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Abstract

Lumholtz’s tree-kangaroo (Dendrolagus lumholtzi), one of Australia’s largest
folivores and one of only two tree-kangaroo species endemic to Australia and
far north Queensland’s Wet Tropics. D. lumholtzi are most commonly found in
the fragmented rainforests that remain within an agricultural matrix in a
relatively small area on the Atherton Tablelands. Unfortunately the majority of
these fragments are on privately owned land and are not totally protected from
clearing, therefore their long-term persistence is threatened by land clearing,

further habitat fragmentation and mortality from dogs and cars.

Although there have been a few studies on the ecology and habitat use of D.
lumholtzi, our current knowledge is limited. A more comprehensive
understanding of spatial and floristic habitat use is essential for the

conservation and management of D. lumholtzi.

This study examined the spatial organisation and habitat utilisation of
Lumbholtz’s tree-kangaroos in a Type 1b rainforest fragment on the Atherton
Tablelands and compared this to earlier studies (Procter-Gray 1985, Newell
1999). The two previous studies were both undertaken on the same spatially
restricted rainforest type (Type 5b) only a couple of hundred metres apart, so
this study has provided an important expansion of our understanding of D.

lumholtzi ecology across space and rainforest types.

There were no significant effects of rainforest type on the home range sizes of
D. lumholtzi (Procter-Gray 1985, Newell 1999, This study). Male D. lumholtzi in
this study held home ranges of 2.1 + 0.7 ha (90% HM) overlapping that of
several females but not other males, and females had exclusive home ranges
of 2.1 £ 0.8 ha (90% HM) of a similar size to males. However, there was a
large amount of variation in female home range sizes (0.1 — 4.9 ha). Body

weight did not explain this variation in home range sizes.

This study also examined structural and floristic characteristics of the habitat
and investigated if these could be used to model D. lumholtzi habitat usage.

The structural and floristic characters measured in this study could not be used



to determine the focus of habitat usage. This study has shown that there is a
more complex association between D. lumholtzi and its use of habitat other
than the structural characters of the habitat. D. lumholtzi do select specific tree
species, but there are strongly expressed individual preferences, similar to
other arboreal folivores. The reasons for these specific choices are currently
unclear but D. lumholtzi are likely to choose trees for foliage characters, such
as the levels of nutrients or plant defences, rather than for the species at a
taxonomic level. This is also consistent with other arboreal folivores such as
koalas and leaf-eating monkeys. The determination of which foliar characters

are driving tree species or individual tree choice will require further research.

This study tested and rejected a number of previous hypotheses regarding the
characteristics determining D. lumholtzi habitat use. They are not edge
specialists, do not prefer regrowth or areas with a large variation in canopy

height, or areas with high species diversity or density.

The gastrointestinal morphology of D. lumholtzi shares a number of features
with other foregut fermenting folivores. Compared to other macropodids, D.
lumholtzi has a large sacciform forestomach and a large overall stomach
capacity, and more similar in size and morphology to that of other arboreal
foregut fermenting folivores, such as colobine monkeys. It is likely that these

characteristics are adaptive for its diet of rainforest leaves.

Lumholtz’s tree-kangaroos can be simply aged using a tooth wear index
developed during this study. Aging is essential for establishing demographics,
such as age specific mortality and fecundity of populations, currently unknown
in D. lumholtzi. Without the ability to age populations we cannot reliably
undertake valuable estimations such as population viability analysis, which

require these parameters.

Additionally, this study has highlighted that not only one rainforest type is
important to D. lumholtzi and that more emphasis should be made on the
preservation and restoration of all rainforest types. Furthermore, it is vital that
all rainforest fragments including riparian zones, regrowth and corridors and
stepping stones, should be conserved, rehabilitated and areas replanted as D.

lumholtzi habitat, as they are crucial to the species long term survival.



Chapter 1: Introduction

Tree-kangaroos are a specialised subgroup of marsupials belonging to the
family Macropodidae, found only in the rainforests of Papua New Guinea and
northern Australia (Flannery et al 1996, Newell 1998). They are unique in the
kangaroo family in that they are arboreal and are believed to have returned to
the trees in relatively recent evolutionary times (Groves 1982, Flannery et al
1996, Newell 1999a). Eight of the ten known species are found in the
rainforests of New Guinea (Flannery 1995, Flannery et al 1996, Newell 1999a),
while two are unique to Australia’s Wet Tropics (Flannery et al 1996, Newell
1999a).

All ten species, especially those in Papua New Guinea, warrant serious
conservation concern (Betz 2001), with many of them threatened with
extinction. Yet, our understanding of the ecology and basic biology of any of

the tree-kangaroo species is still rudimentary.

In fact, many Australians did not even know of the existence of tree-kangaroos
when surveyed in 2003, with only 36% of Brisbane residents knowing of their
existence and 84% not knowing how many species of tree-kangaroo occur in
Australia (Tisdell and Wilson 2003). Despite this ignorance, tree-kangaroos are

a diverse, unique and fascinating group of animals.

There is presently insufficient information on their ecology to assess the
conservation status of the Australian species, Dendrolagus lumholtzi. This
species is currently classified as rare (Queensland’s Nature Conservation
(Wildlife) Regulation 1994) and is primarily found in privately owned rainforest
fragments on the Atherton and Evelyn Tablelands, which are not currently
protected from clearing. Therefore, the long-term persistence of D. lumholtzi is
threatened by land clearing, further habitat fragmentation and mortality from

dogs and cars especially when travelling between fragments (Newell 1999b).

Only two other studies of ecology have been undertaken on this species and
these were both performed on the same spatially restricted rainforest type and
one that is spatially restricted due to clearing. Without further information on
their populations and how they utilise their habitat, especially in fragments, their

conservation status cannot be reviewed with accuracy.



Our current knowledge of their biology is deficient in areas such as their
longevity, age-specific mortality and fecundity, and use of habitat, especially of
differing types. It is crucial to the conservation of tree-kangaroos that we
establish these fundamental facts before population viability analysis can be

conducted with any accuracy.

Population viability analysis (PVA) is a tool that enables us to model and predict
future trends for D. lumholtzi populations (Lacy 1993). However, PVA’s can
only be accurate at predicting extinction probabilities of a species if the data
they are based on is extensive and reliable (Coulson et al 2001). PVA
modelling can only be as good as the data and the assumptions input to the
model (Lindenmayer et al 1993). The best data sets are from long-term
ecological studies of at least 10 years, where large amounts of information are
known about the biology of the species (Brook et al 2000). The World
Conservation Union (IUCN) now uses PVA to establish a quantitative
classification of endangered species (IUCN 1994), so it is essential that PVA
supplies accurate, reliable quantitative predictions of extinction risk (Brook et al
1997).

The data required as input for a PVA model are: population densities in
different fragments and continuous forest; expected lifespan, age-specific
mortality and fecundity; age at maturity and reproductive rates; demographic
stochasticity (random fluctuations in birth rate, death rate and sex ratio of a
population); movement or dispersal between fragments or populations; genetic

processes; and the effects of environmental stochasticity (Lacy 1993).

Without accurate data as input, the results from a PVA can be either over
optimistic or under estimate the extinction probability of a population or sub-
populations (Brook 2000). If data from small populations or from a few sub-
populations are used, then this can also lead to incorrect results (Ludwig 1999).
This is because these small populations may have characteristics that enable
them to survive when other sub-populations cannot (Ludwig 1999). Therefore,
it is essential that as much information as possible about how different sub-
populations are operating, especially from differing habitat types and differing

sized fragments, before a PVA is undertaken with confidence.



There are two main types of data that is not possible to collect during a PhD
due to time limitations: 1) dispersal rates between fragments and 2) the effects
of environmental stochasticity. The later is missing from almost all PVA's and
the results are limited and possibly misleading without this data. Lastly we
need more information about the spatial use by D. lumholtzi in other rainforest
types as well as continuous forest, as this may vary and affect the population

size or carrying capacity of individual fragments.

Although this study was designed to enhance our knowledge of the ecology and
conservation status of Dendrolagus lumholtzi in order to aid in the future use of
a population viability analysis and the requirement for specific information
directs the focus of this study, it stops short of actually performing a PVA or
constructing a life table for D. lumholtzi at this stage. Without data on the
effects of environmental stochasticity on D. lumholtzi, a PVA could be

misleading.
1.0 AIMS OF THE STUDY

The overall aim of this study was to determine the spatial and habitat use by
Dendrolagus lumholtzi and allow generalisation from the limited scope of
previous work, along with establishing an aging technique, to increase our
information base to assess the conservation status and population viability of D.
lumholtzi in the future. Furthermore, diet and the gastrointestinal capacities

were examined to look at the relationship of ecology with habitat.
The aims of this study were to:

e Examine the spatial organisation of D. lumholtzi in a fragmented

landscape (Chapter 4).

e Investigate structural or floristic determinants of spatial use by D. lumholtzi
(Chapter 5).

e Determine diet in D. lumholtzi using microscopic scat analysis (Chapter 6).
e Examine gastrointestinal morphology of D. lumholtzi (Chapter 7).

e Develop a practical ageing technique for D. lumholtzi (Chapter 8).



Chapter 2: Tree-kangaroo biology and ecology.
Literature review.

2.0 AUSTRALIAN TREE-KANGAROOS

The two species of tree-kangaroos found in Australia are the Lumholtz’s tree-
kangaroo (Dendrolagus lumholtzi Collet 1884) and the Bennett’s tree-kangaroo
(D. bennettianus De Vis 1887). Both are considered rare (Queensland’s Nature
Conservation (Wildlife) Regulation 1994) and are the largest of the continent’s

arboreal mammals (Newell 1999c).

Both species are restricted to the tropical rainforests and adjacent forests of far
north Queensland (Newell 1999a, Newell 1999b). Bennett’s tree-kangaroos are
found north of the Daintree River, while Lumholtz’s tree-kangaroos are found
south of Daintree to the Cardwell Range (Newell 1998). Several records of
sightings of D. lumholtzi from the Black Mountain corridor indicate that this
species has a continuous distribution across the Atherton and Mt Carbine

Tablelands (Tree Kangaroo and Mammal Group 2000, Kanowski et al 2001a).

D. lumholtzi are predominantly found at higher altitudes (~ 600-1200m) (Newell
1999a, 1999c, Kanowski et al 2001b), while D. bennettianus are also found in
the lowlands (Martin 1996). Itis, however, possible that the two species do
occur sympatrically in the Mt Carbine Tableland and Daintree areas (Newell
1999a). There have, in fact, been several claims that Bennett's tree-kangaroos
have been seen on the Atherton Tablelands (Tree Kangaroo and Mammal
Group 2000). It is believed however, that due to similarities between the two
species and the variation in colours of D. lumholtzi, these are cases of mistaken

identity (Tree Kangaroo and Mammal Group 2000).

Even though Bennett’s tree-kangaroos are found within a relatively small area
(~ 2000 km?: Flannery et al 1996) of the Wet Tropics, the majority of this area is
within a protected ‘World Heritage Area’ (WHA). Therefore, the conservation
status of this species is considered moderately safe, despite its rarity (Newell
1999a). It is also believed that their current distribution may be expanding to
lower altitudes due to a decrease in hunting by indigenous Australians in the
last 40-50 years (Martin 1992).



The geographical range of Lumholtz’s tree-kangaroo covers a larger area (~
5500 km®: Flannery et al 1996) than its congener, some of which is within
protected areas. Kanowski et al (2001b) suggest that Flannery et al’s (1996)
estimation of the distribution of D. lumholtzi (~5500 km) is an overestimate, as it
is based on the area of rainforest encompassing all records of the species,
which includes isolated records which may in fact be dispersing individuals.
More recent survey results (Tree Kangaroo and Mammal Group 2000,
Kanowski et al 2001a) suggest that abundant populations of Lumholtz’s tree-
kangaroos are restricted to elevations above 700-800m on the Atherton
Tablelands. Kanowski et al (2001b) propose that if the source populations of D.
lumholtzi are restricted to high elevation rainforests, then the effective range of
the species (i.e.: the area encompassing the source population: Caughley et al
1988) is likely to be much smaller than earlier estimates, perhaps in the order of
1000 km? including both the Atherton and Mt Carbine Tablelands.

However, they appear to maintain their highest densities in forest outside the
protected areas, being more commonly found in fragmented forests within an
agricultural matrix in a relatively small area on the Atherton and Evelyn
Tablelands (Newell 1999a, Kanowski et al 2001a). Unfortunately the majority of
these fragments are on privately owned land and are not presently protected
from clearing (Newell 1998, 1999a, b, c).

Despite the level of clearing and long history of fragmentation on the Atherton
and Evelyn Tablelands, D. lumholtzi can still be found in isolated patches of
rainforest in the area (Newell 1999b). Where fragmentation of rainforest has
occurred over large areas on the Tablelands, the remaining patches are very
important (Winter 1991). They maintain biodiversity in the area and provide
“stepping stones” for rainforest faunal movements between larger areas of
forest (Pahl et al 1988, Laurance 1990a, Winter 1991) and source populations
for nearby fragments (Angelstam and Arnold 1993).

There have been recorded sightings of Lumholtz’s tree-kangaroos in the
coastal areas of Cairns along the eastern side of the mountain range (Tree
Kangaroo and Mammal Group 2000) but these sightings are rare compared to

the uplands. Kanowski et al (2001a) suggest that the few records of D.



lumholtzi from the coastal lowlands may actually represent dispersing
individuals. However, it is not clear why D. lumholtzi, along with other folivorous
marsupials in the Wet Tropics, are rare or absent in the lowlands (Kanowski et
al 2001b).

The predominantly upland distribution of Lumholtz’s tree-kangaroo correlates
with several other rainforest endemic arboreal mammals species, such as the
Lemuroid Ringtail possum (Hemibelideus lemuroides), Green Ringtail possum
(Pseudochirops archeri), Daintree River Ringtail possum (Pseudochirops
cinereus) and Herbert River Ringtail possum (Pseudochirops herbertensis)
(Winter 1997). This distribution has led researchers to speculate that
Lumholtz’s tree-kangaroos and possibly these other species are physiologically
adapted to lower temperatures and therefore upland habitats (Laurance 1990Db,
Winter 1997). The limited data on the energetics and thermal ecology of tree-
kangaroos neither supports nor refutes this proposal (McNab 1988). Other
current hypotheses to explain this upland distribution include past hunting of D.
lumholtzi by Aboriginals in the lowlands (Flannery et al 1996, Newell 1999a),
habitat destruction in the lowlands (Johnson 1995) and the floristic composition

of lowland forests (Laurance 1990b).

Despite their size and appeal, both D. lumholtzi and D. bennettianus have been
relatively poorly studied compared to other mammalian species in Australia
(Newell 1999b). This could be because of their rare status, and their cryptic
and secretive behaviour within their tropical rainforest habitat (Newell 19993,

1999b), which makes them very difficult to study.

There have been only three studies of the ecology of the Australian tree-
kangaroos to date (Procter-Gray 1985, Martin 1992, Newell 1999a, 1999Db,
1999c). Martin (1992) studied the ecology of the Bennett’s tree-kangaroo in
Shipton’s Flat (~ 40km south of Cooktown) in Cape York; Procter-Gray (1984,
1985) investigated aspects of the behaviour and ecology of Lumholtz’s tree-
kangaroos at Yungaburra on the Atherton Tablelands; and Newell (19993, b, c)
researched the home range and habitat use, and effects of habitat loss on
Lumholtz’s tree-kangaroos at Yungaburra. However, all of these studies have

been undertaken on Type 5b complex notophyll vine forest (Tracey 1982),



which is a spatially restricted rainforest type with only <1000ha (2.5%)
remaining (Sattler and Williams1999). Furthermore, the study sites for both
studies on D. lumholtzi (Procter-Gray 1985, Newell 1999b) at Yungaburra
where only a few hundred metres apart. The similar localities used so far for
studies on D. lumholtzi may give a particular or idiosyncratic view of their
ecology and habitat use across its range because this rainforest type is no
longer representative of the rainforest fragments remaining in the region.
Therefore, for a greater understanding of the spatial and habitat use by D.

lumholtzi, it is crucial that other rainforest types are investigated.

2.1 GENERAL BIOLOGY OF TREE-KANGAROOS

D. lumholtzi is the smallest of the tree-kangaroos (Flannery et al 1996), with D.
bennettianus the second smallest. It is believed that these two species are
more primitive in their biology than the Papua New Guinean species, with the
tree-kangaroos evolving in Australia and radiating north to Papua New Guinea.
D. lumholtzi and D. bennettianus belong to the “long-footed” group of tree-
kangaroos (Flannery et al 1996).

Members of this group are sexually size-dimorphic (Flannery et al 1996).
However, D. lumholtzi is the least so (Flannery et al 1996). Male D. lumholtzi
are larger than females (Johnson 1995), with adult males D. lumholtzi
averaging a body weight of 8.63 kg (7.25 - 9.85 kg), while adult females are
smaller and average 7.05 kg (6.60 -7.75 kg) (Newell 1999b). Bennett’s tree-
kangaroos are larger than Lumholtz’s with males weighing 11.5 - 13.7 kg and
females 8 - 10.6 kg (Martin and Johnson 1995).

Bennett’'s and Lumholtz’s tree-kangaroos are Australia’s biggest arboreal
folivores, spending most of their time in the trees (Procter-Gray 1985, Martin
1992, Flannery et al 1996). However, they will readily come down to the ground
to travel between individual trees or forest fragments, which makes them
vulnerable to attack by dogs or dingoes and at risk of being hit by vehicles,
especially D. lumholtzi (Newell 1999b). Lumholtz’s tree-kangaroos have been
recorded travelling long distances between forest fragments, particularly sub-

adults dispersing into new territories (Newell 1999b, Kanowski et al 2001a).



The total number of Lumholtz’'s tree-kangaroos is unknown. However, there
has been an estimate of ten to twenty thousand D. lumholtzi in continuous
forest (Kanowski 1999) and additional thousands in rainforest fragments on
private land on the basis of population densities reported for forest fragments in
good habitat areas (Tree Kangaroo and Mammal Group 2000). This may be an
over estimation of D. lumholtzi abundances as it is presently unclear what
represents good habitat for D. lumholtzi. Furthermore, these abundances have
been estimated using information from a spatially restricted rainforest type. Itis
also possible that not all habitats support such high densities and there may be
vacant areas (Hanski 1994). There is presently insufficient data on the
variation of spatial use by D. lumholtzi in different rainforest types to accurately

estimate their abundances across their range.

2.1.1 Reproductive biology

Tree-kangaroos have the longest gestation period and longest period of
maternal care of any marsupial (Dabek 1991, Flannery et al 1996). It has been
suggested that the tree-kangaroo’s long reproductive cycle seems to be more
reflective of the group’s low metabolic rate (McNab 1988) and may also be
reflective of an arboreal lifestyle (Russell 1982, Procter-Gray 1985, Dabek
1991, Johnson and Delean 2003). A long reproductive period and other
aspects of reproduction have also been related to the limited energy available
from a poor resource base, such as a diet of Eucalyptus foliage in koalas
(Krockenberger 1996, Krockenberger et al 1998, Krockenberger 2003). An
extended pouch life and mother-young bond in tree-kangaroos may also be
related to better preparation of young for safe movement in trees (Olds and
Collins 1973) and for guidance to what foliage to eat by the mother as in sloths
(Montgomery and Sunquist 1978). Behavioural observations of captive D.
lumholtzi suggest females invest significantly in the education of their young to
cope with their complex arboreal lifestyle (Johnson and Delean 2003). This
long oestrus and gestation period, along with the extended maternal care and
hence long interbirth period in tree-kangaroos, supports the conclusion that
they have an overall low reproductive potential (Johnson and Delean 2003), as

found in most arboreal folivores (Eisenberg 1978).
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Unlike most macropods, tree-kangaroos do not exhibit embryonic diapause or
post-partum oestrus (Procter-Gray 1985, Heath et al 1990, Johnson and
Delean 2003). It is believed that oestrus is more likely to occur after the

previous young leaves the pouch (Procter-Gray 1985).

The oestrus cycle is in D. lumholtzi it is 47-64 days (Johnson and Delean 2003)
whereas it is approximately 35 days (34.8 + 0.6) in red kangaroos (Macropus
rufus) (Dawson 1995). Most kangaroos have a gestation period of a little over a
month, for example 33.2 £ 0.2 days in red kangaroos (M. rufus) (Dawson 1995).
The gestation period in D. lumholtzi is 42-48 days (Johnson and Delean 2003).
Post-partum mating has not been observed in D. lumholtzi but one female did
mate again 22 days after the death of her joey (Johnson and Delean 2003).
Another female returned to oestrus 69 days after the permanent emergence of

her pouch young (Johnson and Delean 2003).

There appears to be no defined breeding season for Lumholtz’s tree-kangaroos
(Procter-Gray 1985, Johnson 1995). Procter-Gray (1985) found females to
have young at various ages at different times of the year. D. lumholtzi studied
in captivity also gave birth at all times of the year (Johnson and Delean 2003).
Tree-kangaroos are believed to be polygamous with male home ranges
overlapping with that of more than one female (Procter-Gray 1985, Martin and
Johnson 1995, Newell 1999b).

Mating behaviour is the same as in other macropods, with the male mounting
from behind, but occurs either on the ground (Johnson and Delean 2003) or in
a tree (pers. obs.). However, a copulatory plug was present after observed

matings in captivity (Johnson and Delean 2003).

In captive D. lumholtzi juveniles remain in the pouch for 264.8 + 8.0 days (246-
275: Johnson and Delean 2003), with emerged pouch young suckling for a
further 87- 240 days (Johnson and Delean 2003). However, it has been
reported from observations of D. lumholtzi in the wild, that pouch life is 300-350
days post partum (Procter-Gray 1985). Tree-kangaroo joeys can remain with
the mother for 2 to 3 years (Procter-Gray 1985, Flannery et al 1996, Newell

1998), with female joeys tending to remain with their mother for longer periods
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of time (Dabek 1994). Births are spaced 12 to 18 months apart, with the
shortest period between permanent pouch emergence and a following birth for

one female D. lumholtzi in captivity of 114 days (Johnson and Delean 2003).

Female Matschies tree-kangaroos reach sexual maturity at three years of age,
males at approximately two years (Dabek 1994, Flannery et al 1996). Female
D. lumholtzi in captivity reach maturity at 2.5 years and a single male matured
later at 4.6 years (Johnson and Delean 2003). This late maturity in the captive
male D. lumholtzi could be due to behavioural differences in captivity. Male D.
bennettianus appear to take at least 3 years to reach sexual maturity and
females 2 years (Martin 1992).

2.1.2 Social behaviour

Both Australian species of tree-kangaroos are largely solitary and territorial
(Procter-Gray 1985, Martin 1992, Flannery et al 1996, Newell 1999b). Social
interactions are limited to the relationship between a female and her young,
brief interactions between males and females during mating, and occasional
fights between males (Procter-Gray 1985, Tree Kangaroo and Mammal Group
2000). Male tree-kangaroos of several species, including D. lumholtzi (Newell
1999b, Johnson and Delean 2003) and D. bennettianus (Martin 1992), are
known to be very aggressive to each other and can induce fatal wounds with
their powerful forearms and sharp claws, presumably fighting over access to
females (Martin 1992, Flannery et al 1996, Newell 1998).

There is little observational data on tree-kangaroo social behaviour in wild New
Guinea populations, but the relatively low level of social behaviour seen in
Australian tree-kangaroos has been observed in captive studies of two New
Guinea species, D. matschiei (Hutchins et al 1991) and D. inustus (Smith
1988). In fact, agonistic interactions have lead to the death of tree-kangaroo
pouch young in captivity (Collins 1986, Hutchins et al 1991). However, there is
other evidence that some of the New Guinea tree-kangaroos maybe more
social than Australian species and that sociability may vary between species
(Flannery et al 1996).
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2.1.3 Activity patterns

Tree-kangaroos are believed to be less active than other kangaroos (McNab
1988). Although Lumholtz’s tree-kangaroos are thought to be mostly nocturnal,
they are active during the day, especially around dawn and dusk (Procter-Gray
1985, Newell 1999b). They are usually found high in the canopy during the
day, often in the sun. They are generally lower in the canopy at night, feeding
in the mid and understorey (Newell 1998). They will travel during the day from
one tree to another or cross open spaces such as roads or paddocks (Tree

Kangaroo and Mammal Group 2000).

D. bennettianus is believed to be nocturnal, commencing its feeding rounds
roughly two hours after sunset (Martin 1992). However, it has been has
suggested that because tree-kangaroo eye-shine is not as bright as possums
(Procter-Gray 1990), they may lack the tapetum lucidum cell layer in its retinas,

which nocturnal mammals use to improve night vision (Flannery et al 1996).

In contrast, most New Guinea species are crepuscular or diurnal (Fischer and
Austad 1992, Flannery et al 1996). It has been suggested that nocturnal
activity in tree-kangaroos could be a response to hunting pressure, as D.
goodfellowi buergersi and D. matschiei have been found to be nocturnal near

human populations (Flannery et al 1996, Betz et al unpublished data a).

Procter-Gray and Ganslosser (1986) found that D. lumholtzi spend 61% of their
time asleep/resting, and even when awake were active (feeding, moving,
grooming, interacting socially) only 10% of the time. This lack of activity is
possibly due to the greater digestive demands of a folivorous diet (i.e. low
nutritional value, high levels of plant defences, etc) (McNab 1978, 1988). The
same pattern of extended inactivity, of up to 80% of the time, to allow digestion
is seen in some other arboreal folivores such as koalas (Smith 1979, Mitchell
1990), Howler monkeys (Aloutta spp.) (Crockett and Eisenberg 1987) and the
sloth (Montgomery and Sunquist 1978). D. lumholtzi have short feeding bouts
(2-20mins) spaced with long periods of inactivity (0.5 — 4 hours) throughout the
day (Procter-Gray 1985), similar to that seen in koalas (Smith 1979).

New Guinean tree-kangaroos are less active during rainy periods (Flannery and
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Seri 1990, Fischer and Austad 1992), however activity in D. lumholtzi seems

less affected by precipitation (Laurance 1990Db).

2.2 SPATIAL ORGANISATION - home range or territories

The spatial patterns in which individual animals distribute their activities have
been extensively studied on the assumption that they reveal important aspects
of behaviour and ecology (Ford 1983). These spatial patterns are variously
termed home ranges, territories or space use patterns (Burt 1943, Ford 1983).
However, Burt (1943) distinguishes between home range and territory, stating
that a territory is a defended area and an animal may not defend its entire
home range all of the time. In some species this defence involves fierce
fighting between competitors, while in others there is a more subtle recognition
by competitors of one another’s “keep-out” signals (eg. scent) (Begon et al
1986). Itis possible that female tree-kangaroos avoid each other in the wild by
scent marking or by using another “keep-out” signal, as they have been
observed to be aggressive towards each other only in captivity (Smith 1988,
Hutchins et al 1991, Johnson and Delean 2003). Some tree-kangaroo species
have been observed to scent mark using paracloacal glands, and both male
and female D. lumholtzi possess these glands (pers. obs.) and may use them to

scent mark (Newell 1999b).

A popular definition of home range is the one put forward by Burt (1943) as
“‘that area traversed by the individual in its normal activities of food gathering,
mating and caring for young. Occasional sallies outside the area, perhaps

exploratory in nature, should not be considered as in part of the home range”.

Considerable effort has been spent in developing techniques for characterising
the size and shape of these areas (Harestad and Bunnell 1979, Anderson
1982, Ford 1983). The most basic method is the construction of a complex
polygon enclosing all location points and defining the bounded area as the “size
of the home range” (Stickel 1954, Ford 1983). These so-called minimum
convex polygons, however, are heavily influenced by outlying locations. This
can include areas that are not being used at all by the animal (Harris et al
1990).
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More recently, techniques have been developed which take into account the
fact that different regions within a home range are used with different levels of
intensity (Dixon and Chapman 1980, Ford 1983). The harmonic mean method
gives a probability of use from the number of locations and presents contours of
different levels of use around the areas of highest use (Harris et al 1990).
Therefore, it presents information on how an animal is using its home range,
such as centres of activity, not just the overall size (Harris et al 1990). The
centre of activity, or core area, is the term given to the area or point of greatest

activity (Dixon and Chapman 1980).

It is essential when comparing home range size from different studies that the
same technique is used for the analysis as different techniques (Croft 1989,
Troy and Coulson 1993) and different software packages will show varying
results for the same data (Gallerani Lawson & Rodgers 1997), as they use
different algorithms for the calculations (Harris et al 1990). Additionally, many
studies fail to consider the independence of consecutive fixes or to test for
asymptotic response in cumulative area estimates (Troy and Coulson 1993),
which is essential for determining if enough fixes have been made to accurately

characterise the home range.

2.2.1 Resources and home ranges

There are a number of factors that may influence an animal’s use of its home
range area. These include social organisation (Croft 1989), the amount of
available resources such as food and shelter (Burt 1943) or the number of
available females (Lindstedt et al 1986), population densities (Ostfield and
Canham 1995, Vincent et al 1995), differing habitat types (Mitchell 1990) and
habitat quality (Melzer 1995).

Therefore, a full understanding of home range use requires information about
the ecology and social organisation of the species, and the productivity of the
habitat in which it lives (Croft 1989). The range of an animal may be set by the
availability of suitable habitat or the lack of dispersal to suitable areas outside
this range (Pople 1989). For example, sub-adults may be forced to live in
suboptimal habitat because more dominant individuals exclude them from

preferred areas (Lindstedt et a/ 1986). Furthermore, sub-adults may need more
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nutrients for growth, and therefore would require larger home ranges or areas
of better habitat quality. Thus, behaviour and social organisation play an
important role in determining home range sizes within a species (Lindstedt et al
1986).

Among territorial animals the size of the home range is thought to reflect the
amount of resources, such as food, water and shelter that the territory holder
needs (Burt 1943, Martin 1992). In fact, the availability of resources has been
attributed to the variation in spatial use for many animals (McNab 1963, Milton
and May 1976, Fisher 2000, Palacios and Rodriguez 2001).

The variation in home range areas of both koalas and several species of
possums may be attributed to the number of available individuals within
preferred tree species or number of den sites, etc (How 1978, Hindell and Lee
1987, 1988, 1990, Mitchell 1990, Melzer 1995).

Procter-Gray (1985) suggests that the size of the female tree-kangaroo’s home
range may be determined by the amount of food needed by the female and her
dependent. A female’s home range size must meet her higher energy
requirements, especially if she has a dependant young during and after
lactation (Lindstedt et al 1986). Therefore, considering energetics alone,
females should have larger home ranges than males (Lindstedt et al 1986).
The size of a male’s home range may be determined, not by food requirements,
but by the advantage of maintaining contact with several females in order to
mate when they come into oestrus (Procter-Gray 1985, Lindstedt et al 1986,
Martin 1992) therefore having to range farther (Lindstedt et al 1986). This is
consistent with many other studies of social organisation in mammals where the
consensus has been that the behaviour of males is adapted to that of females
and related to mating activity (Clutton-Brock 1989, Mitchell 1990, Komers and
Brotherton 1997). That is, females usually set the agenda and males do
whatever is necessary to gain access to them (Clutton-Brock 1989, Martin
1992, Komers and Brotherton 1997).

Furthermore, an inverse relationship between home range size and population

density occurs in some species, especially those with exclusive home ranges,
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due to competition for resources or due to social interactions (Ostfield and
Canham 1995, Vincent et al 1995). It is possible that D. lumholtzi home range
sizes may be influenced by the population size within the fragment (i.e. they are
density dependent). It has been found that koalas will use smaller areas in high
population densities (Mitchell 1990, Melzer 1995), as will colobus monkeys and
howler monkeys (Milton and May 1976). But whether these home range sizes
are small due to high populations densities, or whether population density is

high due to small home range sizes is unclear.

There are many examples of variation in home range size and densities in
koalas (Phascolarctos cinereus) from differing habitats (Eberhard 1972, Gall
1980, Martin 1985, Hindell 1984, White and Kunst 1990, White 1999, Ellis et al
2002). Studies show that at favourable sites in sclerophyll forest their home
range is 1.18 £ 0.7 ha for females and 1.70 £+ 1.0 ha for males (Mitchell 1990).
In comparison, in parts of the Brigalow country in central Queensland, which is
considered poorer or more marginal habitat for the species, individual home
ranges for females can reach 102 ha (mean 39.2 ha) and males can exceed
190 ha (mean 86.5 ha) (Melzer 1995).

2.2.1.1 Tree-kangaroos and home ranges

Tree-kangaroos are one of the few macropods that defend or hold exclusive
home ranges or territories and the sizes of these vary between species and
between individuals (Procter-Gray 1985, Martin 1992, Newell 1999b), and are
thought to be due to differences in the habitat type and quality (Newell 1999b).
Martin (1996) believes that it may reflect the vigour and status of the occupants
as two of his study males of similar body mass had quite different home range
areas. He suggests that the male with the larger area was far more vigorous or
dominant than the other (Martin 1996).

D. lumholtzi are not only territorial but they also appear to be strongly attached
to their home ranges. Individual tree-kangaroos remained within their home
ranges even after their forested habitat had been clear-felled, eventually

succumbing to starvation, and predation by dogs or disease (Newell 1999c).
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Using the minimum convex polygon method, Procter-Gray (1985) found that
adult female D. lumholtzi established non-overlapping home ranges that
averaged 1.8 £ 0.4 ha (1.2 - 2.6 ha, n = 3). In contrast, a male home range, 4.4
ha (n = 1), included large overlaps with that of several females while not

overlapping with other males (Procter-Gray 1985).

Newell’s animals (1999b) showed the same spatial arrangement in his study
site, which was only a few hundred metres from Procter-Gray’s site (1985), with
female home range of 0.689 ha (90% harmonic mean, n = 6) (0.6-2.1 ha -
minimum convex polygon) and males at 1.952 ha (n = 5)(1.0-3.4 ha - minimum
convex polygon). These compare well with those of Procter-Gray’s study
(1985), despite differences in structural composition of the vegetation at the two
sites, the older age class at Procter-Gray’s site, and the size of the total forest
block (~300 ha vs. 20 ha). Newell (1999b) estimated a density of 1.4 - 1.5 adult
Lumholtz’s tree-kangaroos per hectare, excluding pouch young and juveniles
at-heel with their mother. This equates to a biomass of Lumholtz’s tree-
kangaroos of approximately 11.37 kg ha™ (Newell 1999b). Newell (1999b)
suggests that this is a substantial biomass considering the young successional

age class of the forest studied.

Bennett’s tree-kangaroos also show a similar spatial arrangement, with males
actively defending their range (Martin 1992) of 19.4 to 29.8 ha (n = 3). Adult
females also occupy discrete ranges of 5.5 to 9.8 ha (n = 2) (Martin 1992).
Overall density has been estimated to be approximately 0.3 animals/ha (Martin
1992). These home ranges are much larger than those estimated for
Lumholtz’s tree-kangaroos (Procter-Gray 1985, Newell 1999b) even though
Martin’s study (1992) was conducted on the same forest type (Type 5b -Tracey
1982) 175 km north of the Atherton Tablelands. However, these sites differed
in the height, structural characteristics and floristics of the canopy species, with
Martin’s (1982) site having larger trees that were more widely spaced with a
more open understorey than that of Newell’s (1999b) and Procter-Gray’s (1985)
sites.

Attempts to determine home ranges of New Guinean species have met with

little success with the exception of a single measurement of approximately 25
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ha for a D. matschiei of unrecorded sex (Flannery et al 1996, Procter-Gray
1990).

More recent studies, using distance sampling with scat pellet counts, Betz ef al
(unpublished data b) found average densities of Matschie’s tree-kangaroos
(Dendrolagus matschiei) of approximately one animal per hectare (0.9-1.0
animal/ha). Betz et al (unpublished data b) suggest that this density is similar
to that found with the Australian tree-kangaroo species, however it is between
Bennett’s tree-kangaroos (0.3/ha: Martin 1992) and Lumholtz’s tree-kangaroos
(1.5/ha: Newell 1999b). The method that they used to estimate abundance was
a point-transect method called DISTANCE sampling, using scat counts.
Unfortunately this method has its flaws, as it is dependant upon the knowledge
of the number of scats produced per animal per day in the wild, and this could
be inaccurate when estimated from animals in captivity, as was done by Betz et
al (unpublished data b). Animals in wild may defaecate up to two times as
much as in captivity due to dietary differences and activity levels (Johnson et al
1987, Hume 1999). For example, captive koalas (Cork et al 1983) consumed
approximately half the amount of leaves as that of free ranging koalas
(Krockenberger 2003). Therefore, the density estimate of Betz et al
(unpublished data b) for D. matschiei may be highly overestimated -

approximately twofold.

Using the single reading above of 25ha (Flannery et al 1996, Proctor-Gray
1990) suggests that D. matschiei may have home ranges similar to those of D.

bennettianus.

The home range sizes of D. lumholtzi are not only small compared to other
tree-kangaroos (Procter-Gray 1985, Flannery et al 1996, Newell 1999b) but are
small compared to some other macropods and other arboreal folivores of
comparable body size. For example Bridled nailtail wallabies (3-8kg)
(Onchogalea fraenata) home range sizes are much larger than D. lumholtzi, at
65.6 + 13.3 ha for males and 23.3 + 2.9 ha for females (Fisher 2000). Similarly
for Thylogale thetis, with males (7kg) at 14.8 ha, and females (3.8kg) at 9.1 ha
(Johnson 1980a). Also, in the rock wallabies, the closest relatives to tree-

kangaroos, home range sizes are 11.9ha (in both females; 4.3kg and males:
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4.7kg) in Petrogale assimilis (Horsup 1994) and from 10.5ha (females: 6.3kg) to
25.9ha (males: 7.9kg) in P. penicillata (Scholtz 1980, Short 1980). However,
rainforest pademelons Thylogale stigmatica, have comparable home ranges to
D. lumholtzi, with males 3.6 ha (5.1kg) and females 3.5 ha (4.1 kg) (Vernes et
al 1995). Also Sloths (5.5 - 6.7kg) (Chiarello 1998, Montgomery and Sunquist
1978) have similar home range sizes to D. lumholtzi (0.5 - 5.9ha), although
there is considerable variation. Furthermore, home range sizes in koalas vary
between 1 - 190ha depending on the habitat (Mitchell 1990, Melzer 1995).

This spatial arrangement is probably typical of Lumholtz’s tree-kangaroos
throughout its range. However, the size of the home range required by
Lumbholtz’s tree-kangaroos may vary considerably between different habitats
(Tree Kangaroo and Mammal Group 2000, Kanowski et al 2001a) as it does in
koalas (Mitchell 1990, Melzer 1995) and other arboreal folivores (Milton and
May 1976, How 1978, Kerle 1998, Fisher 2000, Palacios and Rodriguez 2001).
In fact, the forest fragments near Yungaburra where these studies occurred
appear to support high densities of tree-kangaroos (Newell 1999a, 1999b).
Newell (1999b) suggests that while the high biomass and small home areas
may be correlated with each other, whether they are both related to the quality
of the habitat at the site requires further investigation. It has been suggested
that individual tree-kangaroos are likely to require much larger home ranges
elsewhere, especially in fragments on less fertile soils or in continuous forest
(Kanowski et al 2001a). The larger home ranges found in D. bennettianus
(Martin 1992) and D. matschiei (Flannery et al 1996, Betz et al unpublished
data b) were all from continuous forest, not in fragments as were the studies on
D. lumholtzi.

In conclusion, it is presently unclear whether D. lumholtzi home range sizes
vary on different habitat types, on differing soil types, in different sized
fragments or in continuous forest due to densities or if there is some other

factor influencing home range size.

2.2.2 Home range and body size

Home range size correlates positively with body size in mammals (Milton and
May 1976, Harestad and Bunnell 1979, Lindstedt et al 1986, Troy and Coulson
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1993) although body size does not fully explain the variation observed (Croft
1989). Other factors such as habitat, social organisation and ecology may
interact to determine home range area (Croft 1989, Troy and Coulson 1993).
For example, variation in home range between three macropod species of
similar size; Wallabia bicolor, Macropus rufogriseus and Macropus parryi, could
not be explained by body size (Troy and Coulson 1993) and these species
occupy different niches. This is supported by the fact that in many studies of
home range use in arboreal folivores, there is a great deal of variation in home
range sizes within species as well as between species (See Table 4.2).
Furthermore, there is variation in home range sizes even within a species within
a study site, such as in male koalas from central Queensland whose home
range sizes varied from 5.4ha to 296.0ha (Ellis et al 2002).

Bennett’s tree-kangaroos are approximately 1.5 times the size of Lumholtz’s
tree-kangaroos (8 kgs vs. 13 kgs) and in general their habits appear quite
similar, however they have a much larger home range than Lumholtz’s tree-
kangaroos (Martin 1992, Newell 1999b). Martin (1992) suggests that there was
a linear relationship between body size and the size of the territory occupied by
adult male Bennett’s tree-kangaroos and that this was related to their relative
vigour. However, there was a small sample size of only 3 males in the study
(Martin 1992). Furthermore, female range sizes do not seem to be determined

by body size in D. bennettianus (Martin 1992).

Alternatively, sparsely distributed resources may not be the factor influencing
their use of space, but predator or hunting pressure may force females to space

themselves out through the forest (Martin 1992).

Newell (1999b) suggested that a study be undertaken in different habitat types
to answer the question of whether home-range sizes and densities recorded by
Newell (1999b) and by Procter-Gray (1995), are representative of Lumholtz’s
tree-kangaroos throughout their range.
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2.3 HABITAT SELECTION AN D HABITAT UTILISATION BY
TREE-KANGAROOS

2.3.1 Habitat selection

It is often assumed that a species will select resources that are best able to
meet its life requirements, and that high quality resources will be selected more
frequently than low quality ones (Manly et al 2002). Therefore, resources used
should be compared to those available in order to reach valid conclusions
concerning resource selection (Manly et al 2002). When resources are used
disproportionately to their availability, use is said to be selective (Manly et al
2002).

Resource selection occurs in a hierarchical fashion from the geographic range
of a species, to individual home range within an area (second-order selection),
to use of general features within the home range (third-order selection), to the
selection of food items or particular elements within the general features
(fourth-order selection) (Johnson 1980b, Manly et al 2002). There is no single
correct level to study and multiscale studies of resource selection have become

increasingly common (Manly et al 2002).

Habitat selection is undertaken initially when an animal selects a ‘home range’.
This may of course be in either optimal, sub-optimal or marginal habitat and

may be influenced by the body size, sex, age or vigour of the individual (Martin
1996). Territoriality may also influence the position of an animal’s home range
with respect to the overall study area, but should not invalidate a within-home-

range comparison of utilised with available habitat (Aebischer et al 1993).

2.3.2 Habitat quality

Habitat patches may differ from each other with respect to their suitability for a
given species, their durability (or persistence) and resilience over time
(Kozakiewicz 1995). If all life requirements of the species are fully identified,
habitat types within a mosaic could be classified as optimal, suboptimal,
marginal or non-inhabitable (Kozakiewicz 1995). However, even suboptimal
habitats may provide areas of useable habitat to enable the normal social
behaviour of populations and to prevent overcrowding of optimal areas (Munks
et al 1996).
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Defining a measure of suitability of habitats is very important. Usually,
reproductive success of the species is considered to be a good measure of
habitat suitability (Krebs 1985). Habitat suitability can be affected by many
factors, such as food and water supply, shelter, mates, nesting sites and
predators (Pople 1989, Kozakiewicz 1995). It might be expected that habitat
suitability should be reflected by population density. However, many authors
have argued strongly that habitat quality cannot be assessed through
population density alone (e.g. Van Horne 1983), particularly in heterogeneous

landscapes (Kozakiewicz 1995).

Home range size is one indicator of habitat quality (Tufto et al 1996). Minimum
home range size is a function of habitat productivity and resource distribution as
well as individual energy requirements (Harestad and Bunnell 1979, Fisher
2000). In many mammalian herbivores, home range size decreases with
increasing food availability (Hulbert et al 1996), and herbivores may move their
activity centre towards food sources opportunistically (Johnson 1987). Pople
(1989) suggests that in macropods, some individuals within a population may
use different habitats in different seasons and even at different times of the
day. Other members of the same population may or may not show the same
habitat associations, known as habitat segregation as seen in red-necked
wallabies (Macropus rufogriseus) (Johnson 1987), and red deer (Cervus
elaphus) (Conradt et al 1999, 2003), where males and females differ in their
habitat use. Additionally, the majority of macropod species have distinct

feeding and resting areas (Pople 1989, Vernes et al 1995).

Although there have been a few studies on their home range and habitat use,
there is only limited information available on the habitat requirements for D
lumholtzi (Procter-Gray 1985, Newell 1999b). This is partially due to the fact
that all three studies on tree-kangaroos in Australia have been undertaken on a
single habitat type, Type 5b complex notophyll vine forest (Tracey 1982).
Moreover, this habitat type is extraordinarily restricted in extent due to past
clearing, with less than 2.5% of the original area remaining (Sattler and
Williams 1999). There were however variations in habitat between the studies.

Newell’s study site (1999b) was of a younger successional age class than
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Procter-Gray’s (1985). Even within the same forest type Bennett's tree-
kangaroos have a much larger home range than Lumholtz’s tree-kangaroos
(Procter-Gray 1985, Martin 1992, Newell 1999b), although these sites also
varied in their structural and floristic characteristics, and this may go some of

the way to explain these differences.

Newell (1999b) suggested that habitat quality might have an effect on D.
lumholtzi densities and home range sizes. The influence of habitat quality on
habitat use needs to be explored on a within-site scale, as well as comparing
habitat use between sites across a region (Newell 1999b). We need to explore
if habitat differences, such as structural or floristic characters, influence
variation in home range sizes and intensity of use within their home ranges,

especially within a site with varying habitats available to D. lumholtzi.

From the little that is known about their distribution, it has been suggested that
Lumholtz’s tree-kangaroos are present in higher densities in rainforests on
fertile soils (such as Type 5b), as found in other arboreal folivores (Braithwaite
et al 1983, Lunney 1987, Braithwaite 1996), rather than the forest types
associated with lower-nutrient granite or rhyolite soils (Newell 1998, 1999a,
Kanowski 1999). Kanowski (1999) and Kanowski et al (2001b) add that the
relative abundance of D. lumholtzi on fertile soils appears to be a response to
the nutritional quality of the foliage. Soil fertility may have a strong subsequent
influence upon both leaf nutrition and palatability of leaf material, and is also
likely to relate to the degree of sclerophylly and presence of allelochemicals
(Coley 1983, Newell 1999b). Braithwaite et al (1983) found that soil fertility was
linked to arboreal marsupial density through forest floristics and leaf chemistry.
In addition arboreal marsupial abundance tends to increase with increasing
altitude (Kanowski 1999, Kanowski et al 2001b).

Alternatively, Newell (1998) suggests that D. lumholtzi density may relate to the
floristics or to the age of the forest since clearing. Lumholtz’s tree-kangaroos
may show a preference for regrowth as opposed to mature forests (Laurance
and Laurance 1996, Newell 1999a), and may be able to maintain smaller home
ranges within regrowth forests with a relatively nutritious or palatable food

resource compared with other rainforest communities (Newell 1999b). It has
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been suggested that Dendrolagus matschiei, a New Guinea tree-kangaroo,
shows a preference for new growth or early successional tree species (Dabek
pers comm.). Foliage from regrowth forest may have a higher nutrient quality
(Cates and Orions 1975, Coley 1983, Ganzhorn 1995), or lower levels of
defences against herbivory (Janzen 1978, Cork and Foley 1997). Early
successional plant species are significantly more palatable to a generalist
herbivore than later successional and climax plants, possibly due to the smaller
investment in defensive substances of the former (Cates and Orions 1975).
Procter-Gray (1984) found D. lumholtzi preferred primary forest plant species.
However, it should be noted that primary rainforest species were the dominant

species on her study site.

Fragmentation may also enhance habitat quality by increasing the number of
nutritious pioneer plant species (Dooley and Bowers 1998). If it is true that
Lumholtz’s tree-kangaroos prefer regrowth or successional plant species then
this may explain high densities in small regrowth fragments such as those
reported by Newell (1999b) and Procter-Gray (1985).

In support, Laurance and Laurance (1996) also suggested that Lumholtz’s tree-
kangaroos might be expected to increase in numbers in moderately disturbed
forest due to the dietary use of both primary and secondary rainforest plants.
This is supported to some degree by studies of other tropical arboreal folivores,
with increased observations of some species of lemurs in standing forest
following low-level logging disturbance of a Malagasy tropical dry deciduous
forest (Ganzhorn 1995). Ganzhorn’s study (1995) provided evidence that an
increase in sighting frequency may be related to increases in leaf quality and
fruit production as a result of increased sunlight to other parts of the canopy.
An improvement in food quality, along with the loss of habitat was likely to have
altered the species’ home-range utilisation to accommodate a greater density of
animals in the standing forest in the short term. The abundances of arboreal
folivores in south India (considered ‘generalists’ with relatively small home
ranges), the large brown flying squirrel (Petaurista petaurista) and the
Travancore flying squirrel (Petinomys fuscocapillus), also increased with

decreasing area and increasing disturbance level (Umapathy and Kumar 2000).
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There is, however, the question of whether Lumholtz’'s tree-kangaroos are
simply easier to observe in disturbed forest as opposed to mature forest and
hence give an impression of higher densities. Laurance and Laurance (1996)
observed Lumholtz’s tree-kangaroos with spotlights mainly on the edge or along
tracks. They are extremely difficult to detect in thick mature rainforest.

Whether Lumholtz’s tree-kangaroos are simply easier to spot along the edges
of fragments or whether they actually maintain higher abundances in

fragmented forests, or are an ‘edge’ species is not clear (Newell 1999a).

Edges might also provide high-quality habitat because of diminished costs of
territoriality (Bowers et al 1996) resulting from fewer borders to defend (Stamps
et al 1987) as well as possibly supplying proximity to nutritious new plant
growth. Newell (1999a, 1999b) found that when radio-tracking D. lumholtzi with
home-ranges abutting forest edges, they were only visible by spotlighting on the
edge less than 10% of the time; the remaining time was spent away from the
edge and therefore usually undetectable. Not surprisingly, Newell (1999a)

found that animals with home ranges away from the edge were rarely seen.

Tree density was found to be the best predictor of the occurrence of folivorous
primates such as the Nilgiri langur in forest fragments (Umapathy and Kumar
2000). ltis the availability of a variety of plant species that is important to the
Nilgiri langur to avoid the build up of different secondary compounds beyond

their tolerance levels (Umapathy and Kumar 2000).

2.3.3 Habitat fragmentation

Pahl et al (1988) suggest that species which tend to survive in small patches of
habitat appear to have good dispersal ability, small home ranges, generalised
habitat requirements, and depend on food resources which are not temporally
or spatially distributed. They add that Lumholtz’s tree-kangaroos may have diet
and dispersal abilities that enable them to persist in fragmented and disturbed

forests.

Lumholtz’s tree-kangaroos have been reported to be in significantly lower
abundances in small rainforest fragments and corridors and absent in

fragments <20 ha (Laurance 1989, 1990a). However, other studies considered
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the species to be in low abundances irrespective of forest area, forest type
(Laurance 1996, Pahl et al 1988), or the degree of isolation of the rainforest
fragment (Laurance 1996), although results from a multiple regression model
did suggest that the species may prefer isolated fragments with a large
variation in canopy height (Laurance 1996). Additionally, the relative
frequencies of observations of Lumholtz’s tree-kangaroos at sites seven years
after selective logging activities occurred were different at their reference sites
(Laurance and Laurance 1996). These conflicting results suggest that more
research is required to clearly establish the effects of disturbance and

fragmentation of habitat on populations of Lumholtz’s tree-kangaroos.

2.4 FEEDING ECOLOGY

Lumholtz’s tree-kangaroos are believed to be generalist folivores that feed on a
wide variety of rainforest leaves (Procter-Gray 1984, 1985, Newell 1999a).
However, in areas bordering rainforests animals will often enter paddocks,
orchards and gardens to feed on cultivated crops such as maize, pumpkins,
mandarins and avocados (Newell 1998, Tree Kangaroo and Mammal Group
2000). In their survey Kanowski et al (2001a) also obtained numerous records
of D. lumholtzi from eucalypt forest, as far as 10km from the nearest large
rainforest patch. However, they suggest that these records almost certainly
represent dispersing animals, as D. lumholtzi is believed to be unable to survive
on eucalypt foliage. These records could also represent misidentification of D.
lumholtzi, or inaccuracies of reported localities.

Dendrolagus lumholtzi have been observed utilising at least 130 species of
plants from 45 families (Procter-Gray 1984, Newell 1999b, TKMG unpublished
data). Unfortunately not all of these are feeding observations, as D. lumholtzi

are shy and cryptic and feeding observations are difficult (Newell 1998, 1999b).

Procter-Gray (1984 ) recorded 75 observations of D. lumholtzi feeding most of
which were on mature leaves of 33 species with only 1.3% on non-leaf parts.
Euroschinus falcata, Elaeagnus triflora and Maclura cochinchinensis leaves
made up 36% of the diet (Procter-Gray 1984).
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Newell (1998, 1999b) found D. lumholtzi utilised 39 species of trees and vines.
Of these four of the dominant tree species in his study site made up 51% of his
observations, Blackbean or Morton Bay Chestnut (Castanospermum australe),
Candlenut (Aleurites moluccana), Grey Bollywood (Neolitsea dealbata) and
Mallotus philippensis, which were all dominant across the study site. He found
that D. lumholtzi used a small number of trees frequently and a larger suite of
trees much less regularly (Newell 1999b) as do other arboreal folivores, such
as ringtail possums (Pseudocheirus peregrinus) (Lawler et al 1998) and koalas
(Phascolarctos cinereus) (Hindell and Lee 1987, 1988, 1990, Moore and Foley
2000). Newell (1999b) also found that individual D. lumholtzi had favourite
individual trees within their home ranges that they used repeatedly. This was
also found in some New Guinea tree-kangaroo species (Betz et al unpublished
data a), and in D. bennettianus, where they had favourite daytime roost trees
(Martin 1992).

Many of the plant species that Lumholtz’s tree-kangaroos were associated with
were the same at both study sites (Procter-Gray 1984, 1985, Newell 1999b),
and similar in many respects to those recorded for Bennett’s tree-kangaroos
(Martin 1992). This is not surprising as they were all on the same rainforest
type, with Newell’s (1999b) and Procter-Gray’s (1985) sites only a few hundred
metres apart. However, D. lumholtzi at Newell’s (1999b) site did not use some
species that were used regularly at Procter-Gray’s (1985) site, such as

Euroschinus falcata, although the species is present at both sites.

The marked variation between D. lumholtzi individuals in the tree species that
they used suggests that, at least to some degree, Lumholtz’s tree-kangaroos
are both catholic and opportunistic in the tree species that they utilise (Newell
1999b). Bennett’s tree-kangaroos (Flannery et al 1996, Martin 1992), koalas
(Hindell and Lee 1987, 1988, 1990, Moore and Foley 2000) and the three-toed
sloth (Bradypus variegatus) (Montgomery and Sunquist 1978), another tropical

arboreal folivore, also displayed individual variation in the tree species utilised.

In many instances, Lumholtz’s tree-kangaroos were also associated with vine

species. One particular species, Maclura cochinchinensis, was commonly
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associated with sightings of tree-kangaroos, and was a regular food item at
both Procter-Gray’s (1985) and Newell's (1999b) study sites.

Dendrolagus bennettianus appears to favour similar species as D. lumholtzi,
but its diet appears to include more fruit, with the fruits of Australian olive (Olea
paniculata) and various fig species (Moraceae) being favoured (Martin 1992,
Flannery et al 1996).

Although the knowledge of the feeding ecology of the New Guinea tree-
kangaroos is poor, some species seem to be more frugivorous than D.
lumholtzi (Flannery et al 1996, Betz et al unpublished data a), also favouring

figs. D. mbaiso however, appears to be a near obligate folivore.

Some tree-kangaroo species, including D. matschiei, D. goodfellowi, D. inustus
finschi and D. lumholtzi, have been observed to be somewhat carnivorous in
captivity, eating eggs, chicken meat and the occasional animal or bird that
wanders into the enclosure (Flannery et al 1996, Johnson et al 2002).
However, this behaviour has not been observed in the wild (Betz 2001).
Johnson et al (2002) has suggested that this behaviour may be due to

nutritional deficiencies or boredom in captivity.

Additionally, D. lumholtzi have been observed eating plants known to be toxic or
at least unpalatable to introduced stock (Newell 1998) such as lantana
(Lantana camara) or wild tobacco (Solanum mauritianum) (Procter-Gray 1984,
Newell 1999b, TKMG unpublished data, pers. obs.).

Whether D. lumholtzi only eat some species sparingly, or use different tree or
vine species in certain sequences to avoid or counteract some of the toxic
effects of the chemicals is still unclear (Newell 1998). Mature tropical forest
leaves are high in secondary defensive compounds (Coley 1983). Plant
defences can also vary both between species as well as within a species (Cork
and Foley 1991, 1997, Lawler ef al 1998). In order to distribute the toxin load,
Lumholtz’s tree-kangaroo might be expected to follow the dietary strategies of
other arboreal folivores such as Howler monkeys (Aloutta spp.) (Glander 1977,
1978, Milton 1978), and the Nilgiri langur (Umapathy and Kumar 2000), eating
small portions from a wide variety of food plants. Tree-kangaroos in New
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Guinea have also been reported to exhibit this behaviour, not only eating a wide
variety of food plants but also avoiding consuming large amounts of any one
species (Betz et al unpublished data a). Eucalypt folivores, such as ringtail
possums and koalas also eat a variety of different species (Lawler et al 1998,
Moore and Foley 2000) and discriminate between individual trees within a
taxonomic species (Hindell and Lee 1987, 1988, 1990, Pahl 1987, Lawler et al
1998). Itis believed that these choices are driven by the variation in nutrients
and plant chemicals between foliage of different trees and between different
leaf classes (Moore and Foley 2000). The variations in the diet of the howler
monkeys have been related to the protein and soluble sugars available in the
different food species (Hladik 1978) and both howler monkeys (Glander 1978,
Milton 1978) and red spider monkeys (Hladik 1978) eat more young leaves for
their high protein content and petioles for their high mineral content. D.
lumholtzi have also been observed eating new leaves and the petioles of some

species (pers. obs.).

Leaf eating monkeys have also been observed eating soil rich in clay (Hladik
1978), and it is believed that this may act as an absorbent for the tannins
present in some rainforest leaves (Hladik 1978). Captive and hand raised D.
lumholtzi have been observed eating basalt soil which is also rich in clay
(Johnson and Delean 2003, pers. obs.) but whether they do so in the wild is

unknown.

In summary, D. lumholtzi have been found to utilise a wide variety of floral
species and show individual preferences for tree species, behaviour similar to
other folivores such as koalas (Hindell and Lee 1987, 1988, 1990) and leaf
eating monkeys (Glander 1977, 1978, Hladik 1978, Milton 1978, Umapathy and
Kumar 2000). The reasons for individual choices are unclear. It is possible
that they are choosing particular species for foliage characters such as plant
defences as do koalas (Moore and Foley 2000) or for other foliage characters.
The determination of foliage characters affecting tree choice is beyond the

scope of this study, but certainly requires further investigation.
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2.5 ADAPTATIONS TO HERBIVOROUS DIET BY ARBOREAL
FOLIVORES

The digestion of plants is a challenge to herbivorous animals as materials
contained within the cell walls of plants (where a large proportion of the energy
contained in plant tissues) are difficult to digest (Bauchop 1978, Eisenberg
1978). The proteins and carbohydrates of plant cellular contents are available
to all animals, while the cellulose and hemicellulose carbohydrates of the cell
wall are available only to those animals that possess the specific
microorganisms that can degrade these substances in their digestive tract
(Bauchop 1978, Eisenberg 1978, Van Soest 1982). Therefore, the ability of
animals to utilise cellulose, hemicellulose and pectin as food depends on the
capacity of the gastrointestinal organisms to degrade them and the ability of the
herbivore host to utilise these microorganisms and their products (Bauchop
1978, Eisenberg 1978, Van Soest 1982). Hence, the utilisation of leaves and
stems as a relatively complete source of energy requires considerable

morphological specialisation in dentition and gut morphology (Eisenberg 1978).

2.5.1 Teeth

Mastication is the first major process in digestion. This preparation of food by
teeth affects the capability of the gut for microbial or enzymatic digestion, and

hence digestibility (Sanson 1989).

The tree-kangaroo’s folivorous, browsing diet has led to modifications in their
tooth morphology (Sanson 1978, 1989). Tree-kangaroo dentition is similar to
that of koalas. They have a flat tooth row, where all of the molars occlude at
once and comprising of one large premolar and four molars (Sanson 1980), of
which the molars have completely erupted by the time the animal has reach
approximately 18 months to 2 years of age, similar to koalas (Martin 1981,
Martin et al 1999). The premolars are enlarged, sharp (for shearing thick
stems), and more complex than other macropods, having more cusps and
cutting edges, and thus also suited for puncturing and shredding leaves
(Sanson 1989). The forest-dwelling wallabies and tree-kangaroos have simpler

molars than their grazing relatives (Sanson 1980, 1989). The molars of tree-
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kangaroos are low crowned and have sharp ridges suitable for further

dissecting leaves (Flannery et al 1996, Sanson 1989).

Ride (1978) recognised a relationship between the reduction in size of the
premolar and increased specialisation for grazing. This reduction in premolar
size is believed to also allow molar progression in the grazing macropods
(Sanson 1989), a process that does not occur in tree-kangaroos (Sanson 1980,
Flannery et al 1996). Molar progression is an adaptation to compensate for
tooth wear as grass contains abrasive silica that is generally absent from
foliage of trees (Sanson 1989). Tree-kangaroos and other browsing species
have larger premolars than the grazing macropods (Sanson 1980, 1989).
Large premolars are believed to act as a buttress preventing the forward drift of
molars (Sanson 1989, Hume 1999).

Like other macropods, tree-kangaroos do have a limited number of deciduous
teeth (Flannery et al 1996) and a peculiar form of tooth replacement. As an
animal matures, the permanent sectorial premolar (P3) ejects both a deciduous

blade-like premolar (P1) and a molar-shaped tooth (P2) (Flannery et al 1996).

As in koalas, plant material is sheared rather than crushed between the sharp
cusps of the upper and lower teeth during mastication (Cork and Sanson 1990).
This is found in other herbivores faced with high fibre diets, where they employ
more cutting than crushing in mastication (Cork and Sanson 1990). This type
of mastication ruptures the cells and releases the cell contents. Additionally the
cell walls are reduced to many fragments producing high surface areas for
more effective fermentation by the microbes in the gut (Cork and Sanson
1990).

2.5.2 Gastrointestinal morphology

The digestive physiology of folivores influences the range of foods available to
them (Hume 1982, 1999). Herbivorous mammals have modified digestive
tracts with either a foregut or hindgut adapted to the digestion of the structural
carbohydrates of plants (Richardson 1980). In the marsupials, the Vombatidae
(wombat), Phascolarctidae (koala) and the Phlangeridae (possums) are all

hindgut fermenters with a modified caecum and large intestine for microbial
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fermentation, whereas the Macropodinae (kangaroos and wallabies) and
Potoroinae (rat kangaroos) are all foregut fermenters with modified stomachs

for fermentation of plant material (Richardson 1980).

Early workers classed macropods as either ruminants or ruminant-like animals
(Richardson 1980) because of their modified stomachs. However, foregut
fermentation has evolved independently in several mammal groups including
ruminants, sloths, leaf-eating colobid monkeys and macropod marsupials
(Bauchop 1978).

It is believed that macropods evolved from ancestors that lived in the forest
canopy up until the mid Miocene (Flannery 1989). These early macropod
ancestors then evolved to inhabit the floor of the temperate forest, which
covered Australia at the time (Dawson 1989). Macropod ancestors are believed
to have had simple dentition and gut morphology (Freudenberger et al 1989).
The small omnivorous Musky Rat-kangaroo (Hypsiprymnodon moschatus) is
considered a modern example of this body form and life style (Dawson 1989,
Freudenberger et al 1989). The Musky Rat-kangaroo has a simple stomach
that is partly compartmentalised (Hume 1982, 1999), and is intermediate
between the simple stomachs of the possums and the complex forms of the
kangaroos and wallabies (Dawson 1989). Limited fermentation may have
occurred in the hindgut, particularly the caecum, as it still does in most foregut

fermenters (Freudenberger et al 1989).

It is believed that the complex foregut of other macropodids developed at a
later stage along with a symbiotic relationship with microbes that allowed the
digestion of plant cell walls (Freudenberger et al 1989). This development
allowed macropods to exploit the many different nutritional niches that
appeared as continental Australia became increasingly arid in the late Miocene
and early Pliocene, resulting in a divergence of the morphological and
physiological adaptations in macropods (Freudenberger et al 1989). This
diversity ranges from the small Potoroids (0.5 - 3kg) which seek diets rich in
nutrients such as plant roots, fungi and invertebrates, to the large grazing
kangaroos (up to 85kg) which exploit poor quality but abundant grasslands
(Freudenberger et al 1989). The diversity of diet and quality of food sources
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are reflected in gut morphology. Potoroids have a large sacciform forestomach,
whereas the large grazing Macropodids tend to have the most reduced
sacciform but most expanded tubiform forestomach (Hume 1999,
Freudenberger et al 1989) with a trend toward increasing relative size of the
tubiform forestomach with increasing body size (Freudenberger et al 1989) and
grazing. It has been suggested that a tubular forestomach, along with the low
energy requirements of marsupials, allow macropods to subsist on poorer

quality forage than ruminants of similar size (Hume 1984).

For mammals to survive as arboreal folivores, living in the forest canopy with
access to the full range of foliage, fruits and seeds, it is suggested that they
must weigh less than 15kg (Grand 1978, Eisenberg, 1978, Cork 1996).
However, animals with smaller body sizes are likely to encounter difficulties in
meeting their nutritional requirements from leaves alone (McNab 1978, Foley
and Cork 1992, Cork 1996). Small mammals need to acquire more energy
each day relative to their body weight than do larger mammals because as a
mammal’s body size decreases, its energy requirements per unit body mass
increase without a comparable increase in gut capacity (Parra 1978, Demment
and Van Soest 1985, Foley and Cork 1992). For mammals eating high-fibre
diets, like leaves, energy requirements can be met by one of two strategies: a
“retention-maximising” strategy of delaying passage of food through the gut to
maximise digestion by facilitating microbial fermentation of plant cell walls; or,
an “intake-maximising” strategy of passing food through the gut as rapidly as
possible to maximise the quantity of food processed (Cork 1996). The rate of
yield of energy form the retention-maximising strategy is essentially the product
of the average daily fermentation rate (determined by the composition of the
diet and is independent of body size) and capacity of the digestive system
(which scales with body size; Parra 1978, Demment and Van Soest 1985, Cork
1996).

In addition to allowing the utilisation of structural plant materials, a microbial
fermenting gut presents a number of advantages which have been well
recognised in the ruminants. In addition to bacterial cells, the fermentation

products include short-chain volatile fatty acids (VFA’s), can both be utilised by
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the animal. Furthermore, gut microbes are capable of utilising non-protein
nitrogen for growth, converting it to high quality protein the animal can use
(Bauchop 1978). That is, there is evidence that urea can be recycled via the
large gut (Thornton et al 1970) and that this urea can be converted, via
ammonia, to microbial protein. This high-quality protein can be a valuable

supplement to low-protein diets (Bauchop 1978).

Moreover, tropical browse contains a wide range of potentially toxic plant
allelochemicals (Janzen 1978, Coley 1983, Waterman et al 1988), which can
also affect the utilisation of both cell walls and cell contents (Hume 1989).
Some gut microbes are capable of metabolising toxic plant compounds (Barry
and Blaney 1987) and there is evidence that tannin-protein complexes can be
broken down by microbial action (Milton 1978, Foley and Hume 1987).
Additionally, ruminants that feed on browse have been shown to produce
salivary proteins rich in proline, which complexes with tannins protecting other
proteins from these plant allelochemicals, leaving them available for digestion
(Robbins et al 1987, Hume 1989). It has been proposed that a symbiosis with
detoxifying microbial populations may have been a critical adaptation for the

exploitation of browse (Freudenberger et al 1989).

Dasilva (1992) postulated that forestomach fermentation allows colobine
monkeys to detoxify fruits, leaves and seeds containing a range of potentially
toxic ingredients, including cyanide and strychnine, before the toxins are

absorbed.
2.5.2.1 The gastrointestinal morphology of tree-kangaroos

Tree-kangaroos returned to the trees when other members of the family were
moving out to the grasslands (Flannery et al 1996). They have a gut
morphology that appears to fit intermediately between the Potoroids and larger
Macropodids, with a large sacciform forestomach and a relatively smaller
tubiform forestomach (Hume 1982, 1999). This is similar to other browsing
species of the forest, such as pademelons (Thylogale spp.), and other foregut
fermenting arboreal folivores such as the colobine monkeys and sloths (Ohwaki
et al 1974, Montgomery and Sunquist 1978, Bauchop 1978, Stevens and Hume
1995).
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This sacciform morphology maximises retention of digesta for fermentation
(Freudenberger et al 1989). On the other hand, a more tubiform morphology,
such as in the large grazing kangaroos, leads to a less than maximal retention
of digesta for fermentation (Hume 1989) with a greater flow rate, allowing a

greater amount of plant material to be processed faster.

One way to compensate for limitations imposed by small body size is to reduce
metabolic rate, and tree-kangaroos are reported to have lower metabolic rates
than most other marsupials (McNab 1988). D. matschiei’s metabolic rate is
significantly lower (84%), than the value expected for like-sized marsupials, and
only 55% of the value for a like-sized placental mammal (McNab 1988,
Flannery et al 1996). In contrast to most mammals, D. matschiei can maintain
a constant core temperature while lowering its metabolic rate as ambient
temperatures drop. A number of other arboreal folivores, such as the red panda

(Ailurus fulgens), show a similar metabolic pattern (McNab 1988).

It is not known if tree-kangaroo basal metabolism varies from species to
species, but it has been suggested that lowland species would not face very
low temperatures and hence would not need to conserve energy through a
reduced metabolic rate to the same degree as montane species such as D.
matschiei (McNab 1988, Flannery et al 1996).

Although there have been many studies in the gut morphology, capacity,
physiology and digesta flow in macropods (Langer 1980, Langer et al 1980,
Richardson 1980, Dellow and Hume 1982, Freudenberger et al 1989,
Freudenberger 1992, Lentle et al 1998a, 2003a) and a few early descriptions of
D. lumholtzi gastrointestinal morphology (Owen 1852, Hume 1982, 1999), little
quantitative work has been done on tree-kangaroos.

Tree-kangaroos are foregut fermenting arboreal folivores and are believed to
have similar gut morphology to other browsing kangaroos and to other arboreal
foregut fermenting folivores. However, we do not presently know how
specialised their gastrointestinal morphology is related to their arboreal lifestyle
and high-fibre foliage diet. We would expect that they would have larger

stomach capacities than grazing macropods for maximised retention of digesta.
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2.6 AGE DETERMINATION IN TREE-KANGAROOS

The ability to determine age of individuals is an essential part of any study of
the population dynamics of a species (Caughley 1977, Inns 1982). This
information can then be used to construct life-tables for the estimation of age-
specific mortality (Inns 1982) and may also be important in explaining the
distribution of individuals of differing age in habitat of varying quality (Martin
1996).

Mammals can be aged by a variety of techniques, one at least of which is
usually applicable to any species being studied (Caughley 1977, Inns 1982).
Clues to age are provided by tooth eruption sequences (Sharman et al 1964,
Driessen and Hocking 1996), tooth wear (Winter 1980, Martin 1981, Blanshard
1990, Gordon 1991, Martin et al 1999, Logan and Sanson 2002, Lentle et al
1998b, 2003a, 2003c), molar progression (Kirkpatrick 1964, Dawson 1995,
Lentle et al 2003b, 2003c), size frequency classes, body size (Poole et al 1982,
Gordon 1991, Johnson and Delean 2003), degree of epiphyseal fusion, lens
weight, annual growth rings on claws or horns and in teeth and bones (Laws
1952, Kingsmill 1962, Klevezal and Kleinenberg 1967, Pekelharing 1970,
Gasaway et al 1978, McCullough and Beier 1986, Cool et al 1994, Azorit et al
2002a, 2002b), and the number of placental or ovarian scars carried by females
(Caughley 1977).

In macropodids, ages of pouch young have generally been estimated from
body measurements (Shield and Woolley 1961, Sadlier 1963, Sharman et al
1964, Murphy and Smith 1970, Maynes 1972, Poole et al 1982, Poole et al
1985, Inns 1982, Blanshard 1990, Johnson and Vernes 1994, Johnson and
Delean 2003). In older animals either the sequential eruption of the molars
(Sharman et al 1964, Ealey 1967, Maynes 1972, Driessen and Hocking 1996)
or the forward progression of the molar row along the jaw has been used
(Kirkpatrick 1964, 1965, Hughes 1965, Sharman et al 1964, Dubzinski et al
1977, Dawson 1995, Lentle et al 2003c).

In addition, tooth eruption and the wear of the first and second upper molars
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have been used successfully as an age indicator in the ringtail possum
Pseudochirus peregrinus laniginosus (Gould) (Thompson and Owen 1964) and

in the brush-tailed possum, Trichosurus vulpecula (Kerr) (Winter 1980).

However, many of these techniques have their limitations. Body measurements,
for example, are no longer useful for aging macropods once they are over 1
year old (Inns 1982, Johnson and Delean 2003). Furthermore, it is only
possible to establish ages of macropods in the field using molar eruption
sequence up to the eruption of the fourth molar, which occurs between 5 and 6
years of age (Inns 1982). After this age an animal cannot be aged using this
technique. Despite this, Sharman et al (1964), Ealey (1967), Shield (1968) and
Inns (1982) concluded that the sequence of molar eruption provides a useful
means of determining the ages of macropods in the field. Variations in the
timing of tooth eruption stages have also been observed in mule deer,
Odocoileus hemionus (Robinette et al 1957) and Himalayan thar, Hemitragus
Jjemlahicus (Caughley 1965).

An alternative to tooth eruption and replacement for ageing is to examine tooth
wear. This technique has been widely and successfully used as an age
indicator in koalas (Martin 1981, Gordon 1991, Logan and Sanson 2002).
Unlike macropods, koalas do not have a deciduous dentition, nor do they show
molar progression (Martin 1981, Lanyon and Sanson 1986a, Gordon 1991).
The cheek teeth of the koala, comprising of a premolar and four molars
(Lanyon and Sanson 1986a), have completely erupted by the time the animal
reaches 18 months of age (Martin 1981, Martin et al 1999) and is similar to that
found in tree-kangaroos (Groves, 1982, Flannery et al 1996). After this age
there are no new teeth, just continual wear of the biting and grinding surfaces
(the occlusal) of the existing teeth (Gordon 1991, Lanyon and Sanson 1986a,
1986b, Martin et al 1999). This wear continues until the enamel of the cutting
ridges and pyramidal cusps is worn away completely (Martin et al 1999). The
underlying dentine is then exposed and the characteristic wear patterns that
appear can be used to assign age classes or indices of age to animals (Martin
1981, Gordon 1991, Lanyon and Sanson 1986b, Martin et al 1999, Logan and
Sanson 2002).
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It has been suggested, however, that tooth wear as an age indicator has two
main sources of error: one being the variation of wear between individuals both
within and between populations due to diet; the other is misreading of tooth
wear classes by the observer (Winter 1980). The first would be dependant
upon the size of the study area and the variation of the diet of the individuals
(Winter 1980, Gordon 1991). The second error would be reduced by having

one observer taking all of the readings (Winter 1980).

Estimations of age are subject to error (Caughley 1977), with some being worse
than others. Indices that change by annual quanta give the most accurate
estimates, particularly for adult animals, but they are not foolproof (Caughley
1977). Morphological characters that change continuously with age have a
variability that automatically results in some aging errors. Tooth eruption is a

good example because it is frequently used to age mammals.

2.6.1 Tooth cementum annuli

Since the early 1930’s, the lines observed in growing tissues have been used to
estimate the age of vertebrates (Azorit et al 2002b). Klevezal and Kleinenberg
(1967) give a comprehensive review of the age-related stratification in tissues

of teeth and bones.

The tooth annulation method, using either dentine or cementum annuli, is the
most accurate means of age determination for mammal species (Thomas
1977) and has been used to age many different species (Laws 1952, Klevezal
and Kleinenberg 1967, Gasaway et al 1978, Fancy 1980, McCullough and
Beier 1986, Cool et al 1994, Azorit et al 2002a, 2002b), including marsupials
(Pekelharing 1970, Clout 1982). In fact, tooth cementum annuli are currently
the most widely used method for mammal aging (Fancy 1980, Azorit et al

2002a) and has been correlated successfully with known age (Laws 1952).

Although early attempts with marsupials were unsuccessful (Kingsmill 1962,
Catt 1979, Inns 1982), recent improvements to the preparation and staining
methods have resulted in an accurate and frequently used technique to age or
to develop an age index for many marsupial species (Fancy 1980, Azorit et al
2002a).
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Earlier studies, particularly those of marine mammals, used growth layers in
dentine (Fancy 1980). However, dentine is deposited within the tooth and is
spatially limited in its growth. Furthermore, it ceases in most mammals soon
after the animal reaches maturity (Fancy 1980). In mammals that have limited
growth of their teeth dentine does not show clear annual lines (Klevezal and
Kleinenberg 1967).

Cementum layers, however, are more commonly used with terrestrial mammals
(Fancy 1980). The root of the tooth is covered with cement, the thickness of
which increases with time (Klevezal and Kleinenberg 1967). The cement is a
mineralised fibrous organic substance, which unlike dentin contains cellular
elements, the cementocytes (or bone corpuscles). The thickening of the
cement results from the formation of new layers by the periodontium
surrounding the root of the tooth in such a manner that the cement layers
formed earlier are situated closer to the boundary between the dentin and
cement, and the layers formed later are closer to the outer surface of the

cement (Klevezal and Kleinenberg 1967).

In various species, the total thickness of cement and the breadth of the annual
layers vary considerably as a result of differences in the size and character of
the mechanical load exerted on the teeth. One indicator of this load is the rate
of wear on the teeth. In many species, the intensive wear of the crown of the
tooth is accompanied by the formation of broad layers of cement on the root
(Klevezal and Kleinenberg 1967).

There are a wide variety of methods for the preparation of teeth for
investigation of cementum annuli in different species (Azorit et al 2002a, 2002b)
and these have been reviewed by Fancy (1980). It is important to first
determine the best tooth to use, and which method for decalcification and
staining will give the best results for each species being studied (Fancy 1980,
Azorit et al 2002a). Decalcification times also vary within a species, with old
and very young teeth taking less time to decalcify, possibly due to less calcium
(Fancy 1980, Azorit et al 2002b).
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2.6.2 Ageing in tree-kangaroos

Tree-kangaroos do not have molar progression, and tooth eruption and body
measurements are only suitable for young animals, therefore, these techniques
are limited in their use for ageing D. lumholtzi. Tooth wear and tooth cementum
annuli are proposed as techniques for age determination in D. lumholtzi. The
resulting tooth wear index could then be used to age other tree-kangaroo
species, such as the more threatened species of New Guinea. Furthermore,
the ability to age tree-kangaroos is essential if we are to perform population
analyses such as population viability analysis, which would allow us to review

their conservation status and determine future management guidelines.

2.7 SUMMARY

Seven of the ten species of tree-kangaroos from Papua New Guinea and
Australia are listed as threatened or near threatened with extinction, with the
remaining three species (in Papua new Guinea) listed as having insufficient
data for risk assessment (IUCN 2004). Yet, our understanding of the ecology

and basic biology of any of the tree-kangaroo species is still rudimentary.

Our current knowledge on the ecology of D. lumholtzi is based upon only a few
previous studies of their home range, habitat use and behaviour. Unfortunately
these studies, although valuable, were both performed on the same spatially
restricted rainforest type (Procter-Gray 1985, Newell 1999b). Consequently, we
currently have an incomplete understanding of spatial and habitat use by D.
lumholtzi in different habitats.

Before we can evaluate the conservation status and population viability of D.
lumholtzi, or any of the tree-kangaroo species with any accuracy, it is essential
that we acquire more extensive data on their biology and ecology. The type of
information that is necessary for any population analyses are: population
densities in different fragments and continuous forest; expected lifespan, age-
specific mortality and fecundity; age at maturity and reproductive rates;
demographic stochasticity (random fluctuations in birth rate, death rate and sex
ratio of a population); movement or dispersal between fragments or
populations; genetic processes; and the effects of environmental stochasticity
(Lacy 1993). We presently have little of this information and hence cannot

conduct these analyses without the possibility of misleading results.
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D. lumholtzi are primarily found in privately owned rainforest fragments on the
Atherton and Evelyn Tablelands, which are not currently protected from
clearing. These patches of rainforest are highly fragmented surrounded by a
matrix of agricultural land. Therefore, habitat loss and fragmentation, dogs and

cars threaten the long-term survival of D. lumholtzi.

From the earlier studies we know that Dendrolagus lumholtzi are solitary,
territorial with descrete home ranges and have strong site fidelity (Procter-Gray
1985, Newell 1999b). It is currently unclear if habitat type or quality, floristic
species composition, soil type, population densities or carrying capacities of
fragments influence their home range sizes, whether home range size is
correlated with body weight, and whether home range sizes would vary in
continuous forest as opposed to fragments. There have been many proposals
put forward about how they utilise their habitat such as that they prefer regrowth
or successional habitat, prefer a variation in canopy height, and that they prefer

the edge of the forest, to mention a few.

Dendrolagus lumholtzi are foregut fermenting arboreal folivores that consume a
wide variety of rainforest species and are believed to be broad generalists.
Although there have been a few early descriptions of D. lumholtzi diet (Procter-
Gray 1984, 1985, Newell 1999b) and gastrointestinal morphology (Owen 1852,
Hume 1982, 1999), little quantitative work or comparisons to other kangaroos
and arboreal folivores has been done. An understanding of their
gastrointestinal morphology and capacities will assist in our understanding of
how they deal with their highly folivorous diet. Furthermore, a more
comprehensive knowledge of their diet will enhance our understanding of how

they utilize their habitat.

At present we cannot accurately age tree-kangaroos and the ability to age them
using tooth wear will greater improve our ability to construct life tables and
perform population viability analysis. This information can also be utilised by
other researchers studying the more endangered species of tree-kangaroos in
Papua New Guinea. In fact, any information acquired on the ecology of the
Australian species will assist in the studies of the Papua New Guinea species,
which are much more difficult to study due to the remoteness and difficult

terrain in which they live.
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Chapter 3: Study Site

3.0 STUDY SITE

This study was undertaken on a 50ha rainforest fragment at Jaggan (~800m
above sea level, 17°23'51”S 145°36’16"E), 5km from Malanda on the Atherton
Tablelands in far north Queensland (Figure 3.1). This area is part of the Wet
Tropics bioregion (Sattler and Williams1999) in which some rain falls in most
months of the year, but is highest between December and May (January
average 1143.8mm), and averages 1670mm per annum (Malanda Post Office:
Cairns Office of the Bureau of Meteorology, 2" October 2003). The mean
maximum daily temperature for the area is 26° C and the mean minimum daily
temperature is 14.5° C, with the hottest period between October and April and

the coldest between June and September.
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Figure 3.1 Map of the Atherton Tablelands showing the location of the study site at Jaggan near
Malanda. (Map courtesy of A. Edwards, James Cook University)
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Prior to European settlement, rainforest (particularly types 5a, 5b and 1b -
Tracey 1982) covered much of the Tablelands (Winter et al 1987, Newell
1999a). Type 5b rainforest is a particular community that supported large
stands of Queensland Red Cedar (Toona ciliata), which was a prized timber
(Newell 1998, 1999a). This attracted the ‘cedar-getters’ to the tablelands in the
1860’s, first leading to selective logging, then to almost complete clearance for
agriculture by the 1920’s (Frawley 1983, Winter et al 1987, Graham et al 1995).
By 1980 over 76,000 ha of rainforest had been removed (Winter et al 1987),
leaving only small scattered fragments of remnant and regrowth rainforest
ranging from 1 to 600 ha (eg. Figure 3.2) (Laurance 1991, Newell 1998). There
is less than 2.5% (<1000 ha) of Type 5b (complex notophyll vine forest; Tracey
1982) rainforest remaining today (Sattler and Williams1999). All previous
studies on tree-kangaroos in Australia have been performed in Type 5b
rainforest (Procter-Gray 1985, Martin 1992, Newell 1999b). Type 1b, Complex
mesophyll vine forest (Tracey 1982) is also an endangered community with less
than 10% of its original area remaining, however it is now more widespread

than 5b rainforest.

The rich basalt soil where the majority of the rainforests were growing is still
sought after today and clearing continues for cropping and grazing land, as well
as timber. Therefore, D. lumholtzi are still considered threatened with habitat

clearing and fragmentation.

The study site is a 65ha property comprising approximately 50ha of Type 1b
rainforest (Tracey 1982: type RE7.8.2 Sattler and Williams 1999) fragment of
complex mesophyll vine forest on basalt soil, set in a mosaic of agricultural land
(Figures 3.2 and 3.3). Itis separated from the neighbouring fragment (~ 40ha)
only by the narrow Ithica River, with continuous canopy in some areas. There

is also a large area of regrowth in the neighbouring property.
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Figure 3.2. Area of the Atherton Tablelands in the region of the study site, showing
fragmentation of rainforests remaining in the area. (Map courtesy of Wet Tropics).

SN o o NP SRR S Y
Figure 3.3 Aerial photo of study site and neighbouring fragment, separated by the Ithica River.
Study area marked out in white. Also shown are the areas of regrowth, mature forest, pine
forest and springs within the study site and area of regrowth to right of study site. (Photo -
Queensland Department of Natural Resources).
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The fragment itself is a complex mix of forest. It contains a large proportion of
mature forest, sections of regrowth at the edge and also areas of riparian
vegetation along the springs in the gullies (Figure 3.3). It also contains a
section of pine trees, with an understorey of pioneer rainforest species (Figure
3.3). This site proved to be suitable for investigating habitat utilisation by D.
lumholtzi as it is a complex mix of different habitats, all of which are being
utilised by D. lumholtzi.

. Mature forest

A large proportion of the study site is mature Type 1b rainforest that was only
selectively logged and has not been disturbed for approximately 40 years.
Many of the canopy trees in this site are at least 30 - 45m tall. There is very
little understorey, except for some seedlings and Lawyer cane or Wait-a-while

vine that winds up into the canopy.

+ Regrowth

There are three main areas of regrowth (totalling ~ 14ha) growing next to the
mature forest (Figure 3.3). These areas have been allowed to grow back after
clearing and are thought to be approximately 20 years of age. The canopy
height in the regrowth varies from 10 - 25m, but can be up to 30m particularly in
the gullies where there are creeks or springs. There is a large degree of
understorey of seedlings and vines, and in some areas where there is lower
canopy and more light reaching the floor, the weed Lantana camara. The
dominant species in the regrowth are late successional species, such as Guioa
lasioneura and Alphitonia petriei. There are also a large number of mature
Litsea leefeana, which are secondary rainforest species. Some of the other
late successional species in these areas are: Flindersia brayleyana, Glochidion

hylandii and Neolitsea dealbata.

. Riparian habitat surrounding the springs

There are several springs in the gullies within the property and neighbouring
property, which maintain running water all year round. These springs contain
riparian habitat dominated by early secondary species such as Alphitonia petriei

and Guioa lasioneura, and also contains a large amount of weeds such as
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Lantana camara. They do, however, contain the occasional large mature
rainforest canopy species such as Ficus crassipes, Flindersia spp and
Caldcluvia australiensis up to 20m in height. There are also a number of tree
ferns (Cyathea cooperi). Overall the canopy is discontinuous with areas of only
weed cover between clumps of trees and vines. There is some connectivity

between the riparian habitat and the mature forest (Figure 3.3).

+ Pine forest

The pine forest plantation (Pinus caribaea) was planted approximately 25 years
ago. It now consists of a large number of pioneer rainforest species in the
understorey, as well as some emergent species such as Alphitonia petriei
amongst the pine trees, reaching approximately 25 - 30m in height. There are
also a large number of Stinging trees Dendrocnide cordifolia and Lantana

camara in the understorey.
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Figure 3.4. The four different habitats in study site: a) riparian vegetation surrounding one of the springs, b) pine forest, c) regrowth, d) mature forest.
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Chapter 4: Spatial organisation of Lumholtz’s tree-
kangaroo in a rainforest fragment on the
Atherton Tablelands.

4.0 INTRODUCTION

Understanding the use of space, and how this relates to habitat is important to

the conservation and management of rare species.

While not currently considered endangered, Lumholtz’s tree-kangaroos are
classified as rare under Queensland’s Nature Conservation (Wildlife)
Regulation (1994). Although the distribution of D. lumholtzi is believed to be
from Mt Carbine Tableland to the Cardwell Range (Flannery et al 1996, Newell
1999b), they are most commonly found in fragmented rainforests that feature
fertile soils on the Atherton and Evelyn Tablelands, where their long-term
persistence is threatened by land clearing and mortality from dogs and vehicles
(Newell 1999b, 1999c). The increasing fragmentation and loss of suitable
habitat is likely to lead to a further significant decline in their numbers, forcing a
reclassification of the species amid increasing concern for its future (Newell
1999a). Therefore, to ensure the conservation and management of remnant
populations of D. lumholtzi, it is important to understand their spatial use of
habitat.

Lumholtz’s tree-kangaroos can be quite abundant in regrowth and fragmented
rainforest, especially those on fertile soil types, although we do not yet
understand why (Newell 1998, 1999a, 1999b, Kanowski et al 2001a). Whether
this is due to high habitat quality, a preference for early successional species,
or a tendency to build up unnaturally high numbers in these fragments due to

surrounding disturbance events is not totally understood.

Moreover, there is no information with which to assess the long-term viability of
small populations in fragments, or whether they regularly range between
fragments. Consequently, it is crucial that research be conducted to find out
more about the habitat requirements of D. lumholtzi in order to ensure its long-
term conservation (Newell 1998).
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Although there have been some studies on the home ranges and habitat
utilisation of Lumholtz’s tree-kangaroos (Procter-Gray 1984, 1985, Newell
1999a, 1999b) as well as their responses to habitat loss (Newell 1999c) and
fragmentation (Pahl et al 1988, Laurance 1989, 1990, 1996, 1997, Laurance
and Laurance 1996, 1999), our understanding of their population dynamics,

ecology and basic biology is still rudimentary (Newell 1999a).

Both Bennett's tree-kangaroos and Lumbholtz’s tree-kangaroos are largely
solitary and territorial (Procter-Gray 1985, Martin 1996, Newell 1999b). Social
interactions are limited to the relationship between a female and her young,
brief interactions between males and females for mating purposes, and
occasional territorial disputes between males (Procter-Gray 1985, Newell
1999b). Tree-kangaroos are one of the few macropods that defend a home
range or territory, the sizes of which vary between species and individuals
(Procter-Gray 1985, Martin 1992, Newell 1999b). Home range size has been
suggested to reflect the vigour and status of the occupants (Martin 1992, 1996)
and possibly the habitat type and quality (Newell 1999b), but the relationship is
not yet totally understood. Body weight has also been shown to have a positive
relationship with home range sizes in many animals (McNab 1963, Milton and
May 1976).

The few previous studies done on this species determined home range in an
extremely spatially restricted rainforest type (Complex Notophyll Vine Forest,
CNVF on basalt substrate; Type 5b: Tracey 1982; Procter-Gray 1985, Newell
1999b). Interestingly, ranging behaviour of Bennett’s tree-kangaroos is also
only known from this rainforest type (Martin 1992). CNVF previously covered
the Atherton Tableland north and west of the township of Malanda. However,
there are now only a few fragments remaining, comprising < 1000 ha in total
extent, thus CNVF is considered an endangered community (Sattler and
Williams 1999). Consequently, it is unlikely to provide a good representation of

the use of space by D. lumholtzi across its range.

In addition, both studies of D. lumholtzi on the Atherton tablelands were
undertaken only a few hundred metres apart (Proctor-Gray 1985, Newell

1999b). These studies found that individual Lumholtz’s tree-kangaroos used
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small home range areas within their fragmented rainforest habitat. Male home
range sizes were significantly larger than those of females, did not overlap with
other males, but did overlap with several females. Female home ranges did not

overlap with other females.

This present study of ranging behaviour is the first performed in a different and
more widespread rainforest type (Complex Mesophyll Vine Forest on basalt;
Type 1b: Tracey 1982), allowing consideration of habitat-related variability in
movements and spatial requirements of D. lumholtzi, and providing information

that is relevant to a much greater area of D. lumholtzi’s range.

41 METHODS

4.1.1 Animal capture and location

Eight animals (3 males and 5 females) were captured between January 2001
and November 2001 using a tranquiliser dart gun (Black Wolf; Tranquilarms)
and 0.5ml mini-darts containing a tranquiliser (Zolazepam and Tiletamine
50:50, 60mg per individual in 0.2 ml; Zoletil 100, Virbac (Australia) Pty Ltd.).
Tree-kangaroos proved difficult animals to find and collars were therefore fitted
opportunistically. Additionally, animals were only darted if they were lower than
10m high in the canopy for the safety of the animal. Five to ten minutes after
successful darting tree kangaroos lost their hold on the branch and fell into a

large net set directly below them. No animals were injured during capture.

After capture the animals were restrained in a hessian bag and given an intra-
muscular injection of diazepam (Pamlin, Parnell Laboratories (Aust) Pty Ltd,
1mg/kg) to provide a smoother recovery from the tranquiliser. Each animal was
weighed, sexed, measured and radio-collared using a two-stage transmitter
with 18 month battery life contained in a double-ended aluminium housing and
attached to a food grade flexible plastic collar (Figure 4.1: Microlite 2-stage
transmitter weighing 90gm; Titley Electronics Pty Ltd.). Collars were sewn

closed at the appropriate size with waxed cotton to allow eventual breakage.

Measurements recorded were body length (mm) (from crest of head to base of
tail), head length (mm), head width (mm), tail length (mm), hind foot length

(mm), hind foot width (mm), forearm length (mm) (from elbow to wrist), hind leg
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length (mm) (from knee to ankle), testis length and width (mm) and ear length

and width (mm).

Each animal also had a PIT (Passive Induced Transponder; Destron Fearing
Corporation 1997 - Life Chip Animal Electronics I.D. Systems, NSW) tag
implanted subcutaneously and suprascapularly and ear tagged to allow
identification if the collar was lost. Transmitters were marked with individually
colour coded reflective tape to aid in identification at night. Animals were kept

for three hours for recovery before being released at the capture site.

Each animal was located using a Regal 2000 Telemetry receiver and a Yagi
antenna (Titley Electronics Pty Ltd.). Location attempts were made twice a day
for the first few days after capture and then at varying times of day or night, on
a daily basis until several animals were being tracked at one time, then every
two days or weekly until the collar came off. If the focal animal moved before
sighting the fix was not used in the analysis. The position was determined by
GPS (Garmin 12CX, Garmin Corporation) with accuracy better than £10m.
Generally, only locations where animals were visually confirmed were recorded.
Locations were visually confirmed in >96% of cases. In the remainder the
location was determined by triangulation to within 10m. After location was
determined, date, time, height in canopy, tree species, and presence of other

tree-kangaroos were recorded.
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Figure 4.1. a) Sedated D. lumholtzi being measured and radio collared after capture. b) D. lumholtzi in
hessian bag being weighed. c) Animal being checked before release. d) Tracking animals. e) D. lumholtzi
with radio collar being tracked. Note how difficult it is to see the second animal (to the left).
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4.1.2 Analysis of home range

It is difficult to compare home range sizes from different studies because
different techniques are often used to analyse home range areas (see Croft
1989, Troy and Coulson 1993) and different software packages have been
shown to give varying results for the same data (Gallerani Lawson & Rodgers
1997). For this present study, home ranges were calculated with the Harmonic
mean method (Dixon and Chapman 1980) and Minimum Convex Polygons
using the computer software Ranges V (Kenward and Hodder 1995) to allow

comparisons with the studies of Procter-Gray (1985) and Newell (1999b).

Calculating home range sizes from 20-99% harmonic mean, and estimating the
proportional change for each 5% increment allowed determination of the core
range or centre of activity for the animals. Core range was defined as the
isopleth where the proportional increase in range size was minimised (Johnson
1991) when locations are incrementally added (Figure 4.2). In addition, 90%
was calculated as a comparison to Newell’s (1999b) study. Minimum convex
polygons were also calculated for each animal as Proctor-Gray (1985) had

used this technique.

For accurate estimation of home range size there must be a sufficient number
of locations in the area used by an animal such that new locations do not
increase the range size (Harris et al 1990). Harris et al (1990) suggested that

30 or 40 locations would be adequate in most cases.

To determine the number of observations required to define home range sizes,
the cumulative home range area was calculated for randomly selected subsets
of locations from each animal and plotted against the number of locations,
according to the procedure of Harris et al (1990). These were inspected
visually to estimate the minimum number of sightings required to determine
home range sizes (Figure 4.3). In this study there was variation in the number
of fixes obtained for each animal because some animals proved difficult to

locate and it was also difficult to keep collars on some animals.

One female tree-kangaroo (Simone) was rescued after being hit by a car, radio-

collared and relocated to the study site, during this study and she was included
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in the investigation of home range use. However, as she was initially settling
into the new locale, her first ten locations (5 days) after release were not
included in the analysis. After this time, Simone remained in a certain area of
the forest and did not make large movements as she had during the first five

days.

Statistical analyses were performed using Statistica (Softstats Incorporated
1993). The differences between male and female home ranges from this study
and Newell’s study (1999b) were tested using Student’s t-tests. Homogeneity
of variance was tested using F-tests. The relationships between body size and
home range size from this and Newell’s (1999b) study were investigated with

Pearson’s product moment correlation analysis.

4.1.3 Activity and daily movements

Observations were made on the activity of D. lumholtzi during radio tracking,
such as whether the animal was eating or sleeping. In addition, if locations
were made more than once a day, movements during this time were recorded
and the distance travelled calculated using Ranges V (Kenward and Hodder
1995).

4.2 RESULTS

4.2.1 Core areas and number of sightings

The animals in this study had two core areas of activity within their home range,
at the 55% harmonic mean and at the 75% harmonic mean levels (Figure 4.2).
These levels, 55% and 75%, were used (along with 90% HM) to calculate home

range sizes.

The minimum number of sightings required allowing accurate home range sizes
averaged 41 + 5.5 (se). The home range area of each animal reached a

plateau at or before the number of locations collected (eg Figure 4.3).
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Figure 4.2. Core areas for D. lumholtzi from this study (mean + se) were estimated by analysing the
proportional incremental increases (log-decimal) in home range for 20-90% HM.
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Figure 4.3. Number of sightings required at 90% harmonic mean (mean + se) to accurately estimate one

male’s (Colin) home range. For this animal an asymptote was reached at around 70 sightings.
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4.2.2 Home range sizes

In this study the average home range size for male D. lumholtzi in 1b rainforest
was 2.09 £ 0.68ha (90% HM, range 1.08 — 3.38ha, n = 3, Figure 4.1). Female
D. lumholtzi had an average home range (90% harmonic mean) of 2.14 +

0.8ha, with a large amount of variation (range 0.11 — 4.85ha, n=5).

There were no spatial overlaps in range between adult females, or adult males

in this study (Figure 4.4), but the 3 males did overlap with females.

There was no significant difference between the size of male home ranges in
this study and those found in 5b forest (Newell 1999b, t = 0.36, df =6, P = 0.74;
Table 4.1). Neither were there statistically significant differences between the
home ranges of females in this study (2.14ha) and Newell's (1999b: 0.7ha) (f =
1.75, df = 4, P = 0.16; T-test with unequal variances, Table 4.1) even though
the average value for female home range size (2.14ha) was larger than
Newell's females (1999b: 0.7ha). This was due to the greater variance in
female home ranges in this study (f= 17.97, df = 9, P= 0.004).

Unlike Newell's (1999b) results, the female and male home ranges (90%
harmonic mean) in this study were not significantly different (t = -0.04, df =6, P
=0.97, Table 4.1).

Newell (1999b) found that the home range sizes using minimum convex
polygons (females: 0.58 - 2.11ha; males: 1.96 - 3.42ha) were similar to those of
Procter-Gray’s (1985) animals (females: 1.2 - 2.6ha; male: 4.4ha). The male
home ranges in this study were also similar with no significant difference to
Newell’s (1999b: t = -0.40, df =6, P = 0.7; table 1). However, using this
measure of range also, females in this study were more variable than in
Newell's (1999b) study (0.2 — 15.8ha, this study vs. 0.6 — 2.1ha, Newell 1999b,
f=125.3, df =9, P=<0.001).
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Table 4.1. Home range (ha) of D. lumholtzi in 1b forest with comparison to Newell's (1999b) 5b animals

using 55%, 75% and 90% harmonic means (HM) and Minimum Convex Polygons (MCP). Values = Mean

+ SE, n = number of animals. Values for 55% and 75% HM for 5b are not known.

55% HM 75% HM 90% HM MCP

Area (ha) Area (ha) Area (ha)
1b Male range (n = 3) 0.24-1.15 0.59-2.19 1.08 - 3.38 1.72-417
1b Male mean + SE 0.73+0.26 1.35+0.46 2.09+0.68 3.06+0.72
5b males - range (n = 5) 1.38-2.99 1.01-3.42
5b males - mean + SE 1.95+0.29 280+0.29
1b Female range (n = 5) 0.01-1.21 0.03-2.76 011-490 0.20-15.81
1b Female mean + SE 0.55+0.22 1.41+0.54 2.14+0.80 5.31+2.84
5b females - range (n = 6) 0.34 -1.53 0.58 -2.11
5b females - mean + SE 0.69+0.17 1.06 £0.23
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4.2.3 Body weight and home range size

There was no difference between the masses of radio-tracked adult male and
female D. lumholtzi in this study (t = 0.19, df = 5, P = 0.86) with male averaging
6.6 £ 0.48kg (6.0 — 7.55kg, n = 3) and females 6.77 £ 0.69kg (4.83 — 7.82kg, n
=4).

There were no significant correlations between body weight and home range

size in either males or females in this study.

Furthermore, there was still no relationship when males from both 5b and 1b
forest were combined for the analyses (r=0.19, P = 0.63, n = 8; Newell 1999b,
this study) or when both males and females from both studies were combined (r
=-0.007, P=0.98, n=18).

The females of both D. lumholtzi and D. bennettianus showed no significant
correlations between home range size and body weight when data from all
three studies were combined (Martin 1992 n =2, Newell 1999b n = 6, this study
n=75).

4.2.4 Activity and daily movements

Unlike earlier observations (Proctor-Gray 1985; Newell 1999a 1999b) where
animals have been reported to be mostly nocturnal, the animals in this study
were observed to be active, eating and moving within their home range during

the day.

Daily movements were variable. One male (Colin) was recorded moving when
radio-tracked twice in one day (morning and afternoon) on five occasions,
averaging 110.8m % 21 (se), with one movement of 136m in one hour. Another
male (Errol) was recorded moving during the day on three occasions, averaging
84.7m £ 13.1 (se), including a movement of 109m in a four-hour period on one

occasion.

Females were not observed moving great distances like males during the day,
except for foraging in early morning and later afternoon. One female (Lisa) and

her offspring, inhabiting the riparian habitat surrounding the spring, moved
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regularly each morning and afternoon from one side of the home range to the

other, on one occasion moving 43m within 3 hours.

4.3 DISCUSSION

4.3.1 Comparison of home range sizes and densities

It has been suggested that Complex Notophyll Vine Forest (Type 5b: Tracey
1982) fragments appear to support unusually high densities of tree-kangaroos
(Newell 1999a, 1999b), while individual tree-kangaroos are likely to require
much larger home ranges elsewhere, especially in rainforest fragments with
less fertile soils (Kanowski et al 2001a, 2001b).

This study has shown that the home ranges of D. lumholtzi are similar in both
rainforest types (Type 5b, CNVF: Newell 1999b and Type 1b CMVF: this study),
both on basalt substrates. However, male and female home ranges were not
significantly different in this study, as they were in 5b rainforest type (Newell
1999b). There was, however, a large degree of variation in the female D.
lumholtzi home range area in Type 1b rainforest, which makes it difficult to

compare statistically.

This variation in female home range area is an important finding. As D.
lumholtzi females have exclusive home ranges, their home range sizes and
density are inversely proportional. D. lumholtzi are believed to be polygamous
(Flannery et al 1996), therefore the reproductive potential for the population will

be set by the density of females (Begon et al 1986).

The home range sizes of D. bennettianus are much larger than that found in the
spatial studies of D. lumholtzi (Newell 1999b, Proctor-Gray 1985), in the same
rainforest type and substrate. Furthermore, there was a great deal of variation
found in the ranging behaviour of D. bennettianus, especially in males (Martin
1992; Table 4.2).

Martin (1982) has suggested that this is likely due to the fact that the study site
for D. bennettianus was connected to continuous lowland rainforest and not an
isolated fragment as with the D. lumholtzi studies on 5b forest (Proctor-Gray

1985, Newell 1999b), hence the animals can spread out. He has also
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suggested the larger home range sizes for D. bennettianus may be due to
hunting pressure in the past (Martin 1992) with animals spreading themselves

out to avoid predators or hunters.

There have been no published studies on spatial use by tree-kangaroos in New
Guinea, with the exception of an observation of 25ha for a single D. matschiei
of unknown sex (Flannery et al 1996). However, Betz (2001) estimated the
density of D. matschiei using DISTANCE sampling analysis of scats and found
the species to have densities of 0.9 — 1.0 animals/ha. Betz (2001) suggests that
these densities are similar to the densities found in the Australian tree-
kangaroos. D. matschiei densities fall between the densities of the two
Australian tree-kangaroo species (0.3/ha for D. bennettianus: Martin 1992,
1.5/ha for D. lumholtzi: Newell 1999b). This shows that there is not only
variation in home range sizes (or densities if home ranges are exclusive) within
species, as seen in this study, but there is also variation between tree-kangaroo

species.

This variation has also been found in other arboreal folivores (Table 4.2), such
as koalas, possums, leaf eating monkeys (Colobus, and Presbytis), howler
monkeys (Alouatta spp) (Milton and May 1976, Estrada 1984) and tree-sloths
(Bradypus sp) (Montgomery and Sunquist 1978), which also show a great deal

of variation in densities and home range sizes both within and between species.

Some species are able to reach very high densities (Table 4.2), due to the fact
that arboreal folivores have abundant and concentrated resources available to
them, along with their relatively low metabolism and sedentary lifestyle (McNab
1988, Betz et al unpublished data a). For example howler monkeys (Alouatta
spp.) can reach densities of >1 animal /ha (Milton and May 1976, Estrada
1984), red colobus monkeys (Piliocolubus spp.) can occur in densities as high
as 3 animals/ha (Chapman et al 1999), and smaller more solitary folivores like
three-toed sloths (Bradypus spp.) can reach densities of up to 7 animals/ha
(Montgomery and Sunquist 1978, Chiarello 1998).
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4.3.2 Body size and home range area

Attempts to describe the variation in home range sizes in animals has led to the
argument that home range size should increase linearly with body size
(Harestad and Bunnell 1979) and this is certainly true for many mammals
(McNab 1963, Milton and May 1976, Harestad and Bunnell 1979, Lindstedt et
al 1986, Troy and Coulson 1993) including macropods (Fisher and Owens
2000). Croft (1989) suggests that comparable home range areas could be
expected for species of similar size, social structure and ecological niche.
However, the highly 3-dimensional world of the tree-kangaroo, as with all
arboreal folivores, makes it difficult to compare with the traditional body
size/lhome range size relationships. Furthermore, territoriality in tree-kangaroos
would mean that a smaller home range is easier to defend than a larger one, so

there could be some energy trade-offs between the two.

D. bennettianus are approximately 1.5 times the size of D. lumholtzi (8kgs vs.
13kgs) and in general their ecology appears quite similar, however they have a
much larger home range than D. lumholtzi in the same rainforest type (Martin
1992, Newell 1999b: Table 4.2). Martin (1996) suggests that there was a
linear relationship between body size and the size of the territory occupied by
adult male D. bennettianus and that the difference was due to the relative
vigour of individuals. However, it should be noted that samples were relatively
small (Martin 1992: n = 3).

In contrast, male D. lumholtzi did not show any relationship between body mass
and range size (Newell 1999b, this study).

Males in Newell's (1999b) study were larger than females. This was not the
case in this study, with males and females showing no significant difference in
body weight. The results of this study suggest that this species may not be
sexually dimorphic (see Appendix 1).

There was no relationship between home range size and body mass in female
D. lumholtzi either. Therefore, body mass cannot explain the variation in home

range size found in female D. lumholtzi in this study.
Troy and Coulson (1993) found that variation in home range size between three
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macropod species of similar size - Wallabia bicolor, Macropus rufogriseus and
Macropus parryi - is not explained by body size. The different niches occupied
by these species supports the view that factors such as habitat, social
organisation and diet may also influence home range area (Milton and May
1976, Troy and Coulson 1993).

4.3.3 Habitat quality

Inter-specific and intra-specific variation in home range sizes in macropods has
usually been attributed to body size, diet and habitat quality or type (Jarman et
al 1991, Fisher and Owens 2000).

The concept of habitat quality explaining variation in densities or home range
size in animals is one favoured by many researchers (Milton and May 1976,
Newell 1999b). It has been suggested that home range size is a function of the
interaction between habitat productivity and resource distribution and individual

energy requirements (Harestad and Bunnell 1979, Fisher 2000).

Variation in home range size in possums has been reported to be related to
habitat, specifically to the number of home trees available (How 1978, How and
Hillcox 2000). Similarly, variation in Howler monkeys (Alouatta spp) has been
related to habitat variables and floral species present (Palacios and Rodriguez
2001). There have also been significant relationships found between the
distribution of koalas and the structural and floristic characteristics of the
vegetation (Hindell and Lee 1987).

Koalas have been found to have very different home range sizes in different
habitats, ranging from 1.2 ha in sclerophyll forest to 190 ha in brigalow country,
which is considered poorer or more marginal habitat for the species (Mitchell
1990, Melzer 1995). This may also be the case in tree kangaroos but

information on other habitat types or different soil types is not yet available.

Newell (1999b) believes that habitat quality has an effect on tree kangaroo
densities and home range sizes. This is supported by Kanowski (1999) and
Kanowski et al (2001b), who believe that the relative abundance of D. lumholtzi
on fertile soils appears to be a response to the higher nutritional quality of the

foliage.
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Table 4.2: Comparison of the home range sizes of Lumholtz’s tree-kangaroos and other arboreal
folivores. HM, Harmonic Mean Method; MCP, Minimum Convex Polygon; MAE, Minimum Area Estimate;
DISTANCE, indirect faecal sampling; M = male, F = female; N/A = not available; Home range area is
shown as “range” except where mean + SD or * mean were available.

Species Mass (kgs) Method Home Range (ha) Density Reference
(no/ha)
Dendrolagus lumholtzi 48-78 90% HM 11-34M This study
(21+£0.7)
011-56F
(2.1+£0.8)
MCP 17-42M This study
(3.1£0.7)
02-158F
(5.3+2.38)
6.0-75 90% HM 14-3M 1.5 Newell (1999b)
03-15F
MCP 1.0-34M
06-21F
7.0-9.0 MCP 44 M Proctor-Gray (1985)
12-26F
D. bennettianus 105-135 95% HM 3.8-29.8M(n=23) 0.3 Martin (1992)
55-98F (n=2)
MCP 6.4—-40.0M
3.7-83F
D. matschiei 9.0' DISTANCE N/A 09-1.0 Betz (2001),
Betz et al (unpub a)
Phascolarctos cinereus 100F No of trees 3-11.5 trees 1.0-3.0 Eberhard (1972,
(koala) 13.0M 1.0-25ha 1978)
8.5-12.0 90% HM 1.7+1.0M 07-6.2 Mitchell (1990)
1.2+0.7F
N/A 190 (* 86.5) M Melzer (1995)
102 (*39.2) F
95% Kernel 344+11.8 M White (1999)
150+ 294 F
95% HM 135.6 + 76.6M Ellis et al (2002)
101.4 £+ 67.1F
Pseudocheirus peregrinus 07-1.0 N/A 0.4 10.0 How (1978)
(ringtail possum) 0.8M,05F Crawley (1973)
30M,11F Dunnet (1964)
74M,57F How (1972)
Hemibelideus lemuroides 0.8-1.1 MCP 0.6+0.1 Wilson (2000)
(Lemuroid ringtail possum)
Trichosurus vulpecula N/A 26+04M 0.4 Sampson (1971)
(Brushtail possum) 46+17F
20-238 MAE 03-32 Ward (1978)
MAE 90% 74+07M 0.4 How (1981)
47+09
12-45 MAE 50% 11+01M 3.0 Kerle (1998)
09+07
1.8-26 95% HM 13.7+55 1.2 Scrivener (2000)
MCP 1.8+ 34
MAE 03-49M 2.0-3.0 How & Hillcox
22+1.3)M (2000)
0.1-43F
1.3+1.3)F
Bradypus torquatus 57-6.7 MCP 28-59 (#4.5) 6.0-7.0 Chiarello (1998)
(three-toed sloth) MAE 0.5-0.7 (*0.6)

"D. matschiei weight taken from Flannery et al (1996).
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Procter-Gray (1985) suggests that the size of the home range of female D.
lumholtzi may be determined by the amount of food needed by females and
their dependents. In eutherian mammals, the ultimate reason for female spatial
patterns, and thus mating systems, is often variation in food patchiness or
quality (Clutton-Brock 1989, Fisher and Owens 2000). This has also been
suggested for spatial requirements in female koalas, where food trees are likely
to be the limiting resource for survival and successful rearing of young (Hindell
and Lee 1988). Female koalas in Hindell and Lee’s (1988) study also showed
considerable variation in home range size. This could also explain variation

observed in female D. lumholtzi.

4.3.4 Hunting or predator pressure

In contrast, Martin (1996) postulated that sparsely distributed resources may
not be the factor influencing the use of space in female D. bennettianus, but in
fact, that it may be the legacy of predator or past hunting pressure that is
forcing them to space themselves out through the forest. This has also been
postulated for high densities and increased social behaviour in New Guinea
tree-kangaroos, where there are more animals in areas where there is little or
no hunting pressure (Flannery et al 1996, Betz et al unpublished data b). There
is no evidence that hunting pressure has influenced the distribution and

abundance of D. lumholtzi.

4.3.5 Females as resources and territoriality

It has been postulated for eutherian mammals that exclusive territories in
conjunction with small home range sizes in females allows males to monopolise
female territories, promoting the evolution of monogamy (Komers and
Brotherton 1997, Fisher and Owens 2000), or polygyny when a single male is
able to control a small group of territorial females (Hixon 1987, Fisher and
Owens 2000). Female mammals are expected to minimise their home ranges,
especially in a heterogeneous habitat, to enable them to forage widely enough
for sufficient food but suffer minimum predatory risk or energy expenditure
(Fisher and Owens 2000).
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This is supported with the idea that male tree-kangaroo home range sizes
appear to be related to their age and vigour, and reflecting their status and the
number of females with which they are able to maintain contact (Procter-Gray
1985, Martin 1996). This is also consistent with many other studies of social
organisation in mammals where the consensus has been that the spatial
organisation of males is affected by female space use, as a male’s reproductive
success is dependent on the number of mates he can find and defend (Clutton-
Brock 1989, Komers and Brotherton 1997, Fisher and Owens 2000). That is,
females usually set the agenda and males do whatever is necessary to gain
access to them (Martin 1996). This has been also found in koalas, where the
complex shapes of male home ranges may be a reflection of the males’
attempts to overlap the home ranges of several females (Hindell and Lee
1988).

However, males searching competitively for receptive females should not
necessarily be larger in body size than females, but they should have larger
home range sizes (Fisher and Owens 2000). This is partially consistent with
the findings of this study, where there is no significant difference in body mass
of D. lumholtzi males and females (Appendix 1). However, there was also no
significant difference in average home range sizes of males and females in this

study.

4.3.6 Population density

It is believed that the abundance and evenly dispersed nature of an arboreal
folivore’s diet, combined with their typically low metabolic rate and relatively
sedentary nature can lead to high population densities (Milton and May 1976,
Montgomery and Sunquist 1978, McNab 1988, Chiarello 1998).

Population density can also influence home range size in mammals, especially
for species that are territorial (Fisher and Owens 2000) and where females hold
exclusive home range areas. This is certainly true in koalas, where population
densities can reach very high numbers and the home ranges of individuals
decrease with increasing densities (Mitchell 1990). Howler monkeys (Alouatta
spp), also arboreal folivores, also show an inverse relationship between home

range areas and animal densities (Bravo and Sallenave 2003).
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It is possible that higher population density was causing the smaller home
ranges of females in Newell’s study (1999b), as these animals were unable to

disperse and hence forced to use smaller areas.

4.3.7 Activity and Movements

Lumholtz’s tree-kangaroos have always been reported as being largely
nocturnal (Proctor-Gray 1985, Newell 1999b). However, during this study,
animals were observed to be quite active during the day as well as at night,
especially on cooler days or during the cooler times of the day (morning and
afternoon, i.e. crepuscular). Proctor-Gray (1985) also observed this behaviour,

although she claimed that they were mostly nocturnal.

Pople (1989) states that many species of macropods show varying degrees of
activity through the day, although they are largely nocturnal, with peaks of
activity around sunrise and sunset. Nevertheless, some rainforest macropods
are mostly diurnal, such as Hypsiprymnodon moschatus (Dennis 1997) and
some are quite active during the day as well as the night, such as Thylogale
thetis (Johnson 1980) and T. stigmatica (Vernes et al 1995).

Diurnal or crepuscular behaviour has also been reported for most tree-
kangaroo species in New Guinea (Fischer and Austad 1992, Flannery et al
1996, Betz 2001, Betz et al unpublished data b). Betz (2001) suggests that
tree-kangaroos are not fully adapted for nocturnalism because they lack the
tapetum lucidum cell layer in their retinas (Flannery et al 1996), which nocturnal
mammals use to improve night vision. He adds that nocturnal behaviour may
be a defensive reaction to hunting pressure (Betz 2001). Three-toed Sloths
(Bradypus torquatus) were also found to have a predominantly diurnal period of
activity with them ranging more during the day than at night (Chiarello 1998). In
contrast, D. bennettianus were found to be totally nocturnal, sleeping in

favoured “roost” trees during the day (Martin 1982).

In this study, D. lumholtzi rarely used the same tree and did not “roost” during
the day in this study. They were observed browsing and moving across
branches periodically during the day. They rested or slept for short periods of

about 30 minutes or so, then continued feeding again. This behaviour is typical

67



of arboreal folivores (Montgomery and Sunquist 1978, Smith 1979, Crockett
and Eisenberg 1987, Mitchell 1990) and may be an adaptation to their highly
folivorous diet, with small and frequent feeding bouts best suited for easy

digestion (see Section 7).

Male D. lumholtzi were observed moving more often and further than females
during the day, on some occasions moving even as far as the other side of their
home range. It is possible that this could be associated with territory
maintenance, as was found with D. bennettianus (Martin 1982). Male koalas
also move more often than females, although usually at night (Mitchell 1990).
This was also attributed to territory maintenance and female visitation (Mitchell
1990).

4.4 CONCLUSIONS

This study was the first to undertake home range analyses for D. lumholtzi on a
rainforest type other than Complex Notophyll Vine Forest. It shows that the
home ranges of D. lumholtzi do not differ significantly between the two
rainforest types, but suggests that variation in female spatial use is greater in

the Complex Mesophyll Vine Forest.

Population density may be influencing home range sizes in D. lumholtzi,
especially those of females, with a tendency for decreased home range area
with an increase in population size. Although D. lumholtzi are territorial, it is
plausible that females would relinquish part of their home range to their female
offspring if other suitable habitat were unavailable. This could be one

explanation for the high numbers of animals in Newell’s (1999b) study site.

If female D. lumholtzi density or home range size is affecting the home range
sizes of males, then understanding the variation in female spatial use is most
important, as female will determine carrying capacity and reproductive output of
a population (Begon et al 1986).

The variation in female spatial use cannot be explained by differences in body

weight. In fact, there is no sexual dimorphism found in body mass in the
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animals in this study. However, resources such as habitat quality or types of

trees available may influence this variation, and this is the focus of Chapter 5.

4.5 MANAGEMENT IMPLICATIONS AND FURTHER STUDY

Although replanting and restoration of most rainforest types is now occurring on
the Atherton and Evelyn Tablelands, emphasis has been directed towards the
conservation and restoration of 5b rainforest fragments. This was largely
influenced by reports that D. lumholtzi was found in high densities in this forest
type, along with other rare species, together with the fact that less than 2.5% of

5b remains.

The results of this study suggest that 1b rainforest fragments are as important
as 5b to D. lumholtzi and that the conservation and restoration of 1b is as
crucial, with less than 10% of this rainforest type now remaining. In fact, as
there is more 1b rainforest than 5b, this would suggest that 1b is more

important to D. lumholtzi.

However, the conservation and restoration of all rainforest fragments on the
Tablelands is crucial, as we still do not know if D. lumholtzi numbers differ in
other rainforest types or in continuous rainforest on the Atherton and Evelyn
Tablelands. Additionally, small fragments or stepping-stones of clumps of trees
are also vital to assist in safe dispersal of individuals across the agricultural

landscape.

Therefore, further studies need to be undertaken into the spatial use of D.

lumholtzi in other rainforest types including continuous forest.
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Chapter 5: Habitat requirements of Lumholtz’s tree-
kangaroos, Dendrolagus lumholtzi in a
rainforest fragment.

5.0 INTRODUCTION

It is well accepted that an animal’s usage of its environment, especially the kind
of food it consumes, the varieties of habitats it occupies and how it uses its
home range area or territory, is central to the study of its ecology (Johnson
1980, Manly et al 2002). Together this is habitat “selection”. There is a
hierarchical ordering of selection processes (Johnson 1980, Aebischer et al
1993), which is recognised as “the concept of selection order” (Owen 1972,
Johnson 1980, Manly et al 2002).

The highest level, first-order selection is the geographic or physical range of a
species. Within that range, the second-order selection, determines the home
range of an individual or social group. Third-order selection pertains to the
usage made of various habitat components within the home range. Finally, if
third order determines the feeding site then the actual procurement of food
items from those available at that site can be termed fourth-order selection
(Johnson 1980, Manly et al 2002). However, the very fact that an animal has
its home range where it does, or that it occurs in the study area, is itself

indicative that the animal has already made a selection (Johnson 1980).

For example, Wiens (1973) recognised different levels of distributional patterns
among birds, and identified geographic range (first order), local site and plot

patterns in territories (second order), and patterns of utilisation (third order).

Many studies of habitat selection utilise radio tracking as a source of data
(Aebischer et al 1993). Common aims are to determine whether a species
uses the habitats available to it at random, to rank habitats in order of relative
use, to compare use by different groups of animals (eg. males and females), to
relate use of variables such as food abundance, or to examine the effects of

habitat on movement and home range size (Aebischer et al 1993).
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The abundance of a component is the quantity of that component in the
environment. The availability of that component is its accessibility to the
animal. The selection of a component is the process in which the animal

actually choses that component (Johnson 1980, Manly et al 2002).

Another consideration is that preference is reflected in selection, which can only
occur when the component is relatively scarce. A component vital to the
consumer may be so abundant that the consumer needs only use small
amounts of it to satisfy its requirements (Johnson 1980). Thus, the usage is
less than availability, but a conclusion that this component is not important may

be false and misleading (Johnson 1980).

Only limited information is currently available on the habitat requirements for D.
lumholtzi (Procter-Gray 1984, 1985, Newell 1999b), although there have been
some studies on the home ranges and habitat utilisation of Lumholtz’s tree-
kangaroos (Procter-Gray 1984, 1985, Newell 1999a, 1999b) as well as on their
responses to habitat loss (Newell 1999c), the effect of fragmentation on
arboreal folivores (Pahl et al 1988, Laurance 1989, 1990, 1996, 1997, Laurance
and Laurance 1996, 1999) and the effect of altitude and geology on arboreal
folivores (Kanowski ef al 2001b). From these studies there have been several
explanations of observed distributions of D. lumholtzi that relate to third order
habitat selection, such as, they are edge specialists (Laurance and Laurance
1996, Kanowski et al 2001a), prefer regrowth or successional vegetation
(Laurance and Laurance 1996, Newell 1999a, Kanowski 1999); prefer a large
variation in canopy height (Laurance 1996) and/or they use some species of
trees more than others (Newell 1999b). If it is true that Lumholtz’s tree-
kangaroos prefer regrowth or successional plant species then this may explain
high densities in small regrowth fragments such as those reported by Newell
(1999b) and Procter-Gray (1985).

Variation in the individual home range areas and differences in intensity of use
of areas within home ranges of a number of species, including other folivores
such as koalas (Hindell and Lee 1987, Mitchell 1990, Melzer 1995), possums
(How 1978, How and Hillcox 2000), howler monkeys (Palacios and Rodriguez

2001) have been related to variation in habitat. It has been postulated that
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range size and the intensity of use within a range in D. lumholtzi may also be
associated with structural or floristic features of the habitat (Newell 1999b,
Kanowski et al 2001a).

This study investigates these suggestions and others, by examining the use of
habitat of D. lumholtzi within a fragment with mature, regrowth and riparian

habitat, using radio-tracking data.

The main aim of the research was to investigate the patterns of use by D.
lumholtzi within a rainforest fragment using the levels of use in the home range
areas of D. lumholtzi and determining whether these characters could be used
to predict use in other parts of the landscape. Furthermore, to determine
whether D. lumholtzi prefers particular tree species and if individuals have
different preferences.

The specific questions investigated were:

1. Can large-scale structural and floristic differences in vegetation explain

differences in tree-kangaroo habitat usage?
2. Do D. lumholtzi prefer regrowth or successional vegetation to mature forest?
3. Do D. lumholtzi use the edge of the forest more than expected?

4. Do D. lumholtzi prefer areas with high tree species diversity or high tree

species density?
5. Do D. lumholtzi prefer areas with a large variation in canopy height?
6. Do D. lumholtzi prefer areas with high vine species abundance?

7. Is there a positive relationship with D. lumholtzi intensity of use and

dominant tree species?

8. Do D. lumholtzi show a preference for certain tree species that are available

to them within the forest?

9. Do individual D. lumholtzi have different preferences and are these due to

tree species present in their home range?
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5.1 METHODS

5.1.1 Sampling vegetation

In January and February 2003, a 50m grid was superimposed over the study
site without reference to habitat or topographical features. This resulted in 98
gird intersections within the forest fragment and neighbouring springs across

the previously determined home ranges (Section 4.2.2) (Figure 5.1).

Measurements of the vegetation structure and species composition were taken
within a 5m radius from each intersection point. Nineteen habitat variables
were measured at each of the 98 quadrats (Appendix 2). Aspect (N, S, E, W),
slope (deg) of the substrate, canopy height (m), the abundance of epiphytes,
total number of species present in understorey (ground), mid-canopy, and
canopy, total number of families present in understorey (ground), mid-canopy
and canopy, were recorded for each quadrat. Numbers of individuals of plant
species were not counted in understorey and mid-canopy, presence or absence
only was recorded. Canopy depth (m) was used as a measure of variation in
canopy height and was calculated by the difference between the top of the
canopy down to where the canopy was discontinued. That is, if branches came
all the way to the ground then the canopy depth would be from the top of
canopy to the ground (eg. 20 - Om = 20m), if branches halted at 10m then
canopy depth was from top of canopy down to 10m (eg. 20 — 10m = 10m). The
occurrence of floral taxa in ground cover, mid-canopy cover and the number of
vines were estimated visually on an ordinal scale of 0-3 (0, none; 1, present in
low abundance; 2, abundant; 3, highly abundant). Movement, or ease of
traversing through a quadrat or the thickness of vegetation, was also visually
estimated on an ordinal scale of 1-3 (1 = easily traversed to 3 = hard to

traverse).

All species with a DBH >2.5cm were measured, identified on-site by experts (A.
Irvine and R. Jensen) and the height (m) was estimated, including vines that
had their stems within the 5m quadrat. This was used to estimate the basal
area, total number of species measured (diversity) and total number of trees
measured (density) for each quadrat. Additionally, the abundance of individual

tree species (183 species) was included in the analysis.
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Figure 5.1. Map of study fragment with 50m point transects and an overlay of 90% Harmonic mean
measure of each animal’s home range. Axes represent Universal grid reference (AGD 66, East and
North).

5.1.2 Intensity of use

Two different measures of intensity of use by D. lumholtzi were used during this
study to investigate patterns of usage in association with vegetation structure
and composition: harmonic mean from home range analysis and faecal counts.
Harmonic mean was used as a measure for the intensity of use of radio-tracked
animals within their home range areas and faecal counts were used to include

areas of activity for all animals in the study site.

5.1.2.1 Within Home ranges

The percentage of harmonic mean from home range analysis estimated in
previously (see 4.2.2) was used as an index of the intensity of usage by D.
lumholtzi. Contours of different harmonic means, 55%, 75%, 90% and 95-99%
intervals for each animal were generated using the Program Ranges 6
(Kenward et al 2003) and positioned over the vegetation grid (Figure 5.2 shows

HM contours over the grid). The vegetation sampling quadrats were then
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categorized according to the harmonic mean (HM%) contour they fell within
from high use (55% HM), medium use (75% HM), low use (90% HM), very low
use (95% HM) to no use (outside 95% HM).
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[
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8075550 ‘ ‘ ‘
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Figure 5.2. Harmonic mean contours over quadrat grid for two males using Ranges 6 (Kenward et al
2003). 55% Harmonic mean is the inside contour and represents high use, 75% is the next line out
representing medium use, 90% is the next representing low use and 95% is the outside contour
representing very low use. All quadrats or plots outside contours were classed as no known use. Axes
represent Universal grid reference (AGD 66, East and North).

5.1.2.2 Faecal counts

Scats were collected in 4 x 1m? quadrats, 1m north, south, east and west of the
centres of each of the 98 vegetation sampling quadrats. The quadrats were
cleared of tree-kangaroo faecal pellets in August 2003 and then the
accumulated tree-kangaroo faecal pellets were collected one month later. Six
vegetation sampling quadrats were not sampled for scats. These were within

riparian zones and inaccessible due to dense vegetation.

The rate of tree-kangaroo scat decomposition was determined over the same
time period as the faecal pellet collection. Freshly frozen, then defrosted

pellets collected from captive tree-kangaroos (fed a diet of local rainforest
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foliage) were placed in each of the main habitat types within the study site
(Section 3.0, Figure 3.3): the pine forest, mature forest and regrowth. Two sets

of 30 pellets each were placed within marked 1m? areas in each habitat type.

5.1.3 Analysis of D. lumholtzi usage

Associations between the different measures of intensity of use, HM% and the
number of scats collected were tested using Spearman’s rank correlations
(SPSS V 12.0.1 for Windows).

5.1.4 Analysis of vegetation data

A robust ordination method, nonmetric multidimensional scaling (NMS) using
the program PC-ORD (with the Sorensen dissimilarity index and all default
options in the Automatic mode) (McCune and Mefford 1999) was used to
determine floristic and structural correlates of intensity of use by tree-
kangaroos. All of the vegetation floristic and structural data (202 attributes) for
the 98 plots were used in this analysis against the intensity of use (home range
Harmonic Mean % of use - H, M, L, VL and N) to investigate patterns of use for
different plots. Multi-Response Permutation Procedure (MRPP) using PC-ORD
(McCune and Mefford 1999) was used to detect differences between clusters of
quadrats of similar intensity of use using Sorensen (Bray-Curtis) method
(McCune and Mefford 1999). A cluster dendrogram was also generated with
PC-ORD (McCune and Mefford 1999) as an alternative to NMS to determine
floristic and structural correlates of intensity of use by tree-kangaroos.

Spearman’s rank correlations were used to look at relationships between
intensity of use for HM% (categorical) and structural or floristic characters, and
Pearson’s correlation coefficient was used for investigating the relationships
between the number of scats collected (numerical) and structural or floristic
characters using SPSS. Spearman’s rank correlations were also used when
comparing the number of scats and any categorical variable. Bonferroni
corrections were performed on the analyses and the new alpha level used was
0.003.
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Crosstabulation frequencies and correlations (SPSS) were used to investigate
the relationships between two categorical variables (eg. vine species present

and intensity of use).

5.1.5 Type of forest

Quadrats were categorised into different types of forest; mature, regrowth,
springs in regrowth, springs and pine forest, determined by which type each
quadrat was situated. These categories were used to look at relationships
between the intensity of use (HM% or the number of scats) in each area and
types of forest, using crosstabulations and Spearman’s rank correlation
(SPSS).

5.1.6 Edge versus not edge

To investigate whether D. lumholtzi prefer edge to mature forest, the quadrats
less than 20m from the edge of the vegetation were classed as “edge” and
those not as “interior”. For the purposes of this study the definition of “edge” is
not the classical definition of “true edge” (usually defined as far as 500m into
the rainforest), but further in than an observer could see to test the proposition

about observability of D. lumholtzi at the edge of the forest.

Crosstabulations and Spearman’s rank correlation (SPSS) were used to identify
whether “edge” plots were used more than “interior”, and Pearson’s Chi square

(SPSS) was used to test if “edge” was used more than expected.

5.1.7 Tree availability and selection analysis

Randomisation tests were used to compare the abundances of tree species
>5cm DBH for all plots to all the tree species utilised by all eight D. lumholtzi in
the radio tracking study, to test whether D. lumholtzi preferred or avoided

specific tree species.

There were 449 observations of tree use made during radiolocation of all the
tree-kangaroos. To generate an expected distribution of observations if D.
lumholtzi were using trees randomly, 449 records were randomly selected from
all the individual trees recorded in vegetation sampling and the frequency of

occurrence of each species recorded. This was repeated 20,000 times.
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Observed frequency of tree use was compared directly with the randomised
distribution and considered non-random (either preferred or avoided) if they lay

outside the central 95% of the distribution.

This procedure was repeated for each individual animal using only the
observations of that individual and generating the expected distribution from the

vegetation sampling only within the home range of that animal.

5.2 RESULTS

A total of 2786 individual tree and vine species were measured and identified
(183 species, 52 families) in the 98 plots. 26 tree species were dominant (>20
individuals) (Table 5.1).

5.2.1 Scat versus harmonic mean as a measure of D. lumholtzi
usage.

There was no rain during the scat decomposition trials and sampling in August

and September 2003 and scats took up to two months to decay.

There was no correlation between the number of scats and the intensity of
home range use (HM) (P = 0.43, rs = -0.08).

5.2.2 Patterns in structural and floristics versus tree-kangaroo
usage.

Although there is variation across the site in floristic and structural attributes of
the vegetation (Stress axis 1 and 2 P = 0.03, final stress 2 dimensions = 8.64,
final stability = <0.001), this variation is not associated with the pattern of use
by D. lumholtzi (Figure 5.3). D. lumholtzi is using the entire range of variation in

vegetation to approximately equivalent extents.

(MRPP results grouped by HM P = 0.78 = Probability of a smaller or equal
delta; T = 0.8; A = -0.005 = more heterogeneity within groups than expected by
chance).

The classification (cluster dendrogram) SPSS also shows that there is no

pattern to the levels of intensity of use by D. lumholtzi (Appendix 4).
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There were no significant correlations between home range use (HM%) and
any of the structural characters of the vegetation (Appendix 3). There was,
however, positive relationships between HM% and the abundance of some
floral species; Acronychia acidula (P = 0.05, rs = 0.2), Synima macrophylla (P =
0.03, rs = 0.2), and negative relationships with Cissus penninervis (P = 0.04, r;
=-0.2), Cyathea cooperi (P = 0.04, rs = -0.2) and Sarcotechia lanceolata (P =
0.05, rs =-0.2).

There were also positive correlations between the number of scats collected
and some species; Ficus crassipes (P = 0.000 r = 0.4), Flindersia brayleyana (P
=0.008 r = 0.3), Neolitsea dealbata (P = 0.04 r = 0.22) and Zanthoxylum
venificum (P = 0.000 r = 0.6).
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Figure 5.3. Nonmetric Multidimensional Scaling (NMS) of the 202 variables (structural characters and tree
species abundances) for the 98 quadrats against intensity of use (HM%) by D. lumholtzi. H, high use, M,
medium use, L, low use, VL, very low use, N, no known use.
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5.2.3 Do D. lumholtzi prefer successional or regrowth to mature
forest?

The results show that there is no significant difference between intensity of use
(HM%) and the type of habitat: regrowth or mature forest (P = 0.16 rs = -0.14).

However, there is a significant relationship between the type of forest and the
number of scats (P = 0.001, r = 0.3), with more scats in the springs (n = 88)
including regrowth springs (n = 4) than the mature forest (n = 21), regrowth
areas (n = 28) and only 1 scat from the pine forest. There were very high
numbers of scats (n = 67) collected in one spring in which a female (Lisa) and

her offspring inhabit a very small home range (0.1ha).

5.2.4 D. lumholtzi prefer “edge”?

D. lumholtzi was not found to be using the “edge” more than “interior” in this
study (P = 0.56 rs = -0.06), with only 24.5% of the total usage being in the edge
quadrats. In fact, only 4 out of the 24 edge quadrats (16.7%) were in high use
areas and 54.1% were very low or no use. Furthermore, two of the females
(“Mary Jo” and “Simone”) did not use the edge at all. Edge quadrats were not

used more than expected (Pearson’s xz =3.96, df =5, P = 0.56).

This was confirmed with the results from the number of scats at each plot (P =
0.18 rs =-0.14, n = 93), with 21.5% in edge plots and 78.5% in non-edge.
(Pearson’s y* = 12.48, df =9, P = 0.19).

5.2.5 D. lumholtzi prefer areas with higher species diversity or
higher tree density?

There were no significant relationships between intensity of use and tree
species diversity (P=0.49 ry = -0.07) or tree density (P = 0.61 rs = -0.05).

There was also no significant correlation between intensity of use and number
of floristic families (P = 0.27 rs = -0.11). Furthermore, there were no significant
correlations between the number of scats collected and the number of tree
species (P = 0.51 r = -0.07) (diversity) or the total number of trees (density) (P =
0.52 r=0.07).
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5.2.6 D. lumholtzi prefer a forest with a large variation in canopy
height?

The results show that there was no significant preference for areas with a large

variation in canopy height (intensity of use P = 0.57, rs = -0.06; scats P = 0.58,
rs = -0.06).

There was also no significant relationship between canopy height (m) and
intensity of use (P = 0.96, rs = -0.01) or with the number of scats (P = 0.09, r = -
0.18).

5.2.7 Vine species present

Although there were a high number of vines in both the high and medium
intensity if use areas (40%), there was no significant correlation between D.
lumholtzi levels of use and the number of vine species present (intensity of use:
P =0.43, rs =-0.08, scats: P = 0.55, rs = 0.06).

5.2.8 Dominant tree species

Twenty-six tree species dominated the vegetation sampled, with greater than
20 individuals recorded (Table 5.1). However, there was a significant
relationship between only 2 of these dominant species and intensity of use
(HM%) (Appendix 3). These were Acronychia acidula with a positive correlation
(P =0.047, rs = 0.2) and Cyathea cooperi with a negative correlation (P = 0.04,
rs =-0.2).

There were significant correlations (<0.01) between the number of faecal
pellets collected and only two of these dominant species: Flinderisa brayleyana
(P =0.01,r=0.3), and Neolitsea dealbata (P = 0.04, r = 0.2).
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Table 5.1. Twenty-six dominant tree species from all vegetation sampled.

Species Abundance (n) | Species Abundance (n)
Acronychia aberrans 22 Flindersia brayleyana 31
Acronychia acidula 27 Franciscodendron laurifolium 166
Alphitonia petriei 89 Glochidion hylandii 40
Beilschmiedia tooram 23 Guioa lasioneura 718
Caldcluvia australiensis 40 Helicia nortoniana 25
Ceratopetalum succirubrum 22 Litsea leefeana 59
Cryptocarya lividula 22 Lomatia fraxinifolia 28
Cryptocarya melanocarpa 20 Melicope jonesii 22
Cyathea cooperi 21 Neolitsea dealbata 216
Dinosperma stipitata 38 Pinus caribaea 68
Endiandra leptodendron 67 Psidium cattleianum 84
Endiandra wolfei 25 Rhodamnia sessiliflora 36
Flindersia bourjortiana 24 Rhodomyrtus pervagata 173

5.2.9 Tree use.

There were a total of 449 observations of tree usage in 46 species, whilst radio
tracking D. lumholtzi during this study (Table 5.2). Only 12 species (2.7%) were

observed being eaten.

5.2.10 D. lumholtzi use of tree species available in 1b forest

There were a total of 1350 trees from 108 species in the vegetation sampling
quadrats (>5cm DBH) available within the areas of all of the radio-tracked

animals.

There were 11 tree species used more than expected (P = <0.05) out of the 46
species used by all of the animals combined; Alphitonia petriei, Beilschmiedia
bancrofti, Beilschmiedia recurva, Cryptocarya angulata, Ficus crassipes,
Flindersia pimenteliana, Glochidion hylandii, Litsea leefeana, Solanum
mauritianum, Syzygium gustavioides, Syzygium johnstonii. (Table 5.3, Figure
5.4).

Six species were used by animals but did not occur in the quadrats:
Cinnamomum camphora, Cinnamomum laubatii, Citronella aromatica, Gillbaea
adenopetala, Gmelina fasciculiflora, Perapentadenia mearsii. It is assumed

that these tree species were in low numbers, but because their occurrence was
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not measured, D. lumholtzi preference for these species could not be tested.
There were also some species that were observed being used by some
individuals that were not present in the quadrats in that particular animal’s

home range (Table 5.3).

5.2.11 Individual D. lumholtzi use versus tree species available

Most animals showed a preference for both Alphitonia petriei (75% or 6 out of 8
of the animals more than expected and 1 out of 8 or 12.5% as expected, 12.5%
used but not present in quadrats) and Litsea leefeana (50% or 4 out of 8 of the
animals more than expected and 3 out of 8 or 37.5% as expected, 1 out of 8

used but not present in quadrats) (Table 5.3).

Flindersia pimenteliana was also selected more than expected by 2 animals.
Guioa lasioneura and Flindersia brayleyana were used by all of the animals as

expected.

D. lumholtzi has been observed using Guioa lasioneura, a successional to mid
climax species, frequently. All animals utilised this species in this study, but as
it was very common throughout the study area (718 trees of this species out of

98 vegetation quadrats) it was not selected more than expected.

Only one female (Lisa) used Ficus crassipes more than expected. In this case it
had a vine species, Cissus hypoglauca, throughout its canopy. This vine
species is a food species for D. lumholtzi (personal observations) and was

found in the faeces of this animal (see Section 6.2).

There was considerable variation between individuals for species preferences
(Table 5.3). That s, 6 out of 8 animals preferred Alphitonia petriei, whereas 1
of 8 used this species as expected. Endiandra wolfei was preferred by 1 of 8
animals, used as expected by 1 of 8, avoided by 3 of 8, and 1 of 8 did not have

access to it and 2 of 8 used this species but was not present in quadrats.

Individual D. lumholtzi used an average of 22 + 0.04% of tree species of the

species available to them within their home range areas.
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Figure 5.4. Proportion of tree species used and tree species available. Tree species are in order of
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Table 5.2: Use of tree and vine species by D. lumholtzi in 1b rainforest.
Number of sightings indicates sightings of animals in trees. Values are proportions of these records.

Proportions are calculated separately for trees and vines. # Indicates feeding record. * Indicates a weed
species. Bold indicates species utilised in 5b (Procter-Gray 1984, 1985, Newell 1999b).

Tree Species Colin Errol Alex Eve Lisa Carlia MaryJo Simone
No of sightings 96 55 37 38 106 28 49 45
Acronychia acidula 0.04 0.05 0.05 0.02
Alphitonia petriei # 0.37 0.07 0.59 0.29 0.32 0.29 0.22 0.07
Alphitonia whitei 0.05 0.02
Arytera pauciflora # 0.01

Beilschmiedia bancrofti 0.02 0.1
Beilschmiedia collina # 0.05 0.04
Beilschmiedia recurva 0.04 0.02
Caldcluvia australiensis 0.11 0.02
Ceratopetalum succirubrum 0.02

*Cinnamomum camphora # 0.02

Cinnamomum laubatii 0.05

Citronella aromatica 0.02
Cryptocarya angulata 0.09

Cryptocarya murrayi 0.05

Cyathea cooperi # 0.03

Doryphora aromatica 0.02 0.07
Elaeocarpus largiflorens 0.02
Elaeocarpus ruminatus 0.01

Endiandra wolfei # 0.01 0.03 0.02 0.02
Erythrina indica 0.01

Ficus crassipes 0.12

Flindersia bourjotiana 0.05 0.04 0.02
Flindersia brayleyana 0.02 0.05 0.04 0.02

Flindersia pimenteliana 0.11 0.05 0.16
Fraciscodendron laurifolium 0.02

Gillbaea adenopetala 0.02

Glochidion hylandii # 0.05 0.19 0.10

Gmelina fasciculiflora 0.02

Gonothalamus australis 0.02

Guoia lasioneura # 0.24 0.02 0.03 0.05 0.37 0.39 0.29 0.04
Helicia nortoniana # (fruit) 0.02

Litsea connersii 0.02

Litsea leefeana # 0.14 0.13 0.08 0.26 0.01 0.04 0.20 0.04
Lomatia fraxinofolia 0.14

Melicope johnstonii 0.03

Opistheolepis heterophylia 0.02 0.02
Perapentadenia mearsii 0.02

Polycias murrayi 0.08

Pullea stutzeri 0.02
Sloanea australis ssp parviflora 0.02
Sloanea langii 0.04 0.04 0.07
*Solanum mauritianum # 0.03 0.11

Symplocos cochinchinensis ssp gittinsii 0.04
Syzygium gustavioides # 0.13 0.13
Syzygium johnstonii 0.02 0.13

Xanthophyllum octandra 0.02

Vine species/No of sightings 30 4 0 3 63 1 2 13
Austrosteenisia stipularis # 0.25 0.5 0.31
Cissus hypoglauca # 0.6 0.75 0.67 0.21 0.08
Elaeagnus triflora # 0.37 0.33 0.73 1.0

*Lantana camara # 0.03 0.06

Maesa dependens # 0.08
Unidentified vine species 0.5 0.31
Birds nest ferns & basket ferns 0.23
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Table 5.3: List of tree species used by D. lumholtzi and compared to those available to all 8 animals. Also tree species
used by individuals compared to those available within their individual home ranges. E = utilised as expected; ** = 0.01
more than expected; * = 0.05 more than expected, L = Less than expected. BLANK CELLS = not available. Tree
species diversity is number of tree species in plots in animal’'s home range area. Tree species density is number of
trees in plots in animal’s home range area. Species in bold are significant to all animals combined >0.01. Numbers of
trees in parenthesis. UN = used but not in quadrats.

Tree species (no) ALL Colin Alex Errol Eve Carlia Lisa MaryJo Simone
Tree species density 1350 60 301 329 51 418 45 259 197
Tree species diversity 108 16 57 86 14 40 10 30 66
Acronychia acidula (27) E E L * E L L *
Alphitonia petriei (106) ** ** > E * > > > >
Alphitonia whitiei (16) E L UN L L L E
Arytera paucilfora (2) E E
Beilschmiedia bancrofti (2) ** UN >
Beilschmiedia collini (13) E L UN **
Beilschmiedia recurva (3) ** UN
Caldcluvia australiensis (40) E L * E
Ceratapetalum succirubrum (22) E L E L
Cryptocarya angulata (3) ** **
Cryptocarya murrayi (9) E UN
Cyathea cooperi (28) E E L
Doryphora aromatica (8) E E L **
Elaeocarpus largiflorens (1) E *
Elaeocarpus ruminatus (2) E UN
Endiandra wolfei (25) E UN L L UN L * E
Erythrina indica (1) E E
Ficus crassipes (2) ** > L
Flindersia bourjotiana (26) E E L **
Flindersia brayleyana (31) E L L E E L E E L
Flindersia pimenteliana (17) ** UN ** L **
Franciscodendron laurifolium (170) L L E L L
Glochidion hylandii (48) * E > L L L * L
Goniothalamus australis (7) E E
Guioa lasioneura (718) L E E E E E E
Helicia nortoniana (25) E E L L L L
Litsea connersii (9) E E L L
Litsea leefeana (63) ** E > ** > E UN > E
Lomatia fraxinifolia (28) E L > L
Melicope jonesii (23) E E L L L L
Opisthiolepis heterophylla (2) E E UN
Polyscias murrayi (6) E L **
Pullea stutzeri (14) E L E
Sloanea australis (11) E L L *
Sloanea langii (16) E E E L UN
Solanum mauritianum (3) ** > UN
Symplocus cochinchinensis var gittinsii E L *x
.IS’;/zygium gustavioides (8) ** ** >
Syzygium johnstonii (7) ** UN L UN
Xanthophyllum octandrum (11) E E
Not in Quadrats
Cinnamomum camphora (0)
Cinnamomum laubatii (0)
Citronella aromatica (0)
Gillbaea adentopetala (0)
Gmelina fasciculiflora (0)
Peripentadenia mearsii (0)
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5.3 DISCUSSION

5.3.1 Home range usage

As it did not rain during the period of scat decomposition trials and sampling, it
was assumed that re-sampling after one month would ensure that all scats in
the quadrats were a maximum of one month old and that none would have

decayed in this time.

It was believed, however, that the harmonic mean is a more robust method of
measuring usage if available as this gives all possible areas within an animals

home range not just the areas where scats were visible.

Macropods are known to defaecate mostly while feeding, therefore areas used
for feeding have high numbers of scats and those used for resting have
relatively few (Johnson et al 1987). If this holds true for D. lumholtzi then there
will be areas of usage where no scats will be found. During radio tracking
(Section 4.1.1) there were many instances where there were no scats beneath
the animal, so the absence of scats cannot be logically used to infer the
absence of animals. In addition, scats are very difficult to find within the leaf

litter of the forest floor, making the precision of this technique dubious.

5.3.2 Structural and floristic characters of habitat versus tree-
kangaroo usage

This study shows that we can not use structural characters of the habitat to
model D. lumholtzi habitat use as there was no association with levels of use
and these characters. In support of this, in an ordination of structural and
floristic characters of fragments of different habitat types, Laurance and
Laurance (1999) also found that abundance of D. lumholtzi was not significantly

influenced by forest type.

However, Laurance and Laurance (1999) found that Lumholtz’s tree-kangaroos
were less abundant in primary forest than regrowth forest. In this study D.
lumholtzi used both regrowth and mature forest and did not show any
preference for regrowth over mature forest. However, from personal

observations of the time it takes to detect D. lumholtzi in tall versus shorter
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forest, it is clear that D. lumholtzi are much more difficult to detect in tall forest,
therefore Laurance and Laurance’s (1999) result may simply indicate a

differential in visibility of D. lumholtzi between forest types.

The results of this study did find, however, that there were more scats in the
springs including the springs in the regrowth. This suggests that animal activity
is higher in the springs and possibly because of the access to water or the fact
that the trees have more access to water. It has been suggested that trees
growing in riparian zones may be favoured by arboreal folivores because of the
availability of foliar moisture and possible higher nutritional quality of the foliage
(Munks et al 1996). However, the high number of scats in one of the springs (n
= 67) could merely reflect the small area of the riparian fragment in which the
animals are living (“Lisa” and offspring in 0.1ha home range) and hence a high

concentration of scats in one area.

It has also been suggested that D. lumholtzi decline in smaller <20 ha
fragments (Laurance and Laurance 1999). The female in the spring in this
study (Lisa - 0.1ha home range) shows that this is not always the case. This is
also supported by several observations of tree-kangaroos in small fragments,
with up to 3 females in a 1ha fragment in one example (Tree Kangaroo and
Mammal Group 2000).

This study has found that D. lumholtzi spent less than 25% of the time at the
edge of the forest. This is no more than expected. Furthermore, even though
all of the animals did have access to the edge, two of the animals did not use
the edge at all. This supports Newell’s (1999b) findings where he only found
his animals visible by spotlighting at the edge 10% of the time. Many studies
are performed along the edge or tracks of forest fragments (Laurance 1989,
1990, 1996, 1997, Laurance and Laurance 1996, 1999, Pahl et al 1988).
Therefore, the suggestion of D. lumholtzi being an edge species may be purely
an artefact of them being easier to observe at the edge and humans tending to
be an “edge species”, sampling from the edge or a track through the forest.
Furthermore, D. lumholtzi are very difficult to sight even when radio tracking
collared individuals in either regrowth or mature forest, especially away from the

edge. In addition, spotlighting is not an accurate technique for detecting tree-

88



kangaroos as their eye-shine is not as bright as other folivores (Procter-Gray
1990) and they also tend to look away from the light (Flannery et al 1996, pers.
obs.), which makes it difficult when relying on eye-shine to spot these animals
at night. In fact, it was easier, although still quite difficult, to spot tree-kangaroos

during the day.

It has been suggested that D. lumholtzi might prefer fragments with a large
variation in canopy height (Laurance 1996) and that the height of the canopy
may also have an effect on the size of the home range of folivores (Milton and
May 1976). However, D. lumholtzi did not select areas with a large variation in
canopy height nor do they show any relationship with intensity of use and
canopy height. Yet again, the relationship Laurance (1996) found with variation
in canopy height may also be an artefact of sampling from the edge or in areas
of regrowth with a large variation in canopy height, hence making observations

of D. lumholtzi easier.

There was no relationship between D. lumholtzi intensity of use and tree
species diversity and density as was found in Nilgiri langur monkeys (Umapathy
and Kumar 2000) and as might be expected from a generalist folivore (Newell
1999b, Chiarello 1998). The animals resident at the spring have a smaller
home range size to others and they have fewer species or tree densities in their
area than the other animals. If tree density or diversity were a contributing
factor to their home range size, one would expect these animals to have a

larger home range, extending their area to cover connecting springs.

In many instances, D. lumholtzi have been associated with vine species when
seen in a tree (Procter-Gray 1984, 1985, Newell 1999b) and they have been
observed frequently consuming a variety of vine species (Table 5.2, Section
6.2, Tree Kangaroo and Mammal Group unpublished data). However, there
was no correlation between vine species and their level of usage in this study.
If it was possible to count vine abundance similarly to tree abundance, the vine
availability could have been tested for individuals as it was for tree species.
This may have then given us a frequency of use that we could have tested for
preference. Unfortunately, vine abundance was only measured when the stem

of the vine was in the quadrat.
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5.3.3 Tree species preferences by D. lumholtzi

D. lumholtzi are considered to be generalist and tautological catholic folivores
(Newell 1999b, 1999c) consuming a variety of tree species (Procter-Gray 1984,
1985, Newell 1999b). Many of the plant species that Lumholtz’s tree-
kangaroos were associated with were the same in both studies (Procter-Gray
1984, 1985, Newell 1999b) and similar in many respects to those recorded for
Bennett’s tree-kangaroos (Martin 1992). However, there were some species
that D. lumholtzi utilised at one site and not the other, such as Euroschinus
falcata (Procter-Gray 1984, 1985, Newell 1999b), although present.

D. lumholtzi used five species common to the study site and 5b rainforest:
Cinnamomum camphora (weed), Flindersia brayleyana, Litsea leefeana,
Elaeagnus triflora (vine) and Lantana camara (weed) (Procter-Gray 1984, 1985,
Newell 1999b). Obviously, as the forest types are different they do contain
different species in each. However, it is interesting that D. lumholtzi use those
five that are common to both forests when available to the animals. Moreover,
they prefer Litsea leefeana in both forests. Flindersia brayleyana is also used
by all of the animals in both forests. Furthermore, Elaeagnus triflora and
Lantana camara are both eaten regularly by D. lumholtzi (Procter-Gray 1984,
Newell 1999b, pers. obs., TKMG unpublished data).

Even though D. lumholtzi are selecting a variety of species, they are not broad
generalists as such, as suggested (Newell 1999b) but are only using 22% of the
trees available to them with their home range areas. This is similar to that of
sloths, which also select less than 20% of the tree species available to them
(Chiarello 1998). Koalas also select a small number of tree species available to
them (Hindell et al 1985, Hindell and Lee 1987, 1988, Ellis et al 2002).
Chiarello (1998) suggests that diet selectivity in arboreal folivores is probably an
adaptation to a particular group of plants in order to cope with a smaller range

of feeding deterrents in the plants.

When considered on a whole D. lumholtzi do appear to concentrate their use
on particular tree species within the forest. However, this assumes that all of
the animals have free and equal access to all of these species within their

home range areas. In a territorial species such as D. lumholtzi, resources in
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another animal’s territory are not available. Consequently, considering all
individuals together would give information on third order selection, if patterns
were relatively uniform across individuals. However, as individuals show
considerable differences in their preferences it was necessary to investigate
them separately to explore fourth order selection for trees within their individual

home ranges.

Newell (1999b) also found that there was marked variation between D.
lumholtzi individuals in the tree species that they used. This study has
substantiated Newell's (1999b) findings that D. lumholtzi show individual
preferences for tree species, even when some species are available to all
animals. Bennett’s tree-kangaroos (Flannery et al 1996, Martin 1992), koalas
(Hindell et al 1985, Hindell and Lee 1987, 1988, Ellis et al 2002), ringtail
possums (Lawler et al 2000), Colobus monkeys (Hladik 1978, McKey 1978),
howler monkeys (Glander 1978), the tree-toed sloth (Bradypus variegatus)
(Montgomery and Sunquist 1978) and the maned sloth (Bradypus torquatus)
(Chiarello 1998) have also displayed individual variation in the tree species

choice and preference for certain trees within a species.

Newell (1999b) also found that individual animals had a number of favourite
trees within their home ranges. However, in this study some individual D.
lumholtzi used a particular tree more than once, but not on a regular basis and
hence could not be referred to as “favourite” trees as found by Newell (1999b).
Furthermore, D. lumholtzi do not use the same tree to roost during the day, as
do D. bennettianus (Martin 1992) and New Guinea tree-kangaroos (Betz 2001,
Betz et al unpublished data) and some koalas (Eberhard 1978). In fact, D.
lumholtzi did not “roost” as such in this study and were quite actively feeding at
varies times of the day especially at cooler times. This predominance of using
trees only once is consistent with many other arboreal folivores, such as Howler
monkeys (Glander 1978) and many koala populations (Mitchell 1990, Ellis et al
2002). Ellis et al (2002) suggests that repeated tree use might be an artefact of
the number of trees available. The only animal in this study that did use trees
repeatedly inhabited a small fragment of riparian habitat with few trees

available.

91



Clearly a range of species is chosen by D. lumholtzi and animals have
individual preferences but the reason for those specific choices are currently

unclear and probably multifactorial.

It is possible that tree-kangaroos may not be selecting trees at a taxonomic
level, which is the level considered in this study, but for foliage characters. That
is, choosing the trees on the basis of palatability, levels of nutrients, the amount
of plant defences or some other character of the foliage, similar to the pattern
seen in koalas and other arboreal folivores such as folivorous monkeys
(Glander 1978, Moore and Foley 2000, Umapathy and Kumar 2000).

We already know that koalas and other eucalypt folivores select for particular
plant defences that vary within a species as much as they do between species
(Cork and Foley 1991, 1997, Lawler et al 1998, Moore and Foley 2000).
Nutrient levels also vary between different trees and between different leaf

classes (Moore and Foley 2000).

D. lumholtzi were observed eating petioles of at least two species in this study
and the young leaves of many species when available (pers. obs.). Howler
monkeys are reported to eat more young leaves and petioles than older leaves
of some species because these plant parts contain less secondary compounds

and are more easily digested (Glander 1978).

5.4 CONCLUSIONS

This study has shown that we cannot use habitat structural characters to model
D. lumholtzi habitat usage or to determine differences in home range sizes. It
has revealed that they may be selecting areas for territorial or social reasons or
areas that are not occupied (third level selection) rather than selecting areas for
particular habitat characters. They are then selecting particular species
available to them within these areas (fourth level selection). Therefore, it may
not be habitat type that is the primary determinant of usage or home range size.
Furthermore, due to the variation in individual tree preferences, tree species
use or diet cannot be used to explain variation in home range sizes in this

study.
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This study has also cleared up a lot of assumptions made about D. lumholtzi
habitat use, in that they are not edge specialists, do not show a preference for
regrowth to mature forest, are not selecting areas with high species diversity or
density, are not using areas with a large number of vines more, and do not

prefer areas with a large variation in canopy height.

In addition, it has shown that they are also not “broad” generalist folivores as
such, as believed (Newell 1999b) and are only selecting less than a quarter of

the species available to them.

However, D. lumholtzi are selecting particular species within their home range
and there is a lot of individual variation in this choice. This individual preference
could be explained by tree choice being, not for tree species but for foliage
characters such as plant defences or nutrient content, which vary within species

as much as between species.

It is clear that further studies to investigate foliage characters of trees chosen

by D. lumholtzi are required.

With these conclusions in mind, most of the rainforest fragments remaining on
the Atherton Tablelands are potential habitat for D. lumholtzi. Therefore,
conservation, restoration and replanting of areas of different rainforest types
are essential for the long-term conservation of D. lumholtzi. Furthermore,
corridors and small fragments as stepping-stones for dispersing individuals are
also vital. Moreover, the tree species that they showed a preference for in this
study, especially those that D. lumholtzi utilised in both rainforest types, will
provide a foundation for planting lists for revegetation, although a large variety

of species would be preferable to account for individual preferences.
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Chapter 6: Identification of leaf cuticles in scats to
establish diet of Dendrolagus lumholtzi.

6.0 INTRODUCTION

Few researchers would dispute that feeding and food selection are key
ecological processes (Stephens and Krebs 1986, Hart et al 2002) and that
knowledge of an animal’s food choice is important. However, there has been
great debate over which technique is optimal for describing or quantifying
animal diets (Hart et al 2002). Estimates of dietary intake can be made using
either visual observations of feeding or through other techniques investigating
the ingested material. Unfortunately accurate feeding observations are often

difficult with arboreal folivores.

There have been several studies on the identification of digested food items of
mammals and birds from post mortem stomach contents (Recchia and Read
1989, Martin et al 1996), from induced vomiting (Radke and Fydendall 1974,
Prys-Jones et al 1974, Gales and Burton 1988) or by stomach pumping or
flushing (Randall and Davison 1981, Gales 1987). Unfortunately all of these
techniques are invasive and are stressful for animals in the wild, especially

those that are difficult to catch.

An alternate technique, identifying incompletely digested food particles in the
droppings or scats, is much less invasive and a plausible technique for use in
herbivores. This technique has been used successfully for many different
mammal species (Tullis et al 1982, Dickman 1995). In herbivores it is possible
to identify leaf and stem epidermis or cuticle in scats of all plant species eaten,
as these plant parts are not easily digested (Storr 1961). Each plant species
has a unique cuticular pattern and can be identified to species by characters
such as size, shape and alignment of cells, stomates and trichomes (Storr
1961, Christophel and Rowett 1996).

Though, this technique provides proof of inclusion in the diet, it is not fully
quantitative as some food particles can be digested more quickly than others

(Hart et al 2002). The use of microscopic analysis of faecal material for diet
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determination assumes that all plant cuticle fragments remaining in the faeces
have the same probability of being detected. Further, it is assumed that the
proportions of all plant material consumed will be accurately represented in the
faecal pellets (Ellis et al 1999). Jones (2000) investigated the use of this
technique with captive Matschies tree-kangaroo s (D. matschiei) and did find
that all of the species known to be eaten by individuals were found in the

faeces.

Storr (1961, 1964) first used this technique on Quokkas (Setonix brahyurus) in
Australia. It was found it to be both qualitative and quantitative as there was
little or no digestion of the leaf and stem epidermis (Storr 1961). Since then,
this technique has been more widely used with marsupials, such as koalas
(Ellis et al 1999, Sullivan et al 2003), yellow-footed rock wallabies (Copley and
Robinson 1983, Lapidge 2000), Northern Nailtail wallabies (Ingleby et al 1989),
grey kangaroos (Norbury 1988), brushtail possums (How and Hillcox 2000), and
as a dietary comparison between wombats and grey kangaroos (Woolnough
and Johnson 2000).

Little is known about the diet of Lumholtz’s tree-kangaroos except for
observations from previous studies (Proctor-Grey 1985, Newell, 1999, this
study see chapter 5) and from locals and researchers from the Atherton
Tablelands (TKMG unpublished data).

Dendrolagus lumholtzi is considered a generalist folivore, with their diet
consisting primarily of rainforest leaves, with a small percentage of fruit and
flowers (Procter-Gray 1985, Flannery et al 1996, Newell 1999). However, this
study suggests that D. lumholtzi is not simply a generalist, as it selects

particular rainforest species more than expected (Section 5.2.10).

Observations of feeding are difficult with tree-kangaroos as they tend to cease
feeding when being observed or they may be eating something other than the
tree species they are in at the time, such as a vine in the canopy of that tree.
Feeding observations can also be difficult due to the fact that Lumholtz’s tree-
kangaroos are often very high in the canopy, up to 30-40m. Moreover, the thick

rainforest vegetation and the decreased visibility whilst using spotlights hamper
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night observations. Additionally, misidentification of the tree species from

sightings could also occur.

Using microscopic faecal analysis to identify the cuticle features of leaf species
eaten is one way to resolve these problems. This technique can be used to
confirm tree species choice by D. lumholtzi, as well as being quantified and

used to compare use and availability of dietary species.

This study was undertaken to confirm the diet of D. lumholtzi by the use of leaf
cuticles in faecal material and to establish the preference of individual animals
for certain species and compare this to the availability of these tree species

within their home range area.

6.1 METHODS

6.1.1 Collection of scats

Scats were collected from 8 individual D. lumholtzi during capture for radio
tracking for home range analysis (Section 4.2). Only one scat per animal was

used for cuticle analysis.

6.1.2 Reference slides

A reference collection of 179 local rainforest floral species of leaf cuticles,
established by Jones (2000) was used to identify the fragments to species
level. This reference collection was expanded during this study to include an
additional 19 tree, vine and weed species from observations of use by D.
lumholtzi during the home range study (Section 5.2) and from observations of
others (Proctor-Gray 1985, Newell 1999, TKMG unpublished data), now
consisting of 198 species in total, to ensure all possible species were included.
D. lumholtzi is known to eat only the petiole of Litsea leefeana at times (pers.
obs.) and has been observed eating some fruit (TKMG unpublished data) so
additional reference slides of petioles, fruit and flowers of some species were
also prepared. The “Leaf and Cuticle atlas of Australian leafy Lauraceae”
(Christophel and Rowett 1996) was also referred to for identification of this
group and for the description of cuticular characters. Local botanists identified
the plant species for the reference collection (R. Jensen, T. Irvine and P.
Dellow).
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Reference slides were prepared by the technique used by Christophel and
Rowett (1996) and Jones (2000), using a 1cm? piece cut from the edge of the
identified leaf and boiled in 35% hydrogen peroxide (H2O;) until the upper
(adaxial) and lower epidermis (abaxial) layers separate to expose the cuticle
(approximately 8-10 hours). The layers were then laid flat, cleaned of debris
with a fine camel hair brush in water, stained with gentian violet and mounted
on a slide with phenol glycerin jelly. When the jelly has set and excess has
been removed with a scalpel and warm water, the edge of the coverslip was

ringed with clear nail polish to retard dehydration of the preparation.

Petioles were prepared by cutting them into lengths of approximately 2cm and
splitting longitudinally. Fruit and flowers of some species (those observed

being consumed by D. lumholtzi) were also prepared to examine whether they
would be identifiable by cuticle features. Young leaves were also prepared to

compare with older leaves of the same species.

If the leaves dissolved completely during this preparation it was assumed that

they would also be digested fully and therefore not present in the faeces.

6.1.3 Preparation of slides from faecal material

One scat per animal was prepared for microscopic analysis by the technique
used by Jones (2000). Each scat was placed individually into 50ml beakers
with 35% hydrogen peroxide and boiled until the chlorophyll was dissolved and

the fragments appeared clear (usually about 8 hours).

Each sample was then rinsed through a fine sieve (150um plankton mesh) with
distilled water and then stained with gentian violet for 15 mins. The stain was
then rinsed out through repeated washing through the sieve with distilled water.
The samples were then mounted on a 50mm x 50mm slide with glycerine. Four

slides were prepared for each animal (scat).

The slides were examined under a microscope at 40x magnification. Twenty-
five fragments from each slide, a total of 100 for each animal, were randomly
selected using random numbers and the measuring increments on the

microscope stage. Each fragment was photographed using a Kodak DX4330
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digital camera through the microscope eyepiece, cross-referenced with the
reference slides and photographs, and identified to species using cuticular

features. The frequency of each species was recorded for each animal.

Unidentifiable fragments or other unidentifiable plant parts were recorded and
photographed. Fragments were deemed to unidentifiable if they were obscured
by other fragments, too small, or did not have any stomata present. In
dicotyledons the stomata are usually only present on the abaxial side (under
side) of the leaf. Fragments are difficult to distinguish to species without
stomata characters to identify them, but if there were sufficient abaxial (lower)
pieces on a slide to identify a species were present and the adaxial was
distinguishable from other species then these were also included. Adaxial

fragments were deemed unidentifiable if no clearly associated abaxial pieces of

this species were present. Unidentifiable fragments were not replaced.

Figure 6.1.Elaeagnus triflora, a) reference slide showing flower-like trichomes b) fragment from scat
sample.

6.2 RESULTS

Sixteen species were represented within the scat samples (Table 6.1). The
average number of species per scat was 6.0 + 0.5 (SE) (range 4 — 8).
Alphitonia petriei was the only species found in all samples (Table 6.1). The
average number of unidentifiable fragments was 11 £ 0.01% (SE) (range 6 —
17%).
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Figure 6.1 shows the mean proportion (+ SE) of each floral species for all of the

scat samples. Litsea leefeana, Guioa lasioneura and the weed species

Lantana camara were found in 75% (6 out of 8) of the samples.

There were three vines species found in the scat samples, Cissus hypoglauca,

Elaeagnus triflora and Ripogonum album.

Table 6.1: Proportion of

plant species fragments found in scat samples.

Tree species Colin | Alex | Errol Eve Lisa MJ | Carlia [Simone| Mean |SE
Alphitonia petriei 0.07 (056 |005 [0.14 |0.02 |0.11 0.27 |0.08 |0.16 0.06
Cardwellia sublimis 0 0 0 0 0 014 |0 0.02 |0.02 0.02
Cissus hypoglauca 0 0 0 0 0.31 0 0 0 0.04 0.04
Elaeagnus triflora 003 |0 0 008 |0 0 012 |0.03 |0.03 0.02
Flindersia bourjotiana |0 0 0.11 0 0 0 0 0 0.01 0.01
Flindersia brayleyana |0 0 0 0 0 0 0 0.55 |0.07 0.07
Flindersia pimenteliana |0 0 0 0.01 0 0 0.05 |0 0.01 0.01
Glochidion hylandii 023 |0 0 0 0 013 |0 0 0.05 0.03
Guioa lasioneura 017 0.03 |0 0.11 006 |0 008 |0 0.06 0.02
Lantana camara 029 |0.11 0.08 |0.06 |035 |O 0.03 |0 0.12 0.05
Litsea leefeana 0.06 |0.01 002 |019 |0 0 0.05 |0.04 |0.05 0.02
Neolitsea dealbata 0 0 0.11 0 0 0.51 002 |0 0.08 0.06
Polycias elegans 0 0.01 0.29 0 0 0 0.05 0 0.04 0.04
Ripogonum album 0 019 |0 0 0 0 0 019 |[0.05 0.03
Sloanea australis 0 0 017 |0 0 0 0 0 0.02 0.02
Xanthostemon whitei |0 0 0 032 |0 0 0 0 0.04 0.04
Unknown 015 |0.09 |0.17 |0.09 |0.08 |0.11 0.06 |0.09 |0.11 0.01
Although in small numbers, petioles of five species and the young leaves of
Litsea leefeana were found in the scat samples (Table 6.2).

Table 6.2: Proportion of petioles and young leaves found in scat samples.

Petioles/new leaves Colin| Alex |Errol| Eve | Lisa | MJ |Carlia|Simone| Mean | SE
Alphitonia petriei 0 0 0 0 0.01 0 0.03 0.01 | 0.006 0.004
Cissus hypoglauca 0 0 0 0 0.02 0 0 0 0.003 0.003
Litsea leefeana petioles 0 0.01 | 0.01 | 0.02 0 0 0.01 0.02 0.009 0.003
Litsea leefeana new leaves 0.04 0 0 0 0 0 0 0 0.005 0.005
Neolitsea dealbata 0 0 | 0.06 0 0 0 0 0 0.008 0.008
Polycias elegans 0 0 0.04 0 0 0 0 0 0.005 0.005
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Figure 6.2: Mean proportion of fragments in scats for each tree species.

6.3 DISCUSSION

All of the species found in the scat samples were recorded as used by D.
lumholtzi in the radio tracking study (Section 5.2.10) except for five species:
Neolitsea dealbata, Polyscias elegans, Ripogonum album, Xanthostemon
whitei and Cardwellia sublimis. However, use of Cardwellia sublimis, Neolitsea
dealbata, Polyscias elegans and Ripogonum album by D. lumholtzi has been
previously recorded (pers. obs., TKMG unpublished data). This is the first
record for Xanthostemon whitei although the congener Xanthostemon
chrysanthus has been recorded previously (TKMG unpublished data).
Xanthostemon whitei was only found in one sample although it was in high

numbers (32% of the fragments in the scat).

Alphitonia petriei was the most consistently recorded species in the scats. This
supports the conclusions from the vegetation analysis (Section 5.2.10) that

Alphitonia petriei is an important resource for D. lumholtzi. Similarly, Litsea

100



leefeana, Flindersia brayleyana and Guioa lasioneura were among the most
commonly utilised tree species in direct observations (Section 5.2.10), even
though Guioa lasioneura was not utilised in greater proportion than its
occurrence in the forest. Finding Guioa lasioneura well represented in the
scats indicates that it is an important resource for D. lumholtzi. This is an
example of where a species is so abundant and usage is less than available
(Section 5.2.10), that the conclusion that Guioa lasioneura is not important as a
resource is misleading (see Section 5.0, Johnson 1980). Furthermore, some
species were found in the scats for individual animals, which were not utilised
during feeding observations (Table 5.2 and Table 6.1). For example “Simone”
was not observed utilising Flindersia brayleyana (Table 5.2), but there were
cuticles of this species in her scats (Table 6.2). This shows that the technique

is very useful in confirming diet for animals in addition to observations.

Five species found in the scats were species that were also used by D.
lumholtzi in 5b rainforest: Flindersia brayleyana, Litsea leefeana, Neolitsea
dealbata, Elaeagnus triflora (vine) and Lantana camara (weed) (Procter-Gray
1984, 1985, Newell 1999b).

Lantana camara is a weed species that D. lumholtzi has been observed eating
on various occasions (TKMG unpublished data, pers. obs.), including the earlier
studies by Procter-Gray (1984, 1985) and Newell (1999) and this species was
found in 75% of the samples, confirming that D. lumholtzi do feed on this
species in this study site also, although they were not recorded as using it in the

radio-tracking study.

There were three vines species found in the scat samples, Cissus hypoglauca,
Elaeagnus triflora and Ripogonum album, and these are all vines species that
have been observed being used by D. lumholtzi (Procter-Gray 1984, 1985,
Newell 1999, TKMG unpublished data) confirming that vines are also important
to D. lumholtzi. Cissus hypoglauca accounted for 31% of the scat sample for
one female (Lisa) who inhabitat the riparian zone on a spring in the study site.
This animal was observed in Ficus crassipes on a regular basis and was found
to be selecting it more than expected (Section 5.2.11). This individual tree had

a large amount of Cissus hypoglauca in its canopy and it was proposed that the
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presence of this vine was the reason for the preferred choice of this tree as the

cuticles of the fig were not apparent in the scat samples.

From observations in the wild and in captivity, D. lumholtzi appear to favour the
young leaves of some species (pers. obs.) and also the petioles of at least two
tree species (Litsea leefeana and Mischocarpus lachnocarpus: pers. obs.). The
presence of fragments of petioles and some young leaves in D. lumholtzi scats
samples confirm that they do, although not in high abundances. However,
these plant parts may be more readily digested and hence not always be
present in the scats. Other arboreal folivores such as leaf-eating monkeys
(Hladik 1978, McKey 1978, Glander 1978) consume large numbers of young
leaves and petioles and is believed to be because the young leaves and

petioles contain more nutrients and minerals (Hladik 1978).

It has been suggested that Dendrolagus spp occasionally eat animal protein in
the form of eggs or birds (Betz 2001, Johnson et al 2002). There was no
evidence of animal protein, feathers, insect exoskeleton or eggshell in any of

the faecal samples from this study.

Some important points to consider when using this technique to sample diet, is
that one pellet is only a snapshot of their diet, it would be preferable to take
samples of the same animals over a period of time especially for seasonal
differences in diet. Furthermore, due to possibly long retention times in
folivores, the scats found under a tree would not necessarily have cuticles
representing that particular tree species. The species present would more
likely be from between a few days to possibly a week earlier (Jones 2000).
Jones found in captive D. matschiei that retention times varied on average from
4.8 — 7.8 days range 0 -13 days). Moreover, not all cuticles would survive
digestion and therefore would not be present in the faeces, especially the less
robust leaves (Storr 1961). These species would then be under represented in

the samples if found at all.
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6.4 CONCLUSIONS

This study has shown that the use of microscopic faecal analysis using plant
cuticles is a practical way to confirm the diet of tree-kangaroos in the wild as it
has been found in other marsupial species (Copley and Robinson 1983,
Norbury 1988, Ingleby et al 1989, Ellis et al 1999, How and Hillcox 2000,
Lapidge 2000, Moore and Foley 2000, Woolnough and Johnson 2000, Sullivan
et al 2003) and can confirm the use of tree species otherwise found to be not
preferred from habitat selection studies, such as Guioa lasioneura.
Furthermore, the ingestion of vine species, which is difficult to observe in the

wild, can be confirmed using this technique.

This technique has been found to be a practical way to access and confirm the
diet of D. lumholtzi and will also prove invaluable for dietary analysis in areas
where tree-kangaroos are seldom seen in the wild. Furthermore, it gives
supplementary information on preferred floral species, especially when that
species is in high abundances such as Guioa lasioneura, as preference is
reflected in selection, which can only occur when a component is relatively
scarce (Johnson 1980, Manly et al 2002). Moreover, it provides additional
information on diet for individual animals of floral species that were not

observed being utilised.

Because the scat analysis represents a specific and short-term sample of D.
lumholtzi diet it can also be used to increase our understanding of seasonal
change in food resources by sampling over different seasons. The increased
knowledge of preferred species using this technique will assist in the

management and the restoration of tree-kangaroo habitat in the future.
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Chapter 7: Gross morphology and capacities of the
gastrointestinal tract of Dendrolagus
lumholtzi, an arboreal folivore.

7.0 INTRODUCTION

Optimal foraging theory predicts that the foraging behaviour of an animal
(including mating, territory maintenance and predator avoidance behaviours)
that provides it with the greatest fitness is that which maximises the net rate of
energy or nutrient intake (Townsend and Hughes 1981, Hume 1989). Similarly,
optimal digestion theory predicts that the digestive strategy of an animal that
provides it with the greatest fitness is that which maximises the net rate of
energy or nutrient release from ingested food (Sibly 1981, Sibly and Callow
1986, Hume 1989). Optimal digestion time will vary among food types, being
longer for poor-quality (high fibre) foods than for high quality (low fibre) food
types. Therefore, animals that eat poorer-quality foods should have larger
digestive tracts so that more food is being processed at any one time (Hume
1989). Finally, for any given rate of food intake, an animal should maximise
retention of food to maximise the rate of obtaining energy (Sibly 1981, Sibly and
Callow 1986, Hume 1989).

Herbivorous animals have the additional complexity of processing the tough
plant material in their diet. Plant material is broadly composed of cell contents,
cell walls, plant exudates and anti-herbivore secondary compounds (Hume
1989). These components have varying degrees of digestibility and herbivores
have a variety of digestive tract modifications to deal with these. Possession of
large numbers of symbiotic microorganisms is a central feature in the digestion
of structural carbohydrates of plants by herbivores. In addition, these
microorganisms also synthesise amino acids and vitamins essential to the host

animal (Stevens and Hume 1995).

To achieve this microbial degradation herbivorous marsupials, like eutherians,
have modified digestive tracts with either an expanded foregut or hindgut
fermentation chamber housing the microbial symbionts (Bauchop 1978,

Richardson 1980). In the marsupials, the Vombatoidea (wombat and koala) and
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the Phlangeroidea (possums) are hindgut fermenters with a modified caecum
and large intestine for microbial fermentation, whereas the Macropodoidea
(kangaroos, wallabies and rat kangaroos) are all foregut fermenters with
modified stomachs (Richardson 1980). Consequently, tree-kangaroos, the only
arboreal folivorous kangaroos, are foregut fermenters, as opposed to the other
hindgut fermenting marsupial arboreal folivores. Other foregut fermenting
arboreal folivores are found among the colobine primates (leaf eating monkeys)
and the sloths (Cork 1996).

Foregut fermentation, in contrast to hindgut fermentation, subjects food to
microbial attack before exposure to intestinal enzyme or microbial action (Hume
1982). Therefore, the main advantage of the forestomach fermentation is that
after leaving the stomach, the fermentation products, including bacteria, can be
digested and absorbed in the functional sites of the small intestine (Bauchop
1978). Another benefit is that the digesta can be delayed for longer periods
than in caecum or caecum-colon fermentation systems, giving maximum time

for microbial digestion of the fibre (Van Soest 1982).

Although foregut fermentation is best developed in the Ruminantia, it has
probably evolved independently in the sloth, leaf eating colobine monkeys and
in the macropodoid marsupials (Bauchop 1978), where the forestomach
consists grossly of one or more diverticulae or sacs (Hume 1989). Early
workers classed these animals as either ruminants or ruminant-like animals
(Richardson 1980). However, in macropodoids the modification is primarily an
expansion of the forestomach or cardiac region of the stomach as the primary
site for microbial fermentation of plant tissue (Richardson 1980; Hume 1982),
as opposed to a complex expansion of the oesophagus and portions of the
stomach in the true ruminants (Stevens and Hume 1995). Furthermore,
although macropods do regurgitate their food occasionally, a process called

“‘merycism”, they do not ruminate (Hume 1989).

The earliest ancestral form of macropodoid marsupial, which split from arboreal
rainforest diprotodontids by the mid-Miocene (Flannery 1989), is believed to
have had simple dentition and gut morphology (Freudenberger et al 1989). The

extant omnivorous musky rat-kangaroo (Hypsiprymnodon moschatus), a
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Potoroid, which also has simple dentition and gut morphology is believed to be

similar to this early macropod (Flannery 1989, Freudenberger et al 1989).

As the Australian climate became increasingly arid, in the late Miocene and
early Pliocene, new nutritional niches appeared and a diversity of morphological
and physiological adaptations occurred (Freudenberger et al 1989). This
diversity ranges from the small Potoroids (0.5 - 3kg) which seek diets rich in
nutrients such as plant roots, fungi and invertebrates; to the large grazing
kangaroos (>20kg) which exploit poor quality but abundant grasslands
(Freudenberger et al 1989). Their dietary diversity is evident in their gut
morphology. Potoroids have a largely sacciform forestomach, whereas the
large grazing Macropodids tend to have the most reduced sacciform but most
expanded tubiform forestomach (Hume 1982, 1999, Freudenberger et al 1989),
with a trend toward increasing relative size of the tubiform forestomach with
increasing body size (Freudenberger et al 1989) and increasing reliance on
grazing rather than browsing. It has been suggested that an expanded tubular
forestomach allows macropods to eat more poor quality forage than ruminants

of similar size (Hume 1984).

Tree-kangaroos are thought to have returned to the trees in the late Miocene
when others members of the family were moving out to the grasslands
(Flannery 1989), and appear to fit intermediately between these two classes of
gut morphology, with both a large sacciform forestomach and a long tubiform
forestomach (Figure 7.1). This is similar to other browsing species of the forest,
such as pademelons (Thylogale spp.), where the sacciform forestomach
constitutes about 50% of the total stomach weight, and probably true for the
ancestral macropodids (Freudenberger et al 1989). The foregut-fermenting
folivorous monkeys (Colobines) also tend to have an intermediate grade or

browser type gut morphology (Hume 1989).

The large sacciform morphology of browsers maximises retention of digesta for
fermentation and results in high digestibilities of plant cell walls (Freudenberger
et al 1989). Freudenberger et al (1989) propose that this is a derived feature to
facilitate the rapid passage of less digestible plant material. On the other hand,

a more tubiform morphology, such as in the large grazing kangaroos, leads to a
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less than maximal retention of digesta for fermentation (Hume 1989) with a
greater flow rate, allowing a greater amount of plant material to be processed

faster.

Foregut fermentation employing a sacciform/tubiform forestomach (as in tree-
kangaroos, tree sloths and colobus monkeys) is postulated to be optimal for
mixing leaf/fruit and leaf/seed diets that are available in many tropical forests,
assuming it allows high-fibre meals to be retained for microbial fermentation
while permitting, low-fibre meals to pass rapidly to the hindstomach for

acid/enzymic digestion (Cork 1996).

Relatively little is known about tree-kangaroo gut morphology and physiology.
There have been some descriptions on the morphology of the gastrointestinal
tract in a few species of tree-kangaroos (Owen 1852, Flannery et al 1996,
Hume 1999). However, there are few quantitative data or comparisons to other
kangaroo species in relation to size and capacities of the different digestive

regions.

This chapter describes the morphology and capacity of the gastrointestinal tract
in Dendrolagus lumholtzi and compares it to studies on other macropod
species. The differences between species and other arboreal folivores are

discussed.

7.1 METHODS

This study was based on 21 adult road and dog killed D. lumholtzi specimens,
and an additional two pouch young 557g and 590g in body weight, collected

over a two year period (2001 — 2003) on the Atherton Tablelands in Far North
Queensland. When possible, specimens were dissected fresh but most were
frozen for processing at a later date. Two specimens were collected in earlier

years by other researchers and had been stored frozen prior to processing.

Each carcass was weighed and measured, before the entire gastrointestinal
tract from the sub-diaphragmatic oesophagus to rectum was removed via a
mid-ventral incision, with as little disturbance of gut content as possible (as in

Lentle et al 1998). The mesenteric attachments were cut to allow uncoiling of
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the intestines and the entire gut was laid out on a board with a 10cm x 10cm
grid (Dellow 1982) and photographed (Figures 7.1 and 7.2).

The gastrointestinal compartments were tied off and separated as follows: the
stomach, from the commencement of the sub-diaphragmatic oesophagus, to
the site of attachment to the small intestine at the pylorus; the small intestine,
from the site of attachment to the pylorus, to the site of attachment with the
caeco-colonic junction; the caecum, from the site of attachment at the junction
of the colon and the small intestine; the colon, from the site of attachment at the
caeco-colonic junction to the rectum (as in Lentle et al 1998, Freudenberger
1992). The different regions of the forestomach, sacciform and tubiform, were
not separated in this study for measurements as the ventral fold that separates
the regions was not externally visible in D. lumholtzi specimens and it was not
possible to precisely determine their junction. However, for the purpose of
morphological descriptions, approximate sizes of each region could be

measured using the grid when the gut was laid out.

The length of each segment was measured (+ 1.0mm) with a plastic tape. The
stomach was measured by placing the tape around the outside or longest route
round the gastric wall (greater curvature) from the pylorus to the end of the
blind sac of the sacciform stomach; and also by measuring along the inside or
shortest route round the gastric wall (lesser curvature) from the pylorus to the
blind sac of the sacciform stomach along the taenia. The length of the intra-

abdominal oesophagus was also measured on six specimens.

Each gut compartment was weighed (wet weight £ 1.0g) and then samples of
digesta were taken as follows: sacciform forestomach region, tubiform
forestomach region, hind stomach region, proximal and distal small intestine,
proximal and distal colon and caecum. Digesta was then thoroughly washed
out of each segment using a hose, excess water removed by squeezing and
blotted dry with tissue (as in Lentle et al 1998, Freudenberger 1992). Each
segment was then re-weighed (+ 1.0g) giving total wet weight of regions of the
digestive tract and total wet weight of digesta was estimated from the difference
(as in Lentle et al 1998, Freudenberger 1992). Caecum and colon (large

intestine) weights were combined to allow comparisons to other studies.
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Additional photographs were taken of the inside of the stomach of several
specimens after the stomach was inverted to show gastric sulcus (Figures 7.1
and 7.2).

The term “capacity” refers to the total wet weight of digesta contained in a
defined region. Gut capacity was defined as the wet mass of total digesta from

the entire gastrointestinal tract as a proportion of body mass.

Male and female measurements were compared using Student’s T-tests. The
557g and 590g male pouch young were excluded from these analyses and
resulting tables, as the intestinal tract in these animals were not fully developed.
Correlations between body weight (kgs) and wet gut contents (g); and body
weight (kgs) and gut tissue weight (g) were also investigated using Statistica for
Windows V4.5 (Softstat Inc. 1993).

7.2 RESULTS
7.2.1 Morphology

The external and internal features of the gastrointestinal tract of both adult and

pouch young D. lumholtzi are shown in Figures 7.1 and 7.2.

The mean (x SE) length of intra-abdominal oesophagus in D. lumholtziis 7.2 +
0.4cm (n = 6). The oesophagus enters the stomach, at an entry point called
the cardia, at approximately one-third of the way along the lesser curvature of
the stomach, into the sacciform forestomach near the tubiform-sacciform

junction (Figure 7.1). The cardia opens directly into the gastric sulcus.

D. lumholtzi has a well developed gastric sulcus or ventricular groove, in adults
(Figures 7.1c, 7.1d, 7.1f) and the two pouch young examined (Figure 7.2b).
The gastric sulcus runs from the cardia along the lesser curvature of the

stomach almost all the way to the hindstomach.

D. lumholtzi has a relatively large sacculated forestomach compared to other
kangaroos (Figures 7.1b, 7.1e, 7.6), a large tubiform forestomach and a smaller
hindgut. Although the different regions of the stomach were not separated in
this study, it can be seen in the figures that the sacciform (~ 30cm) and

tubiform
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Tubiform 'forestomach'

Hindstomach

Figure 7.1. Photos of the gastrointestinal tract of an adult Dendrolagus lumholtzi (TK13).

a) Dissected body showing position of gut in situ. b) Stomach. c) internal view of stomach. d) close-up of
gastric sulcus. e) entire digestive tract dissected free from mesenteric attachments and uncoiled to show
sections clearly. f) internal view of gastric sulcus.

Scale: 10cm x 10cm grid in background. Scale shown where grid cannot be seen.
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Figure 7.2. Photos of the gastrointestinal tract of D. lumholtzi pouch young.

a) Dissected body of 5579 joey showing position of guts in situ. b) Internal view of stomach of 5579 joey
showing the gastric sulcus. c) Entire digestive tract of 5579 joey, dissected free from mesenteric
attachments and uncoiled to show sections clearly. d) stomach of 590g male pouch young e) 142g joey
stomach.

SF, sacciform forestomach; TF, tubiform forestomach; HS, hindstomach; P, pylorus; O, oesophagus
(cardia); S, spleen

Note that the haustrations in the tubiform or sacciform forestomach regions and the taenia are not obvious
at 142g and 5579, the gastric sulcus is well developed and the joey has lots of fat tissue in the abdomen
(a).

Scale: 10cm x 10cm grid in background. Scale is shown where grid cannot be seen.
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(~ 35cm) foreguts are almost the same size, with the tubiform being only slightly
longer (Figure 7.1b). However, the hindgut is smaller (~ 15cm) as in other
kangaroos (Langer et al 1980). The hindgut is large in the pouch young
(Figures 7.2c-e).

As with all macropods, the major external features of the forestomach are the
taeniae and associated haustrations (Figure 7.1). The hindstomach does not
possess these and is relatively smooth. The musculature of the forestomach
wall is differentiated into several bands of longitudinal muscle, the taeniae, one
on either side. Semi-lunar folds extend between the taeniae, creating the
haustrations, which give the stomach its “colon-like” appearance (Owen 1868,
Hume 1982, Freudenberger et al 1989). These taeniae and haustrations are
not well developed in D. lumholtzi pouch young of 142g and 557g body weight
(Figure 7.2a-c,e), are more developed in the 590g pouch young (Figure 7.2d),
but are well developed by the time they are 2kg in body weight.

The small intestine (245.7 £ 9.5cm, n = 12) is longer than large intestine (121.3
+ 7.0cm, n = 12) (Table 7.1). The large intestine is relatively short and the
caecum is small (9.9 £ 0.5cm, n = 12) and not haustrated. The mean values of
dimensions for the different regions of the gut for males and females are shown
in Table 7.1.

Table 7.1. Dimensions of each region of the gastrointestinal tract of male and female D. lumholtzi.
Values are the means + standard errors and ranges. n in parentheses is the number of specimens.

Female and
Lengths (cm) Male mean Male range Female mean Female range male mean
(n=9) (n=9) (n=3) (n=3) -
(n=12)
Stomach inside 452425  380-600  422+6.1 300-490  445+23
(Lesser curvature) e ' ' o ' ' T
Stomach outside
(greater curvature) 79.7+4.3 61.0-101.0 80.7+2.03 77.0-84.0 79.9+32
Small intestine 253.6+11.5 225.0-340.0 222.0+3.8 215.0-228.0 2457 +9.5
Large intestine 1136 +8.0 82.0-151.0 104.7 + 14.3 77.0-125.0 111.3+6.8
Caecum 104+0.6 75-13.0 87109 7.0-10.0 10.0+0.5
Oesophagus 72+04 57-85 72+04
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7.2.2 Capacities

The capacities (total wet weight of digesta) of the different regions of the gut,
along with the capacities as a percentage of body weight and total wet weight of

each region for males and females are shown in Table 7.2.

The mean total wet tissue weight of the gut was 330.6 + 19.3g, with 331.0 +
22.0g for males and 330.1 + 35.8g in females (Table 7.2). There was a strong
positive correlation between wet tissue weights to body weight (r=0.84, P =
<0.001, Figure 7. 4).

Total gut contents as percentage of body weight was 16.5 £ 1.3% for males
and 20.1 £ 1.9% for females, with a range up to 26.8%. There was a strong
positive correlation between body weight and wet gut contents (total digesta) (r
=0.69, P =0.0006, Figure 7.3).

The capacity of the stomach as a percentage of body weight was 13.1 + 1.1%
for males and 16.7 + 1.7% for females, with an overall mean of 14.6 + 1.0%
(Table 7.2).

The stomach was the largest region of the gut (80.6 £ 0.9%) and significantly
larger in females than males (79% for males and 82.8% for females; t = 2.3, df
=19, P=0.03, Table 7.2). There was a strong positive correlation between

body weight and wet stomach contents (r= 0.7, P = 0.001, Figure 7.5).

The large intestine had greater capacity than the small intestine (13.8% large
and 5.6% small, P = < 0.0005, Table 7.2) and the large intestine and caecum,
as a percentage of total gut contents, was larger in males than females; 16%
males, 10.9% females (t = -3.0, df = 19, P = 0.007, Table 7.2). There was no

significant difference with the sexes in any other measurement.
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Table 7.2: Capacities of regions of the gastrointestinal tract of male and female D. lumholtzi.

All weights refer to the wet weight of digesta contents (g) or wet weight of tissue (g). Values are the
means + standard errors and ranges. n in parentheses is the number of specimens.

Male and

Male mean Male range Female mean Female range female mean
(n=12) (n=12) (n=9) (n=9) =21

Body weight (kgs) 6.5+0.4 3.3-9.2 54+33 2.0-7.6 6.02 + 0.4
Stomach contents (g) ~ 831.8+73.7 490.0-1259.0 9043 +162.1 381.0-1723.0 862.9+79.2
?,}fg}abc:d?\lvné?gﬁ) 131+ 1.1 8.0-19.7 16.7+1.7 89-227 146410
fé?‘?!r:{‘;‘?;'”e 53.7+8.0  12.0-114.0 69.7+172  19.0-179.0 60.5+ 8.6
tg;%:n't”;‘?;'”e 1425+16.5  54.0-229.0 917+21.0  220-211.0 1207+139
Caecum contents (g) 275+22 14.0-41.0 22.1+47 6.0-46.0 252+24
Total gut contents (g)  1055.5+93.1 609.0- 1538.0 1087.8+190.2 473.0-2033.0 1069.3 + 94.5
I?Lﬂdgy”f,v‘;‘i’;;%”ts (% 165+13  10.1-23.8 201+1.9 104-268  18.0+12
Relative capacities (% of total gut contents)
Stomach 79.0 +1.3 73.3 - 85.5 82.8+0.8 78.8 - 86.4 80.6 + 0.9
Small intestine 50+05 2.0-8.3 6.3+1.0 3.4-12.1 556 + 0.5
rarge intestine *+ 160+1.0  10.9-21.4 109+ 15 22-154  138+1.0
Wet tissue weight (g)
Stomach 1933+ 147  86.0-279.0 1950+216  850-299.0 194.0+12.1
Small intestine 788+56  48.0-123.0 828+97  51.0-129.0 80.5+5.1
Large intestine 56.1+3.6 23.0-71.0 49.0 + 6.4 24.0-83.0 53.1+3.4
Caecum 2.8+03 1.0-4.0 33+06 2.0-8.0 31+03
Total Wet Tissue 33104220 158.0-476.0 330.1+358 167.0-505.0 330.6+19.3

weight (g)
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Total wet gut tissue weight (g) Total wet gut contents (g)

Total wet stomach contents (g)
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Figure 7.3 Total wet
mass of the gut contents
as a function of body
mass for D. lumholtzi.

600 -

500 -

400 +

300 -

200 -

2 4 6 8 10
Body weight (kgs)

y=39.6x+92.3
R%=0.6,n=21 .

Figure 7.4 Total wet
mass of the gut tissue as
a function of body mass
for D. lumholtzi.
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Figure 7.5 Total wet
mass of the stomach
contents as a function of
body mass for D.
lumholtzi.
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7.3 DISCUSSION

7.3.1 Morphology and capacities
Langer et al (1980) and Hume (1999) have described the gross morphology of

macropod stomachs. They concluded that, although the gross structure of the
macropod stomach had generally been considered similar among species that
there are marked differences between the species that they examined related
to diet (Langer et al 1980, Hume 1999). This study has shown that this is also
true for D. lumholtzi. The gross morphology of the gastrointestinal tract of D.
lumholtzi is similar to that of other browsing macropods and other foregut
fermenting folivores such as the colobine monkeys and sloths, with a larger
sacciform forestomach and greater stomach capacities than grazing

macropodids (Figure 7.6).

As with other mammals, the oesophagus enters the stomach on the lesser
curvature and this entry point is called the cardia. The cardia opens directly
into the gastric sulcus in D. lumholtzi. This ventricular groove extends from the
cardia to the non-sacculated region along the lesser curvature, and its length
and definition varying with different macropod species (Bauchop 1978). In the
ruminant forestomach a reticular groove, similar to the gastric sulcus in
macropods, connects the cardia with the reticulo-omasal orifice. Contraction of
its muscular walls forms a tube which allows milk in suckled young to bypass
the reticulum and rumen, where it would be fermented, and to pass directly into
the abomasum to allow for efficient utilisation of milk (Langer et al 1980, Hume
1999, Van Soest 1982). The stimulus for closure of the sulcus is the suckling

reflex.

The gastric sulcus is absent in the red-necked pademelon Thylogale thetis
(Langer et al 1980), red-legged pademelon T. stigmatica and the little rock
wallaby Peradorcas concinna (Hume and Dellow 1980). Itis also reduced in
during ontogenetic development in M. giganteus (Langer et al 1980). However,
both adult and pouch young D. lumholtzi examined in this study had well
developed gastric sulci. The gastric sulcus is also present in other arboreal

folivores such as colobine monkeys and sloths (Cork 1996).
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The presence of this groove in most species of Macropodoids may be an
example of convergent evolution between marsupials and eutherians. Whether
the function of the groove is similar in the two groups remains to be determined
(Richardson 1980). However, it has been postulated that this may function, not
only to bypass milk while suckling, but also to assist the caudal movement of
liquid digesta, and other material that needs no fermentation such as cell
contents, to directly to the hind stomach (Hume 1982, 1999). This is supported
by the belief that a well-defined ventricular groove allows ingested liquids to
pass directly from the oesophagus to the middle compartment of the stomach in
the colobine monkeys (Bauchop 1978). This is also supported by radiographic
studies by Langer et al (1980), where the gastric sulcus has been reported to
facilitate the movement of more liquid digesta caudally along the lesser
curvature of the tubiform forestomach, directing it into the hindstomach. The
presence of a well developed gastric sulcus in D. lumholtzi would be important
for suckling young after they begin to eat leaves. D. lumholtzi young at foot
continue suckling for up to 240 days after permanent emergence from the
pouch (Johnson and Delean 2003). Furthermore, in adults, a well developed
gastric sulcus would be beneficial by bypassing fermentative digestion of liquid
digesta, directing it to the hindstomach allowing rapid digestion of cell contents.
It is plausible that the reduction in the gastric sulcus in M. giganteus and other
large grazing macropodids is due to the increased flow of digesta in their larger
tubiform stomach and therefore it would be unnecessary to bypass liquid

digesta.

It has been suggested that in many species of Macropodidae that the two
regions of the forestomach, the sacciform and tubiform, are separated by a
permanent ventral fold (Langer et al 1980). This ventral fold was not visible in
D. lumholtzi, therefore any separation and subsequent measurement of these
sections would have been somewhat subjective. Hume (1982) suggested that
it cannot be seen in eviscerated specimens, which are invariably dissected free
from mesenteric attachment and partially uncoiled during preparation. He also
suggests that it is possible that the ventral fold described by Langer et al (1980)
may be an artefact of the preparation in situ caused by collapse of parts of the
stomach wall not held firmly by mesentery (Hume 1982).
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Even though the three regions were not separated in this study, it can be seen
in the photographs (Figures 7.1b and 7.1e) that the sacciform and tubiform
stomachs can be roughly separated at the region caudally to the position of the
oesophagus (cardia) and are approximately the same size. In comparison,
Macropus robustus robustus has a sacciform stomach that is relatively larger
than M. giganteus (Dellow 1982) and in T. thetis the sacciform stomach is much
larger in proportion to the total forestomach (Langer et al 1980) (see Figures 1-
4 in Dellow 1982).

Larger grazing kangaroos have larger tubiform forestomachs, and browsers,
such as pademelons and tree-kangaroos, have larger sacciform forestomachs
(Freudenberger et al 1989). It has been suggested that a larger tubiform
forestomach allows for a greater flow rate and a larger quantity of low quality,
high fibre plant material to be processed (Freudenberger et al 1989). Whereas
a large sacciform forestomach allows the accumulation of digesta and slow rate
of passage essential for extensive fermentation of plant materials (Bauchop
1978). Another benefit of a large sacciform stomach and the symbiotic bacteria
within, allows folivores to detoxify fruits, leaves and seeds containing a range of
potentially toxic ingredients, including cyanide and strychnine, before the toxins
are absorbed (Janzen 1978, Coley 1983, Waterman et al 1988, Dasilva 1992).
Some gut microbes are capable of metabolising toxic plant compounds (Barry
and Blaney 1987) and there is evidence that tannin-protein complexes can be
broken down by microbial action (Milton 1978, Foley and Hume 1987). A larger
sacciform stomach in relation to the tubiform stomach is also found in colobine
monkeys (Hill 1952, Bauchop 1978, Stevens and Hume 1995) and sloths
(Montgomery and Sunquist 1978, Bauchop 1978) (Figure 7.6).

Although the forestomach of sloths resembles that of ruminants in being mainly
sacciform, those of colobine primates and tree-kangaroos are different from
ruminants in having both tubiform and sacciform components with the
sacciform component being offset from the main flow of digesta (Cork 1996). A
similar arrangement of sacciform and tubiform stomach components in
potoroine marsupials (rat kangaroos) is postulated to allow variable flow of

dietary fibre and the opportunity for much of the digesta, especially components
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such as cell contents dissolved or suspended in the fluid fraction, to bypass
fermentative digestion (Cork 1996, Hume and Carlisle 1985). This is enhanced
by the presence of a gastric sulcus in sloths (Montgomery and Sunquist 1978,
Bauchop 1978), colobine monkeys (Hill 1952, Bauchop 1978, Stevens and
Hume 1995) and tree-kangaroos, which also assists in the bypass of liquid
digesta.

Table 7.3: Comparison of the relative capacities and dimensions of regions of the gastrointestinal tract of
D. lumholtzi: and Thylogale thetis, Macropus eugenii and Macropus giganteus (Dellow and Hume 1982).

All weights refer to the wet weight of digesta contents or wet weight of tissue. Values are the means +
standard errors and ranges. n in parentheses is the number of specimens.

D.lumholtzi T. thetis M. eugenii M. giganteus
(n=21) Browser Grazer Grazer
Body weight (kgs) 6.0+04 59+1.0 45+0.3 19.1+£0.7
Total stomach contents (g) 862.9+79.2 448.0+ 86.0 279.0+23.0 1924.0+ 198.0
Total stomach contents (% of body 146+ 1.0 76406 6.4+0.7 10.0+0.7

weight)

Relative capacities (% of total gut contents)

Stomach 80.6+0.9 76.0+ 3.0 76.0+4.0 80.0+1.0
Small intestine 56+0.5 80+1.0 9.0+1.0 9.0+1.0
Large intestine + caecum 13.8+1.0 17.0+1.0 156.0+ 2.0 11.0+1.0

Lengths (cm)

Small intestine 2457+ 9.5 254.0£23.0 271.0+14.0 407.0+£28.0
Large intestine + caecum 121.3+7.0 90.0+11.0 100.0+ 3.0 165.0+17.0
Caecum 10.0+ 0.5 120+£1.0 100+1.0 30.0+£2.0

Dendrolagus lumholtzi has a similar average body weight to both Thylogale
thetis, a rainforest dwelling browser, and Macropus eugenii, a dry country
grazer (Dellow and Hume 1982: Table 7.3). However, the total stomach
contents in D. lumholtzi were much greater at 862.9g vs 4489 and 279g
respectively (Table 7.3). The much larger M. giganteus has over double the
absolute stomach contents (1924 + 198g) of D. lumholtzi, but substantially less
as a proportion of body weight (Table 7.3).

The stomach of D. lumholtzi is very large and when full can weigh up to 23% of
its body weight and total gut contents up to 26% of the body weight, a
proportion similar to ruminant (15%: Bauchop 1978, Table 7.4), and other
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ruminant-like animals, especially other arboreal folivores such as the colobine
monkeys (10.5 - 20.6% of the total body weight: Ohwaki et al 1974), the langur
monkey (17% of body weight: Bauchop and Martucci 1968) and sloths
(Bradypus sp: 20-30% of the body weight: Montgomery and Sunquist 1978,
Bauchop 1978). However, this is approximately twice the size of other species
of kangaroos previously studied, even other "browsers”, such as T. thetis, which
had much smaller stomach capacities of less than 10% of their total body
weight (Langer et al 1980, Dellow and Hume 1982). Therefore, D. lumholtzi
has a larger sacciform forestomach and greater total stomach capacity than
other macropods, including other browsers, and is more similar to that of other

arboreal foregut fermenting folivores.

Table 7.4. A comparison of the relative capacities and dimensions of regions of the gastrointestinal
tract of D. lumholtzi, other kangaroo species, ruminants and arboreal folivores. All weights refer to the wet
weight of digesta contents or wet weight of tissue. Values are the means + standard errors and ranges. n
in parentheses is the number of specimens.

Total

stomach Total gut
Body weight contents (%
contents (% References
(kgs) of body
of body weight)
weight)
Dendrolagus lumholtzi (n = 21) 6.0+04 146+1.0 180+1.2 This study
. _ Dellow and
Thylogale thetis (n = 4) 59+1.0 76106 Hume 1982
Macropus eugenii (n = 4) 45+0.3 6.4+07 “
M. giganteus (n = 4) 19.1+0.7 10.0+0.7 “
M. robustus robustus (n = 16) 210+14 9.2 +0.4* 13.2+05 “
Colobine monkey 8.0 10.5-20.6 Bauchop 1978
Bauchop &
Langur monkey 5.4 17.4 Martucci 1968
Sloth 4.7 15.3 Hartman 1959
Goat 32.1£2.2 14.9 + 1 204+15 | Freudenberger
1992
Sheep 58.0 15.6 19.1 Parra 1978
Cattle 273.0-546.0 10.0-18.0 13.0-24.0 Parra 1978

Both the sacciform and tubiform forestomachs have haustrations, which would
assist with the mixing and fermentation of the gastric contents (Richardson
1980). These haustrations were not well developed in the D. lumholtzi pouch
young examined in this study, except in the 5909 joey where they were
beginning to form. This is the approximate size that tree-kangaroo pouch
young begin to eat foliage (Dabek 1991).
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Figure 7.6.Comparison of different gastrointestinal tracts. a) Colobus monkey, Colobus abyssinicus b)
Eastern Grey kangaroo, Macropus giganteus c) sloth, Bradypus tridactylus d) Lumholtz's tree-kangaroo,
D. lumholtzi. Scale 10cm grid. a—c). Taken from Stevens and Hume 1995.
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The hindstomach of macropods, as described by Hume (1978) and Langer et al
(1980), consists of the gastric pouch (the site of hydrochloric acid secretion)
and the pyloric region. The hindstomach of D. lumholtzi is smooth with no

haustrations, as in other kangaroos.

The small and large intestines in D. lumholtzi are both shorter than those of
ruminants (Hume 1982) and to those of larger kangaroos (Table 7.3). It has
been suggested that with increasing fermentation in the foregut, such as in
tree-kangaroos, herbivores will minimise the proportion of the gut (i.e. the small
intestine), which is used in enzymatic digestion (Penry and Jumars 1987).
Lentle et al (1989) suggested that the colon is generally longer in grazers than
browsers, such as tree-kangaroos. The caecum in D. lumholtzi is relatively
small compared with that of other macropods, simple and tubular with no
haustrations (Dellow 1982). The caecum has also been found to be longer in
grazing macropods (Lentle ef al 1989). The increase in length of the colon and
caecum in grazers (Osawa 1987) or macropods with diets of low nutrient quality
(Lentle et al 1998) is believed to provide additional capacity of the hindgut for
microbial digestion of plant cell walls (Freudenberger et al 1989). This increase
in hindgut activity would be beneficial for grazing macropods with their larger
tubiform forestomach with increased passage of digesta and less time for
fermentation in this region. In contrast tree-kangaroos with a larger sacciform
stomach for increased storage of digesta for fermentation, do not require as
long a colon and caecum as the grazers, although some microbial digestion
would still occur in these regions. The large intestine of the sloth is also short

and the caecum is absent (Bauchop 1978).

There was some sexual variation in relative capacities of gut regions in D.
lumholtzi (Table 7.2, Figure 7.5). Female D. lumholtzi had larger relative
capacities of the stomach than did males and male D. lumholtzi had larger
colon and caecums than the females. Lentle et al (1998) found significant
differences in the allometric scaling of the colon tissue between the sexes in the
Tammar wallaby (M. eugenii). Moreover, they found other sexual dimorphism
in gut morphology, with females having relatively heavier walls in foregut and

hindgut and relatively longer colons. Similar sex differences in colon length
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have been reported in rabbits and were attributed to an increase in digestive
capacity in breeding females at this time (Sibly et a/ 1990). Although female D.
lumholtzi were found to have shorter colons than males in this study, females
did show significantly larger stomach in relation to the rest of the gut, which

may also be attributed to an increase in digestive strategy for breeding.

7.4 CONCLUSIONS

Understanding the gastrointestinal morphology of tree-kangaroos is important in
relation to how they meet the optimal digestive strategy. Optimal digestive
strategies and optimal foraging strategies are linked, and should be considered

together when studying an animal’s ecology (Hume 1989).

The large stomach capacity and larger sacciform region in Dendrolagus
lumholtzi is more similar to other foregut fermenting arboreal folivores (e.g. the
Colobine monkeys and the three-toed sloth) than to other macropod species
previously studied (even other browsing species). This is consistent with the
suggestion that a large sacciform forestomach is beneficial for foregut
fermenting arboreal folivores to efficiently meet their optimal digestion by
maximising retention of tough plant material, while still allowing low fibre or fluid

contents to pass through to the hindgut for digestion via the gastric sulcus.

On the other hand, a more tubiform morphology, such as the grazing
kangaroos, leads to a less than maximal retention of digesta for fermentation
with a greater flow rate, allowing for a greater amount of plant material to be
processed faster. Grazers can essentially eat a large amount of grass, as there
is not many plant defences in grass. However, leaf eaters cannot eat large
amounts of leaves as they have a whole varied set of problems to deal with,
such as the potentially high levels of toxins in leaves. If folivores were to
consume as much as grazers, they run the risk of poisoning themselves.
Therefore, they need to be able to digest as much as possible of the leaves

they eat, instead of consuming more, to get the same nutrition from them.
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Chapter 8: Ageing Lumholtz’s tree-kangaroos
(Dendrolagus lumholtzi), using premolar
tooth wear and annual rings in the
cementum of molars.

8.0 INTRODUCTION

An accurate method for assessing the age of an individual animal provides a
valuable insight into many aspects of a species biology (Morris 1978) and is an
important part of any study of the population dynamics of a species (Caughley
1977, Inns 1982). Accurate age data are vital in establishing such characters
as the rate of growth, onset of sexual maturity, periodicity of reproduction or life
span of a species (Klevezal and Kleinenberg 1967), population viability analysis
and many other parameters essential to the formulation of wildlife management
programmes (Morris 1978). Reliable age data can also be used to construct
life-tables for the estimation of age-specific mortality (Inns 1982). Furthermore,
this information may be important in explaining the distribution of individuals of
differing age in habitat of varying quality (Martin 1996). Age determination is
also very important for any study on the fluctuations of populations (Klevezal
and Kleinenberg 1967).

Age determination is also indispensable to many studies of comparative
anatomy, morphology and taxonomy, since without this information we cannot
determine the uniformity of comparable data or the character of variability

associated with age (Klevezal and Kleinenberg 1967).

Mammals can be aged by a variety of techniques (Caughley 1977, Inns 1982,
see Section 2.7). Common techniques for aging in macropods use a variety of
different body measurements (Sadlier 1963, Shield 1968, Sharman et al 1964,
Murphy and Smith 1970, Maynes 1972, Poole et al 1982, 1985, Inns 1982,
Blanshard 1990, Johnson and Vernes 1994, Johnson and Delean 2003), tooth
eruption (Caughley 1965, Sharman et al 1964, Ealey 1967, Maynes 1972,
Driessen and Hocking 1996), molar progression (Kirkpatrick 1964, 1965,
Hughes 1965 Sharman et al 1964, Dubzinski et al 1977, Dawson 1995, Lentle
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et al 2003b) and tooth wear (Logan and Sanson 2002, Lentle et al 1998,
2003a, 2003c).

Tree-kangaroo dentition is similar to koalas in that they have a premolar and
four molars in a flat tooth row and their teeth erupt completely early in the
animal’s maturity and in a relatively short period of time (Flannery et al 1986,
Martin 1981). Tree-kangaroos have no molar progression, as found in many
other macropods (Flannery et al 1996). Tree-kangaroos do, however have two
deciduous premolars that are replaced by a large secator premolar of the same

size by the approximate age of 2 or 3 years (Figure 8.1).

Therefore, as tree-kangaroos do not have molar progression and body
measurements and tooth eruption are only relevant up to a certain age (Inns

1982), the techniques for aging tree-kangaroos are limited.

Tooth wear is a widely used and successful indication of age in koalas (Martin
1981, Lanyon and Sanson 1986, Gordon 1991, Logan and Sanson 2002).
Continual wear of the biting and grinding surfaces of the teeth occurs (Gordon
1991, Martin et al 1999) and continues until the enamel of the cutting ridges
and cusps is worn away completely (Martin et al 1999). The underlying dentine
is then exposed and the characteristic wear patterns that appear can be used

to assign age classes or indices of age to animals.

Until this study, there have been no previous attempts to age Lumholtz’s tree-
kangaroos, Dendrolagus lumholtzi, except in pouch young in captivity (Johnson
and Delean 2003).

This study examined the suitability of developing an aging index for D. lumholtzi
based on both tooth eruption and replacement for young animals and tooth
wear of the upper premolars similar to that used to age koalas (Martin 1981,
Gordon 1991, Martin et al 1999).

For a comparison, and to test if tooth wear corresponds with independent
measures of age, the tooth wear index was compared with analysis of tooth

cementum annuli from dead tree-kangaroos, largely road-kills.
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8.0.1 Tooth cementum annuli

Annuli in cementum and dentine layers of teeth have been used to age many
different mammals (Laws 1952, Klevezal and Kleinenberg 1967, Gasaway et al
1978, Fancy 1980, McCullough and Beier 1986, Cool et al 1994, Azorit et al
2002a, 2002b), including marsupials (Pekelharing 1970, Clout 1982). Over 40
species of mammals have been aged by this method since Laws (1952) first
showed that internal dentine and cementum annulations were correlated with

age.

Although early attempts made with marsupials were unsuccessful (Kingsmill
1962, Catt 1979, Inns 1982), recent improvements to the preparation and
staining methods has resulted in an accurate and frequently used technique to
age or to develop an age index for many species (Fancy 1980, Azorit et al
2002a). In fact, tooth cementum is currently the most widely used tissue for
mammal aging (Fancy 1980, Azorit et al 2002a).

Tree-kangaroos have limited longitudinal growth of their teeth (Flannery et al
1996), and do not appear to have any clear dentine growth lines (pers. obs.), so

the cementum layers are the most suitable tissue for aging in D. lumholtzi.

8.0.2 Tree-kangaroo tooth eruption

Like other macropods, tree-kangaroos do have a limited number of deciduous
teeth (Flannery et al 1996) and a peculiar form of tooth replacement. As an
animal matures, a permanent sectorial premolar (P3) ejects both a deciduous
blade-like premolar (P1) and a molar-shaped tooth (P2) (Flannery et al 1996).
This characteristic, where - one permanent tooth replaces two deciduous ones -
is unique to kangaroos (Flannery et al 1996). It is interesting that the two
deciduous teeth form a functioning unit similar in shape and size to the
premolar that replaces them (Flannery et al 1996). In fact, the premolar
replacing the deciduous ones sits directly beneath the two deciduous ones,

fitting precisely under their roots (Figure 8.1).
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Figure 8.1. Permanent premolar (P3) under deciduous premolars in young joey.

The eruption of P3 replacing the deciduous premolars tends to be delayed until
the tooth row is complete in tree-kangaroos, whereas in other species of
macropods this takes place before the eruption of M5 (Tate 1948, Groves
1982). This premolar replacement is believed to occur by the time the animal
reaches 3 years of age in D. lumholtzi (pers. obs). After this age there are no
new teeth, just continuing wear of the biting and grinding surfaces of the

existing teeth (Flannery et al 1986).

8.1 METHODS

8.1.1 Specimen collection and preparation

37 specimens of Dendrolagus lumholtzi were collected, from road kills or death
whilst in captivity, over a period of two years (2002-2004) on the Atherton
Tablelands in far north Queensland. This included one known-age individual

that was born in captivity and died at 17 years of age.

Body weight and body measurements were recorded for each animal and the
head removed. Each head was then macerated in an individual plastic
container filled with water. The skulls were cleaned with water after a period of
one month to remove any remaining tissue and dried in the sun. No chemicals
were used in this process. Skulls were then kept dry in individual archival
boxes. Many incisor teeth became loose and fell out of the tooth socket during
the maceration process. All loose teeth were collected and placed in the

original tooth socket in skull, although some of the very small canines were lost.
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8.1.2 Tooth wear

All skulls were photographed and right upper premolar tooth wear was
described. A series of skulls representing the full spectrum of wear observed
were arranged in increasing premolar tooth wear. They were then divided into
eight distinguishable classes on the basis of this wear, similar to those
described for koalas (Martin 1981). Drawings and descriptions were made of
each class for use classifying tooth wear in the field (Figure 8.5). Tooth wear
was described on upper RHS P3 for consistency and due to its accessibility in

live animals.

Tooth wear was described before teeth were sent away for sectioning for

cementum annuli analysis.

8.1.3 Tooth cementum annuli

The right lower 1% molar (M1) tooth was removed from each dry skull and sent
away for sectioning and staining. M1 was chosen, as it is the first molar to
emerge and was used successfully by Clout (1982) to age possums. Canines,
which are used in many mammals (Fancy 1980, Cool et al 1994, Azorit et al
2002a), are not suitable for use with tree-kangaroos due to their small size and

the fact that most are lost during preparation of skull.

The most suitable region to observe incremental lines clearly was believed to
be the longitudinal cut of the interradicular pad under the crown of the molar
(Clout 1982, Azorit et al 2002a). However, it is best to examine all areas along

the root for comparison.

8.1.4 Tooth preparation
Dry teeth were prepared and sectioned by the Histopathology Laboratory of the

Veterinary Pathology Diagnostic Services, Faculty of Science, at the University
of Sydney. Each tooth was placed into processing cassettes and soaked in
10% buffered formalin for 2 hours then transferred to a decalcifying solution
consisting of 10% formic acid in 10% buffered formalin (100ml concentrated
formic acid and 900ml of 10% buffered formalin). Teeth were kept overnight in
this solution. Teeth were then transferred into RDO (rapid decalcifying solution,

Lomb Scientific) and left until sufficiently decalcified, but only for up to 4 hours.
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The teeth were cut into two longitudinal pieces between the roots giving one
perfectly flat piece from tip to root and a second piece of the area just between

the roots (Figure 8.2).

Teeth were returned to the initial decalcifying solution overnight to complete the
decalcification of the cut surface. The teeth were washed in running water to
remove surface calcium and were then processed in an automatic tissue
processor (Shandon Excelsior) over a long period of 30 hours (normal
processing time is 12 hours). Teeth were then embedded in Paraplast Tissue
embedding wax. Blocks were trimmed of excess wax and a series of at least
ten sections were cut from each tooth on a conventional microtome at 10pum
and placed onto Selleys Aquadhere coated slides. Slides were dried overnight
at 56°C.

Slides were de-waxed through changes of xylol, absolute ethanol, 95% and
70% ethanol and then washed in water. They were then stained in Whitlock’s
haematoxylin for 13 minutes and then washed in running tap water. The slides
were placed in Scott’s blueing solution for 2 minutes and washed in running tap
water for a following 2 minutes. They were then dehydrated through 2 changes
each of 70%, 95% and 100% ethanol. Slides were placed in a 50% mixture of
absolute ethanol and xylol. A coverslip was then placed on each slide using

DPX synthetic resin.

8.1.5 Counting cementum annuli

The series of sections for each tooth were examined under a binocular

microscope in transmitted light at 10x or 40x magnification.

In all tooth sections broad, lightly stained bands containing cementocytes,
alternating with narrow, darkly stained bands could be seen in the cementum
(Figure 8.5) using transmitted light. These correspond to the “Opaque” and
“Translucent “ layers described by Klevezal and Kleinenberg (1967) and
Pekelharing (1970). Pekelharing (1970) counted the broad opaque layers when
aging possums, but | followed the standard procedure described by Klevelzal
and Kleinenberg (1967) and counted the narrow dark stained bands, commonly

called incremental lines. In some sections “accessory bands” (Klevelzal and
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Kleinenberg 1967) were also visible. Comparison of sections from the same
tooth was helpful in distinguishing between true bands and accessory bands,

which were generally faint and discontinuous.

All animals were included in the analysis except for the 140g pouch young as it
had no premolars or molars emerged and therefore, the teeth would not have
any cementum at this age. The two 500gm animals were also studied for annuli

to establish if any lines are set down before the age of 1 year.

8.1.6 Validation and analysis

Only one animal in the collection was of known age. She was born in captivity
at Queensland Parks and Wildlife Service Pallarenda Research Station and
died at 17 years of age. The sections from this animal form a single point of

validation of the technique in D. lumholtzi.

There were also two 500g D. lumholtzi pouch young in the collection. At this
body size they are estimated to be approximately 5-6 months of age (Johnson
and Delean 2003). These animals, therefore, provide a confirmation of

cementum annuli deposition before one year.

Tooth wear classes were compared to the number of cementum annual rings

by bivariate analysis (Spearman’s Rank coefficient) using SPSS.

o

0.5mm

Figure 8.2. Cutting plane of the Molar (M1).
LM is the longitudinal cut of the inter-radicular pad made prior to embedding tooth in paraffin wax for
sectioning. A series of sections were taken from either side of cut.
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8.1.7 Morphological measurements

Morphological measurements such as body weight (kg), body length (mm), tail
length (mm), head length (mm) and width (mm), pes (hind foot) length (mm),

were recorded for all animals.

Head and hind foot length (pes length) (mm) were used to estimate age for the
smaller, younger animals using Johnson and Delean’s (2003) polynomial
growth equation. There were nine animals that could be used for this analysis,
ranging from 0.142g to 7.35kgs (Table 8.2).

This growth equation was used to calculate tooth eruption ages, as a
comparison to tooth wear and tooth cementum annuli in these younger animals,
but was not used for adults as the precision diminishes with age (Johnson and
Delean 2003). The only adult that was included was a young adult with
deciduous premolar teeth but 7.35kg body weight so that the deciduous
premolar replacement age could be estimated and compared to the number of

cementum annuli.

8.2 RESULTS

8.2.1 Tooth wear

Wear of the premolars begins at an early age in D. lumholtzi, with some wear
even on the deciduous premolars before complete eruption of all of the molars
(Figure 8.3a). All molars examined had a slight amount of wear on the tips of
the cusps. This continued in the P3 after the eruption of this tooth (Class llI,

Figure 8.3c).

There was more wear on the posterior end of the P3 resulting in rounding and
polishing of the posterior prominence and a slight rounding and polishing of the
anterior prominence (Class IV, Figure 8.3d). The wear of the enamel increases
until the entire longitudinal crest was worn resulting in an island of worn enamel
and a flattening of the anterior and posterior prominences results (Class V,
Figure 8.3e). This continues with complete wear of the enamel and the

formation of a cavity or basin by Class VI (Figure 8.3f). At this stage there may
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be a sharp ridge on the check (buccal) side (Figure 8.3f). After this stage the
tooth was worn flat with little cusps remaining (Class VII, Figure 8.3g). At Class
VIII (Figure 8.3h) there was wasting between the anterior and posterior roots. At

this age all of the molars had cavities in them.

The last 2 classes were more difficult to distinguish; hence the wear of the 1°
molar (M1) was also taken into account (Figures 8.3g, 8.3h, 8.4g, 8.4h). Class
VI the 1% molar (M1) has some exposed dentine but there were still cusps
visible. By Class VII M1 was flat with no cusps remaining and by Class VIII M1
was worn to half its original height (Figure 8.3h).

There was more wear on the lingual (tongue) side of the P3 than the buccal
(cheek) side, sharpening the longitudinal crest, eventually grinding down to a
basin on the lingual side (Figure 8.3h-i). The molars begin to wear down to the
dentine by age Class V starting at M1 and then to all other molars with

increasing age (Figure 8.3e-i).
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a) CLASS | b) CLASS II

e) CLASS V f) CLASS VI

g) CLASS VI h) CLASS Vil

Figure 8.3. Photographs of upper tooth row of D. lumholtzi showing tooth wear classes. Anterior of tooth
row to right. Top of page is check side, bottom tongue (lingual) side of mouth. Teeth labelled on a) and c)
DP, deciduous premolars; P3, premolar; M1 — M4, molars.
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Tooth wear was uneven with differential wear on either side of jaw. There
appeared to be more wear on LHS than RHS. However, RHS was used as for

tooth wear for consistency with other studies.

Classes | and Il may be difficult to tell apart in the field on live animals, as it is
awkward to see the back molars. However, there was some wear on the
deciduous premolars and at this age body measurements can also be used to
confirm age (Johnson and Delean 2003). Head or pes length would be more
precise measurements for age as body mass would vary with individuals with
better conditions. For example, one animal in this study was 7.35kg but still
had deciduous premolars. Hence head length would be more precise
measurement to use than body mass as this animal was obviously in prime

condition.

The differential wear of the upper premolar allowed the establishment of tooth
wear classes. Eight tooth wear classes resulted, which were similar to the
seven used on koalas (Martin 1981). The 37 specimens were then placed in

these classes based on their tooth wear (Tables 8.1 and 8.2).
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Table 8.1. Key to 8 tooth wear classes in D. lumholtzi (Figures 8.3 and 8.4).

Class Description

. Young animals Only slight wear of deciduous P1 and P2.
less than 4 molars | Slight wear on molar crests (Figures 8.3a and

8.4a).

Il. Young animals Showing wear on deciduous premolars and
with 2 deciduous all molars (Figures 8.3b and 8.4b).
premolars and all 4
molars

M. Young animals With only slight wear restricted to facets on
with P3 emerged the crests of P3 with polishing of tips
and all molars without breaching the enamel (Figures 8.3c

and 8.4c).

IV. “I shaped wear” on | Moderate wear on P3 cusps. Not quite
P3. forming an island (Figures 8.3d and 8.4d).

Rounding of either posterior or both ends of
P3, not breaching the enamel. Slight wear on
tips of cusps of all molars.

V. “C shaped wear” Enamel breached continuously with dentine
on P3. exposed on P3 leaving an island of enamel

in the centre of the tooth surface (Figures
8.3e and 8.4e). M1 entire longitudinal ridge
with exposed dentine. Dentine exposed on
most teeth to some extent.

VL. “Basin” on P3. Dentine exposed on entire P3 with all enamel
worn away from occlusal surface forming a
basin or cavity (Figures 8.3f and 8.4f). Sharp
ridge may be remaining on buccal side of P3.
Dentine exposed to some degree on all
molars.

VII. “Flat tooth” P3 and | P3 worn down to almost flat surface (Figures

M1 8.3g and 8.49). Flat occlusal surface on M1,
beginning to form a dish.

VIIL. Extreme wear P3 P3 half worn away with wasting between

and M1

anterior and posterior roots and M1 worn
down to half (Figure 8.3h and 8.4h). Front
upper incisors also very worn.
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posterior anterior
buccal or labial (cheek side)

DP2 DP1 DP2 DP1
lingual (tongue side)

b) Class Il

c) Class Il P3

e) Class V P3 f) Class VI P3

g) Class VIi

0.5cm

h) Class VIII

M1 P3

Figure 8.4. lllustrations of each of the eight tooth wear classes. White areas show enamel wear; black
areas are plaque, grey areas are not worn except on Class VI where it shows basin forming “Cavity”. a-b)
deciduous premolars, c-f) P3 premolars, g-h) P3 and M1.
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8.2.2 Tooth cementum annuli

On all of the slides, the cementum lines were clear and relatively easy to count.
Each layer is laid onto the outside of the earlier layer. However, in animals with
many lines (presumably older animals) it was difficult to count lines at the root
cushion and the lines were closer together. Consequently, it was found that it is

best to check along root as well for comparison.

In the pouch young (< 600g) that were believed to be less than one year of age,
there was a line already set down and this identified as the dentine-cementum

junction. Therefore for all other animals this line was not counted.

The 17-year-old animal had 17 cementum lines (Figure 8.6h). Therefore, it
seems likely that cementum annuli correspond with age in years of the known
animal and correspond with the tooth wear index (Figure 8.5). That is Class 1
had 1 line and Class Il had 2 and so on up to Class VI with 7-8 lines, Class VI
with 9-10 and Class VIl with 14-17 lines (Table 8.1, Figure 8.5). Thisis a
strong relationship (n = 37, rs = 0.97, P = <0.01) therefore, these lines probably

do represent years.

Tooth wear classes

01 2 3 456 7 8 910111213 14151

No of cementum annuli

6 17

Figure 8.5. Tooth wear classes in relation to the number of cementum annuli.

(n =37, 1= 0.97, P = <0.01)
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a)Class |

c) Class lll d) Class IV

e) Class V f) Class VI

g) Class VI

Ih) Class VI
|

0.1mm

Figure 8.6. Photographs of cementum annuli for each class. Incremental lines are numbered on each
photograph. Class VIl was of known age of 17 years old. D, dentine; DC, dentine-cementum junction; C,
cementum.
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8.2.3 Body measurements
As illustrated in table 8.2, there is a lot of variation in age using head or pes
lengths for animals in the wild, especially as the animals get bigger. It can be

seen that the age predictor error increases with body size.

Also the results (Table 8.2) suggest that a 3kg animal is younger than a 2kg
animal. If we examine the tooth eruption in these two animals the 3 kg animal
had M4 erupted and the 2 kg animals had their M3 erupted but not M4.

Therefore, this would suggest that the 3 kg animal is older.

Body weight can not be used to age animals precisely as there is too much
variation, especially once the animals are over 5 kgs in body mass, although
there is a significant relationship between body weight and tooth wear classes
(P =<0.01, rs = 0.64, Figure 8.7).

Tooth wear classes

0 1 2 3 4 5 6 7 8 9 10
Body weight (kgs)

Figure 8.7. Tooth wear classes as a function of body weight (kgs) for D. lumholtzi.
(n=37,rs=0.64, P =<0.01).
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Table 8.2.  Age estimation using head and pes lengths using Johnson and Delean’s (2003) “polynomial
growth equation” for animals in this study. PE predictor error in days.

. Tooth Weight Head Age PE Pes Age PE
Animal Sex wear (kgs) length (days) (days) - length (days) - (days) -

class (mm) - Head Head (mm) Pes Pes

TK31 F 1 0.142 50.3 126.0 6.1 42 134.5 8.1
TK20 M 1 0.557 68.5 187.2 10.7 74 203.2 12.1
TK27 M 1 0.59 67 181.9 10.0 76 207.8 12.9
TK16 F 1 2.025 98.5 318.6 42.0 93.5 256.2 24.2
TK19 F 1 2.935 99 321.4 42.9 111 324.7 46.4
TK24 M 1 3.25 95 299.9 36.2 100 278.8 31.0
TK5 F 1 4.55 105 357.1 54.8 115 344.2 53.3
TK65 M 3 6.85 120 468.6 94.9 136.2 478.2 104.5
TK8 M 2 7.35 115 427.3 79.7 139 500.4 113.3

8.2.4 Tooth eruption

The deciduous premolars have erupted by the time D. lumholtzi is 500gm and
first 2 incisors and M1, which is approximately 5-6 months of age (Johnson and
Delean 2003).

Unfortunately, there were no animals in this study with M2 erupting (between
500g and 2kgs).

M3 is erupting by the time D. lumholtzi reaches 2kgs and fully erupted by
2.9kgs (or before the age of 12 months). M4 starts to erupt by 4.5kg, which

corresponds with Class | at approximately 12-24mths of age.

P3 erupts at an estimated age of 2-3 years in D. lumholtzi, after M4.

8.3 DISCUSSION

8.3.1 Tooth wear

All indices of age are subject to error (Caughley 1977). Some are worse than

others. Indices that change by annual quanta give the most accurate
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estimates, particularly for adult animals, but they are not foolproof (Caughley
1977).

It has been suggested that tooth wear as an age indicator has two main
sources of error: one being the variation of wear between individuals or
populations; the other is misinterpretation of tooth wear classes by the observer
(Winter 1980). The first would be dependant upon the size of the study area
and the variation in the diet of the individuals (Winter 1980, Gordon 1991). The

second may be minimised by using a single trained observer (Winter 1980).

In this study the first error was reduced by the fact that all of the animals used
for the determination of tooth wear were from all over the region of the Atherton
Tablelands as they were mostly road Kills, providing us with a variety of
individuals to examine from different populations. The second error was

reduced by one researcher (the author) performing the readings.

Although tooth wear can vary between animals and populations depending on
what the animals are eating and the animal’s condition, it still remains a
reasonable, quick and easy way of categorising animals in age classes. The
classes proposed here are the most differentiated to the eye for ease of

identification in the field by any researcher or veterinarian.

8.3.2 Tooth cementum annuli

Some earlier attempts of aging marsupials using cementum annuli were
unsuccessful (Kingsmill 1962, Catt 1979, Inns 1982). However, the recent
improvements in the preparation of teeth and staining methods have made this
technique viable and more reliable than in the past. In this study, the

identification of cementum layers in the molars of D. lumholtzi was successful.

The longitudinal sections of the interradicular pad between the roots of the
molar were found to be most suitable for distinguishing cementum incremental
lines clearly in D. lumholtzi. This was probably due to the significant width of
growth layers and the sharpness of thin lines and the easiness to distinguish
accessory lines (Azorit et al 2002a). However, this proved more difficult with

older animals as the lines were closer together and some were more faint. This
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is why it is important to have a series of sections cut from the same tooth and
sections including the root. This allows the observer to check other areas and
compare the number of lines and assists in determining accessary lines. In this
study, it was found that for the older animals it was actually easier to count lines

at the root zone (Figure 8.5).

There was a good correspondence between the incremental lines and age in
years as shown by the 17-year-old animal and the young animals aged from
body measurements. Although there was only one old animal of known age,
cementum lines have been shown to correspond with age in years in many
other mammals (Laws 1952, Klevezal and Kleinenberg 1967, Pekelharing
1970, Gasaway et al 1978, Fancy 1980, Clout 1982, McCullough and Beier
1986, Cool et al 1994, Azorit et al 2002a, 2002b).

The technique of using cementum annuli to age animals is invasive, therefore it
is not suitable for use with live animals. Although it is more accurate than tooth
wear it was only used here to establish an association with the tooth wear
classes. As there is a close relationship between the numbers of these lines
and the tooth wear classes proposed, it is concluded that the tooth wear
classes are suitable for use for estimation of absolute age of D. lumholtzi (within

a few years error) in both the wild and in captivity.

8.3.3 Body measurements and aging
This study has supported the view (Inns 1982, Johnson and Deleans 2003) that
once an animal reaches maturity, or a certain size, body measurements cannot

be used successfully to age animals, including Lumholtz’s tree-kangaroos.

Body weight will also vary with factors such as the animal’s condition, and
consequently cannot be used to estimate age accurately either, as illustrated by

the animal that was 7.35kg but still had deciduous premolars.

In addition, pouch young growth estimations developed on captive animals
should be used cautiously when studying animals in the field, as there could be
differences in growth rates (Inns 1982). This could only be confirmed with

growth rates measured in the field, which could prove difficult with D. lumholtzi
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as they are difficult to catch and would have to be captured on a regular basis

for repeated measurements of pouch young.

8.3.4 Tooth eruption stages

It appears that tooth eruption in D. lumholtzi is much earlier than for other
kangaroos. For example, in Macropus eugenii the incisors and M1 have only
just erupted as the young are permanently leaving the pouch at 245-270 days
(Inns 1982). In this study the M1 and the incisors of D. lumholtzi have emerged
at the age when they are beginning to venture from the pouch, at approximately
5-6 months of age. Furthermore, M3 and M4 are emerging when D. lumholtzi
are between 10-18 months of age, similar to koalas (Martin 1981, Martin et al
1999). However, P3 erupts at a mean age of 1049 days for M. eugenii (Inns
1982), which corresponds with the estimations for D. lumholtzi here with P3

erupting before the age of 3 years.

Variation also occurs in tooth eruption within populations of a species and
between captive animals and those in the wild (Inns 1982). This along, with the
fact that D. lumholtzi have complete tooth eruption by the age of 3 years makes

tooth eruption an unsuitable technique for aging this species.

8.4 CONCLUSIONS

Being able to place tree-kangaroos in relative age classes will enable us to
identify age specific fecundity and mortality for modelling populations,
especially issues such as the relative age of road kill and dog kill animals. It
was previously believed that most of the Lumholtz’s tree-kangaroos that are
killed on roads are young males. In fact, the road-kill specimens collected
during this study were from a variety of age classes, including females with

pouch young and joeys at foot.

In addition, assessment of the age structure of a population is also important
for management purposes, particularly for understanding the dynamics of a

population and undertaking population viability analysis.
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This tooth wear index will also assist veterinarians or rescuers of injured
animals to identify whether the animal is old and if its condition may be age
related. In veterinary medicine it is useful to have some idea of the animal’'s age

in both the diagnosis of an illness and the prognosis of any treatment.

This study has shown that we can not use body measurements or tooth
eruption to age D. lumholtzi once an animal reaches approximately 10 months
of age and that using tooth wear classes is the easiest and most reliable
technique to age tree-kangaroos. Furthermore, as tooth wear classes
correspond strongly with cementum annuli and cementum annuli correspond

with years, we can suggest age in years for each tooth wear class.
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Chapter 9: Conclusions and further research

9.0 CONCLUSIONS

Our previous knowledge of D. lumholtzi ecology and use of habitat was limited,
except for a few earlier studies (Procter-Gray 1985, Newell 1999), which were
both undertaken on the same spatially restricted rainforest type. We know that
D. lumholtzi are primarily found in privately owned rainforest fragments on the
Atherton and Evelyn Tablelands, and they are territorial with relatively small
non-overlapping home ranges and have strong site fidelity. D. lumholtzi are
threatened by habitat fragmentation, dog and road kills when moving between
fragments. These rainforest fragments are not totally protected from clearing
and their preservation and restoration are crucial to the long-term conservation

of D. lumholtzi.

This study was designed to investigate D. lumholtzi use of habitat in another
more abundant rainforest type, building on and testing results from previous
studies. It also aimed to enhance our understanding of the ecology and biology
of D. lumholtzi to enable us to reassess the conservation status and population
viability of the species in the future. To do this we need to know more
information about their habitat use in differing habitats, their diet and
gastrointestinal morphology in relation to diet and habitat, along with the ability
to age them to enable us to construct life tables and determine age specific
mortality and fecundity. This study has progressed a great deal of the way to
enabling us to do this. However, a population analysis was not performed
during this study, as we still require more data on dispersal rates between
fragments and environmental stochasticity, which were beyond the scope of
this study, before an accurate and meaningful population viability analysis can

be performed.

Previous studies suggest that D. lumholtzi are generalist folivores but that they
do show individual preferences to tree species. There have also been several
explanations of the observed distributions of D. lumholtzi that relate to habitat

selection, e.g. that they prefer regrowth forest to mature forest.
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There was no overall difference in spatial organisation of D. lumholtzi in the two
different rainforest types (Section 4.2.2), apart from variances in female home
range sizes within one rainforest type. This variation in home range sizes
cannot be explained by differences in body weight. Understanding the basis of
variation in range size is important in understanding the population dynamics of
tree-kangaroos as the reproductive output of a population is determined by
female density and abundance. The focus of activity by D. lumholtzi can not
determined by single or multiple structural and/or floristic characteristics of the
habitat tested in this study, even though individual animals each had
preferences for specific species within their range. Therefore, the habitat
characters used in this study cannot be used to model D. lumholtzi variation in

spatial or habitat use.

Although D. lumholtzi select a variety of species they are not broad generalists
as such, only using 22% of the tree species available to them, with clear
preferences for only a few species. There is also considerable individual
variation in tree species preference. The reasons for these specific choices are
currently unclear but it is likely that D. lumholtzi are choosing trees for foliage
characters such as nutritional content or lack of plant defences, not for the
species at a taxonomic level. These behaviours would be consistent with tree
choice in other arboreal folivores, such as koalas, sloths and leaf eating
monkeys (Glander 1977, 1978, Hladik 1978, Milton 1978, Moore and Foley
2000, Umapathy and Kumar 2000). Because intra-specific variation in
chemical composition, and consequent palatability can be as great as inter-
specific variation in these characteristics (Lawler et al 1998), the high species
diversity and low abundance of individuals within canopy species found in the
rainforest habitat of D. lumholtzi could lead to apparently idiosyncratic
preferences for tree species even if choices were being made on a common

and mechanistic basis.

The gastrointestinal morphology of D. lumholtzi shares a number of features
with other foregut fermenting folivores. Compared to other macropodids, D.
lumholtzi has a large sacciform forestomach and a large overall stomach

capacity, and more similar in size and morphology to that of other arboreal
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foregut fermenting folivores, such as colobine monkeys. It is likely that these

characteristics are adaptive for its diet of rainforest leaves.

Lumholtz’s tree-kangaroos can be simply aged using a tooth wear index
developed during this study. Aging is essential for establishing demographics,
such as age specific mortality and fecundity of populations, currently unknown
in D. lumholtzi. Age data improves population viability analysis and other
analyses, and contributes to a better understanding of population dynamics and

subsequent conservation and management outcomes.

This study has highlighted that not only one rainforest type is important to D.
lumholtzi and that more emphasis should be made on the preservation and
restoration of all rainforest types. Furthermore, it is vital that all rainforest
fragments including riparian zones, regrowth and corridors and stepping stones,
should be conserved, rehabilitated and areas replanted as D. lumholtzi habitat,

as they are important to the species’ long term survival.

9.1 FUTURE DIRECTIONS

This study has sought to understand the factors controlling the spatial and
habitat use of D. lumholtzi in a rainforest fragment of varying habitat types.
Although it has rejected a number of previous suggestions of characteristics
determining their habitat use, our understanding of their habitat and/or tree
species or individual choices is still unclear. Furthermore, our knowledge of the
population dynamics and the effects of fragmentation on D. lumholtzi remains
incomplete. The following paragraphs briefly outline some of areas of research

that would assist in our understanding of these questions.

9.1.1 Dietary ecology

Although we do have numerous observations of tree use by D. lumholtzi from
different areas on the Atherton Tablelands (Tree Kangaroo and Mammal Group
unpublished data), few are confirmed feeding observations. A better
understanding of their dietary ecology could be established by leaf cuticle
analysis of scats. Collecting multiple faecal samples from several areas within

a fragment or from different fragments, over varying times of the year and using
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cuticle analysis would enable us to determine seasonal differences in floral

species selection.

9.1.2 Chemical basis of diet selection

The results of this study have suggested that foliar characters such as plant
defences or levels of nutrients may drive individual tree choice by D. lumholtzi,
as they do in other arboreal folivores such as koalas (Cork and Foley 1991,
1997, Lawler et al 1998, Moore and Foley 2000) and folivorous monkeys
(Glander 1978, Umapathy and Kumar 2000).

An understanding of the role of foliar chemistry in the ecology of D. lumholtzi
requires further and directed experimental work to determine which
components actually determine intake and preference. Some captive studies
may be possible, as D. lumholtzi are held in captivity in far north Queensland.
However, this research would ideally be directed by radio telemetry studies of
the intra- and inter-specific food preferences, and the ways these affect habitat

preferences and range sizes of D. lumholtzi.

9.1.3 Effects of habitat fragmentation and large scale patterns of
habitat use

Our current understanding on the effects of habitat fragmentation on D.
lumholtzi is also limited. Their habitat is highly fragmented and this is generally
considered to be an important threatening process to D. lumholtzi. Substantial
numbers of Lumholtz’s tree-kangaroos are killed on the roads and by dogs
every year (250 road kills and 31 dog kills recorded over the last decade: Tree
Kangaroo and Mammal group 2000) whilst moving between fragments. It was
previously believed that most of the tree-kangaroos killed on the roads were
young males (Tree Kangaroo and Mammal Group 2000). However, this study
has found that there are many adults also being killed, including females with
pouch young. We can now accurately age D. lumholtzi road and dog kills
enabling us to continue to monitor these mortalities and model the impacts of

these losses upon D. lumholtzi populations.
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9.1.4 Population viability and conservation status of Dendrolagus
lumholtzi

The ability to age tree-kangaroos, using the tooth wear index established during
this study, will allow us to construct life tables and perform analyses on the
populations such as population viability analysis. Furthermore, this technique
can now be utilised by other researchers studying the more endangered

species of tree-kangaroos in Papua New Guinea.

It is important to point out that any information acquired on the ecology of the
Australian species will assist in the studies of the New Guinea species, which
are much more difficult to study due to the remoteness and difficult terrain in

which they live.

However, as already mentioned, there are still some areas of the demographics
of D. lumholtzi that we need to research in order to preform an reliable
population viability analysis of this species or to accurately reassess their
conservation status. These include the dispersal rates between fragments,
their population sizes in differing habitats including continuous forest and

environmental stochasticity.

149



Chapter 10: References

10.0 CHAPTER 1

Betz, W. 2001. Matschie’s Tree kangaroo (Marsupialia: Macropodidae,
Dendrolagus matschiei) in Papua New Guinea: estimates of population
density and landowner accounts of food plants and natural history.

Masters Thesis, University of Southampton, Southampton.

Brook, B. W. 2000. Pessimistic and optimistic bias in population viability

analysis. Conservation Biology 14(2), 564-566.

Brook, B. W., L. Lim, R. Harden and R. Frankham. 1997. Does population
viability analysis software predict the behaviour of real populations? A
retrospective study on the Lord Howe Island woodhen Tricholimnas

sylvestris (Sclater). Biological Conservation 82, 119-128.

Brook, B. W., J. J. O’Grady, A. P. Chapman, M. A. Burgman, H. Resit
Akcakaya and R. Frankham. 2000. Predictive accuracy of population
viability analysis in conservation biology. Nature 404, 385-387.

Coulson, T., G. M. Mace, E. Hudson and H. Possingham. 2001. The use and
abuse of population viability analysis. Trends in Ecology and Evolution
16(5), 219-221.

Flannery, T. F. 1995. Mammals of New Guinea. Reed Books, Australia.

Flannery, T. F., R. Martin and A. Szalay. (Eds.) 1996. Tree-kangaroos: A

Curious Natural History. Reed Books, Melbourne.

Groves, C. P. 1982. The systematics of tree kangaroos (Dendrolagus;

Marsupialia, Macropodidae). Australian Mammalogy 5, 157-186.
IUCN. 1994. /UCN Red list categories. IUCN, Gland.

Lacy, R. C. 1993. VORTEX: a computer simulation model for population
viability analysis. Wildlife Research 20, 45-65.

References: Chapter 1 150



Lindenmayer, D. B., T. Clark, T. W. Lacy and V. C. Thomas. 1993. Population
viability analysis as a tool in wildlife management: a review with

reference to Australia. Environmental Management 17(6), 745-758.

Ludwig, D. 1999. Is it meaningful to estimate a probability of extinction?
Ecology 80(1), 298-310.

Newell, G. R. 1998. Lumholtz’s tree-kangaroo. Nature Australia 25, 31-39.

Newell, G. R. 1999a. Australia’s tree-kangaroos: current issues in their

conservation. Biological Conservation 87, 1-12.

Newell, G. R. 1999b. Home range and habitat use by Lumholtz’s tree-
kangaroo (Dendrolagus lumholtzi) within a rainforest fragment in north
Queensland. Wildlife Research 26, 129-145.

Tisdell, C. and C. Wilson. 2003. The public’s knowledge of and support for
conservation of Australia’s tree-kangaroos. Working Paper 74, Working
Papers on Economics, Ecology and the Environment, University of

Queensland.

10.1 CHAPTER 2

Aebischer, N. J., P. A. Robertson and R. E. Kenward. 1993. Compositional
analysis of habitat use from animal radio-tracking data. Ecology 74(5),
1313-1325.

Anderson, D. J. 1982. The home range: a new nonparametric estimation
technique. Ecology 63, 103-112.

Angelstam, P. and G. W. Arnold. 1993. Contrasting roles of remnants in old
and newly impacted landscapes: lessons for ecosystem reconstruction.
Pp.109-125. In: Nature Conservation 3: reconstruction of fragmented
ecosystems. Eds: Saunders, D.A., R.J. Hobbs and P.R. Ehrlich. Surrey
Beatty & Sons Pty Limited, Australia.

References: Chapter 2 151



Azorit, C., M. Analla, J. Hervas, R. Carrasco and J. Mufioz-Cobo. 2002a.
Growth marks observation: preferential techniques and teeth for aging of
Spanish Red Deer (Cervus elaphus hispanicus). Anatomy, Histology
and Embryology 31, 303-307.

Azorit, C., J. Hervas, M. Analla, R. Carrasco and J. Mufioz-Cobo. 2002b.
Histological thin-sections: a method for the microscopic study of teeth in
Spanish Red Deer (Cervus elaphus hispanicus). Anatomy, Histology
and Embryology 31, 224-227 .

Barry, T. N. and B. J. Blaney. 1987. Secondary compounds of forages. Pp.
91-119. In: The nutrition of herbivores. Eds J. B. Hacker and J. A.

Ternouth. Academic Press, Sydney.

Bauchop, T. 1978. Digestion of leaves in vertebrate arboreal folivores. Pp.
193-204. In: The Ecology of Arboreal Folivores. Ed: G.G. Montgomery.

Smithsonian Institute Press, Washington DC.

Begon, M., J. L. Harper and C. R. Townsend. 1986. Ecology: individuals,

populations and communities. Blackwell Scientific Publications, London.

Betz, W. 2001. Matschie’s Tree kangaroo (Marsupialia: Macropodidae,
Dendrolagus matschiei) in Papua New Guinea: estimates of population
density and landowner accounts of food plants and natural history.

Masters Thesis, University of Southampton, Southampton.

Betz, W., L. Dabek and K. Evei. Unpublished data a. Use of landowner
interviews to document indigenous knowledge of natural history, cultural
significance, and conservation status of Matschie’s tree kangaroo

(Dendrolagus matschiei) in Papua New Guinea.

Betz, W., L. Dabek and K. Evei. Unpublished data b. Local population
densities of Matschie’s tree kangaroos (Dendrolagus matschiei) in

Papua New Guinea and implications for conservation.

References: Chapter 2 152



Blanshard, W. H. 1990. Growth and development of the koala from birth to
weaning. Pp.193-202. In: Biology of the Koala. Eds: Lee, A. K., K. A.
Handasyde and G. D. Sanson. Surrey Beatty & Sons, Sydney.

Bowers, M. A., S. F. Matter, J. L. Dooley Jr., J. L. Dauten and J. A. Simpkins.
1996. Controlled experiments of habitat fragmentation: a simple
computer simulation and a test using small animals. Oecologia 108,
182-191.

Braithwaite, L. W. 1996. Sixth International Theriological Congress.
Conservation of arboreal herbivores: the Australian scene. Australian
Journal of Ecology 21, 21-30.

Braithwaite, L. W, M. L. Dubzinski and J. Turner. 1983. Studies on the
arboreal marsupial fauna of eucalypt forests being harvested for
woodpulp at Eden, N.S.W. II. Relationship between the fauna density,
richness and diversity, and measured variables of the habitat. Australian
Wildlife Research 10, 231-247.

Burt, W. H. 1943. Territoriality and home range concepts as applied to
mammals. Journal of Mammalogy 24, 346-352.

Cates, R. G. and G. H. Orions. 1975. Successional status and the palatability
of plants to generalized herbivores. Ecology 56, 410-418.

Catt, D. C. 1979. Age determination in Bennett's wallaby, Macropus
rufogriseus fruticus (Marsupilaia), in South Canterbury, New Zealand.
Australian Wildlife Research 6, 13-18.

Caughley, G. 1965. Horn rings and tooth eruption as criteria of age in the
Himalayan thar, Hemitagus jemlahicus. New Zealand Journal of Science
8, 333-351.

Caughley, G. 1977. Analysis of Vertebrate Populations. John Wiley & Sons,

London.

References: Chapter 2 153



Caughley, G., D. Grice, R. Baker and B. Brown. 1988. The edge of the range.
Journal of Animal Ecology 57, 771-785.

Chiarello, A. G. 1998. Diet of the Atlantic forest maned sloth Bradypus
torquatus (Xenarthra: Bradypodidae). Journal of Zoology, London 246,
11-19.

Clout, M. N. 1982. Determination of age in the brushtail possum using
sections from decalcified molar teeth. New Zealand Journal of Zoology
9, 405-408.

Clutton-Brock, T. H. 1989. Mammalian mating systems. Proceedings of the
Royal Society of London, Series B 236, 339-372.

Coley, P. D. 1983. Herbivory and defensive characteristics of tree species in a

lowland tropical forest. Ecological Monographs 53(2), 209-233.
Collins, L. R. 1986. Bigfoot of the branches. Zoogoer 15(4), 15-18.

Conradt, L., T. H. Clutton-Brock and D. Thomson. 1999. Habitat segregation
in ungulates: are males forced into suboptimal foraging habitats through

indirect competition by females? Oecologia 119, 367-377.

Conradt, L., I. J. Gordon, T. H. Clutton-Brock, D. Thomson and F. E. Guinness.
2003. Could indirect competition hypothesis explain inter-sexual site
segregation in red deer (Cervus elaphus L.)? Journal of Zoology,
London 254, 185-193.

Cool, S. M., M. B. Bennett and K. Romaniuk. 1994. Age estimation of
Pteropodid bats (Megachiroptera) from hard tissue parameters. Wildlife
Research 21, 353-364.

Cork, S. J. 1996. Optimal digestive strategies for arboreal herbivorous
mammals in contrasting forest types: Why koalas and colobines are

different. Australian Journal of Ecology 21, 10-20.

References: Chapter 2 154



Cork, S. J. and W. J. Foley. 1991. Digestive and metabolic strategies of
arboreal folivores in relation to chemical defenses in temperate and
tropical forests. Pp. 133-166. In: Plant defenses against mammalian
herbivory. Eds. R. T. Palo and C. T. Robbins. CRC Press, Boca Raton.

Cork, S. J. and W. J. Foley. 1997. Digestive and metabolic adaptations of
arboreal marsupials for dealing with plant antinutrients and toxins. Pp.
133-166. In: Marsupial Biology: recent research, new perspectives.
Eds: Saunders, N. and L. Hinds. University of New South Wales Press,

Sydney.

Cork, S. J. and G. D. Sanson. 1990. Digestion and nutrition in the koala: a
review. Pp. 129-144. In: Biology of the Koala. Eds: Lee, A. K., K. A.
Handasyde and G. D. Sanson. Surrey Beatty & Sons, Sydney.

Cork, S. J., . D. Hume and T. J. Dawson. 1983. Digestion and metabolism of
a natural foliar diet (Eucalyptus punctata) by an arboreal marsupial, the
koala (Phascolarctos cinereus). Journal of Comparative Physiology B
153, 181-190.

Crockett, C. M. and J. F. Eisenberg. 1987. Howlers: variations in group size
and demographics. In B. B. Smuts, D. L. Cheney, R. W. Wrangham and T.
T. Struthsaker (eds.), Primate Societies. The University of Chicago Press,

Chicago.

Croft, D. B. 1989. Social organization of the Macropodoidea. Pp. 505-525. In:
Kangaroos, wallabies and rat-kangaroos. Eds: G. Grigg, P. Jarman and
| Hume. Surrey Beatty & Sons, New South Wales.

Dabek, L. 1991. Mother-young relations and behavioral development of the
young in captive Matschie’s tree kangaroos (Dendrolagus matschiei).

MSc. Thesis, University of Washington, Seattle.

Dabek, L. 1994. Reproductive biology and behavior of captive female
Matschie's tree kangaroos, Dendrolagus matschiei. Ph.D. Dissertation

Thesis, University of Washington, Seattle.

References: Chapter 2 155



Dasilva, G. L. 1992. The western black-and-white colobus as a low-energy
strategist — Activity budgets, energy expenditure and energy intake.

Journal of Animal Ecology 61, 79-91.

Dawson, T. J. 1989. Diets of macropodoid marsupials: general patterns and
environmental influences. Pp. 129-142. In. Kangaroos, wallabies and
rat-kangaroos. Eds: G. Grigg, P. Jarman and | Hume. Surrey Beatty &

Sons, New South Wales.

Dawson, T. J. 1995. Kangaroos: biology of the largest marsupials. University

of New South Wales Press, Sydney.

Dellow, D. W. and I. D. Hume. 1982. Studies on the nutrition of Macropodine
marsupials IV. Digestion in the stomach and the intestine of Macropus
giganteus, Thylogale thetis and Macropus eugenii. Australian Journal of
Zoology 30, 767-777.

Demment, M. W and P. J. van Soest. 1985. A nutritional explanation for body-
size patterns of ruminant and nonruminant herbivores. American
Naturalist 125, 641-672.

Dixon, K. R. and J. A. Chapman. 1980. Harmonic mean measure of animal
activity areas. Ecology 61(5), 1040-1044.

Dooley, J. L. Jr. and M. A. Bowers. 1998. Demographic responses to habitat
fragmentation: experimental tests at the landscape and patch scale.
Ecology 79(3), 969-980.

Driessen, M. M. and G. J. Hocking. 1996. Age estimation of the Tasmanian
pademelon, Thylogale billardierii, by molar eruption. Australian
Mammalogy 20, 107-110.

Dubzinski, M. L., A. E. Newsome, A. E. Merchant and B. L. Bolton. 1977.
Comparing the two usual methods for aging Macropodidae on tooth-

classes in the agile wallaby. Australian Wildlife Research 4, 219-221.

References: Chapter 2 156



Ealey, E. H. M. 1967. Ecology of the euro, Macropus robustus (Gould), in
north-western Australia. IV. Age and growth. Wildlife Research 12, 67-
80.

Eberhard, I. H. 1972. Ecology of the Koala, Phascolarctos cinereus
(Goldfuss), on Flinders Chase, Kangaroo Island. PhD Thesis, University
of Adelaide, Adelaide.

Eisenberg, J. F. 1978. The evolution of arboreal folivores in the Class
Mammalia. Pp. 135-152. In: The Ecology of Arboreal Folivores. Ed: G.

G. Montgomery. Smithsonian Institution Press, Washington, DC.

Ellis, W. A. H., A. Melzer, F. N. Carrick and M. Hasegawa. 2002. Tree use,
diet and home range of the koala (Phascolarctos cinereus) at Blair Athol,
central Queensland. Wildlife Research 29, 303-311.

Fancy, S. G. 1980. Preparation of mammalian teeth fro age determination by

cementum layers: a review. Wildlife Society Bulletin 8, 242-248.

Fischer, K. E., and S. N. Austad. 1992. A preliminary report on the ecology of
arboreal marsupials on Mount Stolle, Sandaun Province. New Guinea

Biological Society Meeting, Manokwari, Irian Jaya, Indonesia.

Fisher, D. O. 2000. Effects of vegetation structure, food and shelter on the
home range and habitat use of an endangered wallaby. Journal of
Applied Ecology 37, 660-671.

Flannery, T. F. 1989. Phylogeny of the macropodoidea: a study in
convergence. Pp. 1-46. In: Kangaroos, Wallabies and Rat-kangaroos.
Eds. G. Grigg, P. Jarman and |. Hume. Surrey Beatty & Sons Pty

Limited, New South Wales, Australia.

Flannery, T. F., R. Martin and A. Szalay. (Eds.) 1996. Tree-kangaroos: A

Curious Natural History. Reed Books, Melbourne.

References: Chapter 2 157



Flannery, T. F. and L. Seri. 1990. Dendrolagus scottae n.sp. (Marsupialia:
Macropodidae): a new tree-kangaroo from Papua New Guinea. Records of
the Australian Museum 42, 237-245.

Foley, W. J. and S. J. Cork. 1992. Use of fibrous diets by small herbivores:
how far can the rules be ‘bent’? TREE 7(5), 159-162.

Foley, W. Jand I. D. Hume. 1987. Nitrogen requirements and urea
metabolism in two arboreal marsupials, the greater glider (Petauroides
volans) and the brushtail possum (Trichosurus vulpecula) fed Eucalyptus

foliage. Physiological Zoology 60, 241-250.

Ford, R. G. 1983. Home range in a patchy environment: optimal foraging

predictions. American Zoologist 23, 315-326.

Freudenberger, D. O. 1992. Gut capacity, functional allocation of gut volume
and size distributions of digesta particles in two Macropodid marsupials
(Macropus robustus robustus and M. r. erubescens) and the feral goat

(Capra hircus). Australian Journal of Zoology 40, 551-561.

Freudenberger, D. O., I. R. Wallis and I. D. Hume. 1989. Digestive
adaptations of kangaroos, wallabies and rat-kangaroos. Pp. 179-187.
In: Kangaroos, Wallabies and Rat-kangaroos. Eds. G. Grigg, P. Jarman
and |. Hume. Surrey Beatty & Sons Pty Limited, New South Wales,

Australia.

Gall, B. C. 1980. Aspects of the ecology of the koala, Phascolarctos cinereus
(Goldfuss), in Tucki Tucki Nature Reserve, New South Wales. Australian
Wildlife Research 7, 167-176.

Gallerani Lawson, E. J and A. R. Rodgers. 1997. Differences in home-range
size computed in commonly used software programs. Wildlife Society
Bulletin 25(3), 721-729.

Ganzhorn, J. K. 1995. Low-level forest disturbance effects on primary
production, leaf chemistry and lemur populations. Ecology 76, 2084-
2096.

References: Chapter 2 158



Gasaway, W. C., D. B. Harkness and R. A. Rausch. 1978. Accuracy of moose
age determinations from incisor cementum layers. Journal of Wildlife
Management 42(3), 558-563.

Glander, K. E. 1977. Poison in a monkey’s Garden of Eden. Natural History
86, 35-41.

Glander, K. E. 1978. Howling monkey feeding behavior and plant secondary
compounds: a study of strategies. Pp. 561-574. In: The Ecology of
Arboreal Folivores. Ed: G. G. Montgomery. Smithsonian Institution

Press, Washington, DC.

Gordon, G. 1991. Estimation of the age of the koala, Phascolarctos cinereus
(Marsupialia: Phascolarctidae) from tooth wear and growth. Australian

Mammalogy 14, 5-12

Grand, T. I. 1978. Adaptations of tissue and limb segments to facilitate moving
and feeding in arboreal folivores. Pp. 231-241. In: The Ecology of
Arboreal Folivores. Ed: Montgomery, G. G. Smithsonian Institution

Press, Washington, DC.

Groves, C. P. 1982. The systematics of tree kangaroos (Dendrolagus;

Marsupialia, Macropodidae). Australian Mammalogy 5, 157-186.

Hanski, I. 1994. Patch-occupancy dynamics in fragmented landscapes.
Trends in Ecology and Evolution 9(4), 131-135.

Harestad, A. S and F. L. Bunnell. 1979. Home range and body weight - a
reevaluation. Ecology 60, 389-402.

Harris, S., W. J. Cresswell, P. G. Forde, W. J. Trewhella, T. Woollard and S.
Wray. 1990. Home-range analysis using radio-tracking data - a review
of problems and techniques particularly as applied to the study of

mammals. Mammalian Review 20, 97-123.

Heath, A., K. S. Benner and J. B. Watson-Jones. 1990. Husbandry and

management of Matschie’s tree kangaroo: a case study. Proceedings of

References: Chapter 2 159



the AAZPA Northeastern Regional Conference, Washington D.C., 518-
527.

Hindell, M. A. 1984. The feeding ecology of the koala, Phascolarctos cinereus
in a mixed Eucalyptus forest. MSc. Thesis, Monash University,

Melbourne.

Hindell, M. A. and A. K. Lee. 1987. Habitat use and tree preferences of Koalas

in a mixed eucalypt forest. Australian Wildlife Research 14, 349-360.

Hindell, M. A. and A. K. Lee. 1988. Tree use by individual koalas in a natural
forest. Australian Wildlife Research 15, 1-7.

Hindell, M. A. and A. K. Lee. 1990. Tree preferences of the koala. Pp. 117-
121. In: Biology of the Koala. Eds: A. K. Lee, K. A. Handasyde and G.
D. Sanson. Surrey Beatty and Sons, Sydney.

Hladik, C. M. 1978. Adaptive strategies of primates in relation to leaf-eating.
Pp. 373-395. In: The Ecology of Arboreal Folivores. Ed: G. G.

Montgomery. Smithsonian Institution Press, Washington, DC.

Horsup, A. 1994. Home range of the allied rock-wallaby, Petrogale assimilis.
Wildlife Research 21, 65-84.

How, R. A. 1978. Population strategies of four species of Australian
‘possums”. Pp. 305-313. In: The Ecology of Arboreal Folivores. Ed: G.

G. Montgomery. Smithsonian Institution Press, Washington, DC.

Hughes, R. D. 1965. On the age composition of a small sample of individuals
from a population of the banded hare wallaby, Lagostrophus fasciatus

(Peron & Lesueur). Australian Journal of Zoology 13, 75-95.

Hulbert, I. A. R., G. R. lason, D. A. Elston and P. A. Racey. 1996. Home range
sizes in a stratified upland landscape of two lagomorphs with different

feeding strategies. Journal of Applied Ecology 33, 1479-1488.

Hume, |. D. 1982. Digestive physiology and nutrition of marsupials.

Cambridge University Press, Cambridge.

References: Chapter 2 160



Hume, I. D. 1984. Principal features of digestion in kangaroos. Proceedings of
the Nutritional Society of Australia 9, 76-81.

Hume, I. D. 1989. Optimal digestive strategies in mammalian herbivores.
Physiological Zoology 62(6), 1145-1163.

Hume, I. D. 1999. Marsupial Nutrition. Cambridge University Press, Cambridge.

Hutchins, M., G. Mann Smith, D. C. Mead, S. Elbin and J. Steenberg. 1991.
Social behavior of Matschie's tree kangaroos (Dendrolagus matschiei) and

its implications for captive management. Zoo Biology 10,147-164.

Inns, R. W. 1982. Age determination in the Kangaroo Island wallaby,

Macropus eugenii (Desmarest). Australian Wildlife Research 9, 213-220.
IUCN. 2004. 2004 IUCN Red list of threatened species. www.redlist.org.

Janzen, D. H. 1978. Complications in interpreting the chemical defenses of
trees against tropical arboreal plant-eating vertebrates. Pp. 73-84. In: The
Ecology of Arboreal Folivores. Ed: Montgomery, G. G. Smithsonian

Institution Press, Washington, DC.

Johnson, K. A. 1980a. Spatial and temporal use of habitat by the red-necked
pademelon, Thylogale thetis (Marsupialia: Macropodidae). Australian
Wildlife Research 7, 157-166.

Johnson, D. H. 1980b. The comparison of usage and availability
measurements for evaluating resource preference. Ecology 61(1), 65-
71.

Johnson, C. N. 1987. Macropod studies at Wallaby Creek. IV. Home range
and movements of the red-necked wallaby. Australian Wildlife Research
14, 125-132.

Johnson, P. M. 1995. Lumholtz’s tree-kangaroo (Dendrolagus lumholtzi). Pp.
309-310. In: The Mammals of Australia. Ed: R. Strahan. Australian

Museum and Reed Books, Australia.

References: Chapter 2 161



Johnson, P. M. and S. Delean. 2003. Reproduction of the Lumholtz tree-
kangaroo, Dendrolagus lumholtzi (Marsupialia: Macropodidae), in
captivity, with age estimation and development of the pouch young.
Wildlife Research 30, 505-512.

Johnson, P. M. and K. Vernes. 1994. Reproduction in the red-legged
pademelon, Thylogale stigmatica Gould (Marsupialia: Macropodidae),
and age estimation and development of pouch young. Wildlife Research
21, 553-558.

Johnson, C. N., P. J. Jarman and C. J. Southwell. 1987. Macropod studies at
Wallaby Creek V. Patterns of defaecation by eastern grey kangaroos
and red-necked wallabies. Australian Wildlife Research 14, 133-138.

Johnson, P. M., M. Hakes and S. Sullivan. 2002. Predation by Lumholtz’s tree

kangaroos, Dendrolagus lumholtzi in captivity. Thylacinus 26(3), 6-7.

Kanowski, J. J. 1999. Ecological determinants of the distribution and
abundance of the folivorous marsupials endemic to the rainforests of the
Atherton Uplands, north Queensland. Ph.D. Thesis, James Cook

University, Townsuville.

Kanowski, J. J., L. Felderhof, G. Newell, C. Schmidt, B. Stirn, R. Wilson and J.
W. Winter. 2001a. Community survey of the distribution of Lumholtz’s
tree-kangaroo on the Atherton Tablelands, north-east Queensland.

Pacific Conservation Biology 7(2), 79-86.

Kanowski, J., M.S. Hopkins, H. Marsh and J. W. Winter. 2001b. Ecological
correlates of folivore abundance in north Queensland rainforests.
Wildlife Research 28, 1-28.

Kerle, J. A. 1998. The population dynamics of a tropical possum, Trichosurus

vulpecula arnhemensis Collett. Wildlife Research 25, 171-181.

Kingsmill, E. 1962. An investigation of criteria for estimating age in the
marsupials Trichosurus vulpecula Kerr and Perameles nasuta Geoffroy.

Australian Journal of Zoology 10, 597-616.

References: Chapter 2 162



Kirkpatrick, T.H. 1964. Molar progression and macropod age. Queensland

Journal of Agricultural and Animal Science 21, 163-165.

Kirkpatrick, T. H. 1965. Studies of Macropodidae in Queensland. 2. Age
estimation in the grey kangaroo, the red kangaroo, the eastern wallaroo
and the red-necked wallaby, with notes on dental abnormalities.

Queensland Journal of Agricultural and Animal Science 22, 301-317.

Klevezal, G. A. and S. E. Kleinenberg. 1967. Age determination of mammals
from annual layers in teeth and bones. Moscow. Translated from
Russian by J. Salkind, Reprinted by IPST Press, Jerusalem for The US
Department of the Interior and the National Science Foundation,
Washington DC. Pp. 1-128.

Komers, P. E. and P. N. M. Brotherton. 1997. Female space use is the best
predictor of monogamy in mammals. Proceedings of the Royal Society
of London, Series B 264, 1261-1270.

Kozakiewicz, M. 1995. Resource tracking in space and time. Pp.136-148. In:
Mosaic Landscapes and Ecological Processes. Eds: Hansson, L., L.
Fahrig and G. Merriam. Chapman & Hall, London.

Krebs, C. J. 1985. Ecology: the experimental analysis of distribution and

abundance. Harper & Row, New York.

Krockenberger, A. K. 1996. Composition of the milk of the koala,
Phascolarctos cinereus, an arboreal folivore. Physiological Zoology
69(3), 701-718.

Krockenberger, A. K., I. D. Hume and S. J. Cork. 1998. Production of milk and
nutrition of the dependent young of free-ranging koalas (Phascolarctos

cinereus). Physiological Zoology 71(1), 45-56.

Krockenberger, A. 2003. Meeting the energy demands of the reproduction in
female koalas, Phascolarctos cinereus: evidence for energetic

compensation. Journal of Comparative Physiology B 173, 531-540.

References: Chapter 2 163



Lacy, R. C. 1993. VORTEX: a computer simulation model for population
viability analysis. Wildlife Research 20, 45-65.

Langer, P. 1980. Anatomy of the stomach in three species of Potoroinae

(Marsupialia: Macropodidae). Australian Journal of Zoology 28, 19-31.

Langer, P., Dellow, D. W. and Hume, I. D. 1980. Stomach structure and
function in three species of Macropodine Marsupials. Australian Journal
of Zoology 28, 1-18.

Lanyon, J. M. and G. D. Sanson. 1986a. Koala (Phascolarctos cinereus)
dentition and nutrition. |. Morphology and occlusion of cheekteeth.
Journal of Zoology, London 209, 155-168.

Lanyon, J. M. and G. D. Sanson. 1986b. Koala (Phascolarctos cinereus)
dentition and nutrition. 1l. Implications of tooth wear in nutrition. Journal
of Zoology, London 209, 169-181.

Laurance, S. G. 1996. Utilisation of linear rainforest remnants by arboreal
marsupials in north Queensland. M.Sc. Thesis, University of New
England, Armidale, NSW.

Laurance, W. F. 1989. Ecological impacts of tropical forest fragmentation on
non-flying mammals and their habitats. Ph.D. Thesis. Zoology

Department, University of California, Berkeley, CA.

Laurance, W. F. 1990a. Comparative responses of five arboreal marsupials to

tropical forest fragmentation. Journal of Mammalogy 71(4), 641-653.

Laurance, W. F. 1990b. Effects of weather on marsupial folivore activity in a
north Queensland upland tropical rainforest. Australian Mammalogy 13,
41-47.

Laurance, W. F., and Laurance, S. G. 1996. Responses of five arboreal
marsupials to recent selective logging in tropical Australia. Biotropica 28,
310-322.

References: Chapter 2 164



Lawler, I. R., W. J. Foley, B. M. Eschler, D. M. Pass and K. Handasyde. 1998.
Intraspecific variation in Eucalyptus secondary metabolites determines

food intake by folivorous marsupials. Oecologia 116, 160-169.

Laws, R. M. 1952. A new method for age determination for mammals. Nature
169, 972-973.

Lentle, R. G., K. J. Stafford, M. A. Potter, B. P. Springett and S. Haslett. 1998a.
Factors affecting the volume and macrostructure of gastrointestinal
compartments in the tammar wallaby (Macropus eugenii Desmarest).
Australian Journal of Zoology 46, 529-545.

Lentle, R.G., K. J. Stafford, M. A. Potter, B. P. Springett and S. Haslett. 1998b.
Incisor and molar wear in the tammar wallaby (Macropus eugenii

Desmarest). Australian Journal of Zoology 46, 509-527.

Lentle, R. G., I. D. Hume, K. J. Stafford, M. Kennedy, B. P. Springett and S.
Haslett. 2003a. Observations on fresh forage intake, ingesta particle
size and nutrient digestibility in four species of macropod. Australian
Journal of Zoology 51, 627-636.

Lentle, R.G., I. D. Hume, K. J. Stafford, M. Kennedy, S. Haslett and B. P.
Springett. 2003b. Comparison of tooth morphology and wear patterns in

four species of wallabies. Australian Journal of Zoology 51, 61-79.

Lentle, R. G., I. D. Hume, K. J. Stafford, M. Kennedy, S. Haslett and B. P.
Springett. 2003c. Molar progression and tooth wear in tammar
(Macropus eugenii) and parma (Macropus parma) wallabies. Australian
Journal of Zoology 51, 137-151.

Lindstedt, S. L., B. J. Miller and S. W. Buskirk. 1986. Home range, time and
body size in mammals. Ecology 67, 413-418.

Logan, M. and G. D. Sanson. 2002. The effect of tooth wear on the feeding
behaviour of free-ranging koalas (Phascolarctos cinereus, Goldfuss).
Journal of Zoology, London 256, 63-69.

References: Chapter 2 165



Lunney, D. 1987. Effects of logging, fire and drought on possums and gliders
in the coastal forests near Bega, NSW. Australian Wildlife Research 14,
263-274.

Manly, B. F. J., L. L. McDonald, D. L. Thomas, T. L. McDonald and W. P.
Erickson. 2002. Resource Selection by animals. 2" Edition. Kluwer

Academic Publishers, The Netherlands.

Martin, R. W. 1981. Age-specific fertility in three populations of the koala,
Phascolarctus cinereus Goldfuss, in Victoria. Australian Wildlife
Research 8, 278-283.

Martin, R. W. 1985. Overbrowsing, and decline of a population of the koala,
Phascolarctos cinerues, in Victoria. |ll. Population dynamics. Australian
Wildlife Research 12, 377-385.

Martin, R. W. 1992. An ecological study of Bennett’s tree-kangaroo
(Dendrolagus bennettianus). Report number 116. World Wide Fund for

Nature Publication, Sydney, Australia.

Martin, R. W. 1996. Tcharibeena: field studies of Bennett’s tree-kangaroo.
Pp. 36-65. In: Tree-kangaroos: A Curious Natural History. Eds:
Flannery, T. F., R. Martin and A. Szalay. Reed Books, Melbourne.

Martin, R. W., K. Handasyde and S. Simpson. 1999. The Koala: natural
history, conservation and management. Australian Natural History

Series, University of New South Wales Press, Sydney.

Martin, R. W. and P. M. Johnson. 1995. Bennett's tree-kangaroo
(Dendrolagus bennettianus). Pp. 307-308. In: The Mammals of
Australia. Ed: R. Strahan. Australian Museum and Reed Books,

Australia.

Maynes, G. M. 1972. Age estimation in the parma wallaby, Macropus parma

Waterhouse. Australian Journal of Zoology 20, 107-118.

References: Chapter 2 166



McCullough, D. R. and P. Beier. 1986. Upper vs. lower molars for cementum
annuli age determination of deer. Journal of Wildlife Management 50(4),
705-706.

McNab, B. K. 1963. Bioenergetics and the determination of home range size.
American Naturalist 97, 133-140.

McNab, B. K. 1978. Energetics of arboreal folivores: physiological problems
and ecological consequences of feeding on an ubiquitous food supply.
Pp. 153-162. In: The Ecology of Arboreal Folivores. Ed: G. G.

Montgomery. Smithsonian Institution Press, Washington, DC.

McNab, B. K. 1988. Energy conservation in a tree-kangaroo (Dendrolagus
matschiei) and the red panda (Ailurus fulgens). Physiological Zoology
61(3), 280-292.

Melzer, A. 1995. Aspects of the ecology of the Koala (Phascolarctus cinereus,
Goldfuss 1917) in sub-humid woodland of central Queensland. Ph.D.

Thesis, University of Queensland.

Milton, K. 1978. Behavioral adaptations to leaf-eating by the Mantled Howler
monkey (Alouatta palliata). Pp. 535-549. In: The Ecology of Arboreal
Folivores. Ed: G. G. Montgomery. Smithsonian Institution Press,
Washington, DC.

Milton, K. and M. L. May. 1976. Body weight, diet and home range area in
primates. Nature 259, 459-462.

Mitchell, P. 1990. The home ranges and social activity of koalas - quantitative
analysis. Pp. 171-187. In: Biology of the Koala. Eds: A. K. Lee, K. A.
Handasyde and G. D. Sanson. Surrey Beatty and Sons, Sydney.

Montgomery, G. G. and M. E. Sunquist. 1978. Habitat selection and use by
two-toed and three-toed sloths. Pp. 329-359. In: The Ecology of
Arboreal Folivores. Ed: G. G. Montgomery. Smithsonian Institution

Press, Washington, DC.

References: Chapter 2 167



Moore, B. D. and W. J. Foley. 2000. A review of feeding and diet selection in
koalas (Phascolarctos cinereus). Australian Journal of Zoology 48, 317-
333.

Munks, S. A., R. Corkrey and W. J. Foley. 1996. Characteristics of arboreal
marsupial habitat in the semi-arid woodlands of north Queensland.
Wildlife Research 23, 185-195.

Murphy, C. R. and J. R. Smith. 1970. Age determination of pouch young and
juvenile Kangaroo island wallabies. Transcripts of the Royal Society of
Science Australia 94, 15-20.

Newell, G. R. 1998. Lumholtz’s tree-kangaroo. Nature Australia 25, 31-39.

Newell, G. R. 1999a. Australia’s tree-kangaroos: current issues in their

conservation. Biological Conservation 87, 1-12.

Newell, G. R. 1999b. Home range and habitat use by Lumholtz’s tree-
kangaroo (Dendrolagus lumholtzi) within a rainforest fragment in north
Queensland. Wildlife Research 26, 129-145.

Newell, G. R. 1999c. Responses of Lumholtz’s tree-kangaroo (Dendrolagus
lumholtzi) to loss of habitat within a tropical rainforest fragment.

Biological Conservation 91, 181-189.

Ohwaki, K., R. E. Hungate, L. Lotter, R. R. Hofmann and G. Maloiy. 1974.
Stomach fermentation in East African colobus monkeys in their natural
state. Applied Microbiology 27, 713-723.

Olds, T. J. and L. R. Collins. 1973. Breeding Matschie’s tree kangaroo,
Dendrolagus matschiei, in captivity. International Zoo Yearbook 13, 123-
125.

Ostfield, R. S. and C. D. Canham. 1995. Density-dependent processes in

meadow voles: an experimental approach. Ecology 76, 521-532.

References: Chapter 2 168



Owen, R. 1852. Notes on the anatomy of the tree-kangaroo (Dendrolagus
inustus, Gould). Proceedings of the Zoological Society of London 1852,
103-107.

Pahl, L. 1. 1987. Feeding behaviour and diet of the common ringtail possum,
Pseudocheirus peregrinus, in Eucalyptus woodlands and Leptospermum

thickets in southern Victoria. Australian Journal of Zoology 35, 487-506.

Panhl, L. I., Winter, J. W. and Heinsohn, G. 1988. Variation in responses of
arboreal folivores to fragmentation of tropical rainforest in North Eastern

Australia. Biological Conservation 46, 71-82.

Palacios, E. and A. Rodriguez. 2001. Ranging pattern and use of space in a
group of Red Howler monkeys (Alouatta seniculus) in a southeastern

Colombian rainforest. American Journal of Primatology 55, 233-251.

Parra, R. 1978. Comparison of foregut and hindgut fermentation in herbivores.
Pp. 205-229. In: The Ecology of Arboreal Folivores. Ed: G. G.
Montgomery. Smithsonian Institution Press, Washington, DC.

Pekelharing, C. J. 1970. Cementum deposition as an age indicator in the
brush-tailed possum, Trichosurus vulpecula Kerr (Marsupialia).

Australian Journal of Zoology 18, 71-76.

Poole, W. E., S. M. Carpenter and J. T. Wood. 1982. Growth of Grey
kangaroos and the reliability of age determination from body
measurements |l. The Western Grey kangaroos, Macropus fuliginosus,
M. f. melanops and M. f. ocydromus. Australian Wildlife Research 9,
203-212.

Poole, W. E, J. C. Merchant, S. M. Carpenter and J. H. Calaby. 1985.
Reproduction, growth and age determination in the Yellow-footed Rock-
wallaby Petrogale xanthopus Gray, in captivity. Australian Wildlife
Research 12, 127-136.

Pople, A. 1989. Habitat associations of Australian Macropodoidea. Pp.755-

766. In: Kangaroos, Wallabies and Rat-kangaroos. Volume 2. Eds:

References: Chapter 2 169



Grigg, G., P. Jarman and |. Hume. Surrey Beatty & Sons Pty Limited,

Australia.

Procter-Gray, E. 1984. Dietary ecology of the coppery brushtail possum, green
ringtail possum and Lumholtz’s tree-kangaroo in north Queensland. Pp.
129-135. In: Possums and Gliders. Eds: A. P. Smith and |. D. Hume.

Australian Mammal Society, Sydney.

Procter-Gray, E. 1985. The behaviour and ecology of Lumholtz’s tree-
kangaroo, Dendrolagus lumholtzi (Marsupialia: Macropodidae). Ph.D.

Thesis, Harvard University.
Procter-Gray, E. 1990. Kangaroos up a tree. Natural History 90, 61-66.

Procter-Gray, E., and U. Ganslosser. 1986. The individual behaviours of
Lumbholtz's tree kangaroo: repertoire and taxonomic implications.
Journal of Mammalogy 67, 343-352.

Richardson, K. C. 1980. The structure and radiographic anatomy of the
alimentary tract of the Tammar wallaby, Macropus eugenii (Marsupialia)

I. The stomach. Australian Journal of Zoology 28, 367 -379.

Ride, W. D. L. 1978. An historical introduction to studies on the evolution and

phylogeny of the Macropodidae. Australian Mammalogy 2, 1-14.

Robinette, W. L., D. A. Jones, D. A. Rogers and J. S. Gashwiler. 1957. Notes
on tooth development and wear for Rocky Mountain mule deer. Journal
of Wildlife Management 21, 134-153.

Robbins, C. T., S. Mole, A. E. Hagerman and T. A. Hanley. 1987. Role of
tannins in defending plants against ruminants: reduction in dry matter
digestion? Ecology 68, 1606-1615.

Russell, E. M. 1982. Patterns of parental care and parental investment in

marsupials. Biological Review 5, 423-486.

References: Chapter 2 170



Sadlier, R. M. F. S. 1963. Age estimation by measurements of joeys of the
euro Macropus robustus Gould in Western Australia. Australian Journal
of Zoology 11, 241-249.

Sanson, G. D. 1978. The evolution and significance of mastication in the

Macropodidae. Australian Mammalogy 2, 23-28.

Sanson, G. D. 1980. The morphology and occlusion of the molariform cheek
teeth in some Macropodinae (Marsupialia: Macropodidae). Australian
Journal of Zoology 28, 341-365.

Sanson, G. D. 1989. Morphological adaptations of teeth to diets and feeding in
the Macropodoidea. Pp: 151-168. In: Kangaroos, Wallabies and Rat-
kangaroos. Volume 2. Eds: Grigg, G., P. Jarman and |. Hume. Surrey

Beatty & Sons Pty Limited, Australia.

Sattler, P. and R. Williams. 1999. The conservation status of Queensland’s
bioregional ecosystems. Queensland Government Environmental

Protection Agency.

Scholtz, B. 1980. The behaviour of the brush-tailed rock wallaby, (Petrogale
penicillata) in south-east Queensland. Unpublished report, Queensland

Institute of Technology, Brisbane.

Sharman, G. B., H. J. Frith and J. H. Calaby. 1964. Growth of the pouch
young, tooth eruption and age determination in the red kangaroo,
Megaleia rufa. Wildlife Research 9, 20-49.

Shield, J. W. and P. Woolley. 1961. Age estimation by measurement of pouch
young of the quokka (Setonix brachyurus). Australian Journal of Zoology
9, 14-23.

Short, J. C. 1980. Ecology of the brush-tailed rock wallaby, Petrogale
penicillata. MSc Thesis, University of Sydney, Sydney.

References: Chapter 2 171



Smith, M. 1979. Behaviour of the koala, Phascolarctos cinereus Goldfuss, in
captivity I. Non-social behaviour. Australian Wildlife Research 6, 117-
129.

Smith, R. 1988. Tree kangaroos: vulnerable in the wild, threatened in captivity.
In: Proceedings of the fifth World Conference on breeding endangered
species in captivity. Eds. B. L. Dresser, R. W. Reese and E. J. Maruska.

Cincinnati, OH, Cincinnati Zoo.

Stamps, J. A., M. Buechner and V. V. Krishnan. 1987. The effects of habitat
geometry on territorial defense costs: intruder pressure in bounded
habitats. American Zoologist 27, 307-325.

Stevens, C. E. and I. D. Hume. 1995. Comparative physiology of the
vertebrate digestive system. Second Edition. Cambridge University

Press, Cambridge.

Stickel, L. F. 1954. A comparison of certain methods of measuring ranges of

small mammals. Journal of Mammalogy 35, 1-15.

Thomas, D. C. 1977. Metachromatic staining of dental cementum for
mammalian age determination. Journal of Wildlife Management 41, 207-
210.

Thompson, J. A. and W. H. Owen. 1964. A field study of the Australian ringtail
possum Pseudocheirus peregrinus (Marsupialia: Phalangeridae).

Ecological Monographs 34, 27-52.

Thornton, R. F., P. R. Bird, M. Somers and R. J. Moir. 1970. Urea excretion in
ruminants. lll. The role of the hind-gut (caecum and colon). Australian
Journal of Agricultural Research 21, 345-354.

Tracey, G. J. 1982. The vegetation of the humid tropical region of north
Queensland. CSIRO, Melbourne.

Tree Kangaroo and Mammal Group. 2000. Community survey of the

distribution of Lumholtz’s Tree-kangaroo. Natural Heritage Trust.

References: Chapter 2 172



Troy, S. and G. Coulson. 1993. Home range of the swamp wallaby, Wallabia
bicolor. Wildlife Research 20, 571-577.

Tufto, J., R. Andersen and J. Linnell. 1996. Habitat use and ecological
correlates of home range size in a small cervid: the roe deer. Journal of
Animal Ecology 65, 715-724.

Umapathy, G. and A. Kumar. 2000. The occurrence of arboreal mammals in
the rain forest fragments in the Anamalai Hills, south India. Biological
Conservation 92, 311-319.

Van Horne, B. 1983. Density as a misleading indicator of habitat quality.
Journal of Wildlife Management 47, 893-891.

Van Soest, P. J. 1982. Nutritional ecology of the ruminant. O and B Books,
Corvallis, US.

Vernes, K., H. Marsh and J. Winter. 1995. Home range and movement
patterns of the red-legged pademelon (Thylogale stigmatica) in a

fragmented tropical rainforest. Wildlife Research 22, 699-708.

Vincent, J. P., E. Bideau, A. J. M. Hewison and J. M. Angibault. 1995. The
influence of increasing density on body weight, kid production, home
range and winter grouping in roe deer (Capreolus capreolus). Journal of
Zoology, London 236, 371-382.

Waterman, P. G., J. A. Ross, E. L. Bennett and A. G. Davies. 1988. A
comparison of the floristics and leaf chemistry of the tree flora in two
Malaysian rainforest and the influences of leaf chemistry on populations
of colobine monkeys in the Old World. Biological Journal of the Linnean
Society 34, 1-32.

White, N. A. 1999. Ecology of the koala (Phascolarctos cinereus) in rural
south-east Queensland, Australia. Wildlife Research 26, 731-744.

White, N. A. and N. D. Kunst. 1990. Aspects of the ecology of the koala in
southeastern Queensland. Pp: 109-116. In: Biology of the Koala. Eds:

References: Chapter 2 173



A. K. Lee, K. A. Handasyde and G. D. Sanson. Surrey Beatty & Sons,
Sydney.

Winter, J. W. 1980. Tooth wear as an age index in a population of the brush-
tailed possum, Trichosurus vulpecula (Kerr). Australian Wildlife
Research 7, 359-363.

Winter, J. W. 1991. Northeastern Queensland: some conservation issues
highlighted by forest mammals. Pp. 113-118. In: Conservation of
Australia’s Forest Fauna. Ed: D. Lunney. Royal Zoological Society of
NSW, Mosman.

Winter, . W. 1997. Responses of non-volant mammals to late Quaternary
climatic changes in the wet tropics region of North-eastern Australia.
Wildlife Research 24, 493-511.

10.2 CHAPTER 3

Frawley, K. J. 1983. A history of forest and land management in Queensland,
with particular reference to the north Queensland rainforest. Report to

the Rainforest Conservation Society of Queensland, Brisbane.

Graham, A. W., M. S. Hopkins and J. Maggs. 1995. Succession and
disturbance in the remnant rainforest type Complex Notophyill Vine forest
on basalt (Type 5b). I. Vegetation map and explanatory notes. Report to
Wet Tropics Management Authority. CSIRO, Atherton.

Laurance, W. F. 1991. Ecological correlates of extinction proneness in

Australian tropical rain forest mammals. Conservation Biology 5, 79-89.

Martin, R. W. 1992. An ecological study of Bennett’s tree-kangaroo
(Dendrolagus bennettianus). Report number 116. World Wide Fund for

Nature Publication, Sydney, Australia.
Newell, G. R. 1998. Lumholtz’s tree-kangaroo. Nature Australia 25, 31-39.

Newell, G. R. 1999a. Australia’s tree-kangaroos: current issues in their

conservation. Biological Conservation 87, 1-12.

References: Chapter 3 174



Newell, G. R. 1999b. Home range and habitat use by Lumholtz’s tree-
kangaroo (Dendrolagus lumholtzi) within a rainforest fragment in north
Queensland. Wildlife Research 26, 129-145.

Procter-Gray, E. 1985. The behaviour and ecology of Lumholtz’s tree-
kangaroo, Dendrolagus lumholtzi (Marsupialia: Macropodidae). Ph.D.

Thesis, Harvard University.

Sattler, P. and R. Williams. 1999. The conservation status of Queensland’s
bioregional ecosystems. Queensland Government Environmental

Protection Agency.

Tracey, G. J. 1982. The vegetation of the humid tropical region of north
Queensland. CSIRO, Melbourne.

Winter, J. W., F. C. Bell, L. I. Pahl and R. G. Atherton. 1987. Rainforest
clearfelling in Northeastern Australia. Proceedings of the Royal Society
of Queensland 98, 41-57.

10.3 CHAPTER 4

Begon, M., J. L. Harper and C. R. Townsend. 1986. Ecology: individuals,

populations and communities. Blackwell Scientific Publications, London.

Betz, W. 2001. Matschie’s Tree kangaroo (Marsupialia: Macropodidae,
Dendrolagus matschiei) in Papua New Guinea: estimates of population
density and landowner accounts of food plants and natural history.

Masters Thesis, University of Southampton, Southampton.

Betz, W., L. Dabek and K. Evei. Unpublished data a. Local population
densities of Matschie’s tree kangaroos (Dendrolagus matschiei) in

Papua New Guinea and implications for conservation.

Betz, W., L. Dabek and K. Evei. Unpublished data b. Use of landowner
interviews to document indigenous knowledge of natural history, cultural
significance, and conservation status of Matschie’s tree-kangaroo

(Dendrolagus matschiei) in Papua New Guinea.

References: Chapter 4 175



Bravo, S. P. and A. Sallenave. 2003. Foraging behavior and activity patterns
of Alouatta caraya in the northeastern Argentinean flooded forest.

International Journal of Primatology 24(4), 825-846.

Chapman, C. A., A. Gautier-Hion, J. F. Oates and D. A. Onderdonk. 1999.
African primate communities: determinants of structure and threats to
survival. Pp. 1-38. In: Primate Communities. Eds. J. G. Fleagle, C. H.

Janson and K. E. Reed. Cambridge University Press, Cambridge.

Chiarello, A. G. 1998. Activity budgets and ranging patterns of the Atlantic
forest maned sloth Bradypus torquatus (Xenarthra: Bradypodidae).

Journal of Zoology, London 246, 1-10.

Clutton-Brock, T. H. 1989. Mammalian mating systems. Proceedings of the
Royal Society of London, Series B 236, 339-372.

Crawley, M. C. 1973. A live-trapping study of Australian brush-tail possums
Trichosurus vulpecula (Kerr), in the Orongorongo Valley, Wellington,

New Zealand. Australian Journal of Zoology 21, 75-90.

Crockett, C. M. and J. F. Eisenberg. 1987. Howlers: variations in group size
and demographics. In B. B. Smuts, D. L. Cheney, R. W. Wrangham and T.
T. Struthsaker (eds.), Primate Societies. The University of Chicago Press,

Chicago.

Croft, D. B. 1989. Social organization of the Macropodoidea. Pp. 505-525. In:
Kangaroos, wallabies and rat-kangaroos. Eds: G. Grigg, P. Jarman and

| Hume. Surrey Beatty & Sons, New South Wales.

Dennis, A. 1997. Musky rat-kangaroos, Hypsiprymnodon moschatus: cursorial
frugivores in Australia’s wet-tropical rainforests. PhD. Thesis, James

Cook University, Cairns Queensland.

Dixon, K. R. and J. A. Chapman. 1980. Harmonic mean measure of animal
activity areas. Ecology 61(5), 1040-1044.

References: Chapter 4 176



Dunnet, G. M. 1964. A field study of local populations of the brush-tailed
possum Trichosurus vulpecula in eastern Australia. Proceedings of the
Zoological Society of London 142, 665-695.

Eberhard, I. H. 1972. Ecology of the Koala, Phascolarctos cinereus
(Goldfuss), on Flinders Chase, Kangaroo Island. PhD Thesis, University
of Adelaide, Adelaide.

Eberhard, I. H. 1978. Ecology of the Koala, Phascolarctos cinereus (Goldfuss)
Marsupialia: Phascolarctidae, in Australia. Pp. 315-327. In: The
Ecology of Arboreal Folivores. Ed: G. G. Montgomery. Smithsonian

Institution Press, Washington, DC.

Ellis, W. A. H., A. Melzer, F. N. Carrick and M. Hasegawa. 2002. Tree use,
diet and home range of the koala (Phascolarctos cinereus) at Blair Athol,
central Queensland. Wildlife Research 29, 303-311.

Estrada, A. 1984. Resource use by howler monkeys (Alouatta palliata) in the
rain forest of Los Tuxtlas, Veracruz, Mexico. International Journal of
Primatology 5, 105-131.

Fischer, K. E., and S. N. Austad. 1992. A preliminary report on the ecology of
arboreal marsupials on Mount Stolle, Sandaun Province. New Guinea

Biological Society Meeting, Manokwari, Irian Jaya, Indonesia.

Fisher, D. O. 2000. Effects of vegetation structure, food and shelter on the
home range and habitat use of an endangered wallaby. Journal of
Applied Ecology 37, 660-671.

Fisher, D. O. and I. P. F. Owens. 2000. Female home range size and the
evolution of social organisation in macropod marsupials. Journal of
Animal Ecology 69, 1083-1098.

Flannery, T. F., R. Martin and A. Szalay. (Eds.) 1996. Tree-kangaroos: A

Curious Natural History. Reed Books, Melbourne.

References: Chapter 4 177



Gallerani Lawson, E. J and A. R. Rodgers. 1997. Differences in home-range
size computed in commonly used software programs. Wildlife Society
Bulletin 25(3), 721-729.

Harestad, A. S and F. L. Blunnell. 1979. Home range and body weight - a
reevaluation. Ecology 60, 389-402.

Harris, S., W. J. Cresswell, P. G. Forde, W. J. Trewhella, T. Woollard and S.
Wray. 1990. Home-range analysis using radio-tracking data - a review
of problems and techniques particularly as applied to the study of

mammals. Mammalian Review 20: 97-123.

Hindell, M. A. and A. K. Lee. 1987. Habitat use and tree preferences of Koalas
in a mixed eucalypt forest. Australian Wildlife Research 14, 349-360.

Hindell, M. A. and A. K. Lee. 1988. Tree use by individual koalas in a natural
forest. Australian Wildlife Research 15, 1-7.

Hixon, M. A. 1987. Territory area as a determinant of mating systems.
American Zoologist 27, 229-247 .

How, R. A. 1972. The ecology and management of Trichosurus species
(Marsupialia) in New South Wales. Ph.D. Thesis, University of New
England, Armifdale.

How, R. A. 1978. Population strategies of four species of Australian
‘possums”. Pp. 305-313. In: The Ecology of Arboreal Folivores. Ed: G.

G. Montgomery. Smithsonian Institution Press, Washington, DC.

How, R. A. 1981. Population parameters of two congeneric possums,
Trichosurus spp., in north-eastern New South Wales. Australian Journal
of Zoology 29, 205- 215.

How, R. A. and S. J. Hillcox. 2000. Brushtail possum, Trichosurus vulpecula,
populations in south-western Australia: demography, diet and

conservations status. Wildlife Research 27, 81-89.

References: Chapter 4 178



Hulbert, I. A. R., G. R. lason, D. A. Elston and P. A. Racey. 1996. Home range
sizes in a stratified upland landscape of two lagomorphs with different

feeding strategies. Journal of Applied Ecology 33, 1479-1488.

Jarman, P. J., C. M. Phillips and J. J. Rabbidge. 1991. Diets of black-striped
wallabies in New South Wales. Wildlife Research 18, 403-412.

Johnson, K. A. 1980. Spatial and temporal use of habitat by the red-necked
pademelon, Thylogale thetis (Marsupialia: Macropodidae). Australian
Wildlife Research 7, 157-166.

Johnson, C. N. 1991. Utilsiation of habitat by the northern hairy-nosed wombat
Lasiorhinus krefftii. Journal of Zoological Society, London 225: 495-507 .

Kanowski, J. J. 1999. Ecological determinants of the distribution and
abundance of the folivorous marsupials endemic to the rainforests of the
Atherton Uplands, north Queensland. Ph.D. Thesis, James Cook

University, Townsuville.

Kanowski, J. J., L. Felderhof, G. Newell, C. Schmidt, B. Stirn, R. Wilson and J.
W. Winter. 2001a. Community survey of the distribution of Lumholtz’s
tree-kangaroo on the Atherton Tablelands, north-east Queensland.

Pacific Conservation Biology 7(2), 79-86.

Kanowski. J., M. S. Hopkins, H. Marsh and J. W. Winter. 2001b. Ecological
correlates of folivore abundance in north Queensland rainforests.
Wildlife Research 28, 1-28.

Kenward, R. E. and K. H. Hodder. 1995. Ranges V. An analysis system for

biological data. Institute for Terrestrial Ecology: Dorset, UK.

Kerle, J. A. 1998. The population dynamics of a tropical possum, Trichosurus

vulpecula arnhemensis Collett. Wildlife Research 25, 171-181.

Komers, P. E. and P. N. M. Brotherton. 1997. Female space use is the best
predictor of monogamy in mammals. Proceedings of the Royal Society
of London, Series B 264, 1261-1270.

References: Chapter 4 179



Laurance, W. F. 1989. Ecological impacts of tropical forest fragmentation on
non-flying mammals and their habitats. Ph.D. Thesis. Zoology

Department, University of California, Berkeley, CA.

Laurance, W. F. 1990. Comparative responses of five arboreal marsupials to

tropical forest fragmentation. Journal of Mammalogy 71(4), 641-653.

Laurance, S. G. 1996. Utilisation of linear rainforest remnants by arboreal
marsupials in north Queensland. M.Sc. Thesis, University of New
England, Armidale, NSW.

Laurance, W. F. 1997. Responses of mammals to rainforest Fragmentation in
Tropical Queensland: a review and synthesis. Wildlife Research 24,
603-612.

Laurance, W. F., and Laurance, S. G. 1996. Responses of five arboreal
marsupials to recent selective logging in tropical Australia. Biotropica 28,
310-322.

Laurance, S. G., and Laurance, W. F. 1999. Tropical wildlife corridors: use of
linear rainforest remnants by arboreal mammals. Biological
Conservation 91, 231-239.

Lindstedt, S. L., B. J. Miller and S. W. Buskirk. 1986. Home range, time and
body size in mammals. Ecology 67, 413-418.

Martin, R. W. 1992. An ecological study of Bennett’s tree-kangaroo
(Dendrolagus bennettianus). Report number 116. World Wide Fund for

Nature Publication, Sydney, Australia.

Martin, R. W. 1996. Tcharibeena: field studies of Bennett’s tree-kangaroo.
Pp. 36-65. In: Tree-kangaroos: A Curious Natural History. Eds:
Flannery, T. F., R. Martin and A. Szalay. Reed Books, Melbourne.

McKey, D. 1978. Soils, vegetation, and seed-eating by black Colobus
monkeys. Pp. 423-437. In: The Ecology of Arboreal Folivores. Ed: G.

G. Montgomery. Smithsonian Institution Press, Washington, DC.

References: Chapter 4 180



McNab, B. K. 1963. Bioenergetics and the determination of home range size.
American Naturalist 97, 133-140.

McNab, B. K. 1988. Energy conservation in a tree-kangaroo (Dendrolagus
matschiei) and the red panda (Ailurus fulgens). Physiological Zoology
61(3), 280-292.

Melzer, A. 1995. Aspects of the ecology of the Koala (Phascolarctus cinereus,
Goldfuss 1917) in sub-humid woodland of central Queensland. Ph.D.
Thesis, University of Queensland.

Milton, K. and M. L. May. 1976. Body weight, diet and home range area in
primates. Nature 259, 459-462.

Mitchell, P. 1990. The home ranges and social activity of koalas - a
quantitative analysis. Pp: 171-187. In: Biology of the Koala. Eds: A. K.
Lee, K. A. Handasyde and G. D. Sanson. Surrey Beatty & Sons,
Sydney.

Montgomery, G. G. and M. E. Sunquist. 1978. Habitat selection and use by
two-toed and three-toed sloths. Pp. 329-359. In: The Ecology of
Arboreal Folivores. Ed: G. G. Montgomery. Smithsonian Institution
Press, Washington, DC.

Newell, G. R. 1998. Lumholtz’'s tree-kangaroo. Nature Australia 25, 31-39.

Newell, G. R. 1999a. Australia’s tree-kangaroos: current issues in their

conservation. Biological Conservation 87, 1-12.

Newell, G. R. 1999b. Home range and habitat use by Lumholtz’s tree-
kangaroo (Dendrolagus lumholtzi) within a rainforest fragment in north
Queensland. Wildlife Research 26, 129-145.

Newell, G. R. 1999c. Responses of Lumholtz’s tree-kangaroo (Dendrolagus
lumholtzi) to loss of habitat within a tropical rainforest fragment.

Biological Conservation 91, 181-189.

References: Chapter 4 181



Panhl, L. I., Winter, J. W. and Heinsohn, G. 1988. Variation in responses of
arboreal folivores to fragmentation of tropical rainforest in North Eastern

Australia. Biological Conservation 46, 71-82.

Palacios, E. and A. Rodriguez. 2001. Ranging pattern and use of space in a
group of Red Howler monkeys (Alouatta seniculus) in a southeastern

Colombian rainforest. American Journal of Primatology 55, 233-251.

Pople, A. 1989. Habitat associations of Australian Macropodoidea. Pp.755-
766. In: Kangaroos, Wallabies and Rat-kangaroos. Volume 2. Eds:
Grigg, G., P. Jarman and |I. Hume. Surrey Beatty & Sons Pty Limited,

Australia.

Procter-Gray, E. 1984. Dietary ecology of the Coppery Brushtail possum,
Green Ringtail possum and Lumholtz’s tree-kangaroo in north
Queensland. Pp. 129-135. In: Possums and Gliders. Eds: A. P. Smith

and |. D. Hume. Australian Mammal Society, Sydney.

Procter-Gray, E. 1985. The behaviour and ecology of Lumholtz’s tree-
kangaroo, Dendrolagus lumholtzi (Marsupialia: Macropodidae). Ph.D.

Thesis, Harvard University.

Sampson, J. C. 1971. The biology of Bettongia penincillata Gray, 1937. Ph.D.

Thesis, University of Western Australia, Perth.

Sattler , P. and R. Williams. 1999. The Conservation Status of Queensland’s
Bioregional Ecosystems. Queensland Government, Environmental

Protection Agency, Brisbane.

Scrivener, N. 2000. Testing the role of plant secondary metabolites on diet
dselection and foraging strategy of the common brushtail possum
(Trichosurus vulpecula). Honours Thesis, James Cook University,

Cairns.

Smith, M. 1979. Behaviour of the koala, Phascolarctos cinereus Goldfuss, in
captivity I. Non-social behaviour. Australian Wildlife Research 6, 117-
129.

References: Chapter 4 182



Tracey, G. J. 1982. The vegetation of the humid tropical region of north
Queensland. CSIRO, Melbourne.

Troy, S. and G. Coulson. 1993. Home range of the swamp wallaby, Wallabia
bicolor. Wildlife Research 20, 571-577.

Vernes, K., H. Marsh and J. Winter. 1995. Home range and movement
patterns of the red-legged pademelon (Thylogale stigmatica) in a

fragmented tropical rainforest. Wildlife Research 22, 699-708.

Ward, G. D. 1978. Habitat use and home range of radio-tagged Opossums
Trichosurus vulpecula (Kerr) in New Zealand lowland forest. Pp. 267-
287. In: The Ecology of Arboreal Folivores. Ed: G. G. Montgomery.

Smithsonian Institution Press, Washington, DC.

White, N. A. 1999. Ecology of the koala (Phascolarctos cinereus) in rural
south-east Queensland, Australia. Wildlife Research 26, 731-744.

Wilson, R. 2000. The impact of anthropogenic disturbance on four species of
rainforest possums in north-eastern Queensland. PhD. Thesis, James

Cook University, Cairns.

10.4 CHAPTER S

Aebischer, N. J., P. A. Robertson and R. E. Kenward. 1993. Compositional
analysis of habitat use from animal radio-tracking data. Ecology
74(5),1313-1325.

Betz, W. 2001. Matschie’s Tree kangaroo (Marsupialia: Macropodidae,
Dendrolagus matschiei) in Papua New Guinea: estimates of population
density and landowner accounts of food plants and natural history.

Masters Thesis, University of Southampton, Southampton.

Betz, W., L. Dabek and K. Evei. Unpublished data. Use of landowner
interviews to document indigenous knowledge of natural history, cultural
significance, and conservation status of Matschie’s tree kangaroo

(Dendrolagus matschiei) in Papua New Guinea.

References: Chapter 5 183



Chiarello, A. G. 1998. Diet of the Atlantic forest maned sloth Bradypus
torquatus (Xenarthra: Bradypodidae). Journal of Zoology, London 246,
11-19.

Cork, S. J. and W. J. Foley. 1991. Digestive and metabolic strategies of
arboreal folivores in relation to chemical defenses in temperate and
tropical forests. Pp. 133-166. In: Plant defenses against mammalian
herbivory. Eds. R. T. Palo and C. T. Robbins. CRC Press, Boca Raton.

Cork, S. J. and W. J. Foley. 1997. Digestive and metabolic adaptations of
arboreal marsupials for dealing with plant antinutrients and toxins. Pp.
133-166. In: Marsupial Biology: recent research, new perspectives.
Eds: Saunders, N. and L. Hinds. University of New South Wales Press,

Sydney.

Eberhard, I. H. 1978. Ecology of the Koala, Phascolarctos cinereus (Goldfuss)
Marsupialia: Phascolarctidae, in Australia. Pp. 315-327. In: The
Ecology of Arboreal Folivores. Ed: G. G. Montgomery. Smithsonian

Institution Press, Washington, DC.

Ellis, W. A. H., A. Melzer, F. N. Carrick and M. Hasegawa. 2002. Tree use,
diet and home range of the koala (Phascolarctos cinereus) at Blair Athol,
central Queensland. Wildlife Research 29, 303-311.

Flannery, T. F., R. Martin and A. Szalay. (Eds.) 1996. Tree-kangaroos: A

Curious Natural History. Reed Books, Melbourne.

Glander, K. E. 1978. Howling monkey feeding behavior and plant secondary
compounds: a study of strategies. Pp. 561-574. In: The Ecology of
Arboreal Folivores. Ed: G. G. Montgomery. Smithsonian Institution
Press, Washington, DC.

Hindell, M. A. and A. K. Lee. 1987. Habitat use and tree preferences of Koalas
in a mixed eucalypt forest. Australian Wildlife Research 14, 349-360.

Hindell, M. A. and A. K. Lee. 1988. Tree use by individual koalas in a natural
forest. Australian Wildlife Research 15, 1-7.

References: Chapter 5 184



Hindell, M. A., K. A. Handasyde and A. K. Lee. 1985. Tree selection by free-
ranging koala populations in Victoria. Australian Wildlife Research 12,
137-144.

Hladik, C. M. 1978. Adaptive strategies of primates in relation to leaf-eating.
Pp. 373-395. In: The Ecology of Arboreal Folivores. Ed: G. G.

Montgomery. Smithsonian Institution Press, Washington, DC.

How, R. A. 1978. Population strategies of four species of Australian
‘possums”. Pp. 305-313. In: The Ecology of Arboreal Folivores. Ed: G.

G. Montgomery. Smithsonian Institution Press, Washington, DC.

How, R. A. and S. J. Hillcox. 2000. Brushtail possum, Trichosurus vulpecula,
populations in south-western Australia: demography, diet and

conservations status. Wildlife Research 27, 81-89.

Johnson, D. H. 1980. The comparison of usage and availability measurements

for evaluating resource preference. Ecology 61(1), 65-71.

Johnson, C. N., P. J. Jarman and C. J. Southwell. 1987. Macropod studies at
Wallaby Creek V. Patterns of defaecation by eastern grey kangaroos
and red-necked wallabies. Australian Wildlife Research 14, 133-138.

Kanowski, J. J. 1999. Ecological determinants of the distribution and
abundance of the folivorous marsupials endemic to the rainforests of the
Atherton Uplands, north Queensland. Ph.D. Thesis, James Cook

University, Townsville.

Kanowski, J. J., L. Felderhof, G. Newell, C. Schmidt, B. Stirn, R. Wilson and J.
W. Winter. 2001a. Community survey of the distribution of Lumholtz’s
tree-kangaroo on the Atherton Tablelands, north-east Queensland.

Pacific Conservation Biology 7(2), 79-86.

Kanowski, J. J., M. S. Hopkins, H. Marsh and J. W. Winter. 2001b. Ecological
correlates of folivore abundance in north Queensland. Wildlife Research
28, 1-8.

References: Chapter 5 185



Kenward, R. E., A. B. South and S. S. Walls. 2003. Ranges 6 v1.2: For

the analysis of tracking and location data. Anatrack Ltd., Wareham, UK.

Laurance, W. F. 1989. Ecological impacts of tropical forest fragmentation on
non-flying mammals and their habitats. Ph.D. Thesis. Zoology

Department, University of California, Berkeley, CA.

Laurance, W. F. 1990. Comparative responses of five arboreal marsupials to

tropical forest fragmentation. Journal of Mammalogy 71(4), 641-653.

Laurance, S. G. 1996. Utilisation of linear rainforest remnants by arboreal
marsupials in north Queensland. M.Sc. Thesis, University of New
England, Armidale, NSW.

Laurance, W. F. 1997. Responses of mammals to rainforest Fragmentation in
Tropical Queensland: a review and synthesis. Wildlife Research 24,
603-612.

Laurance, W. F., and Laurance, S. G. 1996. Responses of five arboreal
marsupials to recent selective logging in tropical Australia. Biotropica 28,
310-322.

Laurance, S.G., and Laurance, W.F. 1999. Tropical wildlife corridors: use of
linear rainforest remnants by arboreal mammals. Biological Conservation
91, 231-239.

Lawler, I. R., W. J. Foley, B. M. Eschler, D. M. Pass and K. Handasyde. 1998.
Intraspecific variation in Eucalyptus secondary metabolites determines

food intake by folivorous marsupials. Oecologia 116, 160-169.

Lawler, I. R., W. J. Foley and B. M. Eschler. 2000. Foliar concentration of a
single toxin creates habitat patchiness for a marsupial folivore. Ecology
81, 1327-1338.

Manly, B. F. J., L. L. McDonald, D. L. Thomas, T. L. McDonald and W. P.
Erickson. 2002. Resource Selection by animals. 2" Edition. Kluwer

Academic Publishers, The Netherlands.

References: Chapter 5 186



Martin, R. W. 1992. An ecological study of Bennett’s tree-kangaroo
(Dendrolagus bennettianus). Report number 116. World Wide Fund for

Nature Publication, Sydney, Australia.

Melzer, A. 1995. Aspects of the ecology of the Koala (Phascolarctus cinereus,
Goldfuss 1917) in sub-humid woodland of central Queensland. Ph.D.

Thesis, University of Queensland.

McCune, B, and M. J. Mefford. 1999. PC-ORD. Multivariate Analysis of
ecological data, Version 4. MjM Software Design, Gleneden Beach,
Oregon, USA.

McKey, D. 1978. Soils, vegetation, and seed-eating by black Colobus
monkeys. Pp. 423-437. In: The Ecology of Arboreal Folivores. Ed: G.

G. Montgomery. Smithsonian Institution Press, Washington, DC.

Milton, K. and M. L. May. 1976. Body weight, diet and home range area in
primates. Nature 259, 459-462.

Mitchell, P. 1990. The home ranges and social activity of koalas - quantitative
analysis. Pp. 171-187. In: Biology of the Koala. Eds: A. K. Lee, K. A.
Handasyde and G. D. Sanson. Surrey Beatty and Sons, Sydney.

Montgomery, G. G. and M. E. Sunquist. 1978. Habitat selection and use by
two-toed and three-toed sloths. Pp. 329-359. In: The Ecology of
Arboreal Folivores. Ed: G. G. Montgomery. Smithsonian Institution

Press, Washington, DC.

Moore, B. D. and W. J. Foley. 2000. A review of feeding and diet selection in
koalas (Phascolarctos cinereus). Australian Journal of Zoology 48, 317-
333.

Munks, S. A., R. Corkrey and W. J. Foley. 1996. Characteristics of arboreal
marsupial habitat in the semi-arid woodlands of north Queensland.
Wildlife Research 23, 185-195.

References: Chapter 5 187



Newell, G. R. 1999a. Australia’s tree-kangaroos: current issues in their

conservation. Biological Conservation 87, 1-12.

Newell, G. R. 1999b. Home range and habitat use by Lumholtz’s tree-
kangaroo (Dendrolagus lumholtzi) within a rainforest fragment in north
Queensland. Wildlife Research 26, 129-145.

Newell, G. R. 1999c. Responses of Lumholtz’s tree-kangaroo (Dendrolagus
lumholtzi) to loss of habitat within a tropical rainforest fragment.

Biological Conservation 91, 181-189.

Owen, M. 1972. Some factors affecting food intake and selection in white-

fronted geese. Journal of Animal Ecology 41, 79-92.

Pahl, L. I., Winter, J. W. and Heinsohn, G. 1988. Variation in responses of
arboreal folivores to fragmentation of tropical rainforest in North Eastern

Australia. Biological Conservation 46, 71-82.

Palacios, E. and A. Rodriguez. 2001. Ranging pattern and use of space in a
group of Red Howler monkeys (Alouatta seniculus) in a southeastern

Colombian rainforest. American Journal of Primatology 55, 233-251.

Procter-Gray, E. 1984. Dietary ecology of the Coppery Brushtail possum,
Green Ringtail possum and Lumholtz’s tree-kangaroo in north
Queensland. Pp. 129-135. In: Possums and Gliders. Eds: A. P. Smith

and |. D. Hume. Australian Mammal Society, Sydney.

Procter-Gray, E. 1985. The behaviour and ecology of Lumholtz’s tree-
kangaroo, Dendrolagus lumholtzi (Marsupialia: Macropodidae). Ph.D.

Thesis, Harvard University.
Procter-Gray, E. 1990. Kangaroos up a tree. Natural History 90, 61-66.

Tree Kangaroo and Mammal Group. 2000. Community survey of the

distribution of Lumholtz’s Tree-kangaroo. Natural Heritage Trust.

References: Chapter 5 188



Umapathy, G. and A. Kumar. 2000. The occurrence of arboreal mammals in
the rain forest fragments in the Anamalai Hills, south India. Biological
Conservation 92, 311-319.

Wiens, J. A. 1973. Pattern and process in grassland bird communities.
Ecological Monographs 43, 237-270.

10.5 CHAPTER 6

Betz, W. 2001. Matschie’s Tree kangaroo (Marsupialia: Macropodidae,
Dendrolagus matschiei) in Papua New Guinea: estimates of population
density and landowner accounts of food plants and natural history.

Masters Thesis, University of Southampton, Southampton.

Christophel, D. C. and A. Rowett. 1996. Leaf and cuticle atlas of Australian
leafy Lauraceae. Flora of Australia Supplementary Series Number 6,

Australian Biological Resources Study, Canberra.

Copley, P. B. and A. C. Robinson. 1983. Studies on the yellow-footed rock-
wallaby, Petrogale xanthopus Gray (Marsupialia: Macropodidae). Il. Diet.
Australian Wildlife Research 10, 63-76.

Dickman, C. R. 1995. Diets and habitat preferences of three species of
crocidurine shrews in arid southern Africa. Journal of Zoology, London
237, 499-514.

Ellis, W., F. Carrick, P. Lundgren, A. Veary and B. Cohen. 1999. The use of
faecal cuticle examination to determine the dietary composition of
koalas. Australian Zoologist 31(1), 127-133.

Flannery, T. F., R. Martin and A. Szalay. (Eds.) 1996. Tree-kangaroos: A

Curious Natural History. Reed Books, Melbourne.

Gales, R. P. 1987. Validation of the stomach-flushing technique for obtaining
stomach contents of penguins. Ibis 129, 335-343.

Gales, N. J and H. R. Burton. 1988. Use of emetics and anaesthesia for dietary
assessment of Weddell seals. Australian Wildlife Research 15, 423-433.

References: Chapter 6 189



Glander, K. E. 1978. Howling monkey feeding behavior and plant secondary
compounds: a study of strategies. Pp. 561-574. In: The Ecology of
Arboreal Folivores. Ed: G. G. Montgomery. Smithsonian Institution

Press, Washington, DC.

Hart, R. K., M. C. Calver and C. R. Dickman. 2002. The index of relative
importance: an alternative approach to reducing bias in descriptive
studies of animal diets. Wildlife Research 29, 415-421.

Hladik, C. M. 1978. Adaptive strategies of primates in relation to leaf-eating.
Pp. 373-395. In: The Ecology of Arboreal Folivores. Ed: G. G.

Montgomery. Smithsonian Institution Press, Washington, DC.

How, R. A. and S. J. Hillcox. 2000. Brushtail possum, Trichosurus vulpecula,
populations in south-western Australia: demography, diet and

conservation status. Wildlife Research 27, 81-89.

Ingleby, S., M. Westoby and P. K. Latz. 1989. Habitat requirements of the
Northern Nailtail wallaby Onychogalea unguifera (Maruspialia:
Macropodidae) in the Northern Territory and Western Australia. Pp.
767-782. In: Kangaroos, Wallabies and Rat-kangaroos. Volume 2. Eds:
Grigg, G., P. Jarman and |. Hume. Surrey Beaty & Sons Pty Limited,

Australia

Johnson, D. H. 1980. The comparison of usage and availability measurements

for evaluating resource preference. Ecology 61(1), 65-71.

Johnson, P. M., M. Hakes and S. Sullivan. 2002. Predation by Lumholtz’s tree

kangaroos, Dendrolagus lumholtzi in captivity. Thylacinus 26(3), 6-7.

Jones, K. M. W. 2000. Tree-kangaroo (Dendrolagus spp.) diet: Faecal
analysis as a technique to determine food plants and feeding patterns.

Honours Thesis, University of Adelaide, South Australia.

Lapidge, S. J. 2000. Dietary adaptation of reintroduced yellow-footed rock-

wallabies, Petrogale xanthopus xanthopus (Marsupialia: Macropodidae),

References: Chapter 6 190



in the northern Flinders ranges, South Australia. Wildlife Research 27,
195-201.

Manly, B. F. J., L. L. McDonald, D. L. Thomas, T. L. McDonald and W. P.
Erickson. 2002. Resource Selection by animals. 2" Edition. Kluwer

Academic Publishers, The Netherlands.

Martin, G. R., L. E. Twigg and D. J. Robinson. 1996. Comparison of the diet of
feral cats from rural and pastoral Western Australia. Wildlife Research
23, 475-484.

McKey, D. 1978. Soils, vegetation, and seed-eating by black Colobus
monkeys. Pp. 423-437. In: The Ecology of Arboreal Folivores. Ed: G.

G. Montgomery. Smithsonian Institution Press, Washington, DC.

Moore, B. D. and W. J. Foley. 2000. A review of feeding and diet selection in
koalas (Phascolarctos cinereus). Australian Journal of Zoology 48, 317-
333.

Newell, G. R. 1999. Home range and habitat use by Lumholtz’s tree-kangaroo
(Dendrolagus lumholtzi) within a rainforest fragment in north
Queensland. Wildlife Research 26, 129-145.

Norbury, G. L. 1988. A comparison of stomach and faecal samples for diet

analysis of grey kangaroos. Australian Wildlife Research 15, 249-255.

Procter-Gray, E. 1984. Dietary ecology of the Coppery Brushtail possum,
Green Ringtail possum and Lumholtz’s tree-kangaroo in north
Queensland. Pp. 129-135. In: Possums and Gliders. Eds: A.P. Smith

and I.D. Hume. Australian Mammal Society, Sydney.

Procter-Gray, E. 1985. The behaviour and ecology of Lumholtz’s tree-
kangaroo, Dendrolagus lumholtzi (Marsupialia: Macropodidae). Ph.D.

Thesis, Harvard University.

Prys-Jones, R. P., L. Schifferliand D. W. MacDonald. 1974. The use of an

emetic in obtaining food samples from passerises. /bis 116, 90-94.

References: Chapter 6 191



Radke, W. J. and M. J. Fydendall. 1974. A survey of emetics for use in
stomach contents recovery of the house sparrow. American Midlands
Naturalist 92, 164-172.

Randall, R. M. and I. S. Davison. 1981. Device for obtaining food samples
from stomachs of jackass penguins. South African Journal of Wildlife
Research 11, 121-125.

Recchia, C. A. and A. J. Read. 1989. Stomach contents of harbour porpoises,
Phocoena phocoena (L), from the Bay of Fundy. Canadian Journal of
Zoology 67, 2140-2146.

Stephens, D. W. and J. R. Krebs. 1986. Foraging Theory. Princeton

University Press, Princeton, NJ.

Storr, G. M. 1961. Microscopic analysis of faeces, a technique for ascertaining
the diet of herbivorous mammals. Australian Journal of Biological
Sciences 14: 157-164.

Storr, G. M. 1964. Studies on marsupial nutrition. IV. Diet of the Quokka,
Setonix brachyurus (Quoy & Gaimard), on Rottnest Island, Western

Australia. Australian Journal of Biological Science 17, 469-481.

Sullivan, B. J., W. M. Norris and G. S. Baxter. 2003. Low-density koala
(Phascolarctos cinereus) populations in the mulgalands of south-west
Queensland. Il. Distribution and diet. Wildlife Research 30, 331-338.

Tullis, K. J., M. C. Calver and R. D. Wooller. 1982. The invertebrate diet of
small birds in Banksia woodland near Perth, Western Australia, during
winter. Australian Wildlife Research 9, 303-309.

Woolnough, A. P. and C. N. Johnson. 2000. Assessment of the potential for
competition between two sympatric herbivores — the northern hairy-
nosed wombat, Lasiorhinus krefftii, and the eastern grey kangaroo,

Macropus giganteus. Wildlife Research 27, 301-308.

References: Chapter 6 192



10.6 CHAPTER 7

Barry, T. N. and B. J. Blaney. 1987. Secondary compounds of forages. Pp.
91-119. In: The nutrition of herbivores. Eds J. B. Hacker and J. A.
Ternouth. Academic Press, Sydney.

Bauchop, T. 1978. Digestion of leaves in vertebrate arboreal folivores. Pp.
193-204. In: The Ecology of Arboreal Folivores. Ed: G. G. Montgomery.
Smithsonian Institute Press, Washington DC.

Bauchop, T and R. W. Martucci. 1968. Ruminant-like digestion of the langur
monkey. Science 161, 698-700.

Coley, P. D. 1983. Herbivory and defensive characteristics of tree species in a

lowland tropical forest. Ecological Monographs 53(2), 209-233.

Cork, S. J. 1996. Optimal digestive strategies for arboreal herbivorous
mammals in contrasting forest types: Why koalas and colobines are

different. Australian Journal of Ecology 21, 10-20.

Dabek, L. 1991. Mother-young relations and behavioral development of the
young in captive Matschie’s tree kangaroos (Dendrolagus matschiei).

Master of Science, University of Washington.

Dasilva, G. L. 1992. The western black-and-white colobus as a low-energy
strategist — Activity budgets, energy expenditure and energy intake.

Journal of Animal Ecology 61, 79-91.

Dellow, D. W. 1982. Studies on the nutrition of Macropodine marsupials .
The flow of digesta through the stomach and intestine of Macropodines

and sheep. Australian Journal of Zoology 30, 751-765.

Dellow, D. W. and |. D. Hume. 1982. Studies on the nutrition of Macropodine
marsupials IV. Digestion in the stomach and the intestine of Macropus
giganteus, Thylogale thetis and Macropus eugenii. Australian Journal of
Zoology 30, 767-777.

References: Chapter 7 193



Flannery, T. F. 1989. Phylogeny of the Macropodoidea; a study in
convergence. Pp.1-46. In: Kangaroos, Wallabies and Rat-kangaroos.
Eds. G. Grigg, P. Jarman and |. Hume. Surrey Beatty & Sons Pty
Limited, New South Wales, Australia.

Flannery, T. F., R. Martin and A. Szalay. 1996. Tree-kangaroos: a curious

natural history. Reed Books, Australia.

Foley, W. J and I. D. Hume. 1987. Nitrogen requirements and urea
metabolism in two arboreal marsupials, the greater glider (Petauroides
volans) and the brushtail possum (Trichosurus vulpecula) fed Eucalyptus

foliage. Physiological Zoology 60, 241-250.

Freudenberger, D. O. 1992. Gut capacity, functional allocation of gut volume
and size distributions of digesta particles in two Macropodid marsupials
(Macropus robustus robustus and M. r. erubescens) and the feral goat

(Capra hircus). Australian Journal of Zoology 40, 551-561.

Freudenberger, D. O., I. R. Wallis and I. D. Hume. 1989. Digestive
adaptations of kangaroos, wallabies and rat-kangaroos. Pp. 179-187.
In: Kangaroos, Wallabies and Rat-kangaroos. Eds. G. Grigg, P. Jarman
and |. Hume. Surrey Beatty & Sons Pty Limited, New South Wales,

Australia.

Hartman, F. A. 1959. Notes on the adrenal of the sloth. Anatomical Record
133, 105-111.

Hill, W. C. O. 1952. The external and visceral anatomy of the olive colobus
monkey (Procolobus verus). Proceedings of the Zoological Society,
London 122, 127-186.

Hume, |. D. 1978. Evolution of the Macropodidae digestive system. Australian
Mammalogy 2, 37-42.

Hume, |. D. 1982. Digestive physiology and nutrition of marsupials.

Cambridge University Press, Cambridge.

References: Chapter 7 194



Hume, |. D. 1984. Principal features of digestion in kangaroos. Proceedings of
the Nutritional Society of Australia 9, 76-81.

Hume, I. D. 1989. Optimal digestive strategies in mammalian herbivores.
Physiological Zoology 62(6), 1145-1163.

Hume, I. D. 1999. Marsupial Nutrition. Cambridge University Press,
Cambridge.

Hume, I. D. and Carlisle, C. H. 1985. Radiographic studies on the structure
and function of the gastrointestinal tract of two species of potoroine

marsupials. Australian Journal of Zoology 33, 641-654.

Hume, I. D. and D. W. Dellow. 1980. Form and function of the macropod
marsupial digestive tract. Pp. 78-89. In: Comparative physiology:
primitive mammals. Eds. K. Schmidt-Nielsen, L. Bolis and C. R. Taylor.

Cambridge University Press, Cambridge.

Janzen, D. H. 1978. Complications in interpreting the chemical defenses of
trees against tropical arboreal plant-eating vertebrates. Pp. 73-84. In: The
Ecology of Arboreal Folivores. Ed: Montgomery, G. G. Smithsonian

Institution Press, Washington, DC.

Johnson, P. M. and S. Delean. 2003. Reproduction of the Lumholtz tree-
kangaroo, Dendrolagus lumholtzi (Marsupialia: Macropodidae), in
captivity, with age estimation and development of the pouch young.
Wildlife Research 30, 505-512.

Langer, P., Dellow, D. W. and Hume, |. D. 1980. Stomach structure and
function in three species of Macropodine Marsupials. Australian Journal
of Zoology 28, 1-18.

Lentle, R. G., K. J. Stafford, M. A. Potter, B. P. Springett and S. Haslett. 1998.
Factors affecting the volume and macrostructure of gastrointestinal
compartments in the tammar wallaby (Macropus eugenii Desmarest).
Australian Journal of Zoology 46, 529-545.

References: Chapter 7 195



Milton, K. 1978. Behavioral adaptations to leaf-eating by the Mantled Howler
monkey (Alouatta palliata). Pp. 535-549. In: The Ecology of Arboreal
Folivores. Ed: G. G. Montgomery. Smithsonian Institution Press,
Washington, DC.

Montgomery, G. G. and M. E. Sunquist. 1978. Habitat selection and use by
two-toed and three-toed sloths. Pp. 329-359. In: The Ecology of
Arboreal Folivores. Ed: G. G. Montgomery. Smithsonian Institution

Press, Washington, DC.

Ohwaki, K., R. E. Hungate, L. Lotter, R. R. Hofmann and G. Maloiy. 1974.
Stomach fermentation in East African colobus monkeys in their natural
state. Applied Microbiology 27, 713-723.

Osawa, R. 1987. Aspects of digestive strategies in the Macropodidae. Ph.D.

Thesis, University of Queensland, Brisbane.

Owen, R. 1852. Notes on the anatomy of the tree-kangaroo (Dendrolagus
inustus, Gould). Proceedings of the Zoological Society of London 1852,
103-107.

Owen, R. 1868. On the Anatomy of Vertebrates, Vol. lll, Mammals. Pp. 411-

420. Longmans, Green & Co, London.

Parra, R. 1978. Comparison of foregut and hindgut fermentation in herbivores.
Pp. 205-229. In: The Ecology of Arboreal Folivores. Ed: G. G.

Montgomery. Smithsonian Institution Press, Washington, DC.

Penry, D. L. and P. A. Jumars. 1987. Modeling animal guts as chemical

reactors. American Naturalist 129, 69-96.

Richardson, K. C. 1980. The structure and radiographic anatomy of the
alimentary tract of the Tammar wallaby, Macropus eugenii (Marsupialia)

I. The stomach. Australian Journal of Zoology 28, 367 -379.

References: Chapter 7 196



Sibly, R. M. 1981. Strategies of digestion and defecation. Pp. 109-139. In:
Physiological ecology: an evolutionary approach to resource use. Eds.

C.R. Townsend and P. Callow. Sinauer, Sunderland, Mass.

Sibly, R. M. and P. Callow. 1986. Physiological ecology: an evolutionary

approach. Blackwell Scientific Publications. Oxford, London.

Sibly, R. M., K. A. Monk, I. K. Johnson and R. C. Trout. 1990. Seasonal
variation in gut morphology in wild rabbits. Journal of the Zoological
Society of London 221, 605-619.

Stevens, C. E. and I. D. Hume. 1995. Comparative physiology of the
vertebrate digestive system. Second Edition. Cambridge University

Press, Cambridge.

Townsend, C.R. and R.H. Hughes. 1981. Maximising net energy returns from
foraging. Pp. 86-108. In: Physiological ecology: an evolutionary
approach to resource use. Eds. C.R. Townsend and P. Callow.

Sinauer, Sunderland, Mass.

Van Soest, P. J. 1982. Nutritional ecology of the ruminant. O and B Books,
Corvallis, US.

Waterman, P. G., J. A. Ross, E. L. Bennett and A. G. Davies. 1988. A
comparison of the floristics and leaf chemistry of the tree flora in two
Malaysian rainforest and the influences of leaf chemistry on populations
of colobine monkeys in the Old World. Biological Journal of the Linnean
Society 34, 1-32.

10.7 CHAPTER 8

Azorit, C., M. Analla, J. Hervas, R. Carrasco and J. Mufioz-Cobo. 2002a.
Growth marks observation: preferential techniques and teeth for aging of
Spanish Red Deer (Cervus elaphus hispanicus). Anatomy, Histology
and Embryology 31, 303-307.

References: Chapter 7 197



Azorit, C., J. Hervas, M. Analla, R. Carrasco and J. Mufioz-Cobo. 2002b.
Histological thin-sections: a method for the microscopic study of teeth in
Spanish Red Deer (Cervus elaphus hispanicus). Anatomy, Histology
and Embryology 31, 224-227 .

Blanshard, W. H. 1990. Growth and development of the koala from birth to
weaning. Pp.193-202. In: Biology of the Koala. Eds: Lee, A. K., K. A.
Handasyde and G. D. Sanson. Surrey Beatty & Sons, Sydney.

Catt, D. C. 1979. Age determination in Bennett’'s wallaby, Macropus
rufogriseus fruticus (Marsupilaia), in South Canterbury, New Zealand.
Australian Wildlife Research 6, 13-18.

Caughley, G. 1965. Horn rings and tooth eruption as criteria of age in the
Himalayan thar, Hemitagus jemlahicus. New Zealand Journal of Science
8, 333-351.

Caughley, G. 1977. Analysis of Vertebrate Populations. John Wiley & Sons,
London.

Clout, M. N. 1982. Determination of age in the brushtail possum using
sections from decalcified molar teeth. New Zealand Journal of Zoology
9, 405-408.

Cool, S. M., M. B. Bennett and K. Romaniuk. 1994. Age estimation of
Pteropodid bats (Megachiroptera) from hard tissue parameters. Wildlife
Research 21, 353-364.

Dawson, T. J. 1995. Kangaroos: biology of the largest marsupials. University

of New South Wales Press, Sydney.

Driessen, M. M. and G. J. Hocking. 1996. Age estimation of the Tasmanian
pademelon, Thylogale billardierii, by molar eruption. Australian
Mammalogy 20, 107-110.

References: Chapter 8 198



Dubzinski, M. L., A. E. Newsome, A. E. Merchant and B. L. Bolton. 1977.
Comparing the two usual methods for aging Macropodidae on tooth-

classes in the agile wallaby. Australian Wildlife Research 4, 219-221.

Ealey, E. H. M. 1967. Ecology of the euro, Macropus robustus (Gould), in
north-western Australia. IV. Age and growth. Wildlife Research 12, 67-
80.

Fancy, S. G. 1980. Preparation of mammalian teeth fro age determination by

cementum layers: a review. Wildlife Society Bulletin 8, 242-248.

Flannery, T. F., R. Martin and A. Szalay. (Eds.) 1996. Tree-kangaroos: A

Curious Natural History. Reed Books, Melbourne.

Gasaway, W. C., D. B. Harkness and R. A. Rausch. 1978. Accuracy of moose
age determinations from incisor cementum layers. Journal of Wildlife
Management 42(3), 558-563.

Gordon, G. 1991. Estimation of the age of the koala, Phascolarctos cinereus
(Marsupialia: Phascolarctidae) from tooth wear and growth. Australian

Mammalogy 14, 5-12.

Groves, C. P. 1982. The systematics of tree kangaroos (Dendrolagus;

Marsupialia, Macropodidae). Australian Mammalogy 5, 157-186.

Hughes, R. D. 1965. On the age composition of a small sample of individuals
from a population of the banded hare wallaby, Lagostrophus fasciatus

(Peron & Lesueur). Australian Journal of Zoology 13, 75-95.

Inns, R. W. 1982. Age determination in the Kangaroo Island wallaby, Macropus

eugenii (Desmarest). Australian Wildlife Research 9, 213-220.

Johnson, P. M. and S. Delean. 2003. Reproduction of the Lumholtz tree-
kangaroo, Dendrolagus lumholtzi (Marsupialia: Macropodidae), in
captivity, with age estimation and development of the pouch young.
Wildlife Research 30, 505-512.

References: Chapter 8 199



Johnson, P. M. and K. Vernes. 1994. Reproduction in the red-legged
pademelon, Thylogale stigmatica Gould (Marsupialia: Macropodidae),
and age estimation and development of pouch young. Wildlife Research
21, 553-558.

Kingsmill, E. 1962. An investigation of criteria for estimating age in the
marsupials Trichosurus vulpecula Kerr and Perameles nasuta Geoffroy.

Australian Journal of Zoology 10, 597-616.

Kirkpatrick, T. H. 1964. Molar progression and macropod age. Queensland

Journal of Agricultural and Animal Science 21, 163-165.

Kirkpatrick, T. H. 1965. Studies of Macropodidae in Queensland. 2. Age
estimation in the grey kangaroo, the red kangaroo, the eastern wallaroo
and the red-necked wallaby, with notes on dental abnormalities.

Queensland Journal of Agricultural and Animal Science 22, 301-317.

Klevezal, G. A. and S. E. Kleinenberg. 1967. Age determination of mammals
from annual layers in teeth and bones. Moscow. Translated from
Russian by J. Salkind, Reprinted by IPST Press, Jerusalem for The US
Department of the Interior and the National Science Foundation,
Washington DC. Pp. 1-128.

Lanyon, J. M. and G. D. Sanson. 1986. Koala (Phascolarctos cinereus)
dentition and nutrition. Il. Implications of tooth wear in nutrition. Journal
of Zoology, London 209, 169-181.

Laws, R. M. 1952. A new method for age determination for mammals. Nature
169, 972-973.

Lentle, R.G., K. J. Stafford, M. A. Potter, B. P. Springett and S. Haslett. 1998.
Incisor and molar wear in the tammar wallaby (Macropus eugenii

Desmarest). Australian Journal of Zoology 46, 509-527.

Lentle, R.G., I. D. Hume, K. J. Stafford, M. Kennedy, S. Haslett and B. P.
Springett. 2003a. Comparison of tooth morphology and wear patterns in

four species of wallabies. Australian Journal of Zoology 51, 61-79.

References: Chapter 8 200



Lentle, R. G., I. D. Hume, K. J. Stafford, M. Kennedy, S. Haslett and B. P.
Springett. 2003b. Molar progression and tooth wear in tammar
(Macropus eugenii) and parma (Macropus parma) wallabies. Australian
Journal of Zoology 51, 137-151.

Lentle, R. G., I. D. Hume, K. J. Stafford, M. Kennedy, S. Haslett and B. P.
Springett. 2003c. Molar progression and tooth wear in tammar
(Macropus eugenii) and parma (Macropus parma) wallabies. Australian
Journal of Zoology 51, 137-151.

Logan, M. and G. D. Sanson. 2002. The effect of tooth wear on the feeding
behaviour of free-ranging koalas (Phascolarctos cinereus, Goldfuss).
Journal of Zoology, London 256, 63-69.

Martin, R. W. 1981. Age-specific fertility in three populations of the koala,
Phascolarctos cinereus Goldfuss, in Victoria. Australian Wildlife
Research 8, 278-283.

Martin, R. W. 1996. Tcharibeena: field studies of Bennett’s tree-kangaroo.
Pp. 36-65. In: Tree-kangaroos: A Curious Natural History. Eds:
Flannery, T. F., R. Martin and A. Szalay. Reed Books, Melbourne.

Martin, R. W., K. Handasyde and S. Simpson. 1999. The Koala: natural
history, conservation and management. Australian Natural History

Series, University of New South Wales Press, Sydney.

Maynes, G. M. 1972. Age estimation in the parma wallaby, Macropus parma

Waterhouse. Australian Journal of Zoology 20, 107-118.

McCullough, D. R. and P. Beier. 1986. Upper vs. lower molars for cementum
annuli age determination of deer. Journal of Wildlife Management 50(4),
705-706.

Morris, P. 1978. The use of teeth for estimating the age of wild mammals. Pp.
483-494. In: Development, Function and Evolution of Teeth. Eds: P. M.

Butler and K. A. Joysey. Academic Press, London.

References: Chapter 8 201



Murphy, C. R. and J. R. Smith. 1970. Age determination of pouch young and
juvenile Kangaroo island wallabies. Transcripts of the Royal Society of

Science Australia 94, 15-20.

Pekelharing, C. J. 1970. Cementum deposition as an age indicator in the
brush-tailed possum, Trichosurus vulpecula Kerr (Marsupialia).

Australian Journal of Zoology 18, 71-76.

Poole, W. E., S. M. Carpenter and J. T. Wood. 1982. Growth of Grey
kangaroos and the reliability of age determination from body
measurements |l. The Western Grey kangaroos, Macropus fuliginosus,
M. f. melanops and M. f. ocydromus. Australian Wildlife Research 9,
203-212.

Poole, W. E, J. C. Merchant, S. M. Carpenter and J. H. Calaby. 1985.
Reproduction, growth and age determination in the Yellow-footed Rock-
wallaby Petrogale xanthopus Gray, in captivity. Australian Wildlife
Research 12, 127-136.

Sadlier, R. M. F. S. 1963. Age estimation by measurements of joeys of the
euro Macropus robustus Gould in Western Australia. Australian Journal
of Zoology 11, 241-249.

Sharman, G. B., H. J. Frith and J. H. Calaby. 1964. Growth of the pouch
young, tooth eruption and age determination in the red kangaroo,
Megaleia rufa. Wildlife Research 9, 20-49.

Shield, J. W. 1968. Reproduction of the quokka, Setonix brachyurus, in
captivity. Journal of Zoology, London 155, 427-444.

Tate, G. H. H. 1948. Results of the Archbold Expeditions. No. 59. Studies on
the anatomy and phylogeny of the Macropodidae (Marsupialia). Bulletin
of the American Museum of Natural History 91, 233-357.

Winter, J. W. 1980. Tooth wear as an age index in a population of the brush-
tailed possum, Trichosurus vulpecula (Kerr). Australian Wildlife
Research 7, 359-363

References: Chapter 8 202



10.8 CHAPTER 9

Cork, S. J. and W. J. Foley. 1991. Digestive and metabolic strategies of
arboreal folivores in relation to chemical defenses in temperate and
tropical forests. Pp. 133-166. In: Plant defenses against mammalian
herbivory. Eds. R. T. Palo and C. T. Robbins. CRC Press, Boca Raton.

Cork, S. J. and W. J. Foley. 1997. Digestive and metabolic adaptations of
arboreal marsupials for dealing with plant antinutrients and toxins. Pp.
133-166. In: Marsupial Biology: recent research, new perspectives.
Eds: Saunders, N. and L. Hinds. University of New South Wales Press,
Sydney.

Glander, K. E. 1977. Poison in a monkey’s Garden of Eden. Natural History
86, 35-41.

Glander, K. E. 1978. Howling monkey feeding behavior and plant secondary
compounds: a study of strategies. Pp. 561-574. In: The Ecology of
Arboreal Folivores. Ed: G. G. Montgomery. Smithsonian Institution

Press, Washington, DC.

Hladik, C. M. 1978. Adaptive strategies of primates in relation to leaf-eating.
Pp. 373-395. In: The Ecology of Arboreal Folivores. Ed: G. G.

Montgomery. Smithsonian Institution Press, Washington, DC.

Lawler, . R., W. J. Foley, B. M. Eschler, D. M. Pass and K. Handasyde. 1998.
Intraspecific variation in Eucalyptus secondary metabolites determines

food intake by folivorous marsupials. Oecologia 116, 160-169.

Milton, K. 1978. Behavioral adaptations to leaf-eating by the Mantled Howler
monkey (Alouatta palliata). Pp. 535-549. In: The Ecology of Arboreal
Folivores. Ed: G. G. Montgomery. Smithsonian Institution Press,
Washington, DC.

Moore, B. D. and W. J. Foley. 2000. A review of feeding and diet selection in
koalas (Phascolarctos cinereus). Australian Journal of Zoology 48, 317-
333.

References: Chapter 9 203



Newell, G. R. 1999. Home range and habitat use by Lumholtz’s tree-kangaroo
(Dendrolagus lumholtzi) within a rainforest fragment in north
Queensland. Wildlife Research 26, 129-145.

Procter-Gray, E. 1985. The behaviour and ecology of Lumholtz’s tree-
kangaroo, Dendrolagus lumholtzi (Marsupialia: Macropodidae). Ph.D.

Thesis, Harvard University.

Tree Kangaroo and Mammal Group. 2000. Community survey of the

distribution of Lumholtz’s Tree-kangaroo. Natural Heritage Trust.

Umapathy, G. and A. Kumar. 2000. The occurrence of arboreal mammals in
the rain forest fragments in the Anamalai Hills, south India. Biological
Conservation 92, 311-319.

References: Chapter 9 204



Chapter 11: Appendices

11.0 APPENDIX 1 MORPHOLOGICAL MEASUREMENTS OF D.
LUMHOLTZI

Table 11.1: Morphological measurements of D. lumholtzi.

Body . . hind leg . . forearm

im0 |y |t i tongn| s | v | ot i ot g et | eara | enat
(kgs) (mm) Mmm) | m) | mm) | (mm) | (mm) heel) | "mm) | (mm) | elbow)

along back (mm) (mm)

TK1 6.05 | male | 490.0 7100 | 113.0 67.0 131.0 37.0 170.0 34.0 27.0 135.0
TK2 | 720 | male | 4800 665.0 | 123.0 71.0 125.0 39.0 160.0 33.0 28.0 135.0
TK35 | 6.00 | male | 4500 660.0 | 111.0 58.0 129.0 34.0 180.0 38.0 32.0 119.0
TK36 | 7.70 | female | 490.0 680.0 | 112.0 69.0 116.0 31.0 195.0 37.0 35.0 131.0
TK33 | 500 | male | 505.0 655.0 | 114.0 62.0 128.0 32.0 190.0 40.0 33.0 140.0
TK37 | 7.82 | female | 540.0 7400 | 120.0 65.0 133.0 39.0 190.0 44.0 32.0 125.0
TK38 | 810 | female | 590.0 680.0 | 120.0 70.0 130.0 35.0 170.0 43.0 35.0 120.0
TK39 | 4.83 | female | 425.0 685.0 | 109.0 62.0 123.0 33.0 180.0 39.0 28.0 125.0
TK4O0 | 625 | male | 4500 625.0 | 115.0 64.0 113.0 30.0 190.0 37.0 27.0 130.0
TK41 | 620 | male | 4500 7400 | 113.0 65.0 121.0 34.0 190.0 38.0 30.0 130.0
TK42 | 6.74 | female | 4200 655.0 | 109.0 62.0 117.0 32.0 180.0 36.0 30.0 108.0
TK43 | 755 | male | 4700 680.0 | 122.0 65.0 130.0 35.0 190.0 44.0 32.0 135.0
TK3 | 6145 | female | 460.0 7300 | 126.0 69.0 126.0 34.0 200.0 40.0 30.0 130.0
TK46 | 610 | female | 430.0 7300 | 120.0 69.0 120.0 33.0 190.0 37.0 35.0 130.0
TK47 | 515 | female | 450.0 590.0 | 119.0 68.0 113.0 37.0 150.0 34.0 28.0 125.0
TK48 | 885 | male | 5700 7350 | 118.0 74.0 135.0 38.0 200.0 39.0 25.0 150.0
TK49 | 7.20 | female | 480.0 675.0 | 112.0 69.0 125.0 34.0 180.0 42.0 32.0 135.0
TK50 | 4.80 | male | 4500 600.0 | 116.0 68.0 109.0 31.0 180.0 32.0 27.0 125.0
TK51 | 475 | female | 450.0 540.0 | 114.0 68.5 117.0 38.0 160.0 31.0 28.0 125.0
TK4 | 645 | male | 4500 660.0 | 115.0 67.0 121.0 36.0 170.0 34.0 31.0 130.0
TK52 | 960 | male | 540.0 750.0 | 121.0 75.0 133.0 44.0 200.0 43.0 37.0 140.0
TK53 | 875 | male | 5700 7200 | 125.0 70.0 135.0 41.0 200.0 44.0 30.0 150.0
TK5 | 455 | female | 420.0 660.0 | 105.0 62.0 115.0 32.0 160.0 35.0 30.0 115.0
TK6 | 720 | male | 5200 690.0 | 113.0 67.0 127.0 33.0 190.0 34.0 34.0 130.0
TK7 | 530 | female | 470.0 610.0 | 109.0 63.0 118.0 35.5 180.0 32.0 30.0 130.0
TK8 | 735 | male | 5200 7100 | 115.0 69.0 139.0 38.0 190.0 33.0 33.0 140.0
TK9 | 690 | male | 4700 765.0 | 122.0 75.0 136.0 36.0 195.0 32.0 31.0 140.0
TK10 | 6.90 | female | 460.0 7400 | 125.0 66.0 128.0 32.0 180.0 44.0 34.0 130.0
TK54 | 530 | male | 5100 660.0 | 112.0 64.0 125.0 34.0 160.0 36.0 30.0 120.0
TK11 | 720 | male | 4700 650.0 | 114.0 67.0 119.0 31.0 180.0 36.0 32.0 135.0
TK55 | 585 | female | 450.0 682.0 | 117.0 68.0 122.0 34.0 180.0 45.0 32.0 120.0
TK12 | 650 | male | 4700 695.0 | 125.0 65.0 121.0 36.0 170.0 39.0 30.0 125.0
TK13 | 915 | male | 5100 760.0 | 134.0 66.0 136.0 40.0 190.0 38.0 34.0 150.0
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Table 11.1 (cont): Morphological measurements of D. lumholtzi.

Body . . hind leg . . forearm

im0 |y |t i tongn| s | v | ot i ot g et | eara | enat
(kgs) (mm) Mmm) | m) | mm) | (mm) | (mm) heel) | "mm) | (mm) | elbow)

along back (mm) (mm)

TK14 | 880 | male | 5100 7100 | 127.0 73.0 133.0 39.0 170.0 32.0 31.0 135.0
TK15 | 510 | female | 420.0 650.0 | 110.0 63.0 121.0 35.0 175.0 30.0 25.0 120.0
TK56 | 870 | male | 5100 7100 | 123.0 62.0 133.0 40.0 200.0 32.0 30.0 140.0
TK16 | 2.03 | female | 310.0 465.0 98.5 44.0 93.5 28.0 116.0 28.0 26.0 78.0
TK57 | 7.05 | male | 4100 705.0 | 120.0 70.0 135.0 50.0 190.0 40.0 33.0 140.0
TK17 | 6.60 | female | 460.0 660.0 | 118.0 72.0 124.0 33.0 165.0 39.0 27.0 130.0
TK18 | 7.60 | female | 470.0 690.0 | 120.0 69.0 122.0 39.0 190.0 38.0 32.0 130.0
TK19 | 294 | female | 350.0 540.0 99.0 56.0 111.0 32.0 140.0 32.0 26.0 95.0
TK20 | 056 | male | 2100 315.0 68.5 40.0 74.0 19.0 85.0 22.0 22.0 60.0
TK21 | 6.00 | female | 480.0 7250 | 116.0 64.0 126.0 37.0 175.0 33.0 31.0 130.0
TK22 | 675 | male | 5200 7200 | 112.0 52.0 124.0 33.0 195.0 39.0 28.0 145.0
TK23 | 575 | female | 480.0 7200 | 118.0 72.0 126.0 38.0 175.0 41.0 31.0 120.0
TK24 | 325 | male | 365.0 500.0 95.0 46.0 100.0 29.0 145.0 28.0 26.0 95.0
TK25 | 670 | male | 5100 670.0 | 119.0 65.0 126.0 38.0 185.0 35.0 29.0 140.0
TK26 | 475 | male | 4300 660.0 | 110.0 63.0 118.0 34.0 165.0 32.0 30.0 125.0
TK27 | 059 | male | 2500 335.0 67.0 40.0 76.0 20.0 95.0 19.5 20.3 60.0
TK28 | 7.46 | male | 460.0 7100 | 113.0 73.0 135.0 41.0 175.0 326 35.0 145.0
TK29 | 7.90 | female | 490.0 7200 | 119.0 67.0 126.0 36.0 170.0 31.0 32.0 120.0
TK30 | 6.60 | female | 490.0 7100 | 117.0 68.0 132.0 40.0 175.0 37.0 31.0 140.0
TK32 | 875 | male | 5000 7100 | 1235 72.0 131.0 41.0 190.0 34.0 315 140.0
TK64 | 540 | female | 460.0 630.0 | 119.0 64.5 130.0 34.5 195.0 34.0 33.0 125.0
TK65 | 6.85 | male | 490.0 480.0 | 120.0 66.5 136.0 40.0 170.0 38.0 35.0 140.0

206




11.1 APPENDIX 2: DESCRIPTION OF VEGETATION QUADRATS

Table 11.2: Vegetation quadrat variables

Plot EDGE [Type Animal [HM scats Aspect |Slope |Canopy height m |canopy bottom m |Canopy depth m |Movement |Ground [Mid canopy |Vines |No of Epiphytes
A1 1 1 1 75 1 4 2 10 0 10 3 2 2 3 0
A2 2 1 1 75 0 3 30 19 0 19 1 1 1 2 1
A3 2 1 2 55 0 4 20 20 8 12 3 3 1 2 0
A4 1 1 2 75 1 6 15 18 0 18 3 3 2 3 3
B1 1 1 1 55 6 3 5 12 0 12 2 1 1 1 2
B2 2 1 1 75 0 3 10 16 0 16 1 1 2 1 0
B3 2 1 2 90 0 3 5 18 0 18 3 3 1 0 0
B4 2 1 2 95 0 5 4 26 12 14 1 1 2 1 0
B5 2 1 3 95 0 5 10 16 0 16 1 1 1 1 3
B6 2 1 4 95 0 5 15 14 0 14 1 1 2 1 0
B7 2 1 4 90 0 5 15 16 4 12 1 1 1 1 5
B8 2 1 4 95 0 5 10 20 12 8 1 2 1 1 1
B9 2 1 4 90 0 5 10 18 10 8 1 2 1 1 2
Cc2 1 1 3 95 0 3 20 26 14 12 1 1 1 1 0
C3 2 2 3 95 0 2 5 27 15 12 1 1 1 1 0
C4 2 2 3 75 0 3 5 28 14 14 1 1 2 1 0
C5 2 2 3 55 0 2 27 12 15 2 2 1 1 0
C6 2 3 3 75 0 1 5 29 15 14 1 1 1 1 2
c7 2 3 4 55 4 1 25 26 8 18 1 1 1 1 0
C8 2 3 4 55 0 1 15 22 16 6 1 1 2 2 0
C9 2 1 4 75 0 1 5 19 10 9 2 2 2 1 1
Cc10 2 1 4 95 0 1 2 25 16 9 1 3 2 1 1
D2 1 2 3 95 0 2 15 25 16 9 2 2 1 1 0
D3 2 2 3 90 0 1 20 26 16 10 1 1 1 1 1
D4 2 2 3 55 0 2 10 26 16 10 1 1 1 1 0
D5 2 2 3 55 0 2 5 27 18 9 1 1 1 1 0
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Table11.2 (cont): Vegetation quadrat variables

Plot

22
22
27

12
12
24
24
25

18

28

22
24

17
15
32
28

13
20

17
27

40

35
28

35
30
35

15

15
15

25

15

22
22
27

27

27

24
24
25

24
30
28

22
24

17
30
32
28

13
25

22
27

40

35
28

35
30
35

15

25
15
10
15
20

15
15
10

20
10

15
15
30
20

15

10
10
15
10
15

Aspect |Slope |Canopy height m |canopy bottom m |Canopy depth m |Movement |Ground [Mid canopy |Vines |No of Epiphytes

scats

HM

75
90
95
90
95
90
95
95
95
95
95
95
95
95
75
90
95
95
95
55
55
55
90
55
55
55
90
55

Animal

EDGE [Type

D9
D10

E3

E4

E5

E9
E10

F4
F5

F6

F7

F9
F10

G3

G4

G5

G6

H1

H2

H3

H4

H5

H6

13
14
15
16
JO
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Table 11.2 (cont): Vegetation quadrat variables

Plot

10

18
20

17
30
35
20

16
13
17
14
40

24

16
17
13
15
26
33
45

16
26
35
30
40

23

40

27

45

20

16

12

12

18

18
20

22
30
35
40

16
13
17
17
40

40

16
17
17
19
26
45

45

16
26
35
35
40

35
40

45

45

10
30

10
10

10

10

15
15
20

15
20

15
10
10
40

10
15

20

15

Aspect |Slope |Canopy height m |canopy bottom m |Canopy depth m |Movement |Ground [Mid canopy |Vines |No of Epiphytes

scats

HM

55
75
55
75
55
95
75
55
95
95
90
95
90
75
95
95
55
90
100

95
55
90
95
75
90
75
75
75

Animal

EDGE [Type

J1

J2

J3

J4
J5
J6

KO0

K1

K2

K3

K4

K5

LO

L1

L2

L3

L4
L5

L6

M1

M4

M5

M6

N5

N6

04

05

06
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Table 11.2 (cont): Vegetation quadrat variables

Plot EDGE [Type Animal [HM scats Aspect |Slope |Canopy height m |canopy bottom m |Canopy depth m |Movement |Ground [Mid canopy |Vines |No of Epiphytes
SA1 2 5 6 55 0 4 40 8 0 8 3 2 2 1 1
SA2 2 5 6 55 1 40 9 0 9 3 2 1 0 3
SA3 1 5 6 90 1 6 30 15 0 15 2 2 2 0 0
SA4 1 5 6 95 3 4 30 6 0 6 3 3 3 0 0
SB1 2 5 6 55 2 1 30 12 0 12 1 1 1 1 2
SB2 2 5 6 100 1 1 45 15 0 15 2 1 1 1 1
SC1 2 5 6 100 8 6 30 17 0 17 2 1 1 1 4
SC2 1 5 0 100 3 10 2 0 2 3 3 0 0 1
SC3 1 5 0 100 2 45 9 0 9 3 3 1 1 0
SD1 1 5 8 75 3 15 14 0 14 3 3 3 0 0
SD2 2 5 8 95 30 3 40 17 0 17 2 2 2 1 3
SD3 2 5 8 95 37 7 30 17 0 17 1 1 1 1 1
SE1 2 5 6 95 0 6 40 20 0 20 1 1 2 1 3
SE2 1 5 6 95 7 50 9 0 9 3 3 3 0 0
SE3 1 5 6 95 0 7 45 12 0 12 3 2 2 1 3
SE4 1 5 6 95 6 6 20 7 0 7 3 3 3 1 0
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Table 11.2 (cont): Vegetation quadrat variables

total No of trees |No of spp [no of family |no of spp

Plot |measured canopy canopy mid no family mid |no of spp understorey  |no family understorey |spp total family Basal area
A1 9 7 5 11 10 12 10 14 11 37.1
A2 12 9 8 15 13 10 8 20 15 52.4
A3 4 3 3 4 3 7 6 10 8 13.1
A4 10 6 5 17 14 13 13 23 18 49.9
B1 58 9 8 12 11 10 10 17 15 172.5
B2 28 8 4 12 8 6 6 15 9 92.5
B3 0 0 0 2 1 8 7 10 8 0.0
B4 21 6 5 6 5 11 8 14 9 95.8
B5 36 9 7 8 5 16 10 21 13 122.5
B6 29 7 6 10 8 20 16 21 18 99.6
B7 41 10 7 21 14 19 13 37 22 154.7
B8 19 6 5 9 8 17 9 26 13 84.8
B9 21 4 4 13 9 18 13 24 17 89.7
Cc2 13 5 5 5 4 8 7 12 10 59.3
C3 14 4 3 7 6 8 7 13 11 70.7
C4 22 7 5 10 8 7 7 14 12 96.3
C5 8 1 1 3 3 9 9 10 10 55.6
C6 17 9 7 12 8 22 15 30 20 72.7
Cc7 16 11 7 14 10 24 17 31 21 57.9
C8 34 4 4 13 8 27 19 33 20 135.7
C9 36 9 7 16 13 19 15 27 19 163.7
Cc10 22 8 5 12 8 13 12 21 14 84.9
D2 17 8 6 13 9 8 8 17 13 79.8
D3 12 8 8 8 7 13 9 20 15 57.0
D4 19 7 7 12 10 10 8 18 14 76.9
D5 16 6 6 11 11 11 9 16 14 91.3
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Table 11.2 (cont): Vegetation quadrat variables

total No of trees |No of spp [no of family |no of spp

Plot |measured canopy canopy mid no family mid |no of spp understorey  |no family understorey |spp total family Basal area
D9 39 6 5 11 7 24 20 28 21 192.7
D10 38 10 7 18 11 25 14 35 17 131.6
E3 12 6 5 9 8 9 9 16 15 71.8
E4 15 10 7 12 8 15 15 25 21 68.9
E5 16 7 7 11 10 11 10 17 14 78.8
E9 11 7 7 11 8 17 12 21 15 43.9
E10 36 14 7 21 13 23 14 37 20 157.0
F4 29 15 10 25 17 25 14 45 23 102.4
F5 24 15 12 27 17 19 15 40 25 82.4
F6 29 13 6 20 13 18 12 28 16 991
F7 30 21 13 29 18 29 15 50 28 95.3
F9 22 9 6 16 13 28 20 34 23 95.2
F10 27 12 6 23 15 29 18 38 24 100.7
G3 41 12 8 26 18 27 21 42 27 137.0
G4 12 10 6 19 12 24 16 41 20 42.7
G5 33 16 9 26 16 26 12 45 19 971
Gé6 31 14 8 19 13 15 12 30 20 92.2
H1 62 10 8 14 10 18 14 26 16 187.0
H2 44 12 7 13 10 18 11 29 17 157.5
H3 35 15 10 21 13 33 20 44 24 109.4
H4 24 18 11 23 17 35 21 54 27 92.5
H5 31 23 12 35 26 37 21 61 30 122.7
Hé6 36 19 13 32 21 41 20 63 31 106.7
13 44 16 9 20 11 25 16 41 21 164.4
14 47 20 14 46 28 52 28 72 37 148.5
15 30 23 15 40 25 58 30 87 41 105.3
16 44 27 22 56 32 48 27 92 44 145.8




Table 11.2 (cont): Vegetation quadrat variables

total No of trees |No of spp [no of family |no of spp
Plot |measured canopy canopy mid no family mid |no of spp understorey  |no family understorey |spp total family Basal area

JO 68 12 8 27 17 25 17 40 25 232.5
J1 37 12 9 20 15 19 14 34 22 145.1
J2 28 7 7 15 14 24 16 28 20 82.3
J3 20 6 5 11 9 28 18 32 20 85.8

J4 27 21 16 23 20 36 24 52 33 111.9
J5 36 23 17 32 23 52 26 70 34 133.5
J6 25 21 12 36 22 50 30 71 37 87.1

KO 40 7 6 14 11 18 14 27 19 153.7
K1 25 8 6 14 11 25 16 32 20 85.2

K2 38 11 10 26 18 28 15 44 22 148.2
K3 42 13 8 20 9 30 19 44 21 136.3
K4 35 26 17 32 20 34 21 61 31 147.5
K5 41 28 16 39 24 40 22 71 33 144.7
Lo 43 12 7 17 12 19 13 26 16 157.6
L1 24 8 7 13 10 15 12 20 15 773
L2 43 12 8 16 11 25 18 34 20 142.5
L3 27 11 9 21 17 23 17 36 25 104.2
L4 47 20 15 34 19 39 21 54 25 136.9
L5 30 20 11 39 22 40 18 69 28 123.6
L6 37 24 14 34 24 44 20 73 35 143.8
M1 30 11 8 16 12 23 15 31 18 93.7
M4 33 17 13 24 19 43 24 59 32 121.9
M5 34 21 11 46 26 55 25 87 36 117.4
M6 24 14 10 36 23 46 26 68 34 84.0
N5 24 17 14 36 23 41 29 63 38 88.6
N6 21 16 11 35 24 51 32 76 43 96.4
04 42 19 12 34 24 40 29 60 38 119.1
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Table 11.2 (cont): Vegetation quadrat variables

total No of trees |No of spp [no of family |no of spp

Plot |measured canopy canopy mid no family mid |no of spp understorey  |no family understorey |spp total family Basal area
05 44 24 14 37 25 34 22 55 30 135.9
06 31 17 14 24 21 30 15 52 30 113.6
SA1 25 7 7 16 14 24 19 32 25 80.4
SA2 12 5 5 13 11 15 11 21 16 414
SA3 36 11 7 13 9 17 15 25 17 117.7
SA4 5 4 4 10 9 10 10 15 14 19.5
SB1 68 11 9 19 12 16 12 29 19 246.8
SB2 55 11 8 17 12 25 21 33 25 195.5
SC1 42 9 7 18 17 19 17 29 23 172.6
SC2 2 2 2 1 1 4 3 7 6 9.7
SC3 12 6 6 7 7 16 12 20 16 38.4
SD1 7 3 3 4 4 2 2 4 4 20.3
SD2 26 10 9 14 12 23 20 32 25 118.9
SD3 39 6 6 11 10 16 15 20 18 163.2
SE1 72 15 12 23 17 24 22 42 32 264.8
SE2 1 1 1 2 2 5 4 6 5 5.6
SE3 12 8 7 10 9 18 14 28 21 49.1
SE4 21 7 6 10 8 14 12 19 16 63.0
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11.2 APPENDIX 3: CORRELATIONS OF INTENSITY OF USE AND VEGETATION VARIABLES

Table 11.3: Correlations for intensity of use (HM) and structural characters of the vegetation.

Canopy

total No of

No of

no of

S , o Slope . Canopy No of : no of spp| no family| no of spp no family | no of spp no Basal
pearman’s rho 7oHM Deg height depth Epiphytes trees Spp family mid mid understorey| understorey| total family area Aspect
(m) (m) measured| canopy | canopy total
%HM Correlation Coefficienf 1 000 | -139 | -005 | -058 .060 -.053 -004 | -067 | -067 | -110 -116 - 131 -071 | -113 | -050 | .232*
Sig. (2-tailed) 173 964 572 560 605 966 511 514 280 254 197 487 269 623 021
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
Slope Deg Correlation Coefficieny _ 139 | 1.000 | -331* | -.159 032 -.026 -123 -.022 -108 -076 -058 064 - 065 024 | -036 | .038
Sig. (2-tailed) 173 .001 117 751 799 226 826 288 457 568 530 526 813 726 712
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
Canopy height (m)| Correlation Coefficieny _ g5 | -331*| 1.000 | .655* 100 081 597* | 523* | 548* | 518** 523* 425* 568* | 504* | 097 | -237*
Sig. (2-tailed) 964 .001 .000 328 430 .000 .000 .000 .000 .000 .000 .000 .000 342 019
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
Canopy depth (m) | Correlation Coefficieny _ 58 | -159 | 655** | 1.000 | .305* 377 | 735* | 700* | 707** | 698** 693** B11* 723 | 692** | 350** | 041
Sig. (2-tailed) 572 117 .000 002 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 690
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
No Epiphytes Correlation Coefficien]  ggp 032 100 305 | 1.000 208 | 335* | 373* | 391* | 421% 370% 327 428* | 435* | 334* | 005
Sig. (2-tailed) 560 751 328 002 003 .001 .000 .000 .000 .000 .001 .000 .000 .001 353
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
Lcw)teaa:s'\.lo oftrees | Correlation Coefficieny 53 | _gog | 081 | 377 | 298 | 1000 | 609 | 579 | 587 | 520 |  532* 521 | B5g~ | 520" | 951** | 054
Sig. (2-tailed) 605 799 430 .000 003 .000 .000 .000 .000 .000 .000 .000 .000 .000 597
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
No of spp canopy | Correlation Coefficienf _0g4 | -123 | 597 | 735 | 335 609** 1.000 | .924* | 912* | 856 814* 734 894* | 830* | 543 | 001
Sig. (2-tailed) 966 226 .000 .000 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 991
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
ggn‘ggjm”y Correlation Coefficieny _q67 | 020 | 523 | 700~ | 373 | 579 | 924~ | 1000 | 855 | 847 | 779" 727 | 851 | 835 | 513 | (006
Sig. (2-tailed) 511 826 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 000 | .000 | .955
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
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Table 11.3 (cont): Correlations for intensity of use (HM) and structural characters of the vegetation.

Canopy

Canopy

total No of

No of

no of

no

Spearman's rho %HM Sé(;%e height depth Ep'i\lpthtfes trees spp family nor(;fidspp no;agily u:georitsoprZy u:g;rasﬂlr};y notgl‘aslpp family E;?::I Aspect
(m) (m) measured| canopy | canopy total
no of spp mid Correlation Coefficieny _og7 | -108 | 548 | .707* | .391* 587 912* | 855* | 1.000 | .958** 865** 795% 938* | .889** | 530 | .001
Sig. (2-tailed) 514 288 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 991
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
no family mid Correlation Coefficieny _ 110 | -076 | 518* | .698* | .421* 520% 856** | .847* | 958* | 1.000 819* 769* 883* | 878 | 479** | 029
Sig. (2-tailed) 280 457 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 775
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
E;’ dcgrzfcfrey Correlation Coefficieny 115 | 058 | 523 | 693~ | 370* | 532~ | 814~ | 779~ | 865~ | 81g* 1.000 .930** 964* | 923 | 493** | 059
Sig. (2-tailed) 254 568 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 567
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
E;’J:g;g’rey Correlation Coefficieny 131 | 054 | 425 | 611~ | 327+ | 521~ | 734~ | 7277 | 795% | 769" | 930" 1000 | 886%™ | 938 | 494 | 043
Sig. (2-tailed) 197 530 .000 .000 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 673
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
no of spp total Correlation Coefficien] _o71 | -065 | 568 | .723* | .428* B5g** | 894* | 851* | 938* | 883* 964 886 1.000 | 945* | 515* | (037
Sig. (2-tailed) 487 526 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 715
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
no family total Correlation Coefficieny _ 113 | 024 | 504* | 692 | .435* 520% 830* | 835% | .889* | 878 923* 938** 945* | 1000 | 491 | 018
Sig. (2-tailed) 269 813 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 862
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
Basal area Correlation Coefficieny _g50 | -036 097 350% | 334 951 543* | B13* | 530* | .479** 493** 494** 515* | 491* | 1.000 | .053
Sig. (2-tailed) 623 726 342 .000 .001 .000 .000 .000 .000 .000 .000 .000 .000 .000 607
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98
Aspect Correlation Coefficien] 232+« | 038 | -237* 041 095 054 .001 -.006 .001 029 059 043 037 018 053 | 1.000
Sig. (2-tailed) .021 712 019 690 353 597 991 955 991 775 567 673 715 862 607
N 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98 98

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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Table 11.4: Correlations for intensity of use (HM and scats collected) and structural characters of the vegetation.

Movement

Mid canopy

EDGE/NOT

Spearman's rho %HM (1-3) Ground (1-3) (1-3) Vines (1-3) EDGE Type scats/sep
Y%HM Correlation Coefficient 1.000 -160 -.001 109 -.080 -.059 =142 -.082
Sig. (2-tailed) . 17 .994 286 434 562 162 434
N 98 98 98 98 98 98 98 93
Movement (1-3) | Correlation Coefficient -.160 1.000 T712% 310%* -.188 -.434** .324* 115
Sig. (2-tailed) 117 . .000 .002 .064 .000 .001 273
N 98 98 98 98 98 98 98 93
Ground (1-3) Correlation Coefficient -.001 T12%* 1.000 315** -.216* -.283* 282+ .050
Sig. (2-tailed) .994 .000 . .002 .032 .005 .005 633
N 98 98 98 98 98 98 98 93
Mid canopy (1-3) | Correlation Coefficient 109 310%* 315%* 1.000 .021 -.198 .235* 017
Sig. (2-tailed) 286 .002 .002 . 841 .051 .020 875
N 98 98 98 98 98 98 98 93
Vines (0-3) Correlation Coefficient -.080 -.188 -.216* .021 1.000 191 -.093 .063
Sig. (2-tailed) 434 .064 .032 841 . .059 364 548
N 98 98 98 98 98 98 98 93
Egggl NOT Correlation Coefficient -.059 -434* -.283* -.198 191 1.000 .068 -.140
Sig. (2-tailed) 562 .000 .005 .051 .059 . 505 180
N 98 98 98 98 98 98 98 93
Type Correlation Coefficient -142 324* 282** 235* -.093 .068 1.000 327*
Sig. (2-tailed) 162 .001 .005 .020 364 505 . .001
N 98 98 98 98 98 98 98 93
scats/sep Correlation Coefficient -.082 115 .050 017 .063 -.140 327* 1.000
Sig. (2-tailed) 434 273 633 875 548 180 .001 .
N 93 93 93 93 93 93 93 93
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** Correlation is significant at the 0.01 level (2-tailed).

* Caorrelation is significant at the 0.05 level (2-tailed).




Table 11.5:. Correlations for intensity of use (scats collected) and structural characters of the vegetation.

Slope Canopy| Canopy No of total No of | No of no of no of spp no family| no of spp no family | no of spp no family| Basal
scats/sep | Aspect height depth . trees spp family : :
Deg Epiphytes mid mid understorey | understorey total total area
(m) (m) measured | canopy | canopy
scats/sep Eeam”. 1 154 | 319 | _175 | -057 031 068 _069 | -018 | -076 | -.036 -.042 051 -.068 008 112
orrelation
Sig. (2-tailed) 142 | 002 | .003 584 768 515 512 | 862 | 466 731 690 629 514 938 287
N 93 93 93 93 93 93 93 93 93 93 93 93 93 93 93 93
Aspect Eeam”. 154 1 066 | -215* | -016 107 016 044 | -046 | -024 | -013 047 023 019 -003 | -.008
orrelation
Sig. (2-tailed) 142 520 .033 875 294 875 .670 .653 813 .899 .645 .825 .851 .975 .935
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
Slope Deg Eeam”. 319 | 086 1| -392¢| -227% | -016 -002 | -189 | -105 | -189 | -138 -.094 014 136 | -034 | 001
orrelation
Sig. (2-tailed) .002 520 .000 025 878 986 063 | 304 | 063 175 355 887 181 738 989
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
Canopy height | Pearson 175 _215% | -390%| 1 766* | 230 104 713 | 631 | 671 | @57 629* 524* 689 | 621* | 128
(m) Correlation
Sig. (2-tailed) 093 033 | .000 .000 023 307 000 | .000 | 000 .000 .000 .000 .000 .000 209
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
Canopy depth | Pearson -.057 -016 | -227%| 766* 1 370% 280% | 778 | 739% | 742% | 753 717 B11% 765 | 720% | 256
(m) Correlation
Sig. (2-tailed) 584 875 | 025 | .000 .000 005 000 | .000 | 000 .000 .000 .000 .000 .000 011
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
No of Epiphytes | Pearson 031 107 | -016 | 230* | 370 1 218 | 201* | 312 | 304 | 363 |  284* 206 338 | 342 | 265
Correlation
Sig. (2-tailed) 768 204 | 878 | .023 .000 031 004 | 002 | 002 .000 .005 042 001 001 008
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
total No of trees | Pearson 068 016 | -002 | 104 | 282% | 218 1 490% | 488* | 472% | 453 393* 444% 416% | 446* | 955*
measured Correlation
Sig. (2-tailed) 515 875 | 986 | .307 005 031 000 | .000 | 000 .000 .000 .000 .000 .000 .000
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
No of spp Pearson -.069 044 | -189 | 713% | 778~ | 201* 490% 1 937 | 908 | .889* 830 740% 004% | 847 | 433
canopy Correlation
Sig. (2-tailed) 512 670 | .063 | .000 .000 004 .000 000 | 000 .000 .000 .000 .000 .000 .000
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
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Table 11.5 (Cont). Correlations for intensi

of use (scats collected) and structural characters of the vegetation.

Canopy

Canopy

total No of

No of

no of

Slope . No of - | no of spp| no family| no of spp no family | no of spp| no family| Basal
scats/sep | Aspect Deg height | depth Epiphytes trees spp family mid mid understorey | understorey total total area
(m) (m) measured | canopy| canopy
no of family Pearson 018 046 | -105 | 631% | 739% | 31o% 488* | 937 1 869* | 883* 803* 747 868* | 862 | .435%
canopy Correlation
Sig. (2-tailed) 862 653 | 304 | .000 .000 002 .000 .000 .000 .000 .000 .000 .000 .000 .000
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
no of sppmid | Pearson -.076 024 | -189 | 671% | 742% |  304* 470 | 908* | .869** 1 966* 88g* 811% 954% | 904 | .411%
Correlation
Sig. (2-tailed) 466 813 | 063 | .000 .000 002 .000 000 | .000 .000 .000 .000 .000 .000 .000
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
no family mid | Pearson -.036 -013 | -138 | 657 | 753 | 363 453 | 889%™ | 883* | .066* 1 B70% 818* 926% | .923% | .407*
Correlation
Sig. (2-tailed) 731 899 | 175 | .000 .000 .000 .000 000 | .000 | 000 .000 .000 .000 .000 .000
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
no of spp Pearson -.042 047 | -094 | 629% | 717 | 284* 393 | .832* | .803* | .889* | 870* 1 930% 968* | .931* | .350%
understorey Correlation
Sig. (2-tailed) 690 645 | 355 | .000 .000 005 .000 000 | .000 | 000 .000 .000 .000 .000 .000
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
no family Pearson 051 023 | 014 | s21% | e11* | 206* 444 | 742% | 747 | 811 | 818 930% 1 878 | 045 | .420%
understorey Correlation
Sig. (2-tailed) 629 825 | 887 | .000 .000 042 .000 000 | .000 | 000 .000 .000 .000 .000 .000
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
no of spp total | Pearson -.068 019 | -136 | 689* | 765 | 338 416 | 904* | .868* | .954* | 9oE* 968* 878* 1 046% | 372
Correlation
Sig. (2-tailed) 514 851 181 | .000 .000 001 .000 000 | .000 | 000 .000 .000 .000 .000 .000
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
no family total | Pearson 008 -003 | -034 | 621%| 7207 | .340% 446* | 847 | 862* | .004* | 923 931% 945% 946* 1 420%
Correlation
Sig. (2-tailed) 938 975 | 738 | .000 .000 001 .000 000 | .000 | 000 .000 .000 .000 .000 .000
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08
Basal area Pearson 112 -008 | 001 | 128 | .256* 265* 955% | .433* | 435* | 411 | 407 350% 420% 372 | 420+ 1
Correlation
Sig. (2-tailed) 287 935 | 989 | 209 011 008 .000 000 | .000 | 000 .000 .000 .000 .000 .000
N 93 98 98 98 98 98 98 08 08 98 98 08 08 08 08 08

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
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Table 11.6: Correlations between intensity of use (HM) and 26 dominant tree species from quadrats.
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7HM gggﬁl'g‘e"r’]’t‘ 1.000|-.027| 217* | 103 | 049 | 201* | 006 | 097 | 107 | 134 | 028 | .031 | .013 | -124 | -013 | -127 | -008 | -.051 | -094 | -094 | -003 | 037 | -023 | -001 | .052 | -.043 | .024
g‘ﬁég' 790 | 032 | 312 | 634 | 048 | 955 | 342 | 204 | 187 | 786 | 763 | 901 | 223 | 897 | 214 | 934 | 615 | 356 | 358 | 980 | 718 | 825 | 993 | 612 | 676 | .816
’:g;?r”;’::'a— ggg%'gte"r’]’t‘ 027 |1.00| 135 | -074 | -099 | 160 | 045 | -040 | 132 | 114 | -015 | -116 | .056 | 018 | -001 | -075 | -.041 | 120 | .024 | 144 | 040 | -014 | 145 | -051 | -.084 | -.009 | .151
g‘ﬁég' 790 184 | 472 | 333 | 114 | 663 | 699 | 197 | 264 | 880 | 255 | 583 | .860 | .995 | 463 | 691 | 239 | 815 | 157 | 697 | 891 | 155 | 621 | 412 | 929 | 137
’:Cci:;’lj‘lfh'a— ggg%'gte"r’]’t‘ 217*| 135 | 1.000 | 029 | -152 | 006 | -157 | -051 | 256 | -.034 | .047 | -059 | 107 | 069 | -119 | -138 | -116 | -010 | -084 | 074 | .054 | -005 | 170 | -049 | -.030 | -.001 | -.135
g‘ﬁég' 032 | 184 777 | 135 | 955 | 124 | 617 | 011 | 743 | 647 | 565 | 296 | 501 | 242 | 175 | 255 | 922 | 410 | 470 | 600 | 962 | .095 | 632 | 767 | .995 | .184
/;g::g?ma_ gggﬁl';‘e"r’]’t‘ 103 |-.074| .029 | 1.000 |-370**| 062 | -193 | 145 | -086 | .171 |-.250* |-515**| -177 | -142 | 144 |-497*| 303** | 445* | 106 | -197 | 257* | 055 | 007 | 194 |.385%| .97 | 532**
g‘ﬁég' 312 | 472 | 777 000 | 541 | 057 | 155 | 402 | .093 | 013 | .000 | 081 | 164 | 156 | .000 | .002 | .000 | 297 | 052 | 011 | 589 | .946 | .056 | .000 | .340 | .000
E}i‘gf:m'ed'a— ggg%'gte"r’]’t‘ 049 [-.009| -152 [-370**| 1.000 | -010 | 229* | -045 | 069 | -131 | .080 | .539** | 194 | 189 | -.044 | 698** |-274**|_442*| 172 | 148 | -080 | -119 | -217% | -164 | -247* | - 186 |-311*
g‘ﬁég' 634 | 333| 135 | .000 921 | 023 | 662 | 502 | 198 | 432 | 000 | 056 | .063 | 665 | .000 | .006 | .000 | .091 | 145 | 436 | 245 | 032 | 107 | .014 | .066 | .002
gjs"tjgﬁg’fs—ls ggg%'gte"r’]’t‘ 201*| 160 | -.006 | 062 | -010 | 1.000 | -.001 | -.026 | .087 |.559**| -076 | -.019 | -112 | -108 | -023 | -066 | 115 | .088 | -129 | -038 | .054 | -108 | -016 | -095 | .187 | -108 | .190
g‘ﬁég' 048 | 114| 955 | 541 | 921 990 | 800 | 395 | 000 | 457 | 853 | 271 | 289 | 821 | 521 | 261 | 389 | 206 | 713 | 600 | 289 | 874 | 352 | 065 | .290 | .061
gg:jg’rﬁrenta'”m—su ggg%'gte"r’]’t‘ 006 | 045 | - 157 | -193 | .229* | -001 | 1.000 | -046 | 146 | -.034 | .344* | 467" | 117 | .341*| 182 | 441 | -171 |-286*| 110 | 082 | 099 | -125 | -066 | -170 | -.199* | - 194 | -.066
g‘ﬁég' 955 | 663 | 124 | 057 | 023 | .990 650 | 150 | 738 | .001 | .000 | 253 | 001 | 073 | .000 | 092 | 004 | 280 | 422 | 334 | 222 | 516 | 094 | 049 | 056 | .517
ﬁ)v%[:};carya_ ggg%'gte"r’]’t‘ 097 |-.040| -.051 | 145 | -.045 | -026 | -.046 | 1.000 | -.030 | -.030 | -.030 | -.066 | -045 | -043 | 170 | -060 | 131 | 111 | -051 | -074 | .265* | -043 | 141 | -038 | -.057 | -.043 | .163
g‘ﬁég' 342 | 699 | 617 | 155 | 662 | .800 | .650 767 | 768 | 768 | 518 | 662 | 674 | 094 | 557 | 198 | 277 | 616 | 470 | 008 | 674 | 167 | 712 | 576 | 674 | .109
gg’l‘::gsar{sg ggg%'gte"r’]’t‘ 107 | 132 | 256 | -086 | 069 | .087 | .146 | -030 | 1.000 | .066 | .054 | 219% | 192 |.510% | -164 | 179 | -186 | -148 | -150 | 076 | -106 | -023 | 153 | -111 | -168 | -126 | - 114
g‘ﬁég' 204 | 197 | .011 | 402 | 502 | .395 | .150 | .767 520 | 598 | 030 | 058 | .000 | 107 | 078 | .067 | 145 | 139 | 456 | 300 | .819 | 132 | 277 | .099 | 216 | .262

220



Table 11.6 (cont): Correlations between intensity of use (HM) and 26 dominant tree species from quadrats.
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Cyathea_ Correlation | 45, | 114 | -034 | 171 | -131 | 559** | -034 | -030 | 066 | 1.000 | -089 | -132 | -131 | -126 | 144 | -176 | 285" | 160 | -150 | -154 | 022 | -126 | 004 | -111 | 020 | -126 | 039
Cooperi Coefficient
fa'i?éé)z' 187 | 264 | 743 | 093 | 198 | 000 | 738 | 768 | .520 385 | 196 | 198 | 216 | 157 | .083 | .004 | 115 | 140 | 129 | 832 | 216 | 968 | 277 | 847 | 216 | 700
Dinosperma_ Correlation | > |_015| 047 | -250% | 080 | -076 | 344™ | -030 | 054 | -089 | 1.000 | 435 | 270" | -126 | -164 | 276** | -186 |-330**| -059 | -124 | -106 | -032 | -113 | -111 | -167 | -126 | -211*
Stipitata Coefficient
fa'i?éé)z' 786 | .880 | 647 | .013 | 432 | 457 | 001 | 768 | 598 | 385 | . 000 | 007 | 216 | 107 | 006 | .067 | .001 | 562 | 224 | 300 | 752 | 270 | 277 | 099 | 216 | .037
Endiandra_ Correlation | 51 | 116| - 059 |- 515 | 53g* | -019 | 467" | -066 | 219* | -132 | 435" | 1.000 | 401** | 343+ | -208* | 776* |- 328" |-573*| 045 | 195 | -178 | -086 | -107 | -243* |- 315%| - 230+ | 393
leptodendron Coefficient
fa'i?éé)z' 763 | .255| 565 | .000 | .000 | .853 | .000 | 518 | .030 | .196 | .000 | . 000 | .001 | 040 | 000 | 001 | 000 | 663 | .054 | 080 | 584 | 296 | 016 | .002 | .022 | .000
Endiandra_ Correlation | o153 | 056 | 107 | -177 | 194 | -112 | 117 | -045 | 192 | -131 | 270" | 401** | 1.000 | 302** | -046 | 303** | -175 | -162 | -160 | 116 | 086 | 123 | -121 | -164 | -191 | -186 | -134
Wolfei Coefficient
fa'i?éé)z' 901 | 583 | 296 | .081 | .056 | 271 | 253 | 662 | .058 | .198 | .007 | .000 . 003 | 651 | 002 | 084 | 111 | 115 | 254 | 399 | 228 | 233 | 107 | .060 | .066 | .188
Flindersia_ Correlation | (54| 01| 069 | -142 | 189 | -108 | 341* | -043 | 510 | -126 | -126 | 343** | 302** | 1.000 | -116 | 328" | -195 | -244* | 068 | 308" | -060 | -095 | 159 | -158 | -238* | -179 | - 067
Bourjotiana Coefficient
fa'i?éé)z' 223|860 | 501 | 164 | 063 | 289 | 001 | 674 | .000 | 216 | 216 | .001 | .003 . 254 | 001 | 054 | 015 | 503 | 002 | 559 | 354 | 118 | 121 | .018 | .077 | .515
Flindersia_ Correlation | o151 001| -119 | 144 | -044 | -023 | -182 | 170 | -164 | 144 | -164 | -208* | -046 | -116 | 1.000 | -171 | 236* | 198 | -104 | -160 | -128 | 196 | 091 | 066 | 024 | 155 | 046
Brayleyana Coefficient
fa'i?éé)z' 897 | 995 | 242 | 156 | 665 | 821 | 073 | 094 | 107 | 157 | 107 | 040 | 651 | 254 . 093 | 020 | 050 | 310 | 115 | 209 | 053 | 371 | 516 | .814 | .127 | .653
Franciscodendron |Correlation | 4,7 | o75| _ 138 |.497+*| 608* | - 066 | 441™ | -060 | 179 | -176 | 276™ | 776** | 303* | 328** | -171 | 1.000 |-369™ - 592**| 094 | 094 | -129 | -030 |-233* | -220* |- 333" - 250* |- 419**
_laurifolium Coefficient
fa'i?éé)z' 214 | 463 | 175 | .000 | .000 | 521 | 000 | 557 | .078 | .083 | .006 | .000 | .002 | .001 | .093 . 000 | .000 | 356 | 357 | 207 | 766 | .021 | .029 | .001 | .013 | .000
Glochidion_ Correlation | q0g | 041| 116 | 303** |-274*| 115 | -171 | 131 | -186 | 285 | -186 |-328**| -175 | -195 | 235% |-369**| 1.000 | 308" | -083 | -114 | -017 | 101 | 034 | -029 | 136 | 153 | 261*
Hylandii Coefficient
fa'i?éé)z' 934 | 691 | 255 | 002 | .006 | 261 | 092 | 198 | .067 | .004 | .067 | .001 | .084 | 054 | 020 | .000 . 000 | 417 | 263 | 871 | 321 | 739 | 781 | 181 | .134 | .009
Guioa_ Correlation | o511 100 | 010 | 445 |-442%| 088 |-286™ 111 | -148 | 160 |-330%* |-573*| -162 | -244* | 198 |-502**| 308* | 1.000 | 057 | 023 | 204* | 002 | 337** | -126 | 324** | 245* | 516*
Lasioneura Coefficient
fa'i?éé)z' 615 |.239| 922 | .000 | .000 | 389 | 004 | 277 | 145 | 115 | .001 | .000 | 111 | .015 | 050 | 000 | .000 . 579 | 822 | 003 | 986 | 001 | 217 | 001 | 015 | .000
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Table 11.6 (cont): Correlations between intensity of use (HM) and 26 dominant tree species from quadrats.
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Helicia_ Correlation | oo, | 024 | -084 | 106 | 172 | -129 | 110 | -051 | -150 | -150 | -059 | 045 | -160 | 068 | -104 | 094 | -083 | 057 | 1.000 | 253* | 051 | -150 | 049 | -114 | 195 | -075 | 161
Nortoniana Coefficient
g‘ﬁég' 356 | 815| 410 | 297 | 091 | 206 | 280 | 616 | 139 | 140 | 562 | 663 | 115 | 503 | .310 | .356 | .417 | 579 . 012 | 821 | 141 | 634 | 262 | 054 | 464 | 113
Litsea_leefeana ggg%'gte"r’]’t‘ 094|144 | 074 | -197 | 148 | -038 | 082 | -074 | 076 | -154 | -124 | 195 | 116 |.308* | -160 | .094 | -114 | .023 | .253* | 1.000 | .092 | -055 | .275* | -145 | -.064 | -.030 | -.068
g‘ﬁég' 358 | 157 | 470 | 052 | 145 | 713 | 422 | 470 | 456 | 129 | 224 | 054 | 254 | 002 | 115 | .357 | 263 | 822 | .012 . 367 | 589 | 006 | 155 | 534 | 766 | .508
Lomatia_ Correlation | 45| o040 | 054 | 257* | -080 | 054 | 099 | 265 | -106 | 022 | -106 | -178 | 086 | -060 | -128 | -129 | -017 | 294 | 051 | 082 | 1000 | -150 | 201* | -132 | 035 | 016 | 388
Fraxinifolia Coefficient
g‘ﬁég' 980 | 697 | 600 | .011 | 436 | 600 | .334 | .008 | 300 | .832 | .300 | .080 | .399 | .55¢ | 209 | 207 | .871 | .003 | 621 | .367 . 139 | 048 | 194 | 734 | 877 | .000
Melicope_ Correlation | a7 | 014| -005 | 055 | -119 | -108 | -125 | -043 | -023 | -126 | -032 | -056 | 123 | -095 | 196 | -030 | 101 | 002 | -150 | -055 | -150 | 1.000 | -052 | 193 | 132 | 156 | -008
Jonesii Coefficient
g‘ﬁég' 718 | 891 | 962 | 589 | 245 | 289 | 222 | 674 | 819 | 216 | 752 | 584 | 228 | 354 | 053 | 766 | .321 | 986 | 141 | 589 | 139 . 609 | 057 | 195 | 126 | .940
Neolitsea_ Correlation | o, | 145| 170 | 007 |-217*| -016 | -086 | 141 | 153 | 004 | -113 | -107 | -121 | 158 | 091 |-233*| 034 | 337 | 049 | 275 | 201* | -052 | 1.000 | -156 | - 140 | -050 | 285*
Dealbata Coefficient
g‘ﬁég' 825 | 155| .005 | 946 | 032 | 874 | 516 | 167 | 132 | 968 | 270 | 296 | 233 | 118 | 371 | .021 | 739 | 001 | 634 | .006 | 048 | 609 . 125 | 168 | 625 | .004
Pinus_ Correlation | 01| 051| -049 | 194 | -164 | -095 | -170 | -038 | -111 | 111 | - 111 | -243* | -164 | -158 | 066 |-220* | -029 | -126 | -114 | -145 | -132 | 183 | -156 | 1.000 | 036 | 098 | -175
Caribaea Coefficient
g‘ﬁég' 993 | 621| 632 | 056 | 107 | 352 | .004 | 712 | 277 | 277 | 277 | o016 | 107 | 121 | 516 | 029 | 781 | 217 | 262 | 155 | 194 | .057 | 125 . 722 | 339 | .084
Psidium_ Correlation | 55 | 0g4| - 030 | 385 | -247* | 187 |-199% | -057 | -168 | 020 | -167 |-315*| - 191 | -238* | 024 |-333*| 136 | 324 | 195 | -064 | 035 | 132 | -140 | 036 | 1000 | 295 | 343+
cattleianum Coefficient
g‘ﬁég' 612 | 412| 767 | 000 | 014 | 065 | .049 | 576 | 099 | .847 | 099 | 002 | .060 | .018 | 814 | .001 | 181 | 001 | .054 | 534 | 734 | 195 | 168 | 722 . .003 | .001
Rhodamnia_ Correlation | o451 oog| -001 | 097 | -186 | -108 | - 194 | -043 | -126 | -126 | -126 | -232* | -186 | -179 | 155 | -250% | 153 | 245* | -075 | -030 | 016 | 156 | -050 | 088 | 205* | 1.000 | 168
sessiliflora Coefficient
g‘ﬁég' 676 | 929 | 995 | 340 | 066 | .290 | .056 | 674 | 216 | 216 | 216 | .022 | 066 | .077 | 127 | 013 | 134 | 015 | 464 | 766 | 877 | 126 | 625 | .339 | .003 . .099
Rhodomyrtus_|Correlation |, | 454 | _ 135 | 532+ |-311%| 190 | -086 | 163 | -114 | 039 |-211% |-393*| -134 | -067 | 046 |-419*| 261** | 516 | 161 | -068 | 388 | -008 | 285 | -175 | 343* | 168 | 1.000
Pervagata Coefficient
g‘ﬁég' 816 | 137 | 184 | 000 | 002 | .061 | 517 | 109 | 262 | 700 | .037 | .000 | 188 | 515 | 653 | .000 | .009 | 000 | 113 | 508 | .000 | .940 | .004 | .084 | .001 | .099

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
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11.3 APPENDIX 4: CLUSTER DENDROGRAM
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11.4 APPENDIX 5: GASTROINTESTINAL MORPHOLOGICAL MEASUREMENTS

Table 11.7: Measurements of body lengths and gastrointestinal lengths.

Date \A?e(i’gzt sex I(Brz% Iaelrcl’g:]tg tail length |head length| hind foot IeS;]t:tr:azgrr;) IeS;]t:tr:azgrr;) in?en;filrlw Colon (cm) | Caecum Tc(;t:(lul;rl; oesophagus
(ka) back (mm) (mm) |length (mMm)| "¢ | /inside | full outside | (cm) full full em)full | cmy fan | 'eNgth (cm)
12 Sep 2002 5.30 female 470 610 108 118 30 77 223 77 7 84.0
11 Oct 2002 6.90 female 460 740 125 128
03 Feb 2003 510 female 420 650 110 121
12 Feb 2003 2.03 female 310 465 98.5 93.5
08 Mar 2003 6.60 female 460 660 118 124
29 Mar 2003 7.60 female 470 690 120 122
29 Mar 2003 2.94 female 350 540 99 111
10 Jul 2003 6.00 female 480 725 116 126 475 81 228 125 9 134.0
14 Aug 2003 5.75 female 480 720 118 126 49 84 215 112 10 122.0
05 Sep 1997 6.05 male 490 710 113 131 38 61 230 112 9 121.0
26 Mar 1998 7.20 male 480 665 123 125 47 77 241 148 1.5 159.5
05 Jul 2002 6.45 male 450 660 115 121 48 84 232 94 12 106.0 85
19 Sep 2002 7.35 male 520 710 115 139
19 Sep 2002 6.90 male 470 765 122 136 39.5 72 254 111 10 121.0 6.5
31 Oct 2002 7.20 male 470 650 114 119
20 Nov 2002 6.50 male 470 695 125 121
04 Dec 2002 9.15 male 510 760 134 136 495 97 252 117 13 130.0 57
26 Jul 2003 6.75 male 520 720 112 124 60 101 340 151 105 161.5
03 Sep 2003 3.25 male 365 500 95 100 38 71 246 82 7.5 895 7
05 Sep 2003 6.70 male 510 670 119 126 49 83 262 118 10 128.0 75
25 Sep 2003 475 male 430 660 110 118 38 71 225 89 10 99.0 8
mean 6.0 21 456.4 665.0 114.8 122.2 44.5 79.9 245.7 111.3 10.0 121.3 7.2
SE 0.4 12.0 17.3 2.05 2.4 2.3 3.2 9.5 6.8 0.5 7.0 0.4
N 21 21 21 21 21 21 12 12 12 12 12 12 6
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Table 11.8: Gastrointestinal weights and capacities.
7| = gl 2| 2 2| ¢ E g 3 _ 3 .z I |

5 | & 13| 8. ¢ 8|8, £ =8 g L 2 S z8 £ o3

ST |62 | 68 6| E_| €8 g E_| E8 & g g | 8 S g2 2 3 5 g3 Tg g2

Body E5 |£o8 £& £3 o3 of § =3 =5 § 3 3% 3¢ = g 53 3 s e£=| 8§98/ 9Of¢E

weight sexz|seg S5 9O P5 24 S e4 g5 0 2 8| BE R8¢ S 3| ©4 B3 5| SE& 2s5/*=5

Date (kgs) lsex n2Zh2e ho| O] 83 &2 3 08 02 n ol ow® o©0o [t o [ -2 [ w2 woIXo
12 Sep 2002 5.30 | female 669 194 475 9.0 66 44 22 102 67 35 20 2 18 550 10.4 307.0 857.0 16.2 86.4 6.4 7.3
11 Oct 2002 6.90 | female | 1718 205 1513 | 21.9 261 50 211 153 92 61 38 3 35 1820 26.4 350.0 2170.0 31.5 83.1 3.4 13.5
03 Feb 2003 5.10 | female | 1021 193 828 16.2 152 41 111 112 67 45 41 4 37 1021 20.0 305.0 1326.0 26.0 81.1 4.4 14.5
12 Feb 2003 2.03 | female 466 85 381 18.8 83 25 58 74 55 19 17 2 15 473 23.4 167.0 640.0 31.6 80.6 4.0 15.4
08 Mar 2003 6.60 | female | 1034 220 814 12.3 202 83 119 207 128 79 24 3 21 1033 15.7 434.0 1467.0 22.2 78.8 7.7 13.6
29 Mar 2003 7.60 | female | 2022 299 1723 | 22.7 208 69 139 254 129 125 54 8 46 2033 26.8 505.0 2538.0 33.4 84.8 6.2 9.1
29 Mar 2003 2.94 | female 601 123 478 16.3 60 24 36 104 51 53 13 2 11 578 19.7 200.0 778.0 26.5 82.7 9.2 8.1
10 Jul 2003 6.00 | female | 1533 261 1272 | 21.2 70 48 22 267 88 179 13 3 10 1483 24.7 400.0 1883.0 31.4 85.8 121 2.2
14 Aug 2003 5.75 | female 830 175 655 11.4 164 57 107 Q99 68 31 9 3 6 799 13.9 303.0 1102.0 19.2 81.0 3.9 141
05 Sep 1997 6.05 male 650 160 490 8.1 142 60 82 77 65 12 27 2 25 609 10.1 287.0 896.0 14.8 80.5 2.0 17.6
26 Mar 1998 7.20 male 1274 178 1096 | 15.2 295 66 229 145 67 78 34 4 30 1433 19.9 315.0 1748.0 24.3 76.5 5.4 18.1
05 Jul 2002 6.45 male 1492 233 1259 | 19.5 225 54 171 161 84 77 34 3 31 1538 23.8 374.0 1912.0 29.6 81.9 5.0 13.1
19 Sep 2002 7.35 male 955 174 781 10.6 204 58 146 123 71 52 26 3 23 1002 13.6 306.0 1308.0 17.8 77.9 52 16.9
19 Sep 2002 6.90 male 770 215 555 8.0 162 52 110 132 79 53 22 1 21 739 10.7 347.0 1086.0 15.7 75.1 7.2 17.7
31 Oct 2002 7.20 male 966 230 736 10.2 225 58 167 143 74 69 36 4 32 1004 13.9 366.0 1370.0 19.0 73.3 6.9 19.8
20 Nov 2002 6.50 male 908 149 759 11.7 172 60 112 112 79 33 26 4 22 926 14.3 292.0 1218.0 18.7 82.0 3.6 14.5
04 Dec 2002 9.15 male 1379 192 1187 | 13.0 215 66 149 140 103 37 45 4 41 1414 15.5 365.0 1779.0 19.4 84.0 2.6 13.4
26 Jul 2003 6.75 male 1128 279 849 12.6 280 71 209 175 123 52 39 3 36 1146 17.0 476.0 1622.0 24.0 741 4.5 21.4
03 Sep 2003 3.25 male 727 86 641 19.7 96 23 73 a0 48 42 15 1 14 770 237 158.0 928.0 28.6 83.3 55 1.3
05 Sep 2003 6.70 male 1268 241 1027 | 15.3 267 59 208 199 85 114 34 2 32 1381 20.6 387.0 1768.0 26.4 74.4 8.3 17.4
25 Sep 2003 4.75 male 784 182 602 12.7 100 46 54 93 68 25 26 3 23 704 14.8 299.0 1003.0 21.1 85.5 3.6 10.9
Mean 6.02 21 1056.9 | 194.0 | 862.9 | 146 | 173.8 | 53.1 | 120.7 | 1411 80.5 60.5 28.2 3.1 25.2 | 1069.3 18.0 330.6 1399.9 23.7 80.6 5.7 13.8
SE 0.37 87.5 121 79.2 1.0 16.1 3.4 13.9 11.8 5.1 8.6 2.6 0.3 2.4 94.5 1.2 19.3 108.7 1.3 0.9 0.5 1.0
N 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21
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Table 11.9. Tooth wear classes, number of cementum annuli, body weight (kg), head and pes length (mm) for D.
lumholtzi.

Tree Sex Body Tooth No of Head Pes length
Kangaroo weight (kg) | wear class | incremental lines | length (mm)
(mm)

TK1 M 6.05 3 3 113.0 131.0
TK2 M 7.20 3 4 123.0 125.0
TK3 M 6.15 4 4 126.0 126.0
TK4 M 6.45 5 5 115.0 121.0
TK5 F 4.55 1 2 105.0 115.0
TK6 M 7.20 3 4 113.0 127.0
TK7 F 5.30 3 3 109.0 118.0
TK8 M 7.35 2 2 115.0 139.0
TK9 M 6.90 3 3 122.0 136.0
TK10 F 6.90 6 8 125.0 128.0
TK11 M 7.20 4 4 114.0 119.0
TK12 M 6.50 4 4 125.0 121.0
TK13 M 9.15 4 4 134.0 136.0
TK14 M 8.80 7 9 127.0 133.0
TK15 F 5.10 3 3 110.0 121.0
TK16 F 2.03 1 2 98.5 93.5
TK17 F 6.60 4 4 118.0 124.0
TK18 F 7.60 6 7 120.0 122.0
TK19 F 2.94 1 1 99.0 111.0
TK20 M 0.56 1 0 68.5 74.0
TK21 F 6.00 4 4 116.0 126.0
TK22 F 6.75 5 5 112.0 124.0
TK23 F 5.75 4 4 118.0 126.0
TK24 M 3.25 1 2 95.0 100.0
TK25 M 6.70 4 4 119.0 126.0
TK26 M 4.75 3 3 110.0 118.0
TK27 M 0.59 1 0 67.0 76.0
TK28 M 7.46 3 3 113.0 135.0
TK29 F 7.90 8 14 119.0 126.0
TK30 F 6.60 4 4 117.0 132.0
TK31 F 0.14 1 Na 50.3 42.0
TK32 M 8.75 7 10 123.5 131.0
TK33 M 5.00 3 3 114.0 128.0
TK43 M 7.55 4 4 122.0 130.0
TK48 M 8.85 6 7 118.0 135.0
TK64 F 5.40 8 17 119.0 130.0
TK65 M 6.85 3 3 120.0 136.0
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