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Abstract

The rock wallaby, Petrogale assimilis, is a small macropodid living in
isolated colonies in rocky outcrops in the wet-dry tropics of northern Australia, a
region where the onset, magnitude and duration of the wet season are
unpredictable. Eighty individual P. assimilis were caught in traps between one
and 42 times during more 4000 trap days over 44 monthly field trips to Black
Rock (19° 05'S., 144° O7'E.) between June 1986 and June 1990, as part of a
longitudinal study of this species.

Petrogale assimilis was a typical macropodid for its size, with regard to its
life history and reproductive ecology. Both sexes were capable of reproducing
continuously; gestation was about the same length as the oest.rous cycle
(approximately one month); a single young was born and, a post-partum oestrus
and embryonic diapause probably occurred. Pouch young remained permanently
attached to the teat until 110 - 143 days (n=11). Permanent exit from the pouch
occurred at 180 - 231 days (mean=201 days, n=25), and weaning occurred
between 267 - 387 days (n=5). Sexual maturity occurred at a minimum age of
17.5 months in females and 23 months in males.

The growth of pouch young of P. assimilis at Black Rock was compared
with that of captive animals maintained in ad libitum conditions at Macquarie
University, Sydney. No significant differences in pouch young growth were found
between these two groups of young despite the potentially different nutritional
conditions of their mothers. Individual pouch young of P. assimilis varied in their
rate of growth, although the data were too limited to examine the potential causes.

Exponential and Gompertz growth curves were described for the head and pes
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length respectively of pouch young and were used to predict the age of pouch
young of P. assimilis.

Body measurements were of limited use for predicting the age of older rock
wallabies and cannot be used accurately for sexually mature animals. Petrogale
assimilis exhibited only limited sexual dimorphism in its external morphology and
growth during adult life with males slightly larger than females in the average
lgngth of the head (4%), pes (4%), tail (7%) and ear (3%). Sexual dimorphism
was most pronounced in upper limbs (and presumably in their associated
- musculature) (11%) and in weight (15%).

Radiographs were taken of the teeth of rock wallabies older than pouch
young to measure the eruption stage and position of the teeth. Regression curves
which were fitted to data from known age animals were used to estimate the age
of rock wallabies older than pouch young. Available data, albeit limited,
suggested that the rates of molar eruption and movement are similar in both wild
and captive P. assimilis. Molar progression was mostly limited to movement
induced by wear. .This movement occurred too slowly and with too much
~ variability to be useful in ageiﬁg animals in which the head had ceased growing or
which had full molar eruption. The use of molar eruption for determining the age
of macropodids was limited to animals with less than full molar eruption
(estimated mean age = 7 years). As P. assimilis appears to have a maximum life
span of approximately 12 years, molar_ eruption was a useful tool for ageing
animals during a major proportion of their adult life.

The influence of the seasons on changes in the body condition of adult rock

wallabies probably resulted from the availability of water and quality of forage.
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Although below average annual rain fell in both years of my. study (1987 and
1988) which could be fully examined, the pattern of rainfall was quite different
during each of these years and this pattern of rainfall influenced the body
condition of adult rock wallabies. In 1987 rock wallabies lost weight (mean loss
= 10%) and the packed cell volume of their blood decreased as the dry season
progressed. In 1988, when a higher proportion of the year's rain fell during the
dry seasons and green forage was available throughout the year, rock wallabies
maintained weight and the packed cell volume of their blood increased.

The seasons were also crucial to the survivorship of pouch young. Pouch
young born in the late dry season were twice as likely to survive total lactational
dependence than those born during the wet or early dry seasons. However, the
length and harshness of the late dry season is dependent on when the
unpredictable wet season arrives. This may explain some of the loss of 46% of
pouch young during total lactational dependen;e. If the wet season does not
arrive, the mother may lose her pouch young early in pouch life when her
investment is low, in the expectation that the next pouch young is more likely to
survive to take advantage of the wet season flush. The cause of the mortality of
young pouch young is unknown, although anecdotal evidence suggests that
components of the mother's diet may be crucial.

There was considerable variation between mothers in the survivorship of
lpouch young during both total lactational dependence and late pouch life.
However, I was able to identify only one maternal correlate of pouch young
survivorship: that smaller-framed females were more successful in rearing young

in late pouch life than their larger conspecifics. I was unable to examine the
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influence of other factors (such as maternal age and position in the dominance
hierarchy) which have been shown to influence the survivorship of young in other
mammals.

There was a negative correlation between the mother's success at rearing a
pouch young through total lactational dependence and her success in rearing
pouch young through late pouch life, although data are limited. Despite the
individual variation in reproductive success observed, the ultimate survivorship of
pouch young born during my study was very low (15%). Almost no young born
during this period survived to sexual maturity. This result and the recent
improvement in offspring survivorship, particularly young at foot, with better
seasons suggests that infant survivorship occurs in pulses with a higher proportion
of young from most females surviving during more favourable years.

The age structure of the population provides supporting evidence for the
hypothesis that infant survivorship occurs in pulses. Previous research at Black
Rock during the above average rainfall years of the early 1970's suggested that
there were a high proportion of pfe-reproducfive animals present in the
population. During my study, the age structure of the population was skewed
towards very young animals (pouch young) and very old animals (full molar
eruption). Almost no sub-adults or young adults were present at Black Rock.
While the older animals could not be accurately aged, I speculate that these
animals may be part of a cohort which was born during the above average rainfall

years in the late 1970's and early 1980's.
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Chapter 1

General Introduction

1.1 Life histories of mammals

Understanding the life history of a species involves knowledge of its patterns
of birth, growth, maturity, reproduction and survivorship and the factors
influencing these traits. Relatively few of the world's species are mammals, yet
studies of this class constitute a disproportionately large number of studies of the
evolution of life histories (Boyce 1988). Behavioural, physiological and
anatomical adaptations (e.g. Armitage 1981, Calder 1984, Sibley and Calow
1983) have been used as the basis for comparative life history studies. However,
from an ecological perspective, life history characters can be broken into two
main categories: (1) the age-specific schedules of life and death, including such
characteristics as gestation period, inter-birth intérvals, age of weaning and age of
first reproduction; and (2) and developmental characters such as size and
developmental stage of young at birth, growth rates and body size.

In this review, I will firstly give a brief overview of the current theories and
then examine life history strategies at the levels of species, populations and
individuals. Particular emphasis will be placed on the life-histories of marsupials
and other mammals in the wet-dry tropics. This is followed by an overview of the
general life histories of the Family Macropodidae and the current knowledge of
one genus, Petrogale, within this family. Finally, the aims of this study are

outlined and a brief synopsis of other research at the same field site is given.



1.1.2 An overview of current theories

Several decades ago, studies of life history traits burgeoned to form a
complex web of data, theories and id‘eas until Stearns (1976) found some order in
the chaos and merged the literature into an argument of 7- and K- selection versus
bet hedging. r- and K- selected organisms can be seen as representing two
extremes of a continuum ranging from organisms which mature early, have many
small young, a short life and large reproductive efforts (- selected organisms) to
those with the opposite attributes (K- selected organisms). Bet-hedging is an
alternative explanation for these observed trends and is based on the analysis of
fluctuations in adult and juvenile mortalities (Stearns 1976). While many of these
ideas have been somewhat discredited as being overly simplistic (or of having
been over-simplistically interpreted) (Boyce 1988), Stearn's c‘:lassic paper did
serve to focus debate and channel subsequent research.

Currént theories continue to follow Lack (1954, 1966, 1968) in considering
variation in life histories as the consequence of natural selectioh. Most models of
life history variation contain trade-offs which predict optimisation of life history
. traits. A basic premise of many of these models is that an individual has finite
energy resources in its life-time which can be allocated to growth, maintenance or
reproduction. Thus, an increase in the allocation of energy for reproduction
reduces that available for growth or maintenance (Gadgil and Bossert 1970).
Energy apportioned to reproduction includes that used in mating effort and post-
natal care. Because such allocafions are very difficult to measure, reproductive
effort is often approximated by litter size, or weight of litter at birth or weaning

(e.g. Stearns 1976, Russell 1982). Trade-offs may include variation in the age and
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size at first reproduction (Sadleir 1969) or in the size and number of offspring
produced. The principle of energy allocation does not require that resource
budgets are constant (although this is easier to model). Resources are highly
variable both in time and space and fitness increases with the increasing
abundance of a limiting resource such as food. However, physiologically, there
must be an upper limit to fitness as measured by reproductive output.

Charnov and Schaffer (1973) developed a model which shows how the age-
specific schedule of mortality can shape life histories. High juvenile mortality
relative to adult mortality may push life history tactics towards iteroparity and
reduced reﬁroductive effort, whereas low juvenile relative to adult mortality
favours high reproductive effort and semelparity. If the cost of reproduction is
added, the model becomes an optimality model (Boyce 1988). Fitness is now
balanced between rewards for current reproduction and costs to future
reproduction. The idea that reproduction entails a cost to parental survival is
known as the cost hypothesis (Bell 1984). For‘example, observations that breeding
females have a higher mortality than non-breeding females in red deer, Cervus
elaphus (Clutton-Brock, Guinness and Albon 1982) support this hypothesis.
Schaffer (1974) notes that without such a cost, selection would be expected to
favour the maximum reproductive effort that is physiologically possible.

However, such a cost may be difficult to detect because of confounding
variables. For example, correlated components of fitness often occur particularly
in territorial species (Bell 1984). Individuals or populations on high quality
territories have better and more abundant resources available than those on low

quality territories. These animals may grow larger, live longer and produce more
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surviving offspring than their less fortunate conspecifics. This hypothesis is quite
difficult to test as the experimental design must limit confounding effects. It may
be possible by manipulating the size of litters at birth for example, although this
takes no account of pre-natal costs.

In many mammalian species, 'reproduction may be optimised (unlike Schaffer
op. cit.) by reducing the size of the litter (e.g. see Happold 1983, Lee and
Cockburn 1985, Dobson 1988). The trade-off in this case is between the survival
of young and litter size. In reality, it is unlikely that only one such trade-off
occurs but rather, several together may determine 'optimal reproductive effort’.

The problem with such theories is that they assume either that reproduction is
cost-free or that reproduction has a cost and an organism has finite energy
resources over a lifetime. These alternatives assume that nature is either
deterministic or that stochastic patterns of environmental influence on demography
can be treated in terms of their mean effects on fitness (Geisel 1976).

Current theory concerning life history tactics is remarkably complex and as
yet there is no single unifying hypothesis. to explain the variation and evolution of
life histories. One of the fundamental differences between current theories is in
the different levels at which they analyse life histories. That is, life history
evolution and strategies can be examined from the perspectives of variation
between species, populations or individuals. As can be seen above, the questions

asked and the potential answers are influenced by this level of analysis.



1.1.2 Phylogenetic variation

The life history traits discussed above are simultaneously correlated with and
constrained by the phylogeny of the taxa involved (Stearns 1983, Boyce 1988).
For example, all females in the Class Mammalia nurture their young via milk
from their mammary glands. This production of milk in mammals necessitates
matemal.care and reduces the potential for paternal care. Stearns (1983) used the
compilation of life history data of mammals provided by Eisenberg (1981) to
examine the influence of phylogeny on variation in life history tactics. At the
taxonomic levels of Order and Family, there are significant patterns of covariation
of life history traits. Furthermore, there are identifiable phylogenetic constraints
on the evolution of life history traits and these constraints vary between lineages.
Thus once a lineage is separated, life history evolution is subsequently constrained
within that lineage and the nature of these constraints varies between lineages.
The principal component of Stearns' analysis (explaining 68-75% of covariation)
was the distinction between taxa of early maturing, small, shprt-lived animals with
short gestation, many small altricial young and long lactation, and taxa of animals
with the converse characteristics. The distinction between altricial and precocial
young was the second principal component and explained a further 12-20% of the
covariation.

Much of the variation in life history traits can also be removed by scaling for
adult body mass (Stearns 1983, 1992; Lee and Cockburn 1985;4 Lee and Ward
1989). When adjustments are mad‘e for phylogeny, the effect of adult body mass
accounts for a significant proportioﬁ of the variation in life history traits (Stearns

1983). Calder (1984), and Lindstedt and Swain (1988) argue that rather than
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treating body size as 'noise' to be removed before examining other effects, we
should accept that body size imposes its own constraints on life history
parameters. Lindstedt and Swain (1988) also argue that comparisons of life history
parameters should be in terms of physiological rather than.chronological time.
Their logic is that it is more likely that gestatiun length is shorter and body size
smaller in shorter lived mammals and hence variation should be measured with
respect to the life span of each species before comparisons are made.

In Australia, unlike the rest of the world, marsupial species are a dominant
portion of the mammalian fauna. Historically, marsupials have been interpreted as
'primitive’ and eutherians as ‘'advanced'. As further research evidence has
accumulated on marsupials, this view has been shown to be erroneous (see review
by Lee and Cockburn 1985). Anatomical differences occur between these two
groups in the development and structure of the urino-genital system (Tyndale-
Biscoe 1973) and in cranial and neural traits (Johnson, Kirsch and Switzer in Lee
~and Cockburn 1985), but these, and differences in life history strategies, are now
viewed as equally successful alternatives.

Ecologically, the most important difference between eutherians and
marsupials is in the relative matemnal investment in gestation and lactation (Lee
and Cockburn 1985). In most eutherians, relatively long periods of time and
energy are invested in gestation and less in lactation (i.e. 'gestation specialists').
In contrast, marsupials invest relatively little time and almost no energy in
gestation but have relatively long, and energetically demanding periods of
lactation (i.e. 'lactation specialists') (Lee and Cockburn 1985). Other life history

traits can be correlated with these phylogenetic constraints.
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In both groups there is a correlation between the weight of a litter at birth
and maternal body weight (Russell 1982, Lee and Cockburn 1985). In eutherians,
the length of gestation is positively correlated with adult body weight (Millar
1981) and birth weight (Lee and Cockburn 1985). The gestation length of
marsupials is variable by comparison (Tyndale-Biscoe and Renfree 1987) and
weight of young at birth is independent of gestation length (Lee and Cockburn
1985). Here, phylogeny, rather than adult body weight, influences gestation
length. The eutherian emphasis on gestation rather than lactation is reflected in
their higher degree of general development and precocciality at birth when
compared with marsupials. Marsupials have a very low birth weight (no marsupial
weighs more than one gram at birth). Although some organs are extremely well
developed, young are altricial in comparison with eutherians. The lactation
specialisation of marsupials is also reflected in fheir possession of the most
complex mammary glands of any mammalian group (Griffiths, McIntosh and
Leckie 1972). Growth in marsupials is also slower than thai of similar sized
eutherians (Lee and Cockburn 1985).

The life history tactics which have evolved within these taxonomic groups are
not necessarily optimal responses to particular selective pressures (or else species
diversity as we know it would be severely restricted). At best, these tactics
represent the evolution of the best compromise given the constraints of phylogeny
(Stearns 1976).AHowever, while knowledge of the phylogeny of a species is
important in an understanding of its life history, the variability of a species’
environment and the influence of that environmental variability on its life history

tactics are also crucial.



1.1.3 Population variation

Environmental variability contains many selective forces which can act on life
history patterns eliciting anatomical, physiological and behavioural adaptations
(Stearns 1976, Boyce 1988). Resp;)nses to this environmental variability can have
both geiietic and non-gehetic components. Life history characters that are
genetically determined are usually the result of the interaction of many genes
(Boyce 1988). Many life history traits such as body size and litter size may
exhibit considerable phenotypic plasticity within a species. For example, teat
number and litter size of some carnivorous marsupials, Antechinus spp., is highest
in inland populations and at high elevations and lowest at low altitudes and on
exposed headlands (Cockburn, Lee and Martin 1983). In several species of
macropodid, the sex ratio at birth varies along an environmental gradient with a
higher ratio of females born in regions of higher rainfall (Johnson and Jarman
1983). Litter size and body size often vary with variation in food availability.
This very plasticity may itself be an adaptation. As J.B.S. Haldane pointed out, it
is not the phenotype but the ‘pattem of reaction to the environment that is inherited
. (Lewontin 1985).

Arguably the most important and common type of environmental variability
in the evolution of life history patterns is seasonality (Boyce 1988, Eisenberg
1988, Zeveloff and Boyce 1988). The seasons are governed by abiotic factors and
may have a relatively regular annual cycle (as occurs in the humid tropics and
temperate regions) or may cycle more irregularly (as occurs in arid zones and the
wet-dry tropics). The selective pressures involved may be direct or indirect

through the seasonality of resources. Components of a species' life history may
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become adapted to the fluctuations in resources such as food, water and shelter
which may become seasonally limiting (Zeveloff and Boyce 1988). For example,
some mammals migrate to track favourable resources while other are sedentary
and use the presence or absence of rainfall as a reproductive cue (Bourliere and
Hadley 1983).

The wet-dry tropics is the climatic region that is of the ﬁxost interest in this
thesis. It is defined as that tropical sub-region with an annual rainfall of 600-
1600mm spread over four to seven months (Landsberg e al. cited in Ridpath
1985) and includes many of the tropical savanna regions of the world (Bourliere
and Hadley 1983, Johnson and Tothill 1984). Tropical regions differ from their
temperate counterparts in that variation in day length is low (approximately
1.5hr/year) (McAlpine 1976)band temperatures are high. As a result, these
environmental variables do not limit growth or reproduction as they do in higher
latitudes. Other abiotic factors are a more important influence in the wet-dry
tropics (Ridpath 1985). In particular, there is a pronounced seasonality in soil
moisture with the annual variation in moisture varying between the extremes
experienced in deserts and tropical rainforests (Nix 1983). Furthermore, the
availability of soil moisture adequate for plant growth is temporally unpredictable
and, in Australia, the fertility of soils is low in this region (Ridpath 1985). In
essence, the seasonal cycles in higher latitudes are defined by day length whereas
those in the wet-dry tropics are driven by moisture (Jones 1987) and are therefore
more unpredictable.

While rainfali in southern Australia may also be very seasonal, there is often

little inter-annual variation and most rain falls during winter when evaporation is
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low (Ridpath 1985). Thus, the increase in soil moisture per unit of rainfall is
often higher in temperate regions than in the tropics. In contrast, in the wet-dry
tropics, there is a large inter-annual variation in rainfall and most of this falls
during summer when evaporation rates are extremely high. Most of the rain falls
in intense, localised storms. TL= combined effects of low soil moisture retention,
high run-off and high evaporation rates may effectively create drought periods
even within a wet season (Ridpath 1985).

The spatial and temporal variability of soil moisture is the major determinant
of the growth patterns of plants in this region (Taylor and Dunlop 1985, Tothill
and Mott 1985). For example, in the Darwin region there may be up to 11 weeks
variation between years in the date of commencement of pasture growth
(McCown in Taylor and Tulloch 1985), and 22 weeks variation in the length of
the period of useful pasture growth (McAlpine 1976). Even small aberrations in
the rainfall pattern may have a strong effect on the availability of plant food, its
seasonality and quantity (Wolda 1978). Dry season rains may break the annual
drought which is the dominant feature of the wet-dry tropics (Taylor and Tulloch
1985).

The strong climatic seasonality of the wet-dry tropics directly (or indirectly)
influences life history traits such as growth, reproduction and survival in
mammals (Bourliere and Hadley 1970, Happold 1983). These seasonal changes in
the life history characteristics of populations vary such that maximum energetic
requirements occur at times of maximum quality or quantity of resources
(Bourliere and Hadley 1970). Thus growth of many rodent species may be slowed

during poor nutritional conditions such as often occurs at the end of the dry
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season, or enhanced during better seasons (e.g. Ojasti 1983, Redhead 1979).
Similarly, agile wallabies, Macropus agilis, grew faster and matured earlier on
improved pastures in the wet-dry tropics of northerﬁ Australia than on the native
pastures in the same region (Bolton, Newsome and Merchant 1982).

For many species in the wet-dry tropics, reproduction is also timed to take
maximum advantage of the period of highest resource availability. However, there
is considerable phenotypic plasticity. Species which have large geographic ranges
may exhibit a variety of reproductive patterns and small variations in rainfall can
have a large effect on reproductive activity (Redhead 1979, Happold 1983). Most
mammalian populations studied in the wet-dry tropics exhibit at least some
reproductive seasonality (e.g. reviews on South American rodents, Ojasti 1983;
African rodents and lagomorphs, Happold 1983; and African ungulates, Sinclair
1983). Litter sizes may also vary, with larger litters born in more optimal habitat
(Happold 1983).

In the wet-dry tropics of Australia, the introduced ruminants, Bos taurus and
Bubalis bubalis (Williams and Newsome 1991) and some native mammals, such
as Rattus sordidus colletti (Redhead 1979), Parantechinus (formerly Antechinus)
bilarni and Dasyurus hallucatus (Begg 1981a,b) breed seasonally. There is also
some evidence of seasonal breeding in the macropodids, Petrogale concinna
(Sanson, Nelson and Fell 1985, but see also Sanson in Lee and Cockburn 1985),
and M. robustus and M. antilopinus (Russell and Richardson 1971, but see also
Newsome 1975), although the data are poor.

In contrast, continuously bréeding species usually occur in environments

where resources are either relatively constant or very unpredictable (Sadleir
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1969). This re.productive, pattern appears to be less common than seasonal
breeding as the strong seasonality of resources has constrained most mammalian
species to a synchronised pattern of reproduction. In the wet-dry tropics of
AAustralia, at least fou; native mammalian species are known to breed
continuously: a rodent, Mesembriomys gouldii (kriend 1987), a dasyurid,
Planigale maculata sinualis (Taylor, Calaby and Redhead 1982), a phalangerid,
Trichosurus arnhemensis (Kerle 1985), and, a macropodid, M. agilis (Bolton et
al. 1982). The largest.of these species, M. agilis, reproduces opportunistically.
The seasonal peak in births which occurs in native bushland is absent from
animals grazing on improved pastures or in captivity (Merchant 1976, Bolton et
al. 1982) and females may become anoestrus during prolonged periods of
environmental stress (Bolton et al. 1982).

Despite the timing of reproduction to maximise survival for both parents and
offspring, survivorship of all age groups may vary seasonally in the wet-dry
tropics. Unfortunately, it is difficult to obtain data on seasonal effects of mortality
from the literature as most mortality data are presented on an annual rather than a
seasonal basis. However, evidence from a population of wildebeest in Kenya links
the total niorta.lity of young in 1961 with a failure of the wet season (Gosling in
Sinclair 1983) and in Africa, the total population numbers of rodents and
lagomorphs may fluctuate during the year, dependent on the length and timing of
the wet and dry seasons (Happold 1983). The survivorship of all age groups
decreases in years when there is a poor wet season or a prolonged dry season.
The late dry season is often critical as water becomes scarce and forage decreases

in quality and quantity, such that, animals lose weight and mortality increases
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(Redhead 1979, Bolton et al. 1982, Ojasti 1983). Severe flooding also increased

the mortality of R. sordidus (Redhead 1979) and M. agilis (Bolton et al. 1982), in
northern Australia.

One of the problems of studying variation between populations in life history
parameters in seasonally breeding species is the inability to separate the
confounding effects of environmental and life history variables. In contrast,
studies of species which have a continuous pattern of reproduction may help

clarify some of the effects of environmental variables on life history parameters.

1.1.4 Individual variation

The generalisations espoused above for populations, are by definition, derived
from an averaging of individual variation. Since selection ultimately occurs at the
level of the individual, an understanding of individual variation is also crucial to
our understanding of the evolution of life histories. Originally such information
was obtained through cross-sectional samples of a nymber of individuals at one or
a few points in time. More recently, there has been a trend towards repeated
observations of the same individuals over their entire life-time. In this way the
lifetime variation between individuals in life history variables can be compared.:
The latter studies have the following advantages: the total reproductive success of
different categories of individuals can be compared; the proportion of variation in
reproductive success which is actually due to environmental variation can be
reduced; and information can be gleaned on why particular phenotypic traits affect
components of reproductive success (Clutton-Brock 1988a). Furthermore, detailed

questions such as those comparing different patterns of reproduction, and
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correlations between maternal age, optimal litter size and sex of offspring, can be
asked.

These studies of individual variation have wrought a wealth of information,
and in the process have changed our notions of how animal populations work.
The outstanding studies of medium to long-lived mammals are those of reu deer
(Clutton-Brock et al. 1982), baboons (see Altmann, Hausfater and Altmann
1988), lions (see Packer er al. 1988), and elephant seals (see Le Boeuf and Reiter
1988). In Australia, these studies can only be equalled by those of M. giganteus
by P. Jarman and M. robustus by D. Croft and their respective co-workers.

From these and other studies of individual variation of life history
parameters, some generalisations can be made (Clutton-Brock 1988b). Consistent
relationships exist between early growth and reproductive success in adults.
Younger adults usually have a lower reproductive success than their older
conspecifics. Individual differences in offspring survival (particularly after
weaning) are one of the most important components of life-time reproductive
success in female mammals. Female body size is positively correlated with
fecundity, milk yield, and offspring weight and survival, while larger males
commonly live longer and have better access to resources and mates. Some recent
research also suggests that individual variation between females is more important
in explaining variation in reproductive success than previously thought (Clutton-
Brock 1988b). Most of this research has concentrated on large, sexually
dimorphic, polygynous species and there is a dearth of information on

monogamous species. However, to date, differences between monogamous and
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polygynous species are smaller than originally expected (see Clutton-Brock 1988b

for review).

Chance seldom accounts for the observed variations in reproductive success
in either sex, although short-term environmental changes can have a major effect
(Clutton-Brock 1988b). Much of the individual variation in reproductive success
may be due io climatic differences between years and, at least in long lived
mammals, average breeding success in a life-time varies widely between
successive cohorts. Selection is likely to favour flexible strategies for development
and reproduction to help animals stay opportunistic. Species which have a
continuous pattern of reproduction are ideal subjects for comparing individual
variation in response to environmental parameters and hence further our

understanding of life histories.

1.2 Family Macropodidae

The super-family Macropodoidea contains two monophyletic families: the
Potoroidae and the Macropodidae, but I will restrict my discussion to the Family
Macropodidae. Taxa of this family are ubiquitous in Australia, and species are
also found in New Guinea and some adjacent islands. In Australia, the Family
Macropodidae currently consisfs of 37 extant species in nine genera (Calaby and
Richardson 1988), although the status of some taxonomic groups is under review
(e.g. Dawson and Flannery 1985; Sharman, Close and Maynes 1990).

Historically, ecological research involving macropods has fallen into two
major areas: captive studies (e.g. Sharman, Frith and Calaby 1964, Sharman and

Pilton 1964, Kirkpatrick 1965a,b, Shield 1968, Merchant 1976, Johnson 1979,
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Poole er. al 1985), and samples from animals shot in the wild (e.g. Frith and
Sharman 1964, Sadleir 1965, Newsome 1965, Kirkpatrick 1965b, Kirkpatrick and
McEvoy 1966). Most of this earlier work concentrated on the larger, commercial
species such as the red kangaroo (M. rufus) and grey kangaroos (M. giganteus
and M. fuliginosus) or on species from more temperate regions of Australia such
as the quokka (Seronix brachyurus). Smaller, tropical species have been largely
neglected. A quarter of a century ago, Sadleir (1965: pp239-40) commented that
"present knowledge of breeding in Australian marsupials is limited almost entirely
to species occurring in the southern part of the continent, little being known of
those in tropical or arid areas”. While this bias particularly remains in the tropics
(Lée and Ward 1989), the life history of many species of macropodid have been
examined in at least some small way since Sadleir's comment. Indeed, reviews by
Lee and Cockburn (1985) and Tyndale-Biscoe and Renfree (1987), argue that
macropodids are the best known family of marsupials.

The macropddidae contains the largest extant species of marsupial and has
species ranging in size from one to 85kg‘ (Strahan 1983). As in other mammalian
taxa, there is a strong correlation between body size and life history traits within
the confines of their generzil life history (as outlined above and reviewed Russell
1982, Lee and Cockburn 1985, and Lee and Ward 1989). Much of the variation
between species in their general pattern of growth and development can be
accounted for by maternal body mass. There are strong correlations between the
varying life history traits discussed above (except length of oestrous cycle and

gestation), and adult body size, with larger species needing more time to develop
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and mature. In addition, significant positive correlations exist between maternal
body mass, and mass of young at birth, pouch exit and weaning.

Sharman er al. (1964), Tyndale-Biscoe (1973, 1984, 1989), Russell (1974,
1982, 1984), Lee and Cockburn (1985), Tyndale-Biscoe and Renfree (1987) and
Lee and Ward (1989) have reviewed the life history and reproductive biology of
macropodids. The general pattern is that a single young is bom after a relatively
short gestation (27-37 days). While still altricial, the neonate is generally larger
and more developed than those of other marsupials. Like other marsupials, the
young finds its way-to the mother's pouch immediately after birth and attaches to
an available teat. Initially, the pouch young (PY) is permanently attached to this
teat; later, it detaches and suckles at will. Macropodid young remain in the pouch
for between six and eleven months. A short period of intermittent pouch usage is
followed by permanent exit from the pouch (PEP). The young-at-foot may
continue to suckle for an additional one to seven months until weaned.

No differences in size or growth rate of the sexes havé been recorded in
pouch young even in species which exhibit even the greatest sexual dimorphism as
adults (Sharman et al. 1964; Ealey 1967; Poole, Carpenter and Wood 1982a,b).
The patterns of post-pouch growth vary from those exhibited by the smaller
species which reach a plateau early in adult life to those of the larger species
where at least males may continue to grow throughout their life (Jarman 1989).
Generally individual adult males are the same size or larger than their conspecific
females. Males also tend to mature later, particularly in the larger dimorphic

species (Tyndale-Biscoe and Renfrée 1987, Jones 1989). The maximum life span



18

of most macropodids is unknown, although in larger species it may extend up to
20 years (Russell 1982).

There are no major differences between species in the reproductive pattern of
rﬁa.le macropodids. Physiological maturity (ability to inseminate females) occurs at
between one and four years depending on body size although social maturity
(access to mates) may be delayed a further one to four years in the larger
dimorphic species (reviewed in Hume er al. 1989). Once sexually mature, males
of all known species are capable of spermatogenesis throughout the year.
However, spermatogenesis may be impaired during periods of drought or high
temperature in M. rufus (Newsome 1973). Seasonal variation also occurs in males
of M. eugenii; a species whose females show a marked seasonality. Peaks in
testosterone levels and size of accessory reproductive organs in males occur in
January-February when most females are undergoing oestrus and October when
pre-parous females first enter oestrus (Inns 1982b, Curlewis 1991).

In contrast, the reproductive pattern in female macropodids varies both inter-
and intra-specifically and has been the focus of much attention. The pattern of
reproduction of female macropodids was first reviewed by Sharman, Calaby and
Poole (1966). Since then the reproductive pattern of at least 15 macropodids has
been examined at least in some way (Tyndale-Biscoe and Renfree 1987: p20-21),
and reproduction in female macropods has been reviewed from the perspectives of
physiology (Tyndale-Biscoe 1973, 1984, 1989 and Tyndale-Biscoe and Renfree
1987), evolution (Rose 1978, Lee and Cockburn 1985) and ecology (Tyndale-
Biscoe 1973, Russell 1974, 1982, 1984, Newsome 1975, Lee and Cockburn

1985).
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Since Sharman (1954) first described the phenomenon of embryonic diapause
in S. brachyurus, much of the complexity of the physiological patterns of
reproduction in female macropodids has been unravelled and several unique
features of the endocrine system identified. These have been summarised by
Tyndale-Biscoe (1989) as the "extension of the gestation period to occupy 80-
110% of the oestrous cycle, the associated extension of the secretory phase of the
corpus luteum and its bimodal rather than unimodal profile, the ability of the
corpus iuteum to become quiescent and for the associated embryo to enter
diapéuse at the stage of the unilaminar blastocyst".

The length of the o‘estrus cycle varies between species from 28 to 48 days. In
all macropodids except Wallabia bicolor, the duration of the oestrus cycle is
slightly longer than the gestation period and most species exhibit a post-partum
oestrus and ovulation. Physiologically, a mature female macropod may be in one
of six reproductive states: an infertile oestrous cycle, pregnancy, lactational or
seasonal quiescence, or lactational or seasonal anoestrus (Tyndale-Biscoe 1989).

Lactational quiescence has been noted in most species of macropods
examined (Tyndale-Biscoe and Renfree 1987). In these species, the birth of a
young is typically followed within a few days by a post-partum oestrus and
cqnception, although these may occur later in lactation. This embryo enters
diapause after developing to a unilaminar blastocyst. The development of the
blastocyst is controlled by the lactational status of the mother. Embryonic
development is stimulated and the second young is soon born if the pouch young
is lost or vacates the pouch. In the latter case, birth is timed to almost

immediately follow permanent pouch exit (PEP) of the first young.



20

In two species, (M. eugenii and M. rufogriseus rufogriseus) quiescence
extends beyond the period of lactation and becomes seasonal quiescence. In this
case embryonic diapause is controlled by day length rather than lactation and
occurs from winter until the summer solstice (Berger 1966, Tyndale-Biscoe 1984,
Cait 1977). |

Two types of anoestrous periods are now recognised: lactational and |
seasonal. Lactational anoestrous may occur regularly as in M. fuliginosus and M.
giganteus (Poole and Catling 1974) and M. parryi (Lee and Cockburn 1985).
Macropus fuliginosus has lost the capacity for lactational quiescence (Poole 1975).
Seasonal anoestrus occurs in island populations of S. brachyurus (Sharman 1955,
Shield 1964) and is thought to be due to the poor nutrition available during six
months of the year. This is a facultative trait as animals brought into captivity and
fed ad libitum gradually lose this pattern of seasonal anoestrus and breed
continuously (Shield 1964). Macropus rufus may facultatively enter anoestrous
during drought conditions (Frith and Sharman 1964, Newsome 1964).

Physiological patterns, such as those described above for reproduction in
. female macropodids, can be seen as responses to environmental conditions either
past or present. Ecologically, species can be grouped into (1) continuous breeders,
(2) opportunistic breeders or (3) facultative or obligate seasonal breeders (Lee and
Cockburn 1985). Table 1.1 documents the relationship between these two
perspectives of reproductive patterns. The ecological patterns of breeding can be
related to the environmental conditions prevalent in a species' habitat.

Continuous breeding is now generally accepted as the ancestral trait and is

the most common pattern of reproduction (Lee and Cockburn 1985, Tyndale-
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Table 1.1 Comparison of the known physiological and ecological patterns of reproduction
in female macropodids studied to date. Note that a speties may be in more than one
physiological category. ? denotes inference from the literature.

Physiological Ecological Pattern.
Pattern . o
Continuous Opportunistic Seasonal
: ' Obligate Facultative
B B R B R BB E——
Lactational M. r. banksianus' | M. agilis™® M. eugenii" M.
Quiescence P. inornata’ M. robustus™ | M. r. rufogriseus® | parma'
S. brachyurus M. rufus®
(mainland)?
W. bicolor*
Lactational M. robustus® M. fuliginosus'
Anoestrous M. rufus®'® M. giganteus"
M. parryi
Seasonal M. eugenii'®'
Quiescence M. r. rufogriseus®
Seasonal S.
Anoestrous brachyurus
(islands)®
™.
parma'®
M. irma"’

'Merchant and Calaby 1981, *Johnson 1979, *Shield 1964, “Kirkpatrick 1970, *Merchant
1976, Bolton er al. 1982, Ealey 1963, ®Sadleir 1965, "Newsome 1975, '°Frith & Sharman
1964, ""Berger 1966, '?Poole & Catling 1974, * Lee & Cockburn 1985, '“Berger 1966,
“Renfree & Tyndale-Biscoe 1973, '“Maynes 1973, '"Tyndale-Biscoe 1989.

Biscoe 1989). The pattern of continuous breeding is most prevalent in species
which live in habitats wheré the pattern of optimal conditions is either irregular or
continuous (Sadleir 1969). Many macropodid species breed continuously both in
the stable conditions experienced in captivity and in the more variable conditions
of their natural habitat. For wild populations of the agile wallaby, M. agilis in the
wet-dry tropics, young were born throughout the year with a peak of births in late
wet/early dry season in one habitat (Bolton er al. 1982). Births also occur

throughout the year in captive colonies (Merchant 1976, Kirkpatrick and Johnson
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1969). Many temperate species breed continuously if conditions become more
uniform such as occurs in captivity (Tyndale-Biscoe 1984, 1989). Species whicﬁ
breed continuously include W. bicolor, M. rufogriseus banksianus, P. inornata
and mainland populatioﬁs of S. brachyurus (Table 1.1).

At least two kangaioos occurring in more arid regions (M. rufus and M.
robustus) are ,opportunists‘, breeding continuously when environmental conditions
are favourable and entering a drought induced anoestrus during poorer conditions
(Ealey 1963, Newsome 1966, 1975). The optimal time for pouch exit for these
species cannot be predicted by any previous climatic variable and hence this
strategy allows these kangaroos to take advantage of the irregular pulses of water
and vegetative growth characteristic of arid Australia.

In temperate 1atitudes, there is a more regular annual seasonality of resources
and breeding is also usually seasonal. The timing of births in species such as
quokkas, S. brachyurus, on Rottnest Island, allows the young's exit from the
pouch to coincide with the spring flush of fodder (Shield 1964);

In two species (M. eugenii and M. rufogriseus rufogriseus), this reproductive
pattern has been taken to an extreme. These species have become obligate
seasonal breeders, using photoperiod as a reproductive cue. They are adapted to
living in temperate regions which show substantial annual variations in day length
and have an annual climatic cycle which is highly predictable. Unlike the other
seasonal breeding species, both appear inflexible in their response to changes in
envirqnmental seasonality (reviewed in Tyndale-Biscoe 1989). Individuals of M.
eugenii transported to the northern hemisphere reversed their breeding season

such that they were giving birth in the northern summer (Berger in Russell 1974).
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By virtue of lactation, parental care in most mammals, including
macropodids, is virtually restricted to females. Hence maternal body condition
will play a greater role than paternal condition in the survival of offspring,
particularly pouch young. Unlike most eutherians, the timing of births in
macropodids does not relate to the ¢ptimal season for births per se, but rather to
the optimal season for pouch exit.

In her review of the biology of kangaroos, Russell (1974) noted the
significant relationships between environmental conditions and reproduction.
Rainfall, ground cover, food availability or nutrition are the factors most
commonly implicated. For example, sexual maturity in female red kangaroos may
be delayed under poor nutritional conditions for up to eight months (Frith and
Sharman 1964).

Since Sharman et al. (1964) first considered the pouch to provide a constant
environment for the growth and development of young, many authors have
considered that the mortality of pouch young in most conditions to be quite low
(e.g. Frith and Sharman 1964, Poole 1973, Poole 1975). However, under extreme
conditions such as prolonged drought, the mortality of young of M. rufus and M.
giganteus may be as high as 100% (Frith and Sharman 1964, Kirkpatrick and
MCcEvoy 1966). Mortality of young has been almost exclusively examined from
the perspective of variation between populations, and there is little data on
individual variation between wild females.

Most authors consider that mortality of young is highest around the time of
pouch emergence when the drain' on the mother's resources is the highest and

when the change of environment for the young increases the number of deaths due
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to misadventure. The lack of literature discussing mortality during gestation
implies either a lack of information on this aspect, or that such mortality is so low
as to be considered negligible. Little mortality occurs during the travel of the new
bom young to the pouch (Russell 1982).

Poor environmental conditions as manifest through maternal nutrition are the
usual reasons given for pouch mortality (e.g. Ealey 1963, Sadleir 1965, Newsome
1966, 1975). The methods of measuring the effect of environmental conditions on
mortality of young have varied from changes in maternal body condition (e.g.
Ealey 1963), indices of drought (e.g. Newsome 1965, 1966), and more recently,
actual maternal intake of food (Higginbottom pers. comm.). The most spectacular
effect of poor environmental conditions on maternal nutrition and hence on PY
mortality occurs in the red kangaroo (Newsome 1966, Frith and Sharman 1964).
Embryonic diapause follows conception at post-partum oestrus, and during good
seasons re-activation occurs such that the birth of a new PY closely follows
permanent emergence from the pouch by its sibling. In the early stages of
drought, PY mortality increases and the quiescent blastocyst develops to replace a
lost PY rather than one vacating the pouch voluntarily. If the environmental
con;iitions worsen, females become anoestrus. Within 14 days of drought-breaking
ra@n, when green forage becomes available, females return to oestrus and the

normal cycle starts again (Newsome 1966).

1.3 Petrogale
While the genus Petrogale is only one of nine extant genera within the family

Macropodidae, it contains almost as many species as the better known Macropus
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(Calaby and Richardson 1988). There were 23 taxa of rock wallabies in 11

species recognised in 1990 (Sharman er al. 1990) although the taxonomy is still
under review (see Eldridge er al. 1988, 1989, 1990, 199lé,b, Sharman et al.
1990). Briscoe er al. (1982) hypothesised that rock wallabies arose on the
Precambrian (Western) Shield of the continent, expanding: and diversifying from
their point of origin to occupy their present, almost Australia-wide range.

Members of this genus are currently found in several major habitat types and
all biogeographic zones within mainland Australia, including the arid interior (e.g.
P. lateralis, P. xanthopus), the southern extremities of the Great Dividing Range
(P. penicillata) and tropical vine forest (P. persephone). By far the greatest
diversity is found in the drier areas of the tropics with at least six species
represented (P. assimilis, P. brachyotis, P. burbidgei, P. concinna, P. godmani,
P. inornata, and the Mareeba and Mt Claro races of P. assimilis, and the Cape
York race of P. godmani) (Briscoe et al. 1982). No species is present in
Tasmania although smaller off-shore islands in Western Australia are important
genetic refuges for P. lateralis and P. rothschildi (Eriscoe et al. 1982).

On a local scale, the distribution of Petrogale is more patchy as they are
typically -associated with steep, rocky slopes, boulder outcrops, and cliffs and
gorges (Briscoe er 'al. 1982). Such habitats are often disjunct, restricted and
island-like. For rock wallabies, optimum habitats occur where suitable shelter
sites in the rocks are close to well-vegetated feeding areas. The colonies of rock
wallabies inhabiting these outcrops rangé in size from a few animals to many
hundreds (Briscoe er al. 1982), witﬂ the maximum size} of a colony probably

limited by the number of suitable resting or cave sites available.
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The close association of Petrogale with rocky outcrops indicates that these
outcrops are an important habitat requirement for this genus. Such outcrops act as
refuges both from predators and more importantly, from the physiological
extremes of the surrounding environment. This is particularly striking in central
Australia where the mammalian fauna tends to consist of the larger species (e.g.
M. rufus and M. robustus) which are more able to cope with the extreme
temperﬁtures, or the smaller mammals (e.g. species of the families of Rodentia,
Dasyuridae and Thylacomyidae) which are 'hiders’, escaping from the heat in
burrows or in spinifex clumps. Where suitable rocky outcrops occur, the rock
wallabies are by far the largest of the spécies to employ such an avoidance
strategy. Localised rocky microhabitats often exhibit a microclimate distinct from
the surrounding region. Such outcrops may ameliorate the effects of the local
environment and develop a distinctive flora and fauna (Dwyer 1972; Wilson,
Gerritsen and Milthorpe 1987; Mares and Lacher 1987; Freeland, Winter and
Raskin 1988). Mares and Lacher (1987) suggest that rockpiles may provide a
specialised environment that is distinctive in climate, structure, vegetation and
. fauna from the surrounding area. They predicted that rocky habitats will be
important mesic refuges in Aareas that are characteristically dry, have marked wet
and dry seasons, and year-round high temperatures leading to high evaporation
potential and hence lower effectiye rainfall. Freeland et al. (1988) noted that in
Australia, the diversity of rock-adapted mammals was greatest in the drier regions
of northern Australia. This region approximately coincides with that of the wet-
dry tropics described earlier. The rock-adapted mammals in this region include

the rock rats (Zyzomys) and the rock ringtail and scaly-tailed possums
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(Pseudocheirus dahli and Wyulda squamicaudata respectively). The greatest

diversity of rock wallaby species is also found in this tropical region. Indeed, this
is the only area where rock wallaby species occur sympatrically (P. concinna and
P. brachyotis in the Northern Territory; and P. burbidgei and P. brachyotis in the
Kimberleys) (Kitchener 1983, Sharman and Maynes 1983c, Sanson er al. 1985). -

Despite the relatively high proportion of species of macropodid within the
genus Petrogale, research on these rock wallabies is almost as patchy as their
distribution, with the evolutionary and taxonomic status within the genus
providing the main thrust. The phylogeny and taxonomy of the 23 taxa of rock
wallabies described between 1827 and 1982 (reviewed by Briscoe et al. 1982)
have been re-assessed in recent years (e.g. Eldridge er al. 1988, 1989, 1990,
1991a,b; Sharman et al. 1990, Eldridge and Close 1992). The inter-relationships
between these taxa are complex and have been studied using a wide variety of
techniques from skull morphometrics, to chromosomal re-arrangements, allozyme
electrophoresis and ecto- and endo-parasites (see Eldridge .et al. 1991b for
review).

The genus Petrogale exhibits a chromosomal diversity that is unusual in
marsupiats (Sharman es al. 1990). Briscoe er al. (1982) placed the species of
Petrogale in three major groups: (1) the xanthopus group containing the yellow
footed rock wallabies (P. xanthopus and P. x. celeris) and P. persephoﬁe; (2) the
brachyotis species group in the Timorian biogeographic region including P.
brachyotis, P. burbidgei and P. concinna (formerly Peradorcas (Calaby and
Richardson 1988)); and (3) the lateralis-penicillata species group including three

taxa of P. lareralis, and the remaining taxa from eastern Australia (P. assimilis,
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P. godmani, P. inornata, P. penicillata, P.p. herberti, and the Cape York,
Mareeba and Mt Claro races) (see also Figure 1.1; Figures are located at the end
of each Chapter). These three races have recently been proposed for elevation to
specific status (P. coenensis, P. mareeba and P. sharmani respectively) by
Eldridge and Close (1992).

While the specific conclusions reached have often been somewhat
contradictory, it appears that Petrogale has undergone complex or reticulate
speciation (Sharman et al. 1990, Eldridge et al. 1991b). The distribution of rock
Vwallaby taxa is thought to be controlled by climatic factors, with their speciation
primarily a response to environment (Sharman es al. 1990). A bioclimatic
prediction system delineated a more or less unique bioclimatic profile for each of
the taxa in eastern Australia. It is assumed that individuals carrying the ancestral
karyotype invaded new habitats with resultant selection for randomly occurring
changes of adaptive significance in the new habitat (Sharman et al. 1990).

This complex speciation is particularly evident in the tropical region of north
eastern Australia (Briscoe et al. 1982; Eldridge et al. 1988, 1989, 1990, 1991a,b;
Sharman et al. 1990). Briscoe et al. (1982) argues that Petrogale offers an
opportunity to study the genetic mechanisms which underlie this fundamental
evolutionary phenomenon. However, before speciation and intra-specific variation
can be fully understood knowledge of the life history and ecology of these species
is also required.

Lesser attention has been paid to these aspects of their biology, with research
to date concentrated on captive studies and a small subset of species of Petrogale.

The growth and development of P. inornata (Johnson 1979), P. xanthopus (Poole
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et al. 1985) and more recently P. assimilis (Bell, Close and Johnson 1989, Close

and Bell 1990) in captivity has been examined. Only Poole et al. (1985) was able
to fit whole-of-life growth curves. Both Johnson (1979) and Close and Bell (1990)
presented data for pouch life only. Sanson (1978, 1989) suggested that the
browsing diet of most Petrogale spp. precludes the usual methods of molar
eruption and progression from being useful to determine age in these species.
However, molar eruption and molar progression have been used to determine the
agé of post-pouch young of Petrogale (Poole et al. 1985, Bell er al. 1989). Poole
et al. noted that the accuracy of prediction was restricted to determining the year
and possibly the season of birth. They also observed a lack of sexual differences
in the growth of pouch young.

The degree of sexual dimorphism of a species has been linked to its overall
size, behavioural ecology and mating system (e.g. Jarman 1983, Kleiman 1977).
Little dimorphism is expected as the genus Petrogale contains some of the
smallest species of macropod with no species exceeding ten kilograms in body
weight. No colour dimorphism has been recorded (Sharman and Maynes 1983a)
and no sexual dimorphism before pouch exit for P. xanthopus or P. assimilis
(Poole et al. 1985, Close and Bell 1990). Both P. concinna, one of the smallest
rock wallabies (data from Sanson in Jarman 1989), and P. xanthopus, the largest
rock wallaby (Poole er al. 1985), stop growing early in adult life, although
Jarman (1989) classified Petrogale as medium sized macropodoids whose females
continue rapid growth past middlc age. Sharman and Maynes (1983a), however,

noted that adult males were up to 30% larger than females and Jarman (1989)
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recorded that where sexual dimorphism exists, males were slightly larger than
females.

Until recently rock wallabies were considered to have a polygynous mating
~system with males having a stable linear dominance hierarchy (Dwyer 1974,
Barker 1982, 1990, Horsup 1986). Horsup (1989 and unpublished) and Barker
(1990) now consider that P. assimilis form long-term pair bonds although pairing
does not necessarily determine paternity (P. Spencer personal communication).

The reproductive ecology of Petrogale has been examined in some detail for
captive populations of P. inornata and P. xanthopus (Johnson 1979, Poole et al.
1985), while lesser information now exists for P. assimilis (Bell et al. 1989) and
wild populations of P. lateralis (Kinnear, Onus and Bromilow 1988) and P.
xanthopus (Lim et al. 1987). Tﬂe pattern in these species suggests that Petrogale
fits into the group 2 pattern of marsupial reproduction described by Sharman et
al. (1966) i.e. the gestation period is extended to almost the full length of the
oestrous cycle, so that parturition is followed by an oestrus and mating with a
consequent lactational quiescence and development of the dormant blastocyst will
continue at any time of the year with the loss or removal of the pouch young.
Sexual maturity is attained from 18 months in both sexes (Johnson 1979, Poole et
al. 1985, Bell et al. 1989). The length of the oestrous cycle is between 30 and 37
days and the gestatidn period is 31 to 33 days. Parturition is usually followed by
oestrus and mating with a consequent lactation controlled embryonic quiescence.
Pouch life lasts 189 to 227 days and young are weaned a maximum of 90 days
after PEP (Poole et al. 1985, Johnson 1979). Thus females are capable of

producing one offspring every seven months (Johnson 1979). Breeding occurs



31

throughout the year in these captive populations, although there is a suggestion
that P. concinna (Sanson et al. 1985) and possibly other species of rock wallaby
may be seasonal breeders (Sharman and Maynes 1983a). Poole et al. (1985) noted
a male bias in offspring in P. xanthopus, with a tendency for older mothers to
produce male offspring (Lim et al. 1987).

Information on the population biology of Petrogale is scant. Colonies of P.
xanthopus appear to contain equal numbers of both sexes (Lim er al. 1987). Some
movement between closer colonies (one to two km apart) haS been recorded,
although there is a high site fidelity (Lim et al. 1987). Populations of P. lateralis
in the Western Australian wheat-belt are adversely affected by fox predation

(Kinnear et al. 1988) and by drought.

1.3.1 Why study P, assimilis?

Petrogale assimilis is a medium-sized rock wallaby (2.5 - 5 kg) found within
the wet-dry tropics of north eastern Queensland (Figure 1.1). Its distribution is
parapatric with P. inornata to the south and P. godmani to the north (Eldridge et
al. 1988). The Mareeba and Mt. Claro races of P. assimilis are found to the north
and east of the nominate raée (P. mareeba and P. sharmani respectively, Eldridge
and Close 1992). This species complex forms part of the Petrogale lateralis-
penicillata species group. Indeed, P. assimilis is morphologically indistinguishable
from P. inornata and was previbusly given subspecific status within P. inornata
(Sharman and Maynes 1983b). P. assimilis and P. inoﬁzata are now separated
into distinct species based on chromosomal evidence (Calaby and Richardson

1988, Sharman er al. 1990).
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Examination of the life history and reproductive ecology of a wild population
of P. assimilis in the light of current knowledge would allow comparisons to be
made with other macropod species and other mammalian species living in the wet-
dry tropics. Such research into the life history and reproductive ecology of P.
assimilis could partially fulfil the need for research iito the life histories of
smaller, tropical species of macropods in the wild as noted by Sadleir (1969), Lee
and Cockburn (1985) and Lee and Ward (1989).

While there are several species of macropodid that could be used to fill these
needs, P. assimilis has the added advantage of being part of a taxonomic group
which is considered to be undergoing complex speciation. Much is known of the
evolutionary and taxonomic status of this genus, and debate and research into. the
genetic mechanism into this topic still continues, yet there is little understanding
of the ecological mechanisms involved. Knowledge of the life history of such a
species could lend substance to, or postulate ecological mechanisms for the
proposed rapid evolution of rock wallabies. In particular, it was hoped that
detailed information could be gathered on a subset of individuals such that some
~ insight could be gained into individual variation in reproductive success by
females. .

Since this project was also hoped to be the start of a long-term study into the
biology of this species, I tried to establish a population of individuals of known
age and reproductive history on which to base these future studies. In doing so,
the methbdology and techniques required for this needed to be developed. Based
on information available for other rock wallaby species and the general

macropodid pattern, I expected individuals of P. assimilis to be gregarious and
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easily re-locatable, to have a gestation period of about a month, a pouch life
measurable in months and a life-span of years rather than decades.

Therefore, the broad aims of this project were to examine the life history of a
wild population of the allied rock wallaby, Petrogale assimilis in the wet-dry
tropics f Australia. Specifically, the aims were to:

(1) develop the methodology to estimate accurately the age of

individuals;

(2) examine growth and development of both young and adult animals;

(3) determine the pattern of breeding;

(4) examine the effects of seasonality on reproduction and body

condition; and

(5) examine the survivorship of offspring born during the study period

and hence the variation in maternal success during this time.

A study of the individual variation in life—histqry tactics of a species in this
rapidly speciating genus would complement the genetic studies and provide further
insights into the evolutionary process. Additionally, P. assimilis lives in an
uripredictable, tropical environment which would allow me to examine the
environmental influences on the life history traits of this species and provide some
comparisons between a wild, tropical population and studies of both captive
populations and species from deserts and more temperate climes. If P. assimilis
also had a continuous pattern of reproduction as I expected, I may be able to

clarify some of the effects of environmental variables on life history parameters.
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1.3.2 Other research at Black Rock

This study is one of several that have, and are being conducted on the same
colony of P. assimilis at the study site, Black Rock. This rock wallaby colony
was originally investigated by Wally Davies (University of Queensland) to
examine the behavioural ecology of this species with particular empﬁasis on
mother-young behaviour. Field work was carried out between 1972 and 1976 and
an unknown number of adults were tagged. Unfortunately this study was never
completed, and no results are available for comparisons.

In 1986, Alan Horsup and I commenced research into different aspects of
rock wallaby biology at the Black Rock field site. Originally an Honours project
(Horsup 1986), Alan's work was expanded into a doctoral project encompassing
the behavioural ecology of these animals. The focus of his research examines the
relationships between the diet (Horsup and Marsh 1992), social organisation,
home range and movement of individuals. It was originally hoped that both Alan
and I would be able to gather detailed information on the same individuals.
Unfortunately there was little overlap between the regularly re-trapped animals
from my study and the animals intensively observed by Alan Horsup and much of
this work is not yet completed. As a result, less has been made of the connection
between the projects than otherwise envisaged. Peter Spencer has also investigated
parameters of the blood in animals in this colony (Spencer and Speare 1992) ;md
the effect of a feral cat on the population (Spencer 1991).

The monthly sampling trips initiated by this study are being continued by
Peter Spencer and Helene Marsh, to maximise the information on life history,

reproductive ecology, survivorship and mortality of the population and in
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particular, aspects of maternal investment. Some of their data (18 months) has
been used to supplement my own to examine individual variation between females
in rearing pouch young (Chapter 8). More recently, research into the lactation
energetics of individuals of this colony has been started by Helene Marsh, with
Jim Merchant and Brian Greei. of CSIRO, Canberra (Merchant and Marsh 1992).
Peter Spencer; while collecting the ecological data mentioned above, is also
collecting data to examine genetic variation and maternity/paternity within this
colony via the use of DNA ﬁngerprinting (Odorico, Spencer and Miller 1992).
Most of the above mentioned work is still in progress and as yet there is little

which can be drawn upon for this study.
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Figure 1.1 Distribution of Perrogale spp. in eastern Australia. Note the distribution of

P. assimilis and the presence of three races, P. assimilis Mareeba, P. a. Mt. Claro and

P. godmani Cape York. Y marks Black Rock (Map courtesy of M. Eldridge).
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Chapter 2

Description of Study Site and General Methods

2.1 Study site
2.1.1 Loca