent
species that are prone to sudden increases in population levels) must be considered
(Vandermeer 1982; Rogers 1984).

Geographic range size – Reveal (1981) defined range size as that distance or area
between the outermost limits to the occurrence of species i.e., the extent of occurrence
and area of occupancy (Rabinowitz 1981; Rabinowitz et al. 1986; Gaston 1991;
Blackburn and Gaston 1994). However, the way in which range size or extent of
occurrence is measured varies considerably between studies. Gaston (1994) lists 14
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methods by which the sizes of species‟ ranges have been measured in different
studies. These include:
 North-south range in distance (Kouki and Hayrinen 1991);
 Latitudinal range (Pielou 1977; 1978, Reaka 1980; Juliano 1983; Stevens 1989);
 Longitudinal range (Reaka 1980; Juliano 1983);
 Diagonal distances calculated from north to south and east to west (Reako 1980;
Juliano 1983);
 Areas within a convex polygon (Juliano 1983);
 Numbers of quadrats on a grid system where a species is recorded (McAllister et
al. 1986; Schoener 1987; Ford 1990; Maurier et al. 1991);
 Numbers of sites at which the species has been recorded (McAlister et al. 1986).

Although an integral component of rarity, the usefulness of range size in defining rarity
is conditional on methodology and the quantity of survey effort to determine the ranges
of rare species, the resolution at which a species‟ range is mapped, the interpretation
of distribution lines, the level of statistical error in range size estimation, metapopulation
dynamics, and the treatment of occurrence outliers (Carter and Prince 1988; MacArthur
1972; Lahti et al. 1991; Gaston 1994). A significant dilemma in using range size and/or
abundance to define rarity is that many species have a low abundance and small
geographic size due to human-induced change e.g., habitat clearing, hunting, and the
introduction of domestic grazing stock. This rarity is in contrast to „natural rarity‟
resulting primarily from species behaviour, ecological requirements, and existing or
past environmental conditions, Climate change is also known to have influenced or
caused changes in range size and there are numerous examples of species whose
ranges have expanded and contracted during the Pleistocene‟s pluvials and
interpluvials (Keast 1961, 1968). For example: mammoths disappeared at the same
time as the tundra steppes (Vartanyan et al. 1993); in North America mammalian
grazers proliferated and 24 genera of browsers vanished following climate change
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(Webb 1984); and while the Noisy Scrub-bird Atrichornis clamosus of south-western
Australia survived the end of the last glaciation to be widespread in suitable habitat,
pressure from forest managers and clearing for agriculture resulted in the species
being restricted to a single isolated population (Smith 1985).

Temporal persistence (taxon age) - this is the length of time a species exists.
Persistence, in addition to abundance and range size, is believed to form an axis along
which certain types of rarity can be distinguished. The prediction that rare species
have a lower probability of persisting for relatively long periods seems to be supported
over geological and ecological time spans (Gaston 1994).

Threat (probability of extinction) – due to the subjectivity and lack of biological
measures involved, Gaston (1997) recommends that a threat measure such as the
probability of extinction or a social measure of how special a species is, should not be
used in rarity assessments.

Dispersal ability - an organism‟s ability to disperse is one of the more commonly cited
potential determinants of a species range (Hanski et al. 1993; Brown et al. 1996;
Gaston 1996, 2003; Lester et al. 2007). Dispersal ability has been used to explain
range size variation in terrestrial and marine systems and for a wide range of taxa,
including insects (Juliano 1983; Gutierrez and Menendez 1997; Malmqvist 2000;
Brandle et al. 2002): plants (Oakwood et al. 1993; Edwards and Westoby 1996;
Thompson et al. 1999; Clarke et al. 2001; Lloyd et al. 2003; Lowry & Lester 2006): fish
(Wellington and Victor 1989; Goodwin et al. 2005; Lester and Ruttenberg 2005; Mora
and Robertson 2005) and mollusks (Hansen 1980; Perron and Kohn 1985; Jablonski et
al. 1985; Jablonski 1986, 1987; Jablonski and Roy 2003; Scheltema 1989; Pfenninger
2004; Paulay and Meyer 2006; Lester et al. 2007). Lester and Ruttenberg (2005) found
that dispersal potential and range size were positively correlated in the largest ocean
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basin, the Indo-Pacific, and that this pattern was driven primarily by the spatial
distribution of habitat and dispersal barriers. The relationship strengthened at higher
taxonomic levels, suggesting an evolutionary mechanism. In a second study, Lester et
al. (2007) reviewed two datasets for marine taxa to evaluate the relationship between
dispersal ability (defined as the actual or potential distance travelled by typical
migrants) and range size. They concluded that although dispersal can be an important
process moderating species distributions, there were other processes that may also
influence range size variation e.g., habitat patchiness and the existence of an
uninhabitable dispersal matrix.

Dispersal ability is more difficult to assess in terrestrial species (Gaston and Kunin
1997).

A number of studies have concluded that rare plant and insect species have

poorer dispersal abilities (Rosenzweig and Lomolino 1997) and dispersal ability was
invariably expressed in geographic range size. Rabinowitz et al. (1981) found that
localised rare plants had different dispersal characteristics than common ones.
Similarly, Crowson (1981) concluded that rare wingless beetles had smaller
geographical range sizes than common winged species. However, dispersal ability in
vertebrates is harder to assess as it is often confounded by environmental stability e.g.,
many studies of vertebrates have been conducted in modified landscapes, such as
agricultural landscapes. These disturbed areas are often colonised by species with
good dispersal abilities and this may result in an association between rarity and poor
dispersal ability that is not evident in the absence of disturbance (Blackburn and
Gaston 1997; Rosenzweig and Lomolino 1997).

In addition, reduced habitat and

habitat fragmentation resulting from human activities or past climate changes may have
restricted the opportunity for some habitat-dependent species to disperse over a wider
range than is currently occupied.
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Genetic diversity – although rare species tend to be genetically „impoverished‟
(Karron 1987, 1997; Gaston and Kunin 1997; Kunin 1997), this variable is influenced
by the effects of population size on inbreeding and genetic drift, both of which reduce
genetic diversity in small populations. Nonetheless, a strong relationship has been
found between genetic diversity and population size across a wide range of species
(Frankham 1996, 1997; Frankham et al. 2001). Frankham et al. (2002) state that most
endangered species with low population sizes have lower genetic diversity than related
non-endangered species with larger population sizes. Nevertheless, there are
examples of common species with very low levels of genetic polymorphism and of rare
species with moderate levels (Karron 1987; Baur and Schmidt 1996). Moreover, in one
of the few studies of rare and common congeners, Primack (1980) found little evidence
for rare-common differences in his study of genetic variation in the plant species
Plantago spp. As regional genetic studies of mammals in north Queensland are few,
this variable was not addressed in this study.

Habitat specificity – this represents the number or variety of habitats in which a
species occurs (Gaston 1997). Historically the view has been that the fewer habitats
occupied the more the organism is at risk (Rosenzweig and Lomolino 1994; Gaston
1997). One of the more difficult questions to answer is whether rare species are less
widespread geographically because they concentrate in a few habitats, or if they were
more abundant, would they use more? (Fretwell and Lucas 1970; Blackburn and
Gaston 1997). Moreover, a preferred habitat may have decreased in an area due to
climate changes or lost to an invading competitor or predator (Kunin and Gaston 1997).
In summary, although habitat specificity has been implicated in rarity there are
exceptions which still require explanation or qualification. In a number of studies (e.g.,
Doherty and Harcourt 2002; Harcourt 2006) specialisation was measured by the
number of habitats used by species (specialisation as a characteristic of rarity is
discussed below).
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Resource Use and Specialisation – Rare species are traditionally thought to use
fewer resources and/or a narrower range of resources (Gaston and Kunin 1997). The
patterns of resource use of rare and common species may differ in two ways: 1) rare
species may utilise resources which are themselves more restricted in distribution or at
lower abundances than those resources utilised by common species; 2) rare species
may utilise a narrower range of resources than common species (niche breadth)
(Brown 1984). Specialist species often have a narrow habitat range and/or diet and
can possess specific behavioural or morphological adaptations which enable them to
exploit one food source, often to the exclusion of other available foods (Lincoln et al.
2003).

However, there are numerous examples of specialised species that have

adapted to a specific diet but are common and widespread through many habitats. For
example, the Australian honeyeaters, which have a „brush‟ tongue that aids in nectar
feeding, are found in most habitat types and few are habitat-restricted.

Walker (2006) found that while specialisation clearly had some role in influencing local
densities of bird species on the island of Sulawesi, the use of rare plant species was
the strongest predictor of bird rarity (resource use). Harcourt et al. (2002) explored the
role of specialisation and resource use in determining rarity or commonness in
primates. Three ecological characteristics were examined: rarity was described using
geographic range size, abundance levels, and habitat specifity; specialisation, the
variety of diet, habitat, and morphological variation; and resource use, which
incorporated body mass, local density, annual range size, and group size. It was found
that rarity in primates consistently correlated with measures of specialisation and not
with measures of high resource use. A second study by Harcourt (2006) supported the
conclusion that rare specialised primates did not necessarily use more resources, nor
breed more slowly. It was also postulated that specialisation (as an explanation for
rarity) worked through constriction of range size, with positive density–range size
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relationships in rare species expressed as low population density associated with small
geographical ranges (Harcourt 2006). However, both studies struggled with a lack of
data on the ecology of rare primate species, particularly in the areas of diet,
abundance, and habitat use. In a search of published literature on primates, Doherty
and Harcourt (2004) located few studies on primate diet (a mode of zero references for
rare species and one for common), thus the separation of primate specialists based on
current knowledge of diet preferences is questionable. Similarly, as many rare primates
occur in the same habitat alongside common species the use of habitat types alone to
define specialisation (habitat specificity) is problematical.

Specialism Index
Although similar in appearance, the term Specialism is not a derivative of Specialist.
Thompson et al. (1998, 1999) developed a „specialism index’‟ when examining the
abundance and range size relationships in the herbaceous flora of central England.
Using seven broad habitat classes they assigned relative frequencies for each plant
species where „5‟ was applied to very common species characteristic of the particular
habitat and „1‟ to rare or largely absent species. For each species the seven scores
formed the basis of a „specialism index‟ which was the sum of the absolute differences
of each score from the median of „3‟. For example, a species that is equally frequent in
all seven microhabitat types would have seven scores of „3‟ and a subsequent
specialism index of zero (no deviations from the median of „3‟). In contrast, a species
that is largely restricted to one habitat type will have one score of „5‟ and six scores of
„1‟, giving a maximum specialism index of 14.

Most species will lie somewhere

between these two extremes. For a detailed explanation of the methodology refer to
Thompson et al. (1998, 1999). Thompson et al. (1999) tested the hypothesis that rare
species differed from related common species in a variety of traits, including niche
breadth and dispersal ability. They found that the specialism index developed by
Thompson et al. (1998) explained the largest part of the variance in local and national
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range size of herbaceous plants. However, they were unable to determine whether
dispersal ability influenced either species‟ range size or abundance.

Specialism is often, but not always, associated with specialisation (Coyne and Orr
2004). Similarly, although possibly not readily apparent, there is a significant difference
between Habitat Specificity and Specialism. While Habitat Specificity evaluates the
number or variety of different habitat types in which a species occurs (Gaston 1997),
specialism in this study refers to the proportional use of the eight rainforest
microhabitats (based on species‟ trap location in this study) described in Chapter 2.9.
Thus, although the small mammal assemblage occurred in the broad arena of
rainforest habitat, the Specialism Index permitted a quantitative assessment of whether
spatial partitioning of microhabitat was occurring e.g., whether similar species
partitioned available resources by spending more or less time in distinct microhabitats.
There is, therefore, a role for all three terms – specialist, specialism, and habitat
specificity.

Endemism – this is not generally considered a valid categorisation variable as species
may be restricted to one area and yet occur through it in high abundance (Gaston
1994). Kruckenberg and Rabinowitz (1985) state that the term endemism “….used in
its classical biogeographic sense does not imply rarity or even small range.” More to
the point, it depends on the area defined, and thus can be arbitrary.

Reproductive investment - this is measured using figures of mean clutch size-litter
size, and mean number of broods or litters.

Reproductive investment has been

suggested as one of the differences between rare and common species. Paine (1990)
found that based on geographic range size, rare darter fish tended not to put as much
energy into reproduction as widespread species. Similarly, Glazier (1980) concluded
that North American Peromyscus mice with narrowly-restricted geographic ranges had
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smaller mean and maximum litter sizes.

Glazier also found that although rare

Peromyscus had lower reproductive rates, they also lived longer. This low
reproductivity may therefore, represent a trade-off of reproductive investment with
longevity (Gaston and Kunin 1997).

However, in a study of small mammals in

fragmented rainforest in north-eastern Australia, Laurance (1991) found no significant
relationship between fecundity and abundance. Similarly, Harcourt (2006) found that
rare and specialised primates did not breed more slowly than more common species.

Competitive ability – the theory that competitive inferiority typifies many rare species
(e.g., Griggs 1940) seems to be unfounded, as studies have shown no consistent
pattern. Kiltie (1982) concluded that the variation in bite force of sympatric peccaries
(Tayassu sp.) was associated with dietary differences between the two species and
was a possible basis for niche differentiation and coexistence of the two species in
Neotropical rain forests. However, as there was considerable overlap in dietary items,
this difference depended on the relative availabilities of the different resources and
differences between the species in effectiveness in exploiting resources common to
both.

In their study of prairie grasses, Duralia and Reader (1993) concluded that

competitive ability and abundance were not significantly related. In contrast, a study of
grasshoppers, Ritchie and Tilman (1992) found a positive correlation existed between
abundance and competitive ability.

Other variables used in the characterisation of species rarity include:

Breeding systems: this is mainly relevant to studies on plant rarity e.g., asexuality, selfcompatibility, and selfing (e.g., Karron 1997);

Body size: species with smaller body size tend to be more abundant (Gaston 1994;
Gaston and Kunin 1997). However, a study of species richness and rarity in European
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rodents found that range size showed no correlation with body size nor did it depend
on taxonomic provenance (Kryštufek and Griffiths 2002). A number of other studies
concluded that body size showed no correlation with rarity; neither did it show any
relationship to geographic range size or abundance (Brown and Maurer 1987; Morse et
al. 1988; Maurer et al. 1991; Blackburn et al. 1993; Gaston and Blackburn 1996). Arita
(1993) found no significant correlation of rarity with body mass in neotropical bats, and
other studies concluded life-history variables, notably those concerned with
developmental rates, were better predictors of abundance than was body size (Brown
and Maurer 1987; Gaston and Lawton 1988; Gaston 1991, 1994, 1996; Nee et al.
1991; Kunin and Gaston 1993; Blackburn et al. 1994).

1.6.2

Discussion of rarity and commonness

Distinguishing the causes of rarity from its effects poses a considerable obstacle in
interpreting what biological and ecological mechanisms are predisposing a species to
rarity (Gaston 1994) and, in a related population process, the increased probability of
extinction. Postulated causes of rarity are often dependent upon spatial and temporal
scales which vary between species groups and influenced by habitat abundance and
historical and contemporary anthropogenic pressures (Gaston 1994; Kunin 1997). In
addition, many of the examples of low abundances and small range sizes used to
characterise species rarity are not strictly due to biological traits but are instead
products of human activity or changes resulting from climate variation (Gaston 1994). It
is clear that rarity is not expressed in the same way by all organisms. It is probable,
moreover, that the studies themselves may bias the perceived different traits between
rare and common species as those that find relationships are more likely to be
published (Gaston 1994). The varied range of species studied (birds, mammals,
insects, and plants) confound the attempt to identify consistent characters influencing
or predisposing species to rarity and it would be more fruitful considering these groups
separately when developing and assigning rarity characteristics. The necessity of using
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species-specific methodologies to assess the ecological and biological attributes of
significantly different organisms exacerbates the problems associated with interpreting
their contribution to species rarity. It is often difficult to discern whether apparent
differences between rare and common species are genuine or direct consequences of
differences in sample size and format. These complications often produce biased views
of the character and causes of differences but rarely explain the patterns observed
(Gaston 1994; Kunin and Gaston 1997).

There is, however, a general consensus that a number of constantly occurring
characteristics may act to separate rare from common species (Kunin and Gaston
1997). Rare species are considered more likely to occur in low density and small
geographic ranges (Brown, 1984; Gaston et al. 1997) and are more likely to have the
following traits (Gaston and Kunin 1997):
 Plants - breeding systems biased away from out-crossing and sexual
reproduction;
 lower reproductive investment;
 possibly longer life-spans;
 poorer dispersal abilities;
 use less common resources and/or a narrower range of resources;
 habitat specificity (intolerance) i.e., adapted to only a single or few habitats;
 for abundance, a greater probability of a larger body size;
 for geographic range size, a greater probability of small body size;
 greater probability of belonging to groups at higher levels of trophic hierarchy;
 genetic impoverishment.

Individual studies of rarity have been able to examine only a few possibly relevant
factors influencing the causes or characteristics of rarity, and few have looked at
naturally rare species in association with closely-related, sympatric, and more common
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congeners (Gaston 1994; Kunin and Gaston 1997). Consequently, this study uses
data from a targeted live-trapping field survey to explore ecological differentiation
between the two Australian Uromys spp. The results of these comparisons are then
used to evaluate the role of ecological and biological information in characterising rarity
and commonness in Uromys and the coexisting small mammal assemblage.

The

ecological characteristics examined in this analysis include:
 Abundance;
 Geographic range size;
 Habitat specificity;
 Resource use or specialisation;
 Dispersal ability;
 Reproductive investment;
 Competitive ability; and
 Body size.

1.7

STRUCTURE OF THESIS

Chapter 1 presents the introduction and specific aims of the study. It also provides a
brief profile of the taxonomic history, distribution, and known ecology of the two study
species: the giant white-tailed rat Uromys caudimaculatus and its close congener the
pygmy white-tailed rat Uromys hadrourus.

This chapter also presents two review

sections of relevance to the animals in this study: selected studies and essays on
ecological separation; and selected published studies and essays on the complex
biological concepts of rarity and commonness.

Chapter 2 describes the study area, trapping grid locations and format, and the field
and analytical methods used in the study.

52

Chapter 3 presents the results of the live trapping study and analyses the similarities
and dissimilarities in small mammal diversity between the three trapping grids.

It

examines site differences, capture rates, species assemblages, species diversity,
richness and abundance, and seasonal trends in population size and demography.

Chapter 4 incorporates the results from Chapter 3 and conducts detailed analyses of
the population ecology of the non-Uromys mammal assemblage. It also explores the
response of small mammal species to the impacts of Cyclone Larry which occurred
during the study on 20 March 2006.

Chapter 5 presents the detailed population ecology of the giant white-tailed rat Uromys
caudimaculatus and compares capture data with that of the mammal assemblage
presented in Chapter 4. It examines species abundance, population estimation using
capture-mark-recapture statistics (CMR), breeding and recruitment, parental care,
population demography, and general behaviour.

Chapter 6 presents the detailed population ecology of the pygmy white-tailed rat
Uromys hadrourus and compares capture data with that of the mammal assemblage
presented in Chapter 4. It examines species abundance, population estimation using
capture-mark-recapture statistics (CMR), breeding and recruitment, parental care,
population demography, and general behaviour.

Chapter 7 uses the results from Chapter 5 and Chapter 6 to define the ecological
niches occupied by the two Australian Uromys spp. Using a set of defined ecological
attributes, it compares the ecological differences and similarities between the two
rodent species.
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Chapter 8 evaluates the ability of ecological and biological characters identified in
Chapters 5-7 to categorise rarity and commonness characteristics in the two Uromys
species. The rarity characteristics examined include abundance, geographic range
size, habitat specificity, resource use (specialisation), dispersal ability, and body size.

Chapter 9 examines the results of the study as they relate to the three original
hypotheses presented in Chapter 1. The hypotheses were derived from the main aims
of the study which were: to investigate how the two sympatric Uromys spp. separate
ecologically; and to compare the ecological and biological traits of two taxonomically
related and sympatric species which identify them as rare or common species.
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CHAPTER 2.

STUDY AREA AND METHODS

To obtain the data required to compare the ecology of the two Uromys species, a
capture-mark-recapture field program was conducted which sampled the small mammal
assemblage of undisturbed mesophyll vine forest on the Atherton Tablelands in
northeast Queensland, Australia. This chapter describes the geographic location and
climate of the study area, the vegetation on the trapping grids, and the field and
analytical methods used in the study. It includes detailed descriptions of the grid formats
used for live trapping and the trapping techniques employed.

2.1

STUDY AREA

Although there are three known populations of Uromys hadrourus in north Queensland:
the top of Thornton Peak and nearby McDowall Range, Mt Lewis (southwest of
Mossman), and the western slopes of Mt Bartle Frere above 700m altitude (Moore and
Winter 2008), only one location was considered a feasible study site. The type locations
of Thornton Peak and McDowall Range require significant effort to access, entailing
either an all day trek through the forest or a four-wheel drive journey along the Cairns
Regional Electricity Board (CREB) track. The CREB track is closed for a significant
period during the wet season (December-March) and impassable at other times after
rain. Thus, neither location was considered suitable as a reliable study site. The only
record of Uromys hadrourus on Mt Lewis was the discovery of a single damaged skull
found at an owl roost, with no live animals ever captured despite the area being visited
frequently by university researchers. The Mt Lewis area was rejected as a potential study
site due to a lack of any observations of live Uromys hadrourus and the fact that the road
is slippery and often impassable after heavy rain.
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FIGURE 2.1
Wet Tropics of Australia showing location of Atherton Tablelands study area
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The chosen study site was located in continuous rainforest within the Wooroonooran
National Park State, on the eastern side of the Atherton Tablelands and west of Mt Bartle
Frere (1450 45‟ 43” E, 170 22‟ 38”S) (Figure 2.1). This area has all-year road access and
previous mammal studies (Harrington et al. 1997, 2001) had identified areas of rainforest
that supported discrete populations of Uromys hadrourus sympatric with Uromys
caudimaculatus. The vegetation types in the Bellenden Ker–Bartle Frere subregion have
been mapped by Tracy (1981), and Stanton and Stanton (2006). The area is dominated
by two main vegetation types: mesophyll vine forest (Tracey 1b) in areas of deep basalt
in flatter areas and lower slopes, and notophyll vine forest (Tracey 5a) in areas with
shallower soils and steeper slopes.

2.2

STUDY GRIDS

As populations of Uromys hadrourus are small and geographically restricted, exploratory
trapping was carried out to locate sites where the species occurred in adequate numbers
to conduct this study. The eleven sites shown on Figure 2.2 were each trapped on four
occasions from April to October 2004. Trapping effort at each site comprised three sets
of 24 Elliot traps and eight wire cages (96 traps total) which were trapped over four
nights. Each trap-site comprised two lines of traps located 20 metres apart with traps
spaced at 10m intervals. This amounted to 1536 trapnights per site (4 x 384 trapnights
per trapping session) for a total of 16,896 trapnights overall. Three of the trapping sites
recorded Uromys hadrourus.

No Uromys hadrourus were captured on any of the

remaining eight trapping sites, although two had previously yielded animals in 19911992.

The three successful trapping sites were all located along or adjacent to

permanent streams and contained numerous small gullies feeding into the extensive
drainage system (Figure 2.2).
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Figure 2.2 shows the location of all exploratory trapping grids, including the two that recorded Uromys hadrourus in 1992-1993, and
identifies the final three study grids (Grids 2, 3, and 5); these three grids were placed at the sites where U. hadrourus were captured in
2004.

FIGURE 2.2
Location of exploratory trapping and final three study grids
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2.2.1

Vegetation

All three study grids were located in mesophyll vine forest (Figure 2.3) at a mean
elevation of 740 metres (range 710-770 metres).

FIGURE 2.3
Broad vegetation types in the study area (Stanton 2006)

Extensive areas of notophyll vine forest were located near each grid, with small
patches occurring within two of the grids (Grid 2 and Grid 5). Both vegetation types are
characterised by high tree species diversity, complex structure, a continuous but
uneven canopy, with epiphytes and lianes common. Figure 2.4 provides examples of
vegetation that occurred on the study grids.
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FIGURE 2.4
Examples of mesophyll vine forest vegetation on the three study grids
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The area on and surrounding the three grids was selectively logged in the 1970s and
large stumps of fallen trees were still common.

The grids were located within a

complex topography of ridges dissected by first order and second order streams i.e.,
headwaters and upper catchments. The forest was tall (canopy 30-40m with emergents
to 50-60m) and buttresses were common. In wetter parts of the forest, the water gum
Syzygium gustaviodes develops extensive growths of aerial roots (Figure 2.4). The
understorey on the study grids varied considerably.

Dense thickets of sapling

regrowth, pioneer species, and shrubs occurred along the lower slopes and adjoining
gullies and streams, and where disturbance had opened the canopy. Tall forest with an
open understorey was distributed along the ridges and upper-middle slopes.

2.2.2

Climate

North Queensland has a tropical wet and dry season climate. Most rainfall is recorded
between November and April, with increasing storm activity and temperatures from
November onwards (mean monthly maximum of 28.30C). Rainfall of 300mm to 700mm
a month is usual during the wet season, and falls can exceed 1000mm per month in
the presence of a cyclone or tropical low. The winter months of May to August have low
temperatures and although generally dry, light but persistent rainfall can occur. Daytime temperatures at this time can often fall below 150C.

Rainfall
Rainfall data were obtained from a farm centrally located between the three trapping
grids (I. and F. Bean, Gourka track). These records extend over 20 years and show
that the mean annual rainfall for the study area was 3195mm (±188 SE; range 21064072mm).

However, during this study heavy rain fell over many months that are

typically dry. Mean annual rainfall recorded at the study grids over the three years of
the study was considerably higher than the 20 year mean (25%) at 4304mm (±338SE,
range 3631mm - 4698mm) (Figure 2.5).

61

FIGURE 2.5
Study area rainfall 2004 – 2007 showing date and duration of trapping sessions

2.3

GENERAL METHODS

A capture-mark-recapture program using permanent and uniquely numbered trap
locations on three large grids (260m x 100m) was carried out over a period of 23
months from August 2004 to July 2006.

The trapping program was cut short by

Cyclone Larry, a Category 4 storm which crossed the coast of north Queensland on 20
March 2006, passing between Cairns and Mission Beach.

The cyclone caused

extensive canopy damage to the forest at the Bartle Frere study area. The general
condition of the vegetation of the study grid prior to the cyclone is shown in Figure 2.6.
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FIGURE 2.6
Pre-cyclone vegetation in the same area as Figure 2.7 - December 2005.

FIGURE 2.7
Damage caused by Cyclone Larry at the Bartle Frere study area - March 2006.
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Post-cyclone, trees in exposed areas, ridges and windward slopes suffered extensive
branch and trunk damage, with many trees snapped off 3-6 metres from the ground
(Figure 2.7). All fruit and flowers on trees at the time of the cyclone were knocked to
the ground and the large quantity of fallen branches, trees, vines, and suspended
broken trees and branches made access to most parts of the forest difficult and
dangerous.

2.4

SAMPLING DESIGN

Uromys hadrourus is a spatially rare species occurring at low numbers and difficult to
trap; one of Australia‟s most naturally rare and elusive mammal species. The coexisting
rainforest mammal assemblage comprised relatively large populations of trophically
similar species e.g., Uromys caudimaculatus, Rattus fuscipes, and Melomys
cervinipes, compounding the logistical and statistical problems associated with
studying such a rare animal. Accordingly, the sampling design was aimed at:
1) providing trap saturation, to allow the maximum number of vacant traps to be
available for U. hadrourus; and 2) trap cover, to ensure that vacant traps sampled the
microhabitats comprehensively in the event that the species utilised a restricted
microhabitat niche.

2.4.1

Trapping grid format

Three separate 260m x 100m grids (2.6 hectares) were established with identical
layouts, each grid comprising 14 lines of traps located at 20 metre intervals (Figure
2.8). Each trapping line was made up of 11 traps set at 10 metre spacing and all trap
locations were given a permanent peg with a unique trap location number.
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FIGURE 2.8
Trapping grid format for all three trapping sites
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Each trap line contained nine Elliot traps (30cm x 10cm x 10cm) and two wire cages
(45cm x 25cm x 25cm) for a total of 154 traps set at each grid. Each grid was
analysed separately to establish species diversity and species composition, and
population sizes were estimated using capture-mark-recapture statistics. The grids
were then grouped into a single data set for analyses of species population
dynamics, breeding, growth rates, and behaviour. Three independent trapping grids
were considered necessary to increase the chances of catching adequate numbers
of the rare U. hadrourus for analysis. The grids were trapped over four consecutive
nights and generally trapped in the same order i.e., Grid 2 – Grid 5 – Grid 3 in each
round of trapping

Traps were cleaned when removed from each grid and repaired

before placing on the next trapping grid. Due to trap washing, numerous trap repairs,
and adverse weather conditions, the duration of trapping periods varied from 18 to 24
days (from the beginning of the first grid trapping session to the end of the third grid
trapping session). Traps were baited with standard small mammal bait, a mixture of
rolled oats, honey, peanut butter, and vegetable oil, and were checked every day and
re-baited if necessary.

2.5

IDENTIFICATION OF STUDY SPECIES

The two species of Uromys are markedly different and there is little chance of
misidentification (refer to Chapter 1). Uromys hadrourus was never trapped above
230gms in weight whereas U. caudimaculatus often weigh greater than 800gms.
Juvenile U. caudimaculatus were easily distinguished from adult U. hadrourus due to
the significantly larger head of U. caudimaculatus, the overall body size and shape,
and the presence of a large tail with long sections of white mottling (Figure 2.9). The
tail of U. hadrourus is small in comparison and has a white tip extending ~50-60mm
only.
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Correct identification of all rodent species was confirmed in previous studies of
rainforest rodent skull morphology (Crome et al. 1991; Laurance 1994; Williams and
Marsh 1998) and by referring to DNA samples taken during past field studies (Crome
et al. 1991; Crome et al. 1994; Leung et al. 1993; Campbell 1996; Harrington et al.
2001). Rattus leucopus cooktownensis is distinguished from R. fuscipes coracius by
having a more pointed snout, flatter skull profile, darkish eye-ring accentuated by a
prominent guard hair (refer to Figure 2.10), coarser fur and less robust hindquarters
(Moore and Leung 2008). Melomys burtoni is often hard to separate in the hand from
immature M. cervinipes but can usually be identified by the larger weight and more
colourful pelage of M. cervinipes, and the more brindled appearance to the fur and
longer face of M. burtoni (Moore and Burnett 2008). Photographs representative of
each species were taken and these are presented in Figures 2.10 – 2.12. Table 2.1
presents a list of potential trappable species (Smax) for the study area derived from
their known presence in the larger region, and indicates their preferred habitat and
whether they were captured in this study.
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FIGURE 2.9
Comparison of juvenile Uromys caudimaculatus and adult Uromys hadrourus
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FIGURE 2.10
Rodents captured in this study
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FIGURE 2.11
Marsupials captured in this study
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FIGURE 2.12
Antechinus captured in this study
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TABLE 2.1
Trappable mammal species in study area
1 = Resident; 2 = Resident but generally not trappable; 3 = Non-rainforest species
Species
Rattus fuscipes Coracius

Likelihood of
Occurrence

Captured in
study

1

YES

Comments
Rainforest, open forest
(Lunney 2008)
Rainforest, open forest,
woodlands
(Moore 2008)

Uromys caudimaculatus

1

YES

Melomys cervinipes

1

YES

Hypsiprymnodon moschatus

1

YES

Rattus leucopus
cooktownensis

1

YES

Rainforest
(Dennis and Johnson 2008)
Rainforest
(Moore & Leung 2008)

Antechinus adustus

1

YES

Rainforest
(Burnett and Crowther 2008)

Antechinus godmani

1

YES

Rainforest
(Burnett 2008)

Uromys hadrourus

1

YES

Rainforest
(Moore & Winter 2008)

Perameles nasuta
pallescens

1

YES

Rainforest
(Dickman and Stodart 2008)

Antechinus flavipes
rubeculus

1

YES

Rainforest, vine forests, swamps
(Crowther 2008)

Pogonomys sp.

2

YES

Rainforest
(Breed and Aplin 2008)

Cercartetus caudatus

2

YES

Rainforest & adjoining casuarina
(Haffenden and Atherton 2008)

Sminthopsis leucopus

2

NO

Rainforest
(Lunney 2008)

Thylogale stigmatica

2

NO

Rainforest, wet sclerophyll
(Johnson and Vernes 2008)

Isoodon macrourus

3

YES

Grassland, rare in closed forest
(Gordon 2008)

Melomys burtoni

3

YES

Grassland
(Kerle 2008)

Mus musculus

3

YES

Disturbed habitat
(Singleton 2008)
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Rainforest (Moore & Burnett
2008)

2.6

ANIMAL HANDLING AND MEASUREMENTS

Traps were checked each morning and animals were processed and released at
each trap location prior to moving on to the next trap.

Non-Uromys hadrourus

species, including U. caudimaculatus, were ear-tagged with a uniquely numbered
metal tag (Hauptner brass laboratory tags), measured and their reproductive
condition assessed, and released again at the trap location the same day.

All

captured U. hadrourus were removed and placed in captivity until trapping at the grid
had ceased and the traps had been removed. After taking morphological
measurements, each U. hadrourus was photographed and a small triangle of tissue
was removed from one of the ears for DNA analysis. Individual U. hadrourus were
initially marked with an ear tag which was replaced with a PIT microchip (Destron
9250 Pocket Reader and 134 kHz LifeChip identichips) when recaptured. This
disparity in marking methods was due to the unavailability of PIT equipment for the
first part of the study.

2.6.1

Criteria for aging small mammals

Weight, reproductive condition, pelage and body form were used to classify animals
into three broad age classes: juvenile, subadult, and adult.

These classes are

commonly used in studies of rodent dynamics (Taylor 1961; Warneke 1971; Wood
1971; Watts 1977; Watts & Aslin 1981; Wellesley-Whitehouse 1981, Press 1982) but
their definition and the criteria used to evaluate them varies. The three classes were
defined in this study as follows:
A Juvenile was an individual fully or partly dependent upon its parents; a subadult
was an individual that had weaned but had not reached the minimum breeding
weight; and an adult was an individual that has reached potential breeding size
and/or exhibits reproductive activity e.g., a pregnant or lactating female or a male
with large scrotal testes. The following weight ranges for these age classes were
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determined from the literature and from this and other studies of rodents carried out
in north Queensland (Laurance 1989; Crome et. al. 1991; Campbell 1996; Harrington
et al. 2001; Dickman et al. 1993).

Rattus fuscipes coracius: Taylor (1961) produced growth curves for Rattus
fuscipes assimilis and classified juveniles as <30g and <45 days old, subadults as 30
- 50g and 30 to 50 days old and adults as >50g and >90 days old. Watts produced
curves for R. f. coracius which indicated the growth curve plateaus at about 80 days
and he considered adulthood to begin at about 110 g (Watts and Aslin 1981). Wood
(1971) classified R. f. assimilis as follows: juvenile males < 60 g, juvenile females <
50 g; subadult males 60 - 120g and with scrotal testes, subadult females 51 - 110 g;
adult males >120g, and adult females >110 g.

In field studies of R. f. coracius in north Queensland, the lightest recorded breeding
weight for a female was 105gms and 101gms for a male, which matches Wood‟s
(1971) and Watts and Aslin‟s (1981) data. Captures indicated that juveniles weighed
<45gms; subadults 46 - 99gms and adults >100gms. The heaviest juvenile recorded
still in company with its parent in this study was 41gms.

Rattus leucopus cooktownensis:

There is little published information on the

breeding of this subspecies in the wild. R. l. cooktownensis is lighter then R. f.
coracius, has a shorter oestrus cycle and smaller litters (Breed 1978, Watts and Aslin
1981). There is some limited laboratory data on growth in the larger subspecies R. l.
cooktownensis in Watts (1979).

In field studies of R. l. cooktownensis in north

Queensland, the lightest breeding weight recorded was 98gms and 114gms for
females and males respectively. Weight ranges for all age classes in this study were:
juveniles <30gms; subadults 30 - 94gms and adults >95gms. The heaviest juvenile
recorded still in company with its parent in this study was 23g.
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Melomys cervinipes: Wood (1971) classified juveniles of both sexes to be <40gms,
subadults 41 - 65gms, and adults >65gms.

Limited laboratory data from Watts

(1979) and captures of very small animals in this study suggest juveniles are weaned
at approximately 25gms. The lightest breeding weights recorded in north Queensland
(Moore unpublished data) were 58gms and 69gms for females and males
respectively. Captures of young and older animals indicated that juveniles weighed
<30gms, subadults 30 - 50gms, and adults >51gms. The heaviest juvenile recorded
still in company with its parent in this study was 20gms.

Uromys caudimaculatus:

Reproductive condition of U. caudimaculatus is difficult

to determine in the field. Wellesley-Whitehouse (1981) recorded a lactating female
weighing 490gms and a female breeding at 420gms. The details and source of the
latter record is not available. In a study of the effect of fragmentation on demography
and genetics of U. caudimaculatus, Streatfeild (2009) recorded a lactating female at
470g in a small 5 ha fragment. In this study, the lowest weight recorded for females
with moderate teats (early breeding condition) was 550gms, therefore >500gms has
been used as the indicator weight for adulthood.

In other field studies of U.

caudimaculatus in north Queensland, the lightest breeding weight recorded was
580gms and 600gms for females and males respectively (Crome et al. 1991:
Harrington et al. 2001). Captures of young animals with and without the female
parent suggests weaning occurs at about 250-300gms and this latter weight has
been used as the upper limit of juveniles and the lower limit of subadults. Weight
ranges for all age classes are: juveniles <300gms, subadults 301 - 500gms, and
adults >500gms. The heaviest juvenile recorded still in company with its parent in
this study was 160gms.
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Uromys hadrourus: There are no data prior to this study to assist in the
determination of age categories in U. hadrourus. The division between juveniles,
subadults, and adults according to body weight is dealt with in section 6.1.4 (Chapter
6 - Ecology of the pygmy white-tailed rat Uromys hadrourus).

Hypsiprymnodon moschatus: The age classes in this study are based on the
following weights:

juveniles <200gms, subadults >200gms and <400gms, adults

>400gms (Dennis 1997). Young H. moschatus may be independent of the female
from approximately 140gms (Dennis and Johnson 2008).

2.6.2

Reproductive condition criteria

The reproductive condition of captures used the criteria presented in Box 1. Female
and male reproductive classifications are not meant to be aligned, particularly with
regard to marsupials.

Male rodents at stages 3 and 4 were considered to be in breeding condition. It was
difficult to gauge reproductive condition in Uromys caudimaculatus.

The strong

stomach muscles precluded effective palpation of un-sedated females and made it
hard to categorise males that had drawn their testes into the body cavity. Breeding
periods for this species was best gauged by the presence of lactating females and
the presence of juveniles.
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Box 1
Reproductive status and age categories of small mammals

Sex:

1 = Male
2 = Female
3 = Unknown

Age:

1 = Adult
2 = Immature/subadult
3 = juvenile/‟baby‟

REPRODUCTIVE STATUS
Placentals

1.
2.
3.
4.
5.

Female
Imperforate
Perforate, small teats
Perforate, large teats
Pregnant or ? pregnant
Lactating

1.
2.
3.
4.
5.

Male
Inguinal
Scrotal + small
Scrotal + moderate
Scrotal & large
Regressing/regressed

6.
7.
8.
9.

Testes absent
Testes small
Testes medium
Testes large

Marsupials
6.
7.
8.
9.
10.

2.7

Pouch undeveloped
Pouch developed, no young
Unfurred young in pouch
Furred young in pouch
Lactating, no young in pouch
(i.e., young in nest or at heel)

SPOOLING AND RADIO TRACKING

Spooling is used in mammal studies as an alternative to radio-tracking to follow the
movements of small nocturnal mammals. A spool of cotton thread, approximately
300 metres in length and ~4gms in weight, was covered in waterproof masking tape
and glued on to the upper back of an animal using quick-fixing epoxy resin e.g.,
SupaGlue (Figure 2.13). The free end of the spool was then attached to a small tree
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or log at the point of release (trap location) and as the animal moved away the thread
unwound from the centre of the spool, showing the path taken by the individual. To
avoid interference from baited traps, spooling was conducted following the cessation
of trapping on the grid. All spooled animals awaiting release were kept in partlymeshed holding cages (1.5m x 0.5m x 0.5m) with a refuge box for housing. Fresh
food and water was supplied in the morning and evenings. Spooled animals were
released on dark i.e., 1800-1900hrs (depending on the time of year). Although it was
originally planned to spool Rattus fuscipes and Melomys cervinipes in addition to the
two Uromys sp., the extensive damage caused by Cyclone Larry resulted in only
Uromys hadrourus and a few U. caudimaculatus being spooled.

The trail of thread was mapped the following morning using compass bearings and
distance measurements in centimetres. All changes in direction and vegetation were
noted and representative photographs taken of the mode of travel, microhabitat
traversed, and food items located. These data were transferred to a map of the
study grid and habitat usage and foraging behaviour were calculated. The single
radio-collared U. hadrourus disappeared three weeks after having the collar attached
and a U. hadrourus skull was subsequently found below the temporary tree roost of
the resident Rufous Owl Ninox rufa. The radio collar was never located. It was
considered highly probable that the skull belonged to the missing animal and no
further radio collars were placed on U. hadrourus after this incident.
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FIGURE 2.13
Spooled Uromys hadrourus waiting release.

2.8

DIET ASSESSMENT

Due to their low densities and elusive behaviour, determining the diet of this rare
nocturnal rodent was a difficult undertaking. As it rained heavily through almost all
the trapping samples (>30mm/day), the droppings of U. hadrourus were generally
washed away in the traps. During non-rain events, a number of droppings were
collected and stored in 100% ETOH for analysis. It was considered important to
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avoid disruption to the social organisation of the Uromys hadrourus populations
which would have resulted from removing individuals for extended laboratory
experiments. It was also judged that providing food trials in the field was unlikely to
yield worthwhile results due to the extremely low density of Uromys hadrourus
compared to the high density of coexisting rodents such as Rattus fuscipes, Melomys
cervinipes, and.Uromys caudimaculatus.

Therefore, in this study diet was

determined by examining food items located during the mapping of spooled activity
(>8 kilometres of observations). It is accepted that trapping and spooling animals
may have resulted in a changed feeding behaviour for some individuals.

2.9

HABITAT MAPPING

No detailed vegetation analyses could be undertaken due to impacts of Cyclone
Larry. However, some broad habitat mapping was undertaken when the three study
grids were established and prior to the cyclone. Eight broad habitat types were
identified and these are shown for each of the three trapping grids in Figure 2.14 a-c:
1.

Ridge - open understorey

2.

Flat - open understorey

3.

Upper-mid slopes - open understorey

4.

Lower slopes – open understorey

5.

Lower slopes - dense understorey

6.

Gully – first order stream

7.

Riparian – second order stream

8.

Dense

wet

forest–dominated

Hypolytrum nemorum
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by

dwarf

pandan

sedge

FIGURE 2.14 a - c
Habitat types on grids

2.14 (a)

2.14 (b)
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2.14 (c)

The boundaries of the vegetation mapping have been used in the habitat assessment
conducted in Chapter 5 and Chapter 6.

2.10

CYCLONE DAMAGE

The three study grids differed in the amount of damage they experienced during
Cyclone Larry (20 March 2006: Category 4 storm) and this variability was
incorporated into the interpretation of post-cyclone capture data. In a study of cyclone
damage, Moore and Gillieson (2008) assessed the damage to the grids as follows:

Grid 2:

Damage category = 3 (severe)

Severe canopy damage, boles or crowns of most trees broken, smashed or windthrown, and may also contain both windward and multidirectional impacts (damage
categories 1 and 2, Unwin et al. 1988).

Grid 3: Damage category = 2 (moderate)
Moderate canopy disturbance, structural loss mostly branch and foliage, some treefalls and most stems erect (damage category 3, Unwin et al. 1988.).

Grid 5: Damage category = 1 (light)
Slight canopy disturbance: foliage loss, occasional stem or branch breakage
(damage category 4, Unwin et al. 1988).

2.11

SAMPLING EFFORT IN MAIN HABITAT TYPES

Statistically, it is important to ensure that the trapping grids adequately represented
the main habitat types occurring on each grid, particularly for cage traps which were
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primarily used to sample for U. caudimaculatus. As the trapping grids were placed to
cover the main areas in which U. hadrourus had been captured during the
exploratory trapping, there was no initial attempt to achieve representative sampling
of vegetation by the traps prior to sampling.

However, draft vegetation maps

produced during the setting up of the grids enabled broad vegetation mapping of the
three trapping grids (Figure 2.14). All three trapping grids began at the top of the
ridge and extended down the slope to take in the riparian corridor. Thus, the grids
sampled a catena of microhabitats ranging from forest on flat ground and upper
slopes, middle and lower slopes, and gullies and riparian habitats. Trap locations
were grouped into two major categories of closed forest open understorey and closed
forest with dense understorey and streams to determine whether there was sampling
adequacy of the major habitats.

2.11.1

Cage traps

Although cage traps were set to ensure the capture of Uromys caudimaculatus this
species also entered Elliot traps, often when they were adjacent to an unoccupied
cage. Cage traps were placed at the fourth and eighth trap locations on every trap
line (refer Figure 2.8). The top line of cage traps effectively sampled closed forest
with open understorey (Figure 2.8: traps 1.4 - 14.4) while the lower line of cages
(Figure 2.8: traps 1.8 - 14.8) sampled dense understorey. The proportion of cage
traps in dense understorey was slightly higher than in closed forest with open
understorey, 54.5% and 45.5% respectively.

2.11.2

Elliot traps

Over the three trapping grids, the proportion of Elliot traps representing each major
habitat type was identical to that of the cage traps i.e., 45.5% in closed forest with
open understorey and 54.5% in closed forest with dense understorey. Two of the
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study grids, Grid 2 and Grid 3, had an equal representation of open-understorey trap
locations (50%) compared to densely vegetated understorey trap locations. Grid 5,
however, was under represented in the number of Elliot trap locations in openunderstorey habitat, with only 40% in open situations compared to 60% located in
dense understorey. Grouping the three trapping grids resulted in 45.5% of all traps
(cages and Elliot traps) sampling open understorey forest and 54.5% sampling
densely vegetated forest.

2.12

STATISTICAL ANALYSES

The statistical analyses used in this study fall into three broad groups: analyses
exploring species diversity and differences in diversity between grids (diversity
analyses); population size estimation (capture-mark-recapture analyses - CMR);
and analyses exploring the population dynamics of the study animals (population
analyses). All variables were tested for normality prior to analysis using KolmogrovSmirnov and Shapiro-Wilks W tests, and for equal variances using Levene‟s test. All
statistical tests followed Zar (1999) and Amstrup et al. (2005) was consulted for
capture-recapture analysis. Statistical analyses were conducted using Statgraphics
Centurion XV, SPSS 17, and Primer 5.

2.12.1

Analysis of species diversity and richness

As it was intended to group the data from all three study grids to take account for low
capture numbers of rare species, it was essential to determine the similarities and
differences between the grids. The multivariate program used for these analyses
was Species Diversity and Richness IV (Seaby and Henderson 2006). The analyses
focussed on quantifying the sampling effort, species number and richness, and
evenness for each grid. Diversity indices and their associated analyses were used
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extensively in this part of the analyses. In this study, -diversity (alpha) i.e., the
diversity of species within a community or habitat was explored using the following
processes:

Species number or richness:
Species number or richness is easily understood, but may be difficult to estimate
(Seaby and Henderson 2006). Firstly, species acquisition curves are required to
determine whether sampling has been of sufficient intensity to capture most of the
species present. Secondly, to compare species number between one grid or area
and another requires the samples to be adjusted so they all represent the same
sampling intensity. These techniques are termed rarefaction and sample interpolation
and are discussed in 2.12.3. Generally Margalef‟s D diversity index was used to
define species richness. This index is a measure of species diversity but with an
emphasis on species richness. It is calculated as the species number (S) minus 1
divided by the natural logarithm of the total number of individuals (N):

D = (S-1)
ln N
Evenness or Equitability:
Evenness is the pattern of distribution of the individuals between the species. This
analysis is particularly important in rainforest small mammal studies as most samples
include a small number of highly abundant species. In a theoretical trapped
population a sample of 100 individuals comprising 10 species may result in one of
two extremes:

each of the 10 species may be represented by 10 individuals

(extreme evenness); or one species may be represented by 91 individuals and only
one each of the other nine species (minimum evenness). Both these attributes of the
data may be expressed using a model that describes the species-abundance
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relationship using a diversity index (Whittaker 1965; Hurlbert 1971). It is measured
with a standardized index that is typically on a scale ranging from near 0, which
indicates low evenness or high single-species dominance, to 1, which indicates equal
abundance of all species or maximum evenness (Routledge 1980; Alatalo 1981;
Stirling and Wilsey 2001). The literature in the area of diversity and associated
analytical methodology is extensive e.g., Fisher et al. (1943), Whittaker (1972), and
May (1975) provide an overview of the principles of diversity analyses and other
materials are provided in the references of this thesis.

However, two critical

elements of species diversity analysis require detailed explanation: adequacy of
sampling effort and rarefaction. These are discussed below.

2.12.2

Adequacy of sample effort

It is essential to establish the adequacy of sampling effort before undertaking any
species richness or abundance calculations. To this end a species accumulation
curve with 30 randomisations (Solow 1993) was used to show the increase in
number of species recorded with sampling effort. The species accumulation curve
indicates whether the sampling has been of sufficient intensity to capture most of the
species present. The plot of the cumulative number of species (S), collected against
a measure of the sampling effort (n) indicates the adequacy of the sampling effort
(S(n)) (Seaby and Henderson 2006). This analysis used the rate of species
acquisition over successive sample periods to create a line that either asymptotes
within the samples (sampling for resident species is probably complete) or shows a
lack of de-acceleration towards an asymptote i.e., sampling has probably been
insufficient to adequately characterise the community (Seaby and Henderson 2006).
Rank log abundance (plot of log rank against log abundance) was also used to clarify
the influence of dominant species.
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2.12.3

Rarefaction and Sample Interpolation

Rarefaction is a technique for analysing the number of species among collections
(species richness), when all collections are scaled down to the same number of
individuals i.e., adjusting for sampling effort. The number of species Sn that can be
expected from a random sample of n individuals, drawn without replacement from N
individuals distributed among S species is given by:

Where S is the total number of species found in the collection, and Ni is the number
of individuals of the ith species (Hurlbert 1971). The formula computes the expected
number of species in a random sample of n individuals as the sum of the probabilities
that each species will be included in the sample. Rarefaction is only useful with
samples taken from a single community, members of which have similar relative
abundance patterns (Seaby and Henderson 2006).

Sample interpolation is used to estimate the change in species number with
increasing sample number and is essentially similar to rarefaction but uses samples
rather than individuals as the measure of effort (Colwell et al., 2004, Seaby and
Henderson 2006)

2.13

CAPTURE-MARK-RECAPTURE (CMR)

Excluding the five species with low capture numbers (Isoodon macrourus, Perameles
nasuta, Pogonomys sp., Melomys burtoni, and Mus musculus), population sizes were
estimated using variations of the Jolly-Seber Mark-Recapture Method (Amstrup et al.
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2005).

The program used for the majority of the analyses was Simply Tagging

(Version 1.31 2006) which comprises a range of analytical techniques to estimate
population size, survival, and mortality. Seber (1982, 1986) and Schwartz and Seber
(1999) provide a review of the statistical theory that underlies the capture-markrecapture methodology. Populations can be classified as either open or closed. A
closed population remains effectively unchanged during the study whereas an open
population may change through birth, death, and migration. The type of population
estimation method used in this study varied from „open‟ or „closed‟ depending upon
the amount of recapture data available for the species in question and their
approximate lifespan. A number of studies on the suitability and application of closed
and open methods for population estimation were consulted to determine the
appropriate analysis for each species in this study including Schwarz and Seber
(1999), Pollock et al. (1990), White et al. (1982), Cormack (1979, 1989), and Begon
(1983).

2.13.1

Open populations – Full Jolly-Seber Method

A full Jolly-Seber analysis was conducted for those species which met statistical
assumptions and had adequate recapture data.

The four main assumptions

underlying this analysis comprise:
 Every individual has the same probability of being caught in the t+1 sample,
whether it is marked or unmarked.
 Every marked individual has the same probability of surviving from t to the t +1)
sample.
 Individuals do not lose their marks, and marks are not overlooked at recapture.
 Sampling time is negligible in relation to the intervals between samples.
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A brief example of the methodology of the analysis is presented below:
mt = Number of marked animals caught in sample t.
ut = Number on unmarked animals caught in sample t.
nt = Total number of animals caught in sample t = mt + ut .
st = Total number of animals released after sample t .
mrt = Number of marked animals caught in sample t last caught in sample r.
Rt = Number of the st individuals released at sample t and caught again in a later
sample.
Zt = Number of individuals marked before sample t, not caught in sample t, but
caught in a sample after sample t.

Where:

ᾶt = mt + 1
nt +1
Ḿt = (st +1)Zt + mt
Rt +1
Ñt = Ḿt
ᾶt

Alpha at the time of t is an estimate of the proportion of the population that is marked.
Ḿt is an estimate of the marked population just before sample time t.

Ñt is an

estimate of the population size at time t (Larsen 1998).

2.13.2

Open populations – Constant Probability of Capture and Survival

Low capture rates of naturally rare species make the estimation of population size
problematical. Buckland (1980) discussed a solution to this frequently encountered
problem of the Jolly-Seber model where estimates of survival and birth rates are
biologically impossible (e.g. a negative birth rate). Jolly (1982) presented a number of
modifications which, by assuming constant survival and/or capture rates, gave a
more parsimonious model leading to more efficient estimators (Seaby and
Henderson 2006).

This method has the advantage of being able to produce

population estimates for most t occasions where data are insufficient to conduct a full
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Jolly-Seber

analysis.

Generally

both

analyses

were

conducted

in

these

circumstances and the results compared.

2.13.3

Closed population methods

These methods assume that the population does not change over the period of
study. The trapping period (23 months in this study) needs to be relatively short
compared to the life expectancy of the study animals. This condition is met for most
of the mammal species apart from the two Uromys spp. Seber (1992) described
eight models for a closed population, commonly referred as M0, Mt, Mb, Mbt, Mh,
Mht, Mbh, and Mbht, which could be used for estimating the population size N. Here
the subscripts refer to the constant probability of capture (M0) effects of time,
behaviour and heterogeneity in the capture probabilities of individuals. Those models
used frequently in this study are described below with much of the descriptions
based on those of Henderson and Seaby (2006).

Constant probability of capture (M0)
In this model every animal at all sampling occasions has the same probability of
capture. For more than two sampling occasions the maximum likelihood estimator of
population size is found using numerical methods as described by Otis et al. (1978).
This model has been used in this study as a foundation against which to assess
more general and complex models.

Temporal change in capture probability (Mt)
As it was known that the probability of capture for most species varied between
samples, this is the most commonly used closed population model in the CMR
analyses. Heavy rain and strong winds throughout many of the trapping samples
increased the probability that captures of some species would be influenced by
weather conditions.

In addition, nights of full moon appeared to dampen rodent
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activity, encouraging animals to utilise areas of cover as protection against predators.
To obtain reliable output from this model the sampling effort must be equal for the
major habitat types being sampled and there should be significant differences in the
number of animals captured on each sampling occasion. This model assumes that
all animals in the population have an equal probability of capture at any one time and
uses numerical methods to estimate the maximum likelihood estimator of population
size and the probability of capture on each sampling occasion. This is a more
mathematically rigorous approach than that originally devised by Schnabel (1938),
which was further developed by Darroch (1958).

Chao temporal change in capture probabilities (Mt)
This model has been used in this study in tandem with other population estimators.
Chao (1989) presented a method for calculating population size when capture
probabilities varied through time, which differed from the standard maximum
likelihood estimator described above.

2.13.4

Tests for equal catchability

There are two tests for equal catchability which are specific to open or closed
population models.

For open populations Leslie's Test (Leslie et al. 1953) is

calculated using the first and the last samples in the series as the starting and
finishing points. For closed populations the Zero-Truncated Poisson Test is
undertaken, and requires three or more samples. Both tests were used in this study.

Leslie’s Test (Leslie et al. 1953)
This test is suitable for open populations that may have experienced both mortality
and recruitment. The test compares the actual and expected variances of a series of
recaptures of individuals known to be alive throughout the sampling period (individual
marks must have been used). A major shortcoming of the test is that it is based only
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on those animals captured on the first sampling occasion that were also captured on
the last sampling occasion (Henderson and Seaby 2006). It therefore only uses part
of the available data and if few animals meet this condition it cannot be applied. Due
to the high turnover and relatively short lifespan of many of the rainforest rodents,
this criterion is seldom met. If fewer than 20 animals are available for analysis the
test is unreliable.

2.13.5 Estimating population densities
In this study density is defined as the number of animals per unit area (D=N/A) where
D denotes density, N is abundance (mean number captured) and A is the area being
sampled (Williams et al. 2001). It has long been recognised that using the area of
the grid to estimate population density from trapping data does not recognise the true
area actually being used by the animals that are subject to being trapped (Dice 1938,
1941; Karanth and Nichols 1998). As such, using the area enclosed by the outer
traps is likely to result in an overestimate of density due to “edge effects” where
animals whose ranges are partially outside the grid are caught on the grid (Boutin
1990). Animals with large ranges relative to the grid size increase the influence of
edge effects (White et al. 1982; White 1983). Wilson and Anderson (1985)
investigated whether the boundary strip (Ŵ) for edge effects around the grid could be
estimated using the maximum distance (d) between capture locations for each
individual (i) that was captured at least twice.

Following the suggestion of Dice

(1938), Wilson and Anderson (1985) added a boundary strip of Ŵ = d/2 to the
perimeter of trapping grids to estimate the effective area being sampled. This method
assumes that half the mean of the maximum distances moved is a reasonable
estimate of Ŵ for the purpose of estimating effective sampling area (Byron et al.
2001).

This is the approach used in this study to estimate species‟ population

density (Figure 2.15).

92

Figure 2.15
Trapping grid shown with estimated boundary width (Ŵ) indicating effective trap area.
The corners of the effective area are quarter-circles of radius Ŵ.
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Although there is no strong theoretical justification for use of this estimator it was
found to compare well with estimates obtained from the nested grid approach (Jett
and Nichols, 1987) and performed well in simulations. The mean distance between
trap locations for two successive captures of individual marked animals (same
trapping session or consecutive trapping session only) was calculated for each
species where data were adequate. The boundary strip (Ŵ) for estimating species‟
density (Ŵ = d/2) was then added to existing the grid area and densities calculated
using mean sample captures.

2.13.6

Mean grid movement index (MGMI)

This measurement is used as an index of the relative mobility of different species by
using the mean distances travelled between successive captures either on the grid
(trap locations) or between different grids (sensu Leung 1994). These movements
were considered to be dependent for statistical analysis and analysed using
dependent t-tests. Due to the large number of retraps at the same trap location
(multiple captures during the same sample period), only individual captures that
moved to different trap locations on successive captures are used for this analysis.
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CHAPTER 3.

TRAPPING RESULTS AND GRID COMPARISONS

The rarity and low trappability of Uromys hadrourus required three identical trapping
grids (2.6 hectares each) to ensure adequate captures for analyses.

As it was

intended to pool the data from the three grids it was necessary to determine whether
there was significant difference in captures or species diversity between the three
grids. This chapter presents the results of the live trapping conducted on each grid,
and examines the capture rates, species assemblages, species diversity, richness,
abundance, and seasonal trends for each grid. These data are compared to establish
similarities and dissimilarities in capture rates and small mammal diversity between the
three trapping grids.

3.1

OVERALL TRAPPING RESULTS

A total of 21 584 trap nights were conducted during the study, resulting in 3 112
captures of 15 different species i.e., 88.2% of all rainforest species in the region likely
to be trapped by terrestrial trapping. The complete dataset includes six months of
exploratory trapping to locate Uromys hadrourus populations (Table 3.1), experimental
trapping to evaluate microhabitat use by U. hadrourus, and the trapping results of six
samples conducted at all three study grids (18 grid samples overall).

All mammal

captures (exploratory, experimental, and grid samples) were used to determine the
composition of the small mammal assemblage on the study grids.
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Mammal captures were categorised as follows (Table 3.1):


1st Captures: First capture of an unmarked animal;



Recaptures:

Caught on successive trapping sessions;



Retraps:

Caught multiple times in same trapping session.

Three mammal species made up approximately 84% of all 1st captures (Table 3.2;
Figure 3.1): Rattus fuscipes (~47%), Melomys cervinipes (~30%), and Uromys
caudimaculatus (~16.5%). Captures of the remaining 12 species ranged from 0.07 % 4.9% of total captures.

Table 3.1
Breakdown of mammal trapping effort

Trapping effort

Trap nights

Exploratory trapping to locate Uromys hadrourus populations

9996

Grid trapping samples (three grids trapped in each trapping session)

11088

Experimental trapping (two microhabitat samples)
Total trap nights

500
21 584
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FIGURE 3.1
Composition of small mammal assemblage (1st captures only)
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TABLE 3.2
Total number of captures for all species
Captures

st

Species

1

Captures

Recaptures

1

Retraps

2

TOTAL

per 100
TN

Rattus fuscipes coracius

632

286

713

1631

7.60

Melomys cervinipes

324

45

217

586

2.70

Uromys caudimaculatus

223

127

243

593

2.80

Hypsiprymnodon moschatus

66

13

21

100

0.46

Antechinus adustus

47

0

16

63

0.29

Antechinus godmani

31

0

13

44

0.20

Rattus leucopus cooktownensis

27

15

26

68

0.32

Uromys hadrourus

19

20

-

39*

0.18

Parameles nasuta pallescens

7

1

6

14

0.07

Isoodon macrourus

5

3

1

9

0.040

Antechinus flavipes rubeculus

3

0

0

3

0.014

Mus domesticus

3

0

0

3

0.014

Pogonomys mollipilosus

1

0

0

1

0.005

Cercartetus caudatus

1

0

0

1

0.005

Melomys burtoni

1

0

0

1

0.005

Total Captures

1389

514

1256

3159

14.6

* Uromys hadrourus were removed from the trapping grid when captured (no retraps)
1

Capture of marked animals on successive trapping sessions

2

Multiple captures of marked animals in same sample
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3.2

RESULTS OF GRID TRAPPING

To avoid bias associated with different trap formations and unequal trapping effort, only
those animals captured during the grid trapping sessions are used in the following
population estimates (exploratory and experimental captures have been excluded). Six
trapping sessions were conducted on the three study grids: five pre-cyclone sessions
and one post-cyclone session i.e., a total of 18 trapping sessions overall (three grids x
six sessions). Trapping on the grids totalled 11 049 trap nights.

The majority of

trappable species (12 species or 71% of potential trappable species) were caught in
the first trapping session.

A breakdown of captures from all three study grids is

presented in Table 3.3.

TABLE 3.3
Small mammal captures on the three trapping grids
st

Grid

1

Captures/

1

Recaptures /

(Captures 100TN)

(Captures 100TN)

TOTAL

Site 2

(3.5km E of Lamins Hill)

399 (10.8)

135 (3.7)

534

Site 3

(4.1km E of Lamins Hill)

386 (10.5)

206 (5.6)

592

Site 5

(5.2km E of Lamins Hill)

298 (8.1)

126 (3.4)

424

1

3.2.1

Recaptures: marked animals caught on successive trapping sessions.

Small mammal captures and seasonal trends

Figure 3.2 presents the results of a four day trapping session at Grid 3 in February
2006 to illustrate the effort required to capture Uromys hadrourus. In this trapping
period three U. hadrourus were captured in a total of 200 animals caught over the four
days. The trap-line set within the Pandanus area (‘dense wet forest’ at LHS of main
grid) was experimentally trapped two weeks after trapping Grid 3. It can be seen that
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trapping within the dense wet forest increased the capture numbers of U. hadrourus
and Antechinus godmani although fewer traps were employed

Figure 3.2
Session captures at Grid 3 showing species and trap-day of capture
(4 day sample)

Rf=Rattus

fuscipes;

Rl=R. leucopus; Uc=Uromys

caudimaculatus; Uh=U. hadrourus;

Mc=Melomys cervinipes; Im=Isoodon macrourus; Pn=Perameles nasuta; Hm=Hypsiprymnodon
moschatus; Af=Antechinus flavipes; Aa= adustus; Ag=A. godmani.
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Trapping session means and standard errors were calculated using mammal captures
from each of the three grids in each trapping period e.g., Trapping session 1 = mean of
totalled captures from Grids 2+3+5. Mean trapping session captures for the three grids
are shown on Figure 3.3. Capture numbers were greatest from April to June i.e.,
autumn and early winter, due to an influx of weaned young animals into the foraging
population (refer to Chapter 4). November to December (late spring to early summer)
had the next highest captures and probably reflected the increased movement of
mating animals and the first wave of weaned young.

FIGURE 3.3
Mean and SE of mammal captures per sample period

3.2.2

Grid capture rates

One-way repeated measures ANOVA for differences in trapping session captures
between the three grids was non-significant (F1.063,2=1.368, P=0.296) indicating that
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capture totals for each grid were similar. Species captures indicated the grids were
sampling the small mammal assemblage adequately with the majority of trappable
species i.e., 12 species out of a maximum 17 species (71%) caught in the first trapping
session. Of the three study grids, Grid 3 had the greatest number of captures and the
most sedentary mammal population with a recapture rate of 0.53 compared to 0.42 and
0.34 for Grid 2 and Grid 5 respectively (recaptures/1st captures). The low recapture rate
at Grid 2 (0.34) suggests a greater degree of population mobility than is present at the
other two sites (refer to Chapter 4: Small mammal population dynamics).

3.2.3

Trapping session differences

Captures on the grids were grouped into trapping sessions. An un-paired t-test of
seasonal captures for the two trapping sessions April-May 2005 and May-June 2006
indicated there was no significant difference in total captures after the cyclone
(t2=0.330, P=0.773). However, a one-way repeated measures ANOVA of all trapping
session indicated that significantly fewer animals (F1,5 = 127.982, P = <0.005) were
caught in February 2005 (Trapping Session 2).

3.2.4

Trap success

Trap success for the grouped sites was 23.9% i.e., 2642 captures in 11,049 trap nights,
lower but comparable to that found in fragments in the same general area of the
Atherton Tablelands (29% - Laurance 1994), and higher than in a study of fragmented
and continuous rainforest (19.1% - Harrington et al. 2001).

3.3

SPECIES DIVERSITY, RICHNESS, AND ABUNDANCE

Prior to combining the captures from the three grids to obtain mean trapping session
captures for use in Chapter 4, a number of diversity indices and distributions were
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calculated to establish and compare the community structures of each grid. The
following analyses were conducted: Species diversity: -diversity (alpha) - the
diversity of species on each grid and as a grouped community; Species richness: the total species number estimate via sampling the total species (or other taxon)
number, i.e., Smax for the locality. This gives both a measure of the completeness of the
sampling on each grid and also allows comparison with the species richness of the
other grids; Species equitability (evenness): - the distribution of individuals between
the species i.e., a measure of how similar species are in their abundance on each grid.
Shannon Weiner indices were calculated for each grid (Table 3.4) and the indices were
subjected to a randomisation test (Solow 1994) using a Pielou J’ (Each Sample Index),
with 10 000 random partitions. The probability of the three grids having the same
species diversity was 0.89 (Number of Simulated [delta] > Observed [delta] = 8899)
indicating that all three sites had the same species diversity at the 5% significance
level.

TABLE 3.4
Comparison of Shannon-Wiener indices for the three trapping grids
Site
Grid 2
Grid 3
Grid 5
All Sample Index
Jackknife Std Error

H

Variance H

1.51

0.00179

1.575

0.003691

1.455

0.004221

1.57
0.02102
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3.3.1

Species diversity

Figure 3.5 shows that all but one of the potentially trappable species for the area was
captured by Sample 3. The Shannon Weiner indices showed that Grid 5 had constantly
lower species diversity that Grid 2 and Grid 3.

FIGURE 3.4
Species accumulation curve based on Shannon Weiner indices

3.3.2

Species richness

The capture data for each grid were standardised to a common sample size using
across sample rarefaction. This procedure analyses the number of species (species
richness) among collections when all collections are scaled down to the same number
of individuals. Chao quantitative species richness estimation analysis was used to
determine whether sufficient grids had been sampled to stabilise the richness estimate.
The sample interpolation method used here estimates the number of species that
would be observed for different numbers of samples ranging from zero to the total
number of samples in the data set (six). The calculations use the method of Colwell et.
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al. (2004) and is based on the counts of species observed in 1, 2 ... N samples (Sj).
This is a highly conservative estimate of variance which assumes that the total number
of unknown species that could eventually be caught is infinite (Seaby and Henderson
2006). Figure 3.6 shows the mean (dotted line) and variance of species accumulation
curves (represented by the mean and standard deviation) for each grid calculated over
the six trapping sessions. The standard deviation of the estimate exceeds the known
number of trappable species using only one grid while Smax (total species for the area)
is exceeded using a second grid. This indicated that only two of the three trapping
grids were required to achieve a stable richness estimate i.e., the three trapping grids
adequately sampled the local small mammal community.

Figure 3.5
Species accumulation based on the number of trapping grids

3.3.3

Grid differences and similarities

Richness analyses confirmed subtle differences in species diversity between the three
study sites (Table 3.5). Grid 3 and Grid 5 have comparable species richness (D1) (total
number of different species) while Grid 2 had lower species richness.

Pielou’s

evenness indices (J’) (how similar species are in their abundance on the three grids)
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indicated that while Grid 2 had slightly lower species richness than Grid 3 and Grid 5, it
possessed higher species evenness (pattern of relative abundance between species)
than either of these two sites. Species evenness at Grid 5 was the lowest of the three
trapping grids i.e., the grid had a higher single-species dominance than the other two
grids (refer to 2.12.1). However, it can be seen that due to the influence of Rattus
fuscipes captures, all three grids exhibited relatively high single-species dominance (‘1’
indicates equal abundance of all species or maximum evenness) (Routledge 1980;
Alatalo 1981; Stirling and Wilsey 2001).

TABLE 3.5
Species diversity and evenness of the three trapping grids

1

Grid

S
(No. species)

N
(No.
Individuals)

D
(Species richness)

J’
(Pielou’s
evenness)

Grid 2

10

484

1.4558

0.65583

Grid 3

12

372

1.8585

0.63398

Grid 5

11

293

1.761

0.60687

1

Margalef’s D – this index is a measure of species diversity but with an emphasis on species

richness.

An average Bray-Curtis Index of Similarity confirmed that Grid 3 and Grid 5 were more
similar to each other than they were to Grid 2 (Figure 3.6).
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FIGURE 3.6
Bray-Curtis Index of Similarity for the three trapping grids

3.3.4

Comparison of diversity with other north Queensland studies

The results of this study are compared to two other large-scale mammal trapping
studies conducted in north Queensland.

The first study, Crome et al. (1991),

investigated the effect of logging on virgin upland rainforest at Mt Windsor Tableland
located approximately 110 kilometres northwest of Cairns (1983-1986). The second
study, Harrington et al. (2001) was undertaken in the same general area of Mt Bartle
Frere as this study (approximately 100 kilometres southwest of Cairns) and explored
the effect of fragmentation on small mammals (1991-1992). A third study (Laurance
1994) is not included due to the unavailability of detailed species capture information.
All three studies were conducted using a ‘gridlet’ trapping format, which comprised
small independent grids (e.g., 18-30 traps in two 25m lines). In contrast, three large
independent grids (154 traps regularly spaced over 2.6 hectares) were used in this
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study (refer to Chapter 2).

Table 3.6 presents a comparison of species’ capture data

resulting from the three studies transformed to percentage proportion of total 1st
captures. Significant differences between the three sites are indicated by shaded cells
and bold font.

Table 3.6
Comparison of species composition (%) - north Queensland mammal studies

Species

This study1

Mt Bartle Frere2
(Harrington et al.
2001)

Rattus fuscipes

45.5

40.5

Mt Windsor 3
Tableland
(Crome and Moore
1991)
35.5

Melomys cervinipes
Uromys
caudimaculatus
Hypsiprymnodon
moschatus
Antechinus adustus

23.3

32.9

30.2

16.1

18.3

9.2

4.8

0.5

0.21

3.4
2.2

0

0.2

1.3

0

1.9

19.5

Uromys hadrourus

1.9
1.4

1.8

0

Perameles nasuta

0.5

0.9

0.8

Isoodon macrourus

0.4

0

0

Antechinus flavipes

0.2

0

3.9

Melomys burtoni

0.2

0

0

Mus musculus

0

0

Pogonomys sp.

0.2
0.1

0

0

Cercatetus caudatus

0.1

0.08

0

Hydromys chrysogaster

0

0.8

0

Dasyurus maculatus

0

0

0.4

Antechinus godmani
Rattus leucopus

1

1389 1st captures;

2

1274 1st captures;

3

3635 1st captures

The three datasets were tested with using a Margalef's D index with 10000 partitions
(Solow 1993) which calculates the species number (S) minus 1 divided by the
logarithm of the total number of individuals (N). The index was bootstrapped to
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estimate the upper and lower 95% confidence intervals and jackknifed to estimate the
standard error of the index (Clifford and Stephenson 1975; Seaby and Henderson
2007).

The results of Margelef’s D index (Table 3.7) shows that the species

assemblage recorded in this study was more diverse than that recorded by Harrington
et al. (2001) and Crome et al. (1991) (P= 0.007). The studies of Crome et al. (1991)
and Harrington et al. (2001) were found to have the same diversity at the 5% level
(P=0.593).

Table 3.7
Margelef’s D index of species diversity analysis for three north Queensland
mammal studies
Sample

Index

Lower 99%

Lower 95%

Upper 95%

Upper 99%

Moore 2009 (this study)

2.99

1.602

1.709

2.777

2.99

Harrington et al. 2001

1.95

0.8667

1.083

1.95

1.95

Crome et al. 1991

1.726

0.863

1.079

1.726

1.726

All Sample Index

2.786

1.741

1.915

2.786

2.786

Jackknife Std Error

0.3659

There were a number of differences in species composition and abundance between
the three study sites (Table 3.8). Six species captured at Mt Bartle Frere were not
recorded at Mt Windsor Tableland: Antechinus godmani, Uromys hadrourus, Isoodon
macrourus, Melomys burtoni, Pogonomys sp. (identified in lesser sooty owl pellets),
and Mus musculus. Uromys hadrourus and A. godmani are rare mammal species with
a restricted distribution in the Wet Tropics which currently does not include the Mt
Windsor Tableland.
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Table 3.8
Species differences and similarities between the three mammal study sites
Harrington et al. 2001
In this study only

Hydromys
chrysogaster

Common to Moore 2010

Crome et al. 1991
Unique to Moore
2010

Rattus fuscipes

Antechinus adustus

Melomys cervinipes

Isoodon macrourus

Uromys caudimaculatus

In this study only

Common to Moore 2010

Unique to Moore
2010

Rattus fuscipes

Antechinus godmani

Melomys cervinipes

Uromys hadrourus

Antechinus flavipes

Uromys caudimaculatus

Isoodon macrourus

Hypsiprymnodon moschatus

Melomys burtoni

Hypsiprymnodon moschatus

Melomys burtoni

Antechinus godmani

Mus musculus

Antechinus godmani

Mus musculus

Rattus leucopus

Pogonomys sp.

Rattus leucopus

Cercatetus caudatus

Uromys hadrourus

Uromys hadrourus

Pogonomys sp.

Perameles nasuta

Perameles nasuta

Cercatetus caudatus

Antechinus adustus

Dasyurus
maculatus

Antechinus flavipes
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The lack of Isoodon macrourus, Melomys burtoni, and M. musculus at Mt Windsor, all
grassland/woodland species, was probably due to the location of the Mt Windsor study
site which, although accessed by active logging roads, was situated in the centre of
virgin upland rainforest.

In contrast, the Mt Bartle Frere vegetation block adjoins

cleared and partly-cleared land. The abundance of Uromys caudimaculatus at Mt
Windsor Tableland (9.2%) was half that found at Bartle Frere by either of the two
studies (16.1% - 18.3%).

At Mt Windsor Tableland much of the difference in U.

caudimaculatus numbers was made up by Rattus leucopus, whose abundance (19.5%)
was tenfold that recorded at Mt Bartle Frere by either of the two studies (1.9%).
Although present at Mt Windsor, Antechinus adustus (0.2%) was in very low numbers
compared to Antechinus flavipes (3.9%), the reverse of that observed at Mt Bartle
Frere. While the abundance of Rattus fuscipes was relatively similar across the three
study sites, Melomys cervinipes abundance (23.3%) was 30% lower than found at Mt
Bartle Frere (35%). Melomys cervinipes is considered an edge and disturbance
species (Goosem 2002; Moore and Burnett 2008) and this decrease in abundance may
have been due to the low level of disturbance and/or dense understory within the tall
open forest of the Mt Windsor Tableland. The disparity in species diversity between
the two Mt Bartle Frere studies is believed to be due to the different trapping formats
used (refer to Chapter 4 for discussion of trapping methodologies). Harrington et al.
(2001) used eight small trapping grids (20m x 20m ‘gridlets’) within a 4 hectare site.
This study used a ‘wide grid’ format (260m x 100m) comprising 14 lines of traps set at
20m apart with traps spaced at 10m.

3.3.5

Summary

A number of subtle differences do exist between the three trapping grids. However,
these differences are well within the range of naturally occurring sample variability and
partly influenced by non-rainforest species captured at two of the grids (Melomys
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burtoni at Grid 3, and Mus musculus at Grid 5). Consequently, it was concluded that
the sample data from the three study sites could be combined for detailed species
population and breeding analyses.

An evaluation of two similar mammal trapping

studies indicated that the species assemblage recorded in this study was significantly
more diverse than that recorded by Harrington et al. (2001) and Crome et al. (1991). A
number of mammal species were unique to this study and captures of other rare
species were more numerous. It was revealed that the studies of Crome et al. (1991)
and Harrington et al. (2001) recorded the same species diversity.
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