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Summary and management implications 

The Carpentarian Rock-rat Zyzomys palatalis is a critically endangered conilurine rodent known 

from four gorges on Wollogorang Station, in the south east Gulf region of the Northern Territory. The 

conilurine rodents include many 'old endemic' Australian rodents which have proven highly susceptible 

to popUlation declines and extinction probably because their low reproductive rate does not allow 

sufficient population growth under elevated levels of predation (from introduced species) partiCUlarly 

in association with habitat loss or alteration (e.g. grazing and fires) (Smith and Quin 1996). 

In this thesis, the floristic and environmental relations of Gulf region gorge systems are 

characterised in detail in Chapter 2 to provide a framework for explaining the patterning of Z.palatalis. 

The environment of the gulf gorges, as characterised by plant composition and habitat attributes are not 

unique to this region. The plants are composed of two major groups, both of which are patchily 

widespread in rocky ranges throughout north western Australia. In the first group I include monsoon 

rainforest plants (sensu Liddle et al. 1994) and also mesic broadleaf woodland taxa, and the second group 

includes the sclerophyllous 'arid adapted' woodland taxa such as eucalypts and hummock grass. 

Although rainforest patches often appear to be discrete there is a floristic continuum from monsoon 

rainforests to broadleafwoodlands. Monsoon rainforests and broadleafwoodlands are fire-sensitive and 

are almost entirely restricted to rugged within-gorge habitats. Many of the plants occurring in these 

communities are widespread because they have similar origins (part of a Gondwanan flora) and / or 

because of dispersal by animal vectors (Liddle et al. 1994). Large fleshy or woody fruits and seeds were 

common reproductive structures in the rainforest and broadleafwoodland species and were identified 

as key food resources for Z.palatalis. 

In contrast the low open eucalypt woodlands were floristically distinct (probably because fires 

have eliminated most rainforest and broadleaf species), widespread, species-poor and less fire sensitive 

than rainforest. Large fleshy fruits rare in these communities. The rockiness of the terrain was shown to 

be the major influence on the patterning of plant communities because it provides protection from fires 

and reduces accessibility to introduced ungulates. Fire also kills rainforest and broadleafwoodland plants 

and consumes fruits and seeds on the plants or on the ground further reducing successful recruitment and 

regeneration. 

Four populations of Zpalatalis are now known (Moonlight Gorge, Banyan Gorge, Camel Creek 

xu 



Gorge and McDennotts Spring) and their environmental relations were detailed in Chapters 3, 4 and 5. 

The Camel Creek Gorge population was discovered in 1995 during this study. The complexity of the rock 

formations (ie. 'rockiness') was the major factor patterning Z.palatalis (and other large tropically 

distributed large rock-rats) at all scales examined: continental and regional (Chapter 4), site (Chapter 

3), rainforest patch (Chapter 4), 0.1 ha quadrats within sites and trap cells at Moonlight and Banyan 

gorges (Chapter 3). Highly rocky areas provide protection from fires and shelter from predators, and the 

seeps and aquifers associated with them offer greater moisture. The absence of fire, in particular, 

maintains extensive and diverse monsoon rainforest communities which provide abundant fruit and seed 

resources for frugivorous and granivorous species like Zpalatalis. 

The biogeography of the large rock-rats is described in Chapter 4. I speculated that with 

increasing seasonal rainfall in the Late Tertiary (and associated fragmentation of rainforest communities 

and probably of other broadleaf communities) the most rugged segments of the rocky ranges in north 

western Australia acted as refugia for Zpalatalis and the other large rock-rats. These ranges would have 

concentrated fleshy and woody fruit resources even if rainforests communities became periodically 

almost extinct as appears to have happened in the Kimberley and Gulf. It was also hypothesized that the 

more? recently arrived Melomys may have displaced Zyzomys from the resource rich lowland rainforests. 

Analysis of the genetic material of Zyzomys would provide a wealth of information on the response of 

Zyzomys species to habitat fragmentation and tqeir historical distribution -in general. 

The habitat at the four known Zpalatalis sites is not peculiar. Classification and ordination of 

sites based on environmental features, and of the floristics of 0.1 ha quadrats, showed that Zpalatalis 

does not use all ofthe available suitable habitat. This is perhaps evidence of extinction of Zpalatalis 

populations at these sites, and inability to disperse to these sites, in the present landscape, or evidence 

that Z.palatalis requires a particular combination of rainforest and woodland mosaic that was absent at 

these sites. Chapter 4 showed that Zpalatalis was closely associated with a particular rainforest type 

CP4), occurring in the south-east Gulf, characterised by large patch size and high plant species richness 

(Chapter 4). It was suggested that future survey work for Zpalatalis (and other mammal species) should 

use hair tubes. Hair tubes were shown to be an effective method of detecting the presence of Zpalatalis 

(Chapter 7). Sites should be selected based on a stratification of rainforest types and rockiness (from 

terrain modelling). 

Population estimates and demographic characteristics of Zpalatalis and Zargurus are detailed 

in Chapter 6. The abundance and / or trappability of Zpalatalis and Zargurus fluctuates seasonally with 
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a peak in the mid dry season. This increase coincides with the production of abundant fruit and seeds by 

monsoon rainforest and broadleafwoodland species such as Ficus leucotricha, Terminalia carpentariae 

and T.subacroptera. Few captures were recorded in the wet season (and fewer samples were taken) when 

there is apparently less food available to Z.palatalis in the sampled habitats. It is not known whether the 

low trappability of Z.palatalis and z.argurus in the wet season is related to population reductions, low 

mobility, or emigration to other habitats. 

Breeding in Z.palatalis and Z. argurus occurs year round, although not necessarily equally 

throughout the year. Most juveniles (and most individuals overall) were captured in the mid dry season. 

The peak of breeding is probably timed so that young can access the abundant dry season food resources. 

Sex ratios were unbiased. Few data were obtained on litter sizes, predation or survivorship. Captive-held 

individuals had one or two young indicating that Z.palatalis like other Zyzomys species, has a low 

reproductive potential. Data on survivorship, predation and the effects of fire would be required before 

a population viability analysis could be performed for this species. 

The Z.palatalis population was estimated using frequency-of-capture-models to be 696 at 

Moonlight Gorge and 450 at Banyan Gorge but these estimates did not include differences in density 

between habitats. Although Z.palatalis was the most abundant small mammal at Moonlight Gorge it was 

concluded that the small population size, limited habitat and ongoing disturbance by fires place 

Z.palatalis populations at these sites at continuing risk of extinction. 

Management Recommendations 

A Recovery Plan for the Carpentarian Rock-rat was drafted in May 1996 and is included in this 

thesis as an attachment. A Recovery Plan is a comprehensive plan that details, schedules and costs all 

actions assessed as necessary to support the recovery of a species. In relation to the Carpentarian Rock

rat four recovery objectives were listed, namely to: 

1. Maintain existing known populations, 

2. Establish models to successfully define and predict key habitat features, 

3. Establish viable populations in suitable areas not currently occupied., and, 

4. Maintain a viable captive breeding program. 

The management actions required to meet these objectives includes habitat protection such as 
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fuel reduction burning, establishment of protected areas for at least two of the populations, continued 

research into the ecology and population dynamics, continued survey, habitat modelling and 

identification of suitable sites and establishment and maintenance of a captive breeding program. During 

the current project a total of six Carpentarian Rock-rats were returned from the wild to initiate a captive 

breeding program (objective 4). The program is currently maintaining stock with several young born and 

thus excess stock is not available for re-introduction. The establishment of viable popUlations of 

Zpalatalis to sites not currently occupied should be examined in the future, particularly if the captive 

breeding program is successful (with approximately > 20 individuals in stock). 

This thesis addresses the second objective based on field work and analyses constructed before 

and since the Recovery Plan was drafted. Chapters 2,3,4 and 5 describe the relationship between 

abundance of Zpalatalis and environmental variation. The low number of sites from which Zpalatalis 

is currently known constrains interpretation of Zpalatalis-floristic-environment relationships, but, the 

agreement in habitat relationships (strong association with rockiness/ monsoon rainforest plant species 

richness) at a variety of scales probably increases the likelihood that these relationships are real. No 

causal link was found between the abundance or frequency of occurrence of 2.palatalis and disturbance 

agents such as fire and cattle grazing (Chapter 3), but both of these are known to destroy or reduce the 

integrity of the preferred habitat of Zpalatalis. The fact that rockiness (a surrogate for topographic 

protection from fire) is the major factor patterning vegetation indicates that fire has a strong effect on 

vegetation, particularly the fire-sensitive monsoon rainforest and broadleaf woodland species. It is 

believed that Zpalatalis relies on these plants to provide food. 

Habitat management should involve fuel reduction burning in surrounding vegetation at each of 

the four sites early in the dry season (April-June) to limit the possibility of destructive late-season fires. 

In the long-term it is believed that the acquisition of Wollogorang Station for reservation (or 

management agreements with the owner), and active habitat management would be greatly beneficial 

for the ongoing survival of Zpalatalis. Cattle are currently in low numbers on WoHogorang Station, but 

an increase in stock could increase pressure on Zpalatalis habitat. 

Chapter 6 documents the popUlation dynamics, density and movements and seasonal pattern of 

Zyzomys and offruit and seeds described. Strong seasonal patterns in the trappability of Z.palatalis and 

of fruit followed a similar pattern, but no direct statistically significant relationship was established. 

Research needs to be carried out on the diet of Zpalatalis (both within and between years). The increased 

abundance of fruit in the dry season is the antithesis of the pattern found in monsoon rainforests in the 

Top-End (Darwin and Kakadu region) where fruit abundance tends to be greatest in the wet season 

(Woinarski 1993, Price et al. 1996). 
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Chapter 1: 

Patterns in mammalian decline and endangerment, with special 

reference to Australian conilurine rodents. 

World wide patterns in mammalian diversity, endemism, and endangerment have recently 

been illustrated by Ceballos and Brown (1995). Australia is a centre of mammalian endemism 

possessing the greatest number and second highest percentage of endemic mammals per country 

on earth. There is particularly high endemism among Australian marsupials and rodents 

(Ceballos and Brown 1995), groups which have suffered the greatest rates of extinction (Figure 

1.1 ). 

Short and Smith (1994) report that nearly 50% of recent « 220 years from present) 

worldwide mammalian extinctions have occurred in Australia. Extinction has been partiCUlarly 

frequent for conilurine rodents (nine species or 19% of the fauna, Figure 1~1) which compares 

with 17 species or 6.3 % for the total Australian mammal fauna (Smith and Quin 1996). A further 

seven Australian conilurine rodent species have declined in range by greater that 50% in modern 

times (Lee 1995). 

Seven main causes of Australian mammal extinctions have been postulated (Morton 

1990), including droughts and climatic change, introduced predators, introduced mice, rabbits, 

disease, pastoralism and altered patterns of fire. In a comprehensive assessment of patterns in the 

decline of vertebrate fauna of West em Australia (WA), Burbidge and McKenzie (1989) found 

that all mammal species that had declined in distribution or had become extinct were non-flying 

species that weighed 35 to 4200 g (the critical weight range, CWR). The smallest marsupial 

which had become extinct was a 200 g bandicoot (Chaeropus ecaudatus), while five rodents with 

body weights of 45 to 200 g were extirpated on the mainland of WA. The greatest number of 

species to become extinct, or decline, were from arid regions and the highly modified wheatbelt 

district of south west W A. Populations of mammals known to forage or live in rockpiles or scree, 
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such as the Northern Quoll Dasyurus hallucatus and rock-wallabies (Petrogale spp.), were 

relatively stable. Indeed, rock-wallabies were the only group of macro pods which did not become 

extinct in any region. 

Burbidge and McKenzie (1989) hypothesized that environmental changes caused by 

European settlement, imitated an increase in aridity by reducing environmental productivity 

available to vertebrates. Many factors were shown to reduce or divert productivity, including the 

conversion of land resources to crops, introduction of domestic and feral ungulates and 

herbivores which reduced available habitat, the reduction in vegetation cover through grazing and 

trampling which allowed higher levels of solar radiation and therefore increased evaporation, and 

predation by introduced predators. As body size is a measure of the nutrient resources possessed 

by an individual of a species, CWR mammals with high daily nutrient requirements would be 

vulnerable to any decline in the availability of energy or nutrients. It was therefore concluded that 

variations in patterns of endangerment were best explained by regional patterns in potential 

productivity, as measured by rainfall (with 92% of CWR species persisting in the wetter parts 

of their range), and to a lesser extent habitat use (contrasting stable populations of tree and rock

pile dwelling species with high rates of extinction or decline in ground dwellers), and dietary 

preferences. Apart from benefits in predator avoidance rocky areas concentrate plants bearing 

fruits and seeds (Freeland et ai. 1988). 

Morton (1990) suggested that some areas within the arid zone were relatively richer and 

had more sustained productivity than vast surrounding areas and it was the greater surety of such 

areas that made them valuble drought refuges for species. The introduction of new grazers would 

have had greatest impact on the vegetation composition of the habitat that the native mammals 

were dependent on during droughts (i.e. refuges). Introduced predators would presumably be 

more successful if their prey was restricted to small areas. With regard to the influence of body 

size on potential endangerment, Morton suggested that because of their metabolic constraints 

CWR mammals would be confined to smaller, richer patches of habitat compared to larger 

species. 
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Fig 1.1. Number of extinct and extant Australian mammal species in selected groups. 

Data from Kennedy (1992) and Lee (1995). 
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Very small animals would have an advantage over CWR mammals because they require 

less energy and therefore can persist in very small refuges, whereas large mammals, which can 

exist on nutrient poor diets, would have relatively wide ecological tolerances (e.g. large 

macropods: Morton 1990). 

Patterns and causes of decline in Australian rodents 

The rodents of Australia comprise two distinct groups. The 'old endemic rodents' 

(Hydromyinae lineage) includes species within the genera Hydromys, Xeromys, Uromys, 

Melomys, Conilurus, Mesembriomys, Leporillus, Pseudomys, Notomys, Mustocomys, Zyzomys 

"and Leggadina, whose ancestors are believed to have reached Australia in the early Pliocene 

about 14 million years before present (Flannery 1988). The latter eight genera form the tribe 

Conilurini which are a distinctive element of the Australian rodent fauna, known as the 

Conilurines. In contrast, rodents forming the Murinae group, such as, species in the genus Rattus 

(Rattus lineage, Watts and Aslin 1981), arrived in Australia more recently (pleistocene, and some 

within the last 200 years). 

Rodents have shown similar patterns of decline to other Australian non-volant mammals. 

Extinctions and range contractions of rodents have been most frequent for arid distributed species 

(Lee 1995). Declines have been restricted to the old endemic tribe Conilurini, which is well 

represented in the arid region, in contrast to the other Conilurine tribes Hydromyini, Uromyini 

and Murinae. Seventeen rodent species have become extinct or have had their range reduced by 

greater than 50%, with only two of those species, Pseudomys chapmani and P.occidentalis not 

within the critical weight range (Lee 1995). Habitat destruction by cattle, pigs and land clearing, 

frequent fires, predation by feral predators and droughts have been suggested as causes in the 

decline of several Conilurine rodents (Lee 1995). 

Recently, Smith and Quin (1996) performed a detailed 'threat analysis' to describe 

patterns of extinction and decline since European settlement in Australian conilurine rodents. 

They showed that there was: a decrease in decline with increasing body size, more severe decline 
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in the arid centre and temperate woodlands, less decline in species with high reproductive rates 

and those which use shelters (burrows and natural cavities), more severe decline in species with 

a high proportion of leaf/stem in their diets, and more severe decline in areas where European 

Rabbits Oryctolagus cuniculus and Red Foxes Vulpes vulpes were abundant, and less severe in 

areas where Dingos Canis familiaris were abundant (Smith and Quin 1996). 

The abundance of the Feral Cat Felis catus was the best predictor of decline in small 

conilurines « 3 5 g), and in conilurines of all sizes where V. vulpes and 0. cuniculus were scarce 

or absent. Smith and Quin (1996) concluded that declines in conilurine rodents were severe in 

areas where predator abundance was elevated and sustained by the introduction of 0. cuniculus 

and House Mice Mus musculus. 

North Australian refugia, and patterns of decline o/mammals in the wet-dry tropics. 

The mammals of the northern Australia have fared much better than arid distributed 

mammals since European settlement (Woinarski and Braithw~te 1990), although recent 

examinations of historical distributions indicate that many species are declining (Cole and 

Woinarski, in press). Extensive rocky ranges in northern Australia have acted as refuges for 

mammal species, and many of the postulated causal factors of rodent decline such as foxes and 

rabbits are absent from this region. Freeland et al. (1988) argued that the rockiness of sandstone 

uplands in the wet-dry tropics caused high levels of mammal richness and diversity because of 

the increased moisture availability, micro climatic amelioration, protection from fires, and 

consequently, the effects on plant richness, diversity and overall primary productivity. As such, 

ancient rocky gorges and escarpments, of Proterozoic origin (greater than 500 million years ago) 

may have provided stable, relatively productive environments over long periods of time, allowing 

the maintenance of diverse plant communities during periods of increasing aridity such as 

occurred during the Pleistocene. Presently, rocky ranges throughout the wet-dry tropics, and in 

particular the Kimberley and western Amhem Land, provide refuges which support a variety of 

geographically restricted vertebrates (Begg 1981, Bradley et al. 1987, Freeland et al. 1988, 

Friend et al. 1991, Kitchener et al. 1981, Press 1988, Sawle 1988, Woinarski et al. 1992) and 
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plants (Bowman 1991, Liddle et al. 1994, Russell-Smith et at. 1993). 

Seasonal creeks or seepage zones have also been identified as important refuges for many 

small mammals including the Northern Quoll Dasyurus hallucatus and Pale Field-rat Rattus 

tunneyi in the northern savannas during periods of low water availability (Braithwaite 1990, 

Braithwaite and Griffiths 1994,1996). Rocky refuges are now strongholds for several species 

previously recorded as occurring in a variety of habitats in northern Australia .. Braithwaite and 

Griffiths (1994) report that D.hallucatus have declined from much of their lowland range in the 

northern savannas and are (on a continental scale) now largely restricted to rocky ranges. 

Five species of Rock-rats Zyzomys spp., are known to have existed in Australia in recent 

times, including three large species (> 100 g), an intermediate sized species the c. 70 g Central 

Rock-rat Zpedunculatus, and a single small species, Common Rock-rat Z argurus, which weighs 

less than 50 g. The genus Zyzomys, including the Carpentarian Rock-rat Zpalatalis is most 

closely related to species of Tree-rats and Stick-nest rats in the genera Mesembriomys, Leporillus 

and Conilurus (Watts et al. 1992). The large rock-rats, Kimberley Rock-rat Z woodwardi 

(Kimberley), Arnhem Land Rock-rat Z maini (western Arnhem Land), and Carpentarian Rock-rat 

Zpalatalis (Gulf of Carpentaria region) are geographically restricted to rocky hill and mountain 

ranges and are specialized in their habitat, preferring dry monsoon rainforests and fringing 

woodlands (Churchill 1996, Friend et al. 1991, Begg 1981). Fossils of Zpedunculatus were 

abundant in caves adjacent to limestone gorges of the Cape Range, near Shark Bay, WA and in 

widespread ranges in arid Western Australia, indicating a wide pre-European distribution 

throughout much of central Australia (Baynes and Jones 1993, Alex Baynes, pers. comm.). In 

September 1996 Zpedunculatus was rediscovered 36 years after the last record. The smaller, 

Z argurus is widespread and generalised (occurring in rocky habitats throughout much of 

northern Australia). 

In accord with the hypotheses of Burbidge and McKenzie (1989), the status of the large 

rock-rats appears to be well described by the amount and reliability of rainfall, with populations 

of the arid-distributed Zpedunculatus currently highly localised; the semi-arid distributed 

Zpalatalis rare, and Zmaini and Z woodwardi, which occur in high rainfall areas, apparently 
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secure. An analysis of the distribution of Zyzomys species, using BIOCLIM modelling predicted 

that the extant large rock-rats would be largely restricted to the same rocky refuges as Dasyurus 

hallucatus (Churchill 1996). 

The relative sensitivity of large rock-rat species to environmental change may be garnered 

from the rarity of Zpedunculatus and from their relictual distribution, which presumably 

provides climatic conditions similar to those present prior to late Pleistocene climate changes. 

In addition, the only large rock-rat to be studied in detail (the Arnhem Land Rock-rat Z maini) 

is affected by hot fires which alter the structure of its preferred habitat (Begg 1981 ).Fires are a 

frequent and widespread phenomenon in northern Australia, and are known to reduce the 

integrity of the monsoon rainforest patches which are the preferred habitat of extant large rock

rats (Russell-Smith and Bowman 1992). Little is known about the effect offires on the biota of 

the rocky woodlands and escarpments. Cattle Bos taurus and Buffalo Bubalis bubalis also cause 

severe impact to monsoon rainforests by eating and trampling sensitive vegetation (Russell

Smith and Bowman 1992). 

In an assessment of biological refuges of semi-arid Australia, Morton et al. (1995) 

identified two rocky ranges in the Gulf of Carpentaria region as significant biological refugia. 

The Carpentaria Sandstone area consists of gorges and mountain ranges which harbour a number 

of rare or restricted plant species, and the Lawn Hill refuge, in Queensland, which includes 100 

km2 of moist gorges and ranges supports relict rainforest species. The structure of mammal 

communities in both refuges has not been reported in detail. However, the rock-wallaby 

Petrogale lateralis purpuriecollis was recently recorded in limestone gorges of the Lawn Hill 

area, a range extension of300 km from the nearest known populations (Eldridge et al. 1993). 

Study species: The Carpentarian Rock-rat, Zyzomys palatalis 

The Carpentarian Rock-rat, Zpalatalis, was discovered in 1986 adjacent to a spring 

rainforest at Banyan Gorge, Wollogorang Station. In 1990, a second population was discovered 

at McDermotts spring 35 km south-east of the type location, in a large dry monsoon rainforest 

(Menkhorst and Woinarski 1992a). In 1993, Sue Churchill surveyed 13 sites throughout the Gulf 
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region and located an additional population at Moonlight Gorge (Churchill 1996). Churchill 

concluded that Z.palatalis was highly restricted, being associated with relict monsoon rainforest 

on scree slopes which were maintained by permanent springs. 

Measurements (from Churchill 1996) place Zpalatalis into the critical weight range. It 

has a small distribution including three small gorges on a single cattle station, which is centred 

in the Carpentarian Sandstone refuge (Morton et al. 1995) of the semi-arid Gulf region. 

Population sizes are believed to be low (Churchill 1996). Z.palatalis is strongly associated with 

small rainforest patches which are highly fragmented, and sensitive to disturbance by cattle and 

fIre and none of the populations are reserved. No fossils of Zpalatalis are known, and nothing 

is known of its pre-1986 distribution. Little is known of its biology. Hence, Z.palatalis is 

regarded as critically endangered (Lee 1995). 

There is therefore an urgent need to determine the distribution and status of Z.palatalis. 

The aims of this study were to (1) sample the environmental variation of suitable gorge habitats 

in the Gulf region in order to find more populations, and to determine the extent of suitable 

habitat, (2) document the extent and severity of threatening processes affecting habitat suitability 

and (3) describe in detail the demographic characteristics, movements and habitat use of two of 

the known populations. 

While the broad habitat preferences of Zpalatalis were reported by Churchill (1996), this 

study extends her data by examining habitat use at a variety of scales, and assesses seasonal 

population and demographic characteristics of two of the known popUlations over a 16 month 

period. In addition, a preliminary biogeographic analysis of the three tropically distributed large 

rock-rats was undertaken, and hair tubes were trialed as an indirect, rapid and cost-efficient 

alternative to traditional survey trapping. 
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Chapter 2: 

Gorge systems in the rocky uplands of the Gulf region, Northern 

Territory and Queensland: floristics and environmental relations 

at four scales. 

Abstract 

Following a territory wide mapping scheme, the distribution, floristics and environmental relations of the 
extensive eucalypt forests and woodlands in the Northern Territory are relatively well known. Similarly, the minute 
andfragmented monsoon rainforest estate of the NT is relatively well known cifter inventory work at more than 1200 
patches. In the rocky uplands of the Gulfregion monsoon rainforests are mostly restricted to gorge systems. In this 
chapter I detail the floristic and environmental variation of monsoon rainforests and other minor communities 
occurring in 21 gorge system sites, as aframeworkfor determining patterning in the endangered Carpentarian 
Rock-rat Zyzomys paiatalis. The environmental characteristics of 15 study sites, floristic composition of 175, 0.1 
ha survey quadrats from within 21 sites and of 400, 30 m2 cells from two of the known Z.paiataIis sites were 
classified into fIVe site groups, eight quadrat and eight cell groups, then ordinated to describe and illustrate 
community patterning. 

Rockiness and associated topographic protection / disturbance were the main factors patterning 
environmental variation at the three scales examined The primary axis of the ordination of sites portrayed a size 
gradient (and associated ruggedness) from small sandstone inlets to the large gorge systems of Wollogorang. The 
second axis portrayed an incline of rainforest connectivity from the small isolated inlets to large gorges with 
relatively high numbers of patches within 3 km radius. The first axis of the ordination of quadrats illustrated a 
disturbance gradient with decreasing rainforest plant composition with decreasing rock cover and the second axis 
represented a moisture-productivity gradient from riparian monsoon rainforest in protected gorges to impoverished 
eucalypt woodlands on plateaux. The first axis of the ordination of trap cells portrays a moisture gradient from xeric 
broadleaf woodland on rock platforms to tall open forests and woodlands in alluvial situations and the second axis 
illustrates a rockiness gradient from scree piles and associated monsoon rainforest communities to riparian 
Corymbia ptychocarpa and Syzygiurn angophoroides dominated spring communities. 

Rockiness, topographic protection, disturbance and moisture availability were interrelated. The proportion 
of rainforest to woodland plants, abundance of fleshy and wooded fruited plants and of rare plants declined 
uniformly with decreasing rockiness and the associated degree of topographic protection from fire and cattle 
impact. Although there is a strong environmental continuum, topographically complex gorge systems maintained 
diverse broadleaf woodlands, monsoon rainforests and other minor communities which were distinct from 
surrounding low open eucalypt woodlands. There was a high degree of similarity in the composition of the 
broadleaf woodland communities and monsoon rainforest communities from within gorges and the eucalypt 
woodlands sampled outside gorges with like communities in the Top-end, Victoria River district and offshore 
islands. The Gulf region has few endemic plant species. 
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Introduction 

In north western Australia open forests and woodlands dominated by eucalypt species 

form a more or less continuous community from the Kimberley to the Gulf of Carpentaria 

(Carnahan 1976, Bowman et al. 1988). Faunal communities exhibit a remarkable homogeneity 

in response to this subdl.,led environmental variation in the west-east arc (Woinarski et at. 1992). 

However, a sharp north-south rainfall gradient causes a shift in the composition of bird, 

herpetofauna, and mammal assemblages as the annual rainfall drops below 900 mm and becomes 

less predictable (Whitehead et at. 1992, Woinarski et at. 1992). Embedded within the eucalypt 

dominated savannas are minor communities such as monsoon rainforest, rocky woodland, 

floodplain, grasslands, paperbark and acacia woodlands (Wilson et at. 1990) each possessing 

variably distinctive flora and fal.Ula (Russell-Smith 1991, Gambold and Woinarski 1993, Reichel 

and Andersen 1996, Woinarski and Fisher 1995a). In the rocky ranges of north western Australia, 

assemblages of rock -dwelling mammals possess a high level of continuity along the longitudinal 

gradient; with the extent, degree of isolation and topographic complexity of the ranges the major 

determinants of community richness (Woinarski et al. 1992). 

The Carpentarian Rock -rat Zyzomys palatalis is an endangered rock -dwelling mammal 

endemic to the sandstone ranges of the Gulfregion of the Northern Territory (NT). During an 

extensive survey for Zpalatalis in the southern Gulf region, three populations were located, each 

in a sandstone gorge associated with dry monsoon rainforest and woodland communities 

(Churchill 1996). Gorges in the rocky uplands of the gulf, as elsewhere, are regarded as 

significant biological refuges because they provide improved moisture and fire protection 

conditions that pennit survival of communities that are unable to persist elsewhere (Morton et 

at. 1995). Although rooky ranges are so widespread in the gulf as to be defined as a distinctive 

bioregion (the 120,000 km2 Gulf Falls and Uplands: Thackwayand Cresswell 1995), the most 

rugged segments of this rocky continuum (gorges and escarpment systems) typically occur as . 
small habitat islands usually less than a few square km in area, surrounded by the extensive 

eucalypt woodlands on rolling hills and plateaux. 

Despite their small extent, gorge monsoon rainforests are an important community which 
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harbour a high number of plants which are largely restricted to them and a distinctive fauna 

(Kenneally et al. 1991, Russell-Smith 1991, Menkhorst and Woinarski 1992b, Gambold and 

Woinarski 1993, Russell-Smith et al. 1993a). In the rocky uplands of the gulf rainforests occur 

as minute patches (0.1-60 ha), usually in topographically protected situations such as gorges 

(Russell-Smith 1991, Russell-Smith and Bowman 1992). While six monsoon rainforest types 

have been identified in the Gulf region (Russell-Smith 1991) only two types were extensive 

enough to be portrayed at the coarse scale of Wilson et al. (1990) and neither of these types was 

associated with gorges. Other minor vegetation communities such as Corymbia ptychocarpa -

Grevillea pteridijolia woodland (community 17: Aldrick and Wilson 1990) also occur in gorges 

and are limited in extent. Twenty-three vegetation types were recognised for the Gulf region of 

the NT at a scale ofl: 1,000,000, yet none of these was restricted to gorges (Wilson et al. 1990). 

The distribution, floristic composition and environmental relations of monsoon 

rainforests of the rocky uplands of the Gulf region are relatively well known following an 

inventory of approximately 80 patches and mapping of patches from aerial photos (Russell-Smith 

1991, Russell-Smith and Lucas, unpublished data). Although several rainforest types were 

present, the major environmental detenninants of patch types were moisfure availability (eg. 

patches associated with springs and riverine situations) and topographic protection (eg. patches 

largely associated with rock piles). 

This Chapter seeks to detennine the distribution patterns, and factors underlying them, 

for vegetation communities occurring in gorge and escarpment systems of the Gulf region. 

Because the delineation and environmental relations of vegetation communities are scale

dependent, a multi scale approach, from the gorge systems as a whole, to a fine scale level of 

resolution was undertaken. Specifically I aimed to provide a framework for determining the 

proximate environmental factors important in the patterning of Z.palatalis including the 

distribution patterns of fruiting plants important to this species and the patterning of rare 

'relictual' or restricted range plant species which may correlate with the biogeography of this 

species. The relationship of Z.palatalis to environmental variation is detailed more fully in 

Chapter 3. The climate and physical environment of the gulf is also detailed to provide 

background information on this relatively poorly known region. 
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Study region and Methods 

The climatic and physical environment 

Climate of the Gulf region 

The climate of the Gulf region, like much of north and north western Australia, is 

monsoonal with brief hot humid summers (the 'wet', November to March) and a longer mild dry 

winter (the 'dry', from April to October). During the wet season temperatures range from a daily 

minimum 23 °C to a maximum of 39 °C, while in the dry season temperatures typically range 

from a minimum of 10 ° C to a maximum of 33 ° C (Fig 2.1.) . Average annual rainfall declines 

along a gradient of distance from the coast (about 2 mm per km: the north-south rainfall gradient 

which has been shown to be a major environmental factor patterning the distribution of the 

monsoonal biota), and ranges from 500 mm in the Nicholson River area to 1000 rom in coastal 

areas (Anon 1991). Wollogorang Station receives an average of855 mm of rain annually, with 

more than 80% falling between December and March (Northern Territory Bureau of 

Meteorology). 

In comparison to the Gulf, Darwin receives almost twice as much rain (1671 rnm) but the 

timing is similar. Wollogorang has slightly hotter summers, distinctly cooler 'winter' dry seasons 

(particularly low temperatures at night) and is less humid than Darwin in the late dry season (Fig 

2.1). 
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Fig. 2.1. A comparison of climatic characteristics between Darwin (airport, mean 

from 54 years) and Wollogorang station (mean from 28 years).(From: the Bureau 

of Meteorology.) 
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Geology of the NT Gulf region 

The Bureau of Mineral Resources (BMR) has described and mapped the geology of the 

NT Gulf region at a scale of 1 : 250,000 (BMR summarised in Aldrick and Wilson 1990). Most 

of the Gulfis composed of ancient Proterozoic rocks formed up to 1500 million years ago. The 

Tawallah Group includes rock units composed of sandstone interbedded with either volcanic or 

dolomitic units. Examples include the Yinyinti sandstone of the Yinyinti Range and sandstone 

ridges in the Nathan River and Bauhinia Downs region. On Wollogorang and Calvert Hills 

Stations, several Proterozoic volcanic formations are widespread including the Gold Creek, 

Settlement Creek and Peters Creek formations. The Roper Group consisting of sandstone and 

siltstone forms the Abner Range and sandstone areas of parts of Robinson and Spring Creek 

Stations and of the Limmen Bight and Bauhinia Downs areas. The Bukalara Sandstone which 

form low ranges and plateaux throughout the Gulf is composed of Cambrian (505-570 million 

years) rocks (Aldrick and Wilson 1990.) 

Bioregions of the Gulf region 

Three bioregions totalling 358,365 km2 were identified within the Gtilfregion of the NT 

and Queensland during a recent classification of biogeographic regionalisation of Australia 

(Thackway and Creswell 1995). The Gulf Fall Uplands (GFU) bioregion which occupies a total 

of 120,000 km2, extends from the Roper River south-west into Queensland. Rolling to steep, 

rugged sandstone hills with eucalypt woodland and spinifex understorey characterise this 

bioregion. More than 95 % of the GFU occurs in the NT with a small amount in Queensland. The 

Gulf Coastal (GUC) bioregion includes 28,000 km2 of undulating plains with scattered rugged 

hills covered with low open eucalypt woodland with a spinifex understorey. The Gulf Plains 

(GUP) bioregion covers more than 210,000 km2 of outwash plains, woodlands and grasslands 

(Thackwayand Creswell 1995). Only 0.4 % (834 km2
) of the GUP bioregion occurs in the NT, 

all of which occurs on Wollogorang Station. Wollogorang is the only property in the Gulf where 

all three bioregions are present. The flora and fauna of each of the bioregions are poorly known 

with approximately 0.1 to 0.4 plant or animal records per square km (Connors et al. 1996). Fewer 

than 200 vertebrate records have been recorded from the GUP bioregion in the NT (Connors et 

al. 1996). 
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Land systems of the Guljregion 

Aldrick and Wilson (1990) mapped and described 57 land systems for the Gulf region of 

the NT. The Bukalara land system dominates much of the gulf region covering an area of 12,464 

km2 • Rugged rocky plateaux and steep linear ridges on massive sandstones with open woodland 

composed of Corymbia dichromophloia, E. miniata, E. tetrodonta and E.leucophloia characterise 

the Bukalara land system (Aldrick and Wilson 1990). A sub-unit comprising 10% of this land 

system, characterised by deep gorges, with steep sides, including springs and streamlines, is of 

particular interest to the present study (although it was not mapped). 

The Bukalara and Cliffdale land systems dominate the upland areas of Wollogorang 

Station. The Bukalara system includes much of the rocky sandstone areas, while the Cliffdale 

system occurs characteristically on volcanic rock substrates with a woodland of Eucalyptus 

tectifica, E. terminalis and Erythrophleum chlorostachys (Aldrick and Wilson 1990). 

Vegetation communities o/the Northern Territory Gulfregion 

A total of 112 vegetation communities have been mapped at the 1: 1,000,000 scale for 

the whole of the NT (Wilson et al. 1990). Although 23 vegetation types were mapped for the NT 

Gulf area, much of the rocky uplands of the gulf region are dominated by three major vegetation 

types, and these are closely correlated with particular land system units. Eucalyptus tetrodonta 

woodland with Plectrachne pungens open-grassland understorey covers 21,514 km2 of sandy 

undulating plains to low hills in the sub-coastal area of the southern Gulf. On clays or loarns on 

flat to undulating plains a Eucalyptus tectifica, E. terminalis woodland, with Sehima nervosum 

and Chrysopogan /aUax grassland understorey occurs (approximately 20,000 lan2
). 

Cdichromophloia - E. tetrodonta low open-woodland with Plectrachne pungens grassland 

understorey occurs over an area of more than 10,000 km2 on well drained upland plains (eg. 

Bukalara land system). 

Monsoon rainforests occur as minute, highly fragmented elements embedded within the 

more uniform and extensive Eucalyptus savanna fonnations over much of northern Australia 

(Brock 1993). However, the small area of most patches meant that they were poorly portrayed 
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at the broad scale (1: 1,000,000) used during the NT vegetation mapping scheme. During a 

comprehensive research program approximately 15,000 patches were mapped from aerial photos 

in the NT (Russell-Smith and Lucas, unpubl. data). In addition, data from a floristic survey of 

1245 of these patches was classified. Sixteen recognisable monsoon rainforest types were 

selected with five rainforest types occurring in the Gulf region (Russell-Smith 1991). 

Environmental patterning of monsoon rainforest types was well described by a latitudinal

moisture gradient and a secondary topographic position-drainage gradient rather than restriction 

of rainforest types to peculiar geographic areas (Russell-Smith 1991). Monsoon rainforests may 

also be broadly categorised as either wet (associated with springs, seeps and sometimes protected 

gorges), or dry (occurring on sand in coastal areas or rock slopes, gorges or rock outcrops in 

inland areas). 

Land Use 

Twenty-three properties covering 70% of the Gulfregion are committed to pastoral use, 

primarily for cattle grazing (Anon 1991), however a number of pastoral leases are barely viable 

(Holmes 1986). Much of the Gulfregion is at, or beyond the margin of profitability because of 

low land capability and isolation from cattle markets. Gulf pastoral leases are typified by 

minimal capital investment, little maintenance of structures and minimal herd control. Mustering 

is irregular, opportunistic, inefficient and directed towards harvesting the most accessible cattle 

(Holmes 1986). These methods of low cost cattle harvesting conflicted with the National 

Brucellosis and Tuberculosis Eradication Campaign (B TEe) which aimed to access and test all 

cattle for Brucellosis and Tuberculosis. Since the 1980's the BTEC has compelled Stations to 

control cattle herds within paddocks. Many Stations were destocked as part of the BTEC during 

the 1980's and early 1990's, either by slaughter, or by sale of the cattle (Holmes 1986,1990). 

Cattle on Wollogorang Station were destocked in the early 1990's, and were being restocked from 

1995 onwards (Paul Zlotkowsky, pers. comm.). 

There is no published infonnation on traditional (pre-European) use of tire by Aborigines 

or post-European fires in the Gulfregion. There is, however, some published information on the 

extent of burning in the NT Gulf compared with other regions in the NT. Liddle (1993) shows 

that approximately 7% of the Gulf was burnt in the 1993 dry season compared to 35-49% land 
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burnt in the Darwin-Kakadu region. Rocky areas are generally afforded a degree of fire 

protection depending on the relative rockiness or topographic protection afforded by such 

landscape types. Russell-Smith and Bowman (1992) found that 55% and 32% of type 13 (spring) 

and type 14 (dry rocky) rainforests, respectively, which predominantly occur in rocky habitats 

of the NT Gulf, were severely disturbed by fire. 

Mammal survey in the Gulf region 

There have been no extensive, systematic biological surveys of the Gulf region. 

Biological work in the Gulf has to date concentrated on specific species or areas. More than 

16,000 vertebrate species records have been collected from the Gulfregion of the NT (Connors 

et al. 1996), however this is equivalent to fewer than 0.2 vertebrate records per km2
• The Sir 

Edward Pellew Islands have been subject to two biological surveys. In the mid-1960's and again 

in the mid-1970's CSIRO conducted surveys of all major islands in the Pellew group and on the 

mainland between the McArthur River mine and the coast (CSIRO 1976). Gambold and 

Menkhorst (1992) conducted a brief biological survey of the McArthur River project area, 60 km 

south ofBorroloola, in the late-dry season. 

In 1988, an intensive 3 week biological survey of the Pellew Islands was undertaken by 

the Alice Springs, Conservation Commision of the Northern Territory (CCNT: Johnson and 

Kerle 1991). Additionally, during the period 1985-1988 the CCCNT conducted four surveys at 

a number of sites and different habitats throughout the Gulf region (Don Langford, personal 

communication). It was during these surveys that Zyzomys palatalis was discovered at Banyan 

Gorge, Wollogorang Station in 1986. In 1982, St Vigeon Station (6,812 km2
), in the north-west 

of the Gulf was the subject of a 2 week biological survey (King and McKean 1982). A fauna 

survey of the newly declared Limrnen Gate Park (including parts of St Vigeon, Lorella, Nathan 

River and Tawalla Stations) was concluded in 1996 with several rocky sites trapped (Griffiths 

et al. 1997). Reports on the fauna of Balbarini, Bauhinia Downs, Benmara, Broadmere and 

Mallapunyah Stations have been prepared (Low and Dobbie 1988, Low et al. 1989, Low 1984, 

Low 1986) although these data are mainly secondary. In 1990, several of Russell-Smith's 

rainforest patch sites were surveyed in the Gulf region as part of a systematic biological survey 

of monsoon rainforests of the NT (Menkhorst and Woinarski 1992b), including McDennotts 
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spring on Wollogorang Station and Beetle spring (16°47'S, 136°00'E) in the Abner range. A 

second population of Z.palatalis was discovered during this study, at McDennotts Spring 

(Menkhorst and Woinarski 1992a). Woinarski and Fisher (1995ab) examined the flora and fauna 

of Lancewood (type 16 rainforest) throughout the NT, including sites in the Gulfregion. 

In Queensland (QLD) the only biological survey work undertaken (including small 

mammals, bird and reptiles) was carried out by Abrahams et al. (1993) at four rocky sandstone 

sites on Westmoreland and Bowthorn Stations. 

Sampling 

Data on vegetation and environmental patterning of gorge systems of the rocky uplands 

was collected for three sampling scales (in italics throughout); 1) independent survey sites (c. 1 

to 4 km2
), 2) survey quadrats (0.1 ha plots within sites), and 3) trap cells (c. 25 m2 plots around 

trap positions at two of the known Zpalatalis sites). The plant species composition is influenced 

by multiple environmental factors that vary at differing spatial scales. SimIlarly, relationships 

betwee~'sma1l-scale compositional variation and macroenvironment may be obscured by site-scale 

and geographic variation in environment. A multi-scale approach was used primarily to 

determine whether vegetation-environment, Zyzomys-vegetation and Zyzomys-environment 

relationships vary with scale of observation. 

Sites 

Sites were discrete gorge, escarpment or rocky hill units (1 to 4 km2 ). Sites were selected 

for sampling based on infonnation from individuals with detailed knowledge of the Gulfregion 

(particularly Jeremy Russell-Smith, Peter Latz and individual station managers), maps of 

monsoon rainforest patches (Russell-Smith and Lucas, unpublished data) and topographic maps. 

A total of21 sites were surveyed, with 13 sites surveyed by Churchill (1996) in 1993 (Table 2.1, 

Fig 2.2). Eight of the 16 sites sampled in the NT were also sampled for rainforest plants during 

a survey of the monsoon rainforests of the NT (Russell-Smith 1991). 

18 



For 15 of the 21 sites data on the habitat characteristics (34 site variables, such as area 

of rainforest, topographic and spatial characteristics, defined in Appendix 1) were compiled from 

a variety of primary (quadrat survey data) and secondary data sources (for example, the NT 

rainforest inventory database, monsoon rainforest maps [Russell-Smith and Lucas, unpubl. data], 

1: 100,000 topographic maps and geological maps). Data for some sample variables for the 

remaining six sites (surveyed by Churchill but not visited during the present study) were 

unavailable. 
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Fig 2.2. Study sites trapped specifically to detect Z. palatalis. See Churchill (1996) for an 
indication of sites trapped in the Gulf by other workers. 
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Quadrats 

All 21 sites were sub-sampled with an average of eight 0.1 ha survey quadrats (range 6 

to 24, Table 2.1). A total of 175 quadrats were sampled, comprising the 80 quadrats by Churchill 

(1996) and 95 quadrats sampled in the present study. Quadrats were positioned along 1 to 3 km, 

of escarpment or rocky range at each site, 50 to 200 m apart, specifically to sample a wide range 

of the environmental variation present at a site (creek channel, lower and upper slopes within 

gorges, and plateaux above gorges: monsoon rainforests, also riverine and rocky woodland 

communities). Cliffs and escarpments within gorges sometimes limited access, particularly to 

outside-gorge habitats such as plateau woodlands. Most quadrats were sampled during the dry 

season (April to October). Within each quadrat the cover abundance of all plant species was 

recorded using a modified Braun-Blanquet scale (where 1= < 5%cover; 2= 5-19%, 3= 20-29%, 

4= 30-49%, and, 5= > 50%). Forbs were under-sampled because most sampling took place in the 

dry season. A wide range of habitat attributes, including indices of disturbance, topographic, 

geologic and plant community variables were recorded to further characterise the environment 

of each quadrat (refer to Appendix 2 for details of each variable). 

Trapping grid cells 

At Banyan Gorge and Moonlight Gorge permanent trapping grids were set up as part of 

a mark recapture study designed to assess demography and habitat use of Zpalatalis (further 

details in Chapter 3 and Chapter 6). At Banyan Gorge two, 1 ha grids each with 100 trap station 

cells, were marked out with flagging tape and metal droppers in two deep sandstone gullies, 1 

km apart. At Moonlight Gorge a single 2 ha, 200 trap cell grid was established in the gorge. Each 

grid was centred on a creek or spring (in areas of high habitat diversity including dry and wet 

monsoon rainforests, riverine, open forest and rocky woodlands), with trap-lines at right angles 

to the axis of the watercourse. Trap stations and trap lines were spaced 10m apart. Data on plant 

composition and environmental attributes of each cell were gathered using comparable methods 

to the quadrat survey. Cover-abundance of plants within 3 m radius of each cell marker was 

recorded (c. 28 m2
), as well as a wide range of habitat attributes (refer to Appendix 2 for details 
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of each variable). 

Table 2.1. Survey intensity and location of sites. Sites marked with an asterisk were sampled 

by Sue Churchill in 1993 (Churchill 1996) and those sites also marked with a, were surveyed 

again in the present study. State: N= Northern Territory, Q= Queensland. 

Sites No. quadrats Latitude (S) Longitude State 

1. Banyan Gorge*a 16 17.12-13 137.41-43 N 

2. Bauhinia Downs* 6 16.15 135.28 N 

3. Butterfly Springs* 6 15.38 137.28 N 

4. McDennott Spring* 6 17.25 137.48 N 

5. Moonlight Gorge*a 15 17.24·25 137.42·43 N 

6. Aquarium Springs*a 24 17.29-30 137.38-39 N 

7. Branch Creek* 6 17.23 137.52 N 

8. OConnor! 8 15.58 135.23 N 

9. Lagoon Creek 6 17.33 138.02 Q 

10. Stockyard Spring 8 18.23 138.08 Q 

1 I. Amphitheatre 8 18.21 138.10 Q 

12. Colless Creek 8 18.41 138.23 Q 

13. Louie Creek 8 18.47 138.30 Q 

14. Banyan Volcanic 6 17.13 137.43 N 

15. Camel Creek 8 16.52 137.50 N 

16. Dunganminnie Spring* 6 16.49 135.46 N 

17 Wearyan River Gorge* 6 16.43 136.28 N 

18. Little Calvert River* 6 17.14 137.14 N 

19. Redbank Spring* 6 17.10 137.44 N 

20. Wallaby Jaw Spring* 6 17.24 137.50 N 

21 Rdith Fall.* fi l8.Q7 I~R7Q 0 

Classification of sites, quadrats and cells 

A classification of sites 1-15 (Table 2.1) by habitat variables 2-4,6-9, 10-24,26-33, and 

34 (refer to Appendix 1) was perfonned using the UPGMA procedure in P A TN (Belbin 1994). 

Most data were interval, hence the relationship between each pair of sites was firstly detennined 

by the Gower Metric association measure. Prior to the classification closely related variables (e.g. 

vegetation variables, gorge dimensions) were non-hierarchically grouped using ALOB, a 

procedure which gives equal weight to each of the habitat variable groups (Belbin 1994). 
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Following the ALOB classification, a UPGMA classification was perfonned and truncated at the 

five group level. Non-parametric Kruskal-Wallis one-way ANOVA was used to determine 

whether habitat variables differed significantly between groups. Mean habitat variable scores for 

each group were tabulated. 

The 175 survey quadrats and 400 trap cells were separately classified using the UPGMA 

procedure according to the presence I absence of all plants occurring in >5 sample units. The 

similarity between all pairs of quadrats and between all pairs of trap cells was determined with 

the Bray-Curtis measure. After inspection of a dendrogram both classifications were truncated 

at the eight group level. The environmental characteristics of each group, including plant 

composition were described. Plant species characteristic of groups were tabulated. Non

parametric Kruskal-Wallis one-way ANOVA was used to determine whether environmental 

attributes differed significantly between the derived vegetation groups. 

Special reference is given to the distribution patterns of plants known to be eaten by 

Zyzomys maini in Kakadu National Park (Begg and Dunlop 1980,1985) across the derived 

quadrat and cell vegetation communities: Acacia aulacocarpa, A.humifusa, Aidia aracemosa, 

Alstonia actinophylla, Ampelocissus acetosa, Aneilema siliculosum, Antidesma parvijolia, 

Spermococe membranacea, Brachychiton paradoxum, Buchanania obovata, Calophyllum sil, 

Canarium australianum, Cissus adnata, Cochlospermum jraseri, Coleus scutellaroides, 

Comesperma aphyllum, Commelina ensifolia, Cyperus paniceus, Eriachne ciliata, Ficus 

leucotricha, F. scobina, F.virens, Fimbristylis sp aff. arthrostyloides, Gardenia jucata, 

G.megasperma, Heteropogon triticeus, Hibiscus leptociadus, Hypoestesjloribunda, Indigofera 

sp, Memecylon pauciflorum, Owenia vernicosa, Pavetta tomentosa, Persoonia falcata, 

Planchonella arnhemica, Pouteria sericea, Secamone elliptica, Setaria apiculata, Solanum 

echinatum, Strychnos lUcida, Terminalia carpentariae, Triodia plechtrachnoides, Vitex 

acuminata, Vglabrata and congeners occurring in the gulf. Special reference was also given to 

rare and or disjunct plant species. 
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Ordination 

Site, quadrat and trap cell samples were also ordinated to further explore relations with 

environmental gradients. All habitat variables for the site data set and the floristic composition 

(plants occurring in > 5 sampling units) of quadrats and (in separate analyses) cells were 

ordinated using Semi -strong Hybrid Multi -dimensional scaling (S SH) in P A TN. Principal axis 

correlation (PCC, vector fitting: Kantvilas and Minchin 1989) was performed to find the 

direction through the ordination which had the maximum correlation or best fit with each of the 

environmental variables (Belbin 1994). Monte-Carlo testing with 200 random starts was used to 

detennine whether the correlation coefficients produced by pec analysis were statistically 

significant. The positioning of sites, quadrats and cells in the ordination space were depicted 

with scatter plots. 

The relationship of Zpalatalis and Zargurus to the environmental variation defined in 

these analyses is explored in Chapter 3. 
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Results 

Environmental characteristics of sites (S), survey quadrats (Q) and trap cells (C). 

Five groups of sites were defined by the classification. Environmental characteristics 

which differ between groups are give in Table 2.2 and the environmental relations of each is 

described below. Eleven of the 34 sample variables differed between the environmental classes 

defined by the classification. The site groups varied from large gorge systems with extensive 

monsoon rainforests on scree and rocky slopes to open gully systems amongst rolling hills to 

small, isolated gully head spring (Table 2.2). 

Site Group 1. 'Large linear gorge refuges' (S 1; sites 5 and 6) 

Moonlight and Aquarium springs gorges were characterised by long, deep and broad linear sandstone gorges. Total 

rainforest area was highest in this group with 10 to 15 ha of dry monsoon rainforest on scree or rocky slopes and 

3 to 5 ha of wet rainforest in protected situations within the gorge. Rainforest plant richness, rare plant richness and 

fruit abundance were greatest in this group (Table 2.2). There was a variety of water sources including springs, 

seeps and lagoons. Rockiness was high and consequ.ently there was little evidence of recent fIre or cattle impact. 

The richness of rocky vertebrates was high with Petrogale brachyotis, Petropsuedes dahli, Pseudantechinus hiiami 

and Emydura aff. subglobosa present at each site. 

Site Group 2 'Open gully systems' (S2; sites 1 and 15) 

Banyan and Camel Creek Gorges were characterised by relatively small (1 to 1.5 krn long) and broad sandstone 

gorges. S2 sites had low topographic protection, high fuel loads and high fIre impact, particularly at Banyan Gorge. 

Rainforest area was moderate with 4 to 7 ha present at each site. Wet rainforest was well developed with Syzygium 

angophoroides. Small patches of dry rainforest occurred on rocky slopes beneath cliffs or rock outcrops. Scree was 

absent. Rare plant richness and fruit abundance, particularly of Buchanania obovata and palms were high in this 

group. There were a variety of water sources. 

Site Group 3 'Small gully head springs' (S3; sites 2,3,9) 

S3 sites were typified by small gorge or escarpment inlet systems with small «1 ha), species poor rainforest 

patches (small springs), and little fruit. Total disturbance was high with evidence of severe cattle and ftre impact. 

There was a relatively rich variety of water sources including either springs or seeps and lagoons. Sites were sharply 

demarcated from the surrounding vegetation which was dominated by low open eucalypt woodland. 
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Table 2.2. Significant environmental variation across site groups. Values are means. Refer to 

Appendix 1 for a description of sample variables. Significance levels: **, P < 0.01, *, P < 0.05. 

Habitat attributes I 81 I 82 I 83 I 84 I 85 I F-value 

Vegetation variables DryRainforest area 4.0 2.0 1.0 3.8 2.0 61.4** 

Rainforest area 7.0 4.5 1.7 5.2 2.0 18.2** 

AlluvialForest area 1.0 4.0 0 0 a 13.6** 

TotalFruit 16.0 12.5 3.0 6.6 5.3 7.2** 

Refuge variables RefugePauna 4.0 3.0 0 0 1.0 9.6** 

PlantRichness 7.5 5.5 0.3 3.4 2.3 10.0** 

Topography Rockyslope area 4.0 2.0 1.3 3.2 2.7 6.6** 

GorgeHabitat area 4.0 3.5 2.0 4.0 3.0 7.7** 

Rockiness index 4.0 2.5 3.0 4.0 4.0 15.5** 

Disturbance Cattle 0 0 1.3 1.3 0 17.8** 

Total 0 2.5 3.7 2.6 0.3 7.8** 

Site Group 4 'Large gorge/escarpments' (S4; sites 4, 7, 8, 12, 13) 

Characterised by large sandstone or limestone gorge systems, S4 sites possessed large, speciose rainforest patches, 

particularly dry types. There was high connectivity with an average of 15 ha of rainforest within 3 Ian of sites. Scree 

was abundant at OConnorl (8), McDennotts Spring (4) and Branch Creek (7) and absent at the limestone sites (12 

and 13). 

Site Group 5 'Small, dry gorge I escarpments' (S5; sites 10, 11, 14) 

This group corresponded to rocky gullies or inlets with small areas (2-3 ha) of dry rainforest but little wet rainforest. 

The rainforest flora was depauperate, with few rare plants and little fruit. Scree was usually absent. There were few 

water sources, small springs and seeps occasionally present. Cattle or fIre disturbance was low level. 

The 1750.1 ha quadrats were classified by UPGMA into 8 vegetation groups (Table 2.3). 

For each vegetation layer, plant species were listed in descending frequency of occurrence in 

group sampling units and are described below along with the sites where the communities were 

sampled, and total number of quadrats within each group. Each group is related to the floristic 

groupings of previous workers (Russell-Smith 1991, Wilson et al.1990, Bowman et ai. 1990 and 
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Aldrick and Wilson 1991) where appropriate. Thirty-seven of 62 environmental variables were 

significantly different between quadrat vegetation groups at the 0.01 probability level (Table 

2.4). The vegetation communities identified ranged from low open eucalypt woodlands 

characterised by extensive hummock grass and low plant richness and diversity to species rich 

monsoon rainforest communities. Intermediate between these types were broadleaf woodlands 

rich in woody rainforest and woodland plants. 

Ql. Corymbia dichromophloia woodland with Plectrachne pungens hummock understorey (= map unit 33, Wilson 

et al. 1990) 

Sites: 1,2,3,8, 10, 11, 12, 13; Quadrats: 25 

This community was characterised extensive hummock grass ( mean cover> 30%) and occurred on the lower or 

upper slopes of sandstone or limestone ranges and undulating plains at most sites. Tree richness was low. Canopy 

height was 4-6 m with a variable mix of species including Erythrophleum chlorostachys, Corymbia aspera, E. 

leucophloia, Terminalia carpentariae and Cferruginea. Shrub cover and richness were low, and included Flueggea 

virosa, Terminalia aridicola and Owenia vernicosa. Total plant richness, rainforest plant richness and the overall 

plant diversity was low. 

Q2. Riverine monsoon rainforest in limestone terrain (= group 11, Russell-Smith 1991) 

Sites: 10,12,13; Quadrats: 12 

This community occurred at the base of cliffs in limestone gorges associated with ephemeral or perennial springs 

in the Lawn Hill and Musselbrook areas of Queensland. Topography was flat with deep loarns to humic soils and 

low rock cover (Table 2.4). A high woody plant richness comprised many rainforest plants, and plants associated 

with riverine habitats. The canopy grew to 18 m along the creeks or springs, dominants being Eucalyptus 

camaldulensis and Lophostemon grandifolius. Beneath limestone cliffs a variety of rainforest trees were present 

including Ficus opposita, Celtis philippensis and Brachychiton collinus. Shrub cover and shrub richness were high. 

Cycad and palm cover was relatively high with the restricted Cycas brunnea and Livistona rigid a locally common. 

Tussock grass, sedge and vine cover was high. Total plant richness was highest for this group. Rainforest richness, 

woodland and rare plant richness (including Cycas brunnea, Chloaxylon teneri/olium and Livistona rigida) was 

high. 

Q3. Broadleq( woodland (= broadleafwoodland, Bowman et al. 1990; in part = community 32, E. dicromophloia 

low open woodland, Wilson et al. 1990) 

Sites: 1,2, 16, 19,21; Quadrats: 23 

This community occurred on rocky slopes and along sandstone creeks. The extensive rock cover provided a high 

level of protection, yet fire impact was severe. A rich and diverse woody flora was made up of many tree species 

including Erythroph/eum chlorostachys, Terminalia carpentariae and Corymbia aspera (Table 2.3). Along creek 
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or seep lines, mesic species such as Corymbia ptychocarpa, Syzygium angophoroides, Pandanus spiralis and the 

shrub Melastoma affine were present (=group 7 monsoon rainforest, RusseII~Smith 1991). Shrub cover was usually 

high. Grass cover and richness were high, dominated by the tussock grasses Cymbopogan bombycinus and Eriachne 

sp. Hummock grass cover was relatively high. Total plant richness, plant diversity, woodland plant richness and 

the richness of Zyzomys preferred plants was high. 

Q4. Riverine monsoon rainforestin sandstone terrain (= group 11, RusseII~Smith 1991) 

Site: 17; Quadrats: 1 

A single riverine community along the Wearyan River with the rainforest / riverine trees Timonius timon and Ficus 

coronulata and Pandanus spiralis present. Plant richness and life fonn richness were low. Rocks were absent. 

Q5. Impoverished broadleaf woodland (= in part to group 14, RusseIl~Smith 1991, and community 33 E. 

dichromoploia low open~woodland, Wilson et al. 1990) 

Sites: 1,9,10,11,17; Quadrats: 15 

This community was similar to Q3 but occurred more commonly on the lower slopes or plateaux, and was less 

speciose. Tree cover was sparse with Corymbia aspera the only constant canopy species. Rainforest trees such as 

Celtis philippensis and Vitex glabrata were occasional. The shrub layer was rich with high cover formed of many 

dry monsoon rainforest and woodland species such as Antidesma parvi/olia, Dodonaea viscosa and Boronia 

lanceo/ata. Vine cover was high and included Capparis lasiantha, Jasminum molle and Caesalpinia bonduc. The 

grassy understorey was composed of hummock grass, as weII as the tussock species Eriachne sp and Cymbopogan 

bombycinus. There was a rich variety of Zyzomys preferred food plants. Rock cover was relatively low «70%) but 

large boulders were abundant. 
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Table 2.3. Plant species typical of survey quadrat groups. Values are the percentage frequency 

of occurrence of species within quadrat groups, for species recorded from > 50% of group 

quadrats. Group 4 possessed only one quadrat and was not included. 

Vegetation groups and number of quadrats Ql Q2 Q3 Q5 Q6 Q7 Q8 

in each group 
25 12 23 15 12 51 36 

Family Species 

Poaceae Plectrachne pungens 100 

Euphorbiaceae Flueggea virosa 83 

Sapindaceae Atalaya hemiglauca 75 

Moraceae Ficus opposita 75 

Mimosaceae Acacia farnesiana 67 

Myrtaceae Eucalyptus camaldulensis 67 

Caesalpinaceae Erythrophleum chlorostachys 83 50 

Poaceae Cymbopogan bombycinus 78 

Cyperaceae Cyperus javanicus 74 

Combretaceae Terminalia carpentariae 70 

Myrtaceae Corymbia ptychocarpa 65 -
Moraceae Ficus platypoda 57 

Anacardiaceae Buchanania obovata 52 

Euphorbiaceae Antidesma parvifolia 65 80 50 61 

Mimosaceae Acacia plectocarpa 53 

Myrtaceae Corymbia aspera 57 80 59 

Sapindaceae Dodonaea viscosa 60 

Poaceae Heteropogan contortus 75 

Euphorbiaceae Croton habrophyllus 58 80 

Gyrocarpaceae Gyrocarpus american us 78 

Ulmaceae Celtis philippensis 50 76 64 

Sapotaceae Pouteria sericea 67 58 

Asclepiadaceae Sarcostemma viminalis 53 

Moraceae Ficus virens 53 58 

Ebenaceae Dios/Jvros humilis 69 
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Table 2.4. Significant differences in vegetation variables across quadrat communities. Values 

are means (maximum and minimum values in bold). Significance levels: **, P < 0.001, *, P < 

O.OI. 

I I Ql I Q2 I Q3 I Q5 I Q6 I Q7 I Q8 I F-value 

Plant cover Trees >8 m 0.6 1.7 1.9 0.8 0.8 1.0 1.6 5.9** 

Regeneration 0.4 1.1 1.0 0.9 0.8 0.5 0.7 4.3** 

Shrub> 2m 0.7 1.9 1.8 2.1 1.7 1.7 1.7 5.9** 

Shrub 0-2m 0.8 1.5 1.4 2.1 1.1 1.2 1.3 5.3** 

Vines 0.1 1.7 0.4 0.8 0.5 1.2 0.9 15.2** 

. Ferns 0 0.3 0.2 0.3 0 0.1 0.6 4.5** 

Sedges 0.1 0.8 0.3 0.9 0.2 0.4 0.7 7.0** 

Tussock grass 1.2 2.1 1.6 1.0 2.6 0.9 0.6 7.8** 

Hummock grass 3.40 0.50 0.87 0.93 0 0.04 0.08 31.9** 

Plant diversity Diversity 0.90 1.31 1.32 1.17 1.12 1.23 1.20 8.6** 

Plant richness Total 10.3 22.6 21.8 16.2 14.4 17.8 17.0 8.3** 

RainforestPlant 2.9 12.2 9.4 7.5 8.0 12.7 12.6 16.6** 

WoodlandPlant 7.3 10.4 12.4 8.6 6.4 5.1 4.4 15.2** 

Woody 7.3 15.3 16.6 12.4 10.7 12.7 12.6 8.5** 

Trees 3.8 6.1 8.5 4.2 5.4 7.7 8.2 15.3** 

Shrubs 3.5 8.5 7.3 8.0 5.3 4.8 3.8 9.5** 

Grass 1.9 2.2 2.7 1.5 2.0 0.8 0.8 12.0** 

RarePlant 0.4 3.1 1.1 1.2 1.2 2.5 1.8 9.7** 

Community fidelity Woodland 40 0 4 13 0 0 0 9.2** 

Ecotone 36 42 56 40 33 4 3 7.5** 

Rainforest 24 58 40 47 67 96 97 15.8** 
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Table 2.4 cont. Significant environmental variation across quadrat vegetation communities. 

Values are means (maximum and minimum values are in bold). Significance levels: **, P < 

0.001, *,P<O.Ol. 

Group and no. of Ql Q2 Q3 Q5 Q6 Q7 Q8 F-va1ue 

quadrats per group 25 12 23 15 12 51 36 

Rock variables Rock 0-19cm 39.6 7.7 15.8 3.3 11.7 7.9 14.3 3.9** 

Rock 20-49cm 37.5 6.5 47.2 26.0 33.3 37.5 36.7 3.8** 

Rock SO-99cm 4.3 7.0 20.0 11.3 19.6 28.5 13.3 8.5** 

Rock>99cm 1.4 3.7 10.2 28.8 11.3 17.2 11.5 6.5** 

TotalRock 82.7 24.9 93.2 69.5 75.8 91.3 75.8 6.5** 

Diversity 0.2 0.3 0.5 0.4 0.5 0.5 0.4 5.2** 

Topography and soil Slope 2.S 1.0 3.5 3.2 3.0 3.6 2.5 10.9** 

Lowerslope 0.36 0.33 0.04 0.53 0.25 0.31 0.64 4.3** 

Plateau 0.24 0.17 0 0.13 0.17 0 0 3.8** 

Soil Depth 1.3 2.S 1.5 1.S 2.2 1.2 1.9 4.3** 

Altitude 152 190 163 204 178 186 145 5.3** . 
Disturbance Fire 1.4 O.S 2.4 0.5 0.7 0.6 0.5 10.7** 

Fuel 1.9 1.7 1.1 0.7 1.0 0.3 0.4 14.3** 

Flood 0.5 0.9 1.1 0.1 0.8 0.7 0.5 5.5** 

Cattle 0.8 1.6 1.2 0.1 0.7 0.6 0.4 7.9** 

Total 4.7 4.7 5.8 1.4 3.3 2.2 1.8 13.6** 

Q6. Dry monsoon rainforest with a tussock grass understorey (= group 12, Russell-Smith 199 I and community 

20, Aldrick and Wilson 1990) 

Sites: 5,14, 15, 18,20; Quadrats: 12 

This community occurred on deeper soils at the base of cliffs and on the upper slopes of limestone, volcanic or 

sandstone hills of WoUogorang and Calvert Hills stations. Tree and shrub layers were composed of an idiosyncratic 

group of rainforest and woodland plant species including Erythrophleum chlorostachys, Antidesma parvijolia, 

Croton habrophyllus, Eucalyptus papuana, Terminalia canescens and Atalaya hemiglauca. Shrub richness was 

high. Tussock grass cover and grass richness were also high, dominated by Heteropogan contortus with occasional 

Enneapogan spp. Woodland plants were dominant in one-third of quadrats and rainforest plants in the remaining 

quadrats. Total plant and woody plant richness was low with few trees, sedges, and vines. There were low levels 
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of disturbance. 

Q7. Dry monsoon rairiforest of the south-eastern hinterland (= group 14, Russell-Smith 1991) 

Sites: 1,4,5,6,7, 14, 19,20,21; Quadrats: 51 

This community occurred on rocky or scree slopes beneath rugged escarpment or gorge cliff lines at a number of 

sites on Wollogorang station (and Edith FalIs, Queensland). Subcanopy trees were dominant with Gyrocarpus 

americanus, Celtis philippensis, Pouteria sericea, Ficus virens, Geijera salicijolia, Terminalia subacroptera and 

T. carpentariae. The shrubby understorey was relatively dense and species rich with Croton habrophyllus, 

Exocarpos lati/olius and Trema tomentosa often present. Vine cover was high. Grasses were rarely present. Total 

plant and woody plant richness were high, dominated by rainforest species. The richness of rare plants (including 

for example, Alectryon tropicus, Cycas hrunnea, G. salici/olia and Tiliacora australiana) and Zyzomys preferred 

food plants was high. 

Q8. Riparian monsoon rainforest (== group 13, small rainforest patches associated with springs, Russell Smith 1991) 

Sites: 1,4,5,6,8,9,15; Quadrats: 36 

Occurred mainly on Wollogorang station, and also Lagoon Creek and OConnorl, this community was best 

developed along creek lines in gorges associated with permanent water (lagoons, springs or seeps). Plant richness 

was high, composed of many rainforest species and few woodland species. Tree richness and cover was high 

including Diospyros humilis, Celtis philippensis and Pouteria sericea. Canopy trees associated with increased 

moisture included Ficus virens, Syzygium angophoroides and F.racemosa. The shrubby understorey was 

depauperate, but cover was high including Antidesmdparvi/olia and Trema tomentosa. Grasses were usually absent. 

Ferns were locally abundant along springs or base cliff seeps (including Nephrolepis hiserata, Dicranopteris linearis 

and Lindsaea ensi/olia). Rugged topography within the gorges provided a high degree of protection as evidenced 

by the low levels of disturbance. 

Description of cell groups from trapping stations 

Eight vegetation groups were recognised from the UPGMA classification of trap cell 

plant composition and are described below. Plant species typical of vegetation groups are 

tabulated in Table 2.5. Fifty-two of the 67 environmental variables differed significantly between 

the vegetation groups (Table 2.6). The vegetation communities vary from dry monsoon 

rainforests to low open woodlands and tall riparian open forests. The proportion of rainforest 

plants in cells declined with reduced rock cover and increasing levels of disturbance and the 

amount of fuel, litter and incidence of fire was greatest in the topographically exposed riparian 

communities (Table 2.6.) 
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ct. Dry rainjorest on rocky slope, number of trap ceIls==27 (== Q7, and group 14 dry rainforest, Russell-Smith 1991) 

This community occurred at Moonlight Gorge on a steep rocky slope. Mean rock cover was 75 % with shallow soil 

between imbedded rocks. Plant richness was moderate composed ofpredominantIy dry monsoon rainforest species. 

Low tree cover (2-8 m) was high dominated by Terminalfa volucris. Gyrocarpus american us, T subacroptera, 

Corymbia aspera and Lysiphyllum cunninghamii were occasional (Table 2.5). Common shrubs were Melhania 

oblongifolia, Abutilon andrewsianum. Vines, particularly Cissus reniform is, were abundant. There was a high cover 

of both tussock (Enneapogan sp) and hummock grass (Plectrachne pungens). There was no evidence of recent fire 

impact. 

C2. Dry rainforest on scree n=51 (= Q7, and group 14 dry rainforest, Russell-Smith 1991) 

This community was restricted to the upper or lower scree slopes. It occurred mainly at Moonlight Gorge. Total 

rock cover was high, particularly large boulders (mean size 75 cm). Plant richness, diversity and the number of life 

forms was low in this group. Sub canopy trees were relatively speciose and abundant including Pouteria sericea, 

Celtis philippensis, Gyrocarpus american us and Diospyros humilis (Table 2.5). The shrub layer was poorly 

developed in the largely soil free conditions. The thorny vine Caesalpinia bonduc occurred in more than half of 

group cells. Vine cover was high with Opilia amentaceae and Cissus reniformis also present. Scree provided a high 

level of protection from impacts with low fuel loads and no evidence of recent fire. 

C3. Riverine community n=112 (in part = group 14 dry rainforest, Russell-Smith 1991) _ 

This community was present along a broad creek channel at Moonlight Gorge and was dominated by riverine 

rainforest and non-rainforest species. Plant richness and diversity were low. Sub canopy species were abundant 

including Terminalia subacroptera, Tvolucris, Lophostemon grandiflorus commonly occurring along banks or 

levees. The shrubs Acacia hemsleyi, Flueggea virosa and Malva sp were occasional. The grass Bothriochloa bladhi 

and sedge, Cyperus vaginatus were abundant in the creek channel, producing a moderate amount offuel, but there 

was little evidence of recent fIre. 

C4. Broadleaj woodland n=94 (= Q3, this study, broad leaf woodland, Bowman et al. 1990; Eucalyptus 

dicromophloia low open-woodland with Plectrachne pungens hummock understorey, Wilson et al. 1990) 

This community was characterised by shrubby woodland on steep rocky slopes or surrounding rock outcrops. Rock 

cover was low, however rock platforms were a distinctive feature. Plant richness was relatively high, and plant 

diversity was highest in this group. The shrub layer was richest for this group, with a mean cover of> 20% 

including many Zyzomys preferred plant species. Grass cover was sparse with occasional Plectrachne pungens, 

Eriachne ciliata and Aristida sp. Cover of sedges was high including Scleria browni and Cyperus javanicus. Forty

percent of quadrats were burnt by the wildftre in September 1994. 
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Table 2.5. Plant species typical of trap station cell groups. Values are the percentage frequency 

of occurrence of species within cell groups, for species recorded from> 33% of group cells. No 

plants were present in cell group 8. 

Vegetation groups and number of cells in each group Cl C2 C3 C4 C5 C6 C7 

27 51 112 94 28 41 41 

Families Species 

Combretaceae Terrninalia volucris 81 

Poaceae Enneapogon sp 52 

Sterculiaceae Melhania oblongifolia 52 

Malvaceae Abutilon andrews ian urn 41 

Poaceae Plectrachne pungens 37 

Caesalpinaceae Caesalpinia bonduc 53 

Sapotaceae Pouteria sericea 49 

Euphorbiaceae Croton habrophyllus 41 

Ulmaceae Celtis philippensis 39 

OpiJiaceae Opilia amentacea 35 

Poaceae Bothriochloa ?bladhi 63 

Ebenacaceae Diospyros humilis 45 -

Cyperaceae Cyperus vaginatus 34 

Malvaceae Malvasp 34 

Rhamnaceae Alphitonia excelsa 37 36 

Poaceae Heteropogon contortus 82 

Cyperaceae Scleria browni 36 75 

Fabaceae Galactia sp 75 56 

Poaceae Cymbopogon bombycinus 50 

Myrtaceae Eucalyptus pa/lescens 46 

Tiliaceae Grewia retusifolia 46 

Caesalpinaceae Erythrophleum chlorostachys 43 39 

Arecaceae Livistona inermis 36 

Fabaceae Tephrosia oblongata 36 

Myrtaceae Syzygium angophoroides 59 

Melastomataceae Melastoma affine 41 

Mimosaceae Acacia aulacocarpa 39 

Fabaceae Jacksonia dilatata 34 

Myrtaceae Corvmbia Dtvchocarp_a 98 

35 



CS. Eucalyptus tetrodonta woodland n=28 

This unique minor gorge community was restricted to Banyan Gorge on a sheltered rocky slope. Plant richness was 

highest in this group and composed mostly open forest and woodland species. Canopy trees were abundant 

including Eucalyptus tetrodonta, Erythrophleum chlorostachys and Eucalyptus alba. There was high cover of 

shrubs, particularly low shrubs (<2 m), and high shrub richness. Vine cover was high, with Galactia sp dominant. 

Tussock grass cover, grass richness, litter and fuel loads were highest in this group and consequently 90% of group 

cells were burnt in September 1994. 

C6 Syzygium spring rainforest n=41 (= group 7 spring rainforest, Russell-Smith 1991) 

Along springs or rocky sandstone creek lines a structurally diverse riparian community composed of spring 

monsoon rainforest species and species typical of sandstone creeks was present. Rock cover was low. Canopy tree 

cover was highest in this group (S.angophoroides and C.ptychocarpa), with a sparse understorey of Melastoma 

affine, Jacksonia dilatata and Grevillea pteridifolia. Dense swards of Germainea truncatiglumis, Mnesithea 

rottbelloides and the rainforest sedge Scleria ciliaris were occasional. Fern cover was high including Nephro/epis 

biserata and Dicranopteris linearis. Fuel loads and litter cover levels were moderate, with one-third of cells burnt 

by ftre in 1994. 

C7. Corymbia ptychocarpa open forest, n=41 (== Mid-high woodland - Banksia dentata, C.ptychocarpa and 

Grevillea pteridijolia, Aldrick and Wilson 1990) 

This community occurred on the lower slopes of Banyan Gorge adjacent to the spring and was dominated by 

Corymbia ptychocarpa with occasional Erythrophleum chlorostachys and Buchanania obovata. Rock cover was 

low with expanses of deep soils on the flats and lower slopes near the springs. The shrub layer was poorly 

developed. Cycas anguiata was common. Tussock grasses such as Heteropogan contortus were abundant on well 

soiled slopes. There was moderate fuel load and high litter cover (> 50 %). One hundred percent of group cells were 

bumt during the wildftre in September 1994. 

C8 Plant-free scree n=6 (= group 14 dry rainforest, Russell-Smith 1991) 

This habitat occurred on steep scree slopes, habitat was similar to C2 but without plants. Total rock cover in these 

cells was 95 %, with large rocks (mean 1.65 m) common. Scree dominated this community, consequently the 

abundance of fissures and topographic protection was high. 
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Table 2.6. Significant differences in vegetation variables across cell communities. Values are 

means. (maximum and minimum values in bold). Significance levels: **, P < 0.001, *, P < 0.01. 

I 1 CI I C2 I C3 I C4 I C5 I C6 I C7 J F·value 

Plant Cover Tree>8m 0.1 0.2 0.5 0.4 1.2 1.8 1.6 17.3** 

Tree 2-8m 2.0 2.5 1.4 1.1 0.5 I.1 0.9 8.6** 

Tree Regeneration 0.4 0.1 0.3 0.4 0.4 0.6 1.7 14.5** 

Shrub>2m 0.8 0.8 1.4 1.4 I.I 1.5 0.6 3.6* 

Shrub 0-2m 1.5 1.0 1.1 1.6 1.8 1.4 1.4 5.7** 

Palms 0 0 0 0.2 0.5 0.5 0.2 9.4** 

Cycads 0 0 0.02 0.01 0 0.02 0.41 9.4** 

Vines 0.7 1.4 0.7 0.3 0.9 0.4 0.6 8.8** 

Ferns 0 0 0 0.2 0.1 0.3 0 7.5** 

Tussock grasses 0.9 0.1 1.4 0.8 2.2 0.7 1.0 20.1 ** 

Hummock grasses 1.3 0 0.1 0.7 0.1 0.1 0 11.2** 

Sedges 0 0.1 0.5 0.7 0.7 0.5 0.3 8.3** 

Litter 36.5 27.4 26.0 30.2 52.3 32.5 51.6 9.1** 

Diversity Plant 0.11 0.04 0.03 0.18 0 0.14 0 14.2** 

Richness Total 7.6 5.5 6.4 8.0 9.3 7.6 6.6 12.3** 

RainforestPlants 4.6 4.7 3.3 3.1 2.8 3.0 1.6 14.3** 

W oodlandPlants 3.0 0.9 3.1 4.9 6.5 4.6 5.0 46.5** 

Trees 1.9 2.2 2.0 1.8 1.9 2.6 2.1 4.2** 

Shrubs 3.0 1.6 2.1 3.5 2.8 2.7 1.9 14.7** 

Woodies 4.9 3.8 4.2 5.4 5.2 5.6 4.3 8.0** 

Grasses 1.0 0.1 1.4 1.6 3.1 1.3 1.2 32.7** 

Forbs 0.9 0.1 0.2 OJ 0 0 0.2 10.3** 

RarePlants 0.22 0.15 0.09 0.21 0.35 0.26 0.44 3.7** 
Community Woodland 3 0 3 20 25 12 34 7.5** 

Ecotone 22 4 32 42 64 46 58 8.2** 

Rainforest 75 96 65 38 11 42 8 24.0** 
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Table 2.6 cont. Significant variation in environmental attributes across cell vegetation groups. 

Values are means (maximum and minimum values in bold). Significance levels: **, P < 0.001, 

*, P < 0.01. 

Habitat attributes Group no. and no. C1 C2 C3 C4 C5 C6 C7 F-

of cells per group. 27 51 112 94 28 41 41 value 

Rock variables Rock 0-19cm 11.8 2.7 18.! 6.6 12.7 25.9 9.6 9.6** 

Rock 20-49cm 48.1 47.4 50.0 50.4 56.7 32.5 29.8 4.9** 

Rock 50-99cm 4.4 10.2 5.9 4.5 1.6 1.3 1.6 4.1** 

Rock>99cm 10.2 26.0 6.8 4.9 0.5 1.6 1.0 13.1 ** 

TotalRock 74.7 86.4 80.8 66.5 71.5 61.4 42.0 7.9** 

RockSheet 1.8 3.3 0.8 30.4 5.5 29.0 6.8 18.3** 

MeanSize 33.7 75.5 40.8 45.3 34.0 27.8 30.0 13.2** 

FissureAbundance 1.4 6.2 0.5 2J 0.3 1.0 0.1 50.9** 

Diversity 0.3 OJ 0.4 0.3 0.3 0.3 0.3 18.8** 

Topography Terrain 1.5 1.0 2.7 1.1 1.3 2.4 1.9 75.1 ** 

Escarpment 1.0 1.0 1.0 0.8 0.9 0.4 0.1 56.1 ** 

Rocky Slope 2.3 1.0 1.0 2.6 2.5 1.0 1.9 36.5** 

Scree Slope 0.1 2.1 0.1 0.3 0.1 0.2 0.0 42.0** 

ImpactProtection 1.8 1.1 1.9 1.7 2.8 2.0- 2.5 41.1 ** 

Hours of Sun 9.0 8.1 9.1 7.3 5.7 7.0 9.4 25.1** 

Height +Creek 6.6 12.2 2.1 13.2 9.4 2.4 2.2 71.9** 

Flat Base Cliff 0.3 0 0.8 0.1 0.1 0.8 0.4 43.9** 

Lowerslope 0.7 0.5 0.3 0.4 0.8 0.3 0.7 7.0** 

UpperS lope 0.3 0.5 0 0.5 0.2 0.1 0.2 21.6** 

Creek 0 0 0.7 0.1 0 0.8 0.1 52.3** 

Distance to Water 2.0 2.4 2.3 1.4 1.0 1.1 1.0 43.7** 

Soil Depth 2.1 1.0 1.4 1.1 1.6 1.0 2.9 18.8** 

Topsoil 2.1 1.4 1.5 1.3 2.0 1.1 2.4 11.1 ** 
Disturbance Fire 0 0.1 0 0.2 0.7 1.1 2.5 76.3** 

Fire (1994) 0 0.1 0 0.4 0.9 0.3 1.0 82.5** 

Fuel 1.0 0.1 0.7 0.5 1.4 0.7 0.7 12.8** 

Patterns in the distribution and abundance ojZyzomysprejerredjoodplants 

Of the total of 44 plant species which were eaten by Z maini in Kakadu National Park 

(Begg and Dunlop 1980,1985), 18 were known to be present at Zpalatalis sites in the Gulf 
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(Table 2.7). 

Table. 2.7. Plant species known to bear 'preferred food items' for Zyzomys maini in Kakadu 

National Park (Begg and Dunlop 1980,1985) and additional congeners occurring in the gulf. 

Asterisks denote species known to be present at Zpalatalis sites (Banyan Gorge, Moonlight 

Gorge, Camel Creek Gorge, McDermotts Spring). 

FamilY I Soecies I Familv I Species 

Acanthaceae Hypoestes floribunda * Moraceae Ficus leucotricha * 
Anacardiaceae Buchanania obovata* Ficus scobina 

Apocynaceae Alstonia actinophylla Ficus virens* 

Asclepiadaceae Secamone elliptica Poaceae Eriachne ciliata" 

Bixaceae Cochlospermum fraseri* Heteropogon triticeus 

Burseraceae Canarium australianum Setaria apiculata 

Clusiaceae Calophyllum sil Triodia plechtrachnoides 

Combretaceae Terminalia carpentariae* Polygalaceae Comesperma aphyllum 

Commelinaceae Aneilema siliculosum Proteaceae Persooniafalcata* 

Commelina ensifolia* Rubiaceae Aidia aracemosa 

Cyperaceae Cyperus paniceus Gardenia fucata * 
Fimbristylis sp aff arthrostyloides Gardenia megasperma 

Euphorbiaceae Antidesma parvifolia* Pavetta tomentosa 

Fabaceae Indigophera sp Spermococe membranacea 

Lamiaceae Coleus scutellariodes Sapotaceae Pouteria sericea* 

Lecythidaceae Planchonella arnhemica Solanaceae Solanum echinatum * 

Loganiaceae Strychnos lucida Sterculiaceae Brachychiton paradoxum 

Malvaceae Hibiscus leptocladus Verbenaceae Vitex acuminata 

Meliaceae Owenia vernicosa* Vitex glabrata* 

Memecylaceae Memecylon pauciflorum Vitaceae Ampelocissus acetosa 

Mimosaceae Acacia aulacocarpa* Cissus adnata 

Acacia humifusa* 

A. sp 

additional congeners present at the study sites 

Combretaceae Terminalia subacroptera Moraceae Ficus opposita 

Cyperaceae Cyperusjavanicus Ficus platypoda 

Cyperus vaginatus Ficus racemosa 

Malvaceae Hibicus zonatus Poaceae Heteropogon contortus 

Mimosaceae Acacia holosericea Plectrachne pungens 

Acacia holosericea Triodia microstachya 

Acacia lycopodiifolia Rubiaceae Pavetta browni 

Moraceae Ficus coronulata Vitaceae Cissus reni[Qrmis 
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Fifty-two percent of the total species were associated with rainforest habitats. Trees and 

shrubs (70%) and sedges and grasses (14%) were the major life fonn components; indeed 16 of 

the 18 Zyzomys preferred plant species known from Zpalatalis sites were trees (Table 2.7). A 

diverse range of plant families and genera were eaten by Zmaini with Ficus, Acacia, grasses 

(poaceae) and Rubiaceous trees the most speciose groups. 

The richness and abundance of Zyzomys maini food plants varied substantially across the 

quadrat and cell communities (Table 2.8). The broadleafwoodland (Q3) was the richest of the 

quadrat groups with the dry monsoon rainforest (Q7) and riparian monsoon rainforest also rich 

in fleshy and woody fruited species eaten by Zyzomys spp. Similarly, on the trapping grids the 

broadleaf woodland (C4) was richest in Zyzomys preferred food plants, with the dry monsoon 

rainforest (C2) and Corymbia ptychocarpa open forest also relatively rich in fruit resources 

(Table 2.8b). 

Table 2.8. Variation in total richness and abundance of 'Zyzomys preferred food plants' (from: 

Begg and Dunlop 1980,1985) across survey quadrat and trap cell communities. Richness values 

are the mean number of species per quadrat within each group. V a1ue~ are mean Braun-Blanquet 

cover-abundance scores (the highest value for each variable is highlighted in bold type). 

Significance levels: *** P < 0.001, **, P < 0.01 *, P < 0.05. 

a) quadrats 

J Ql I Q2 I Q3 I Q4 T Q5 I Q6 I Q7 I Q8 I F-value 

Quadrat Richness 1.2 0.8 3.4 0 2.8 2.0 2.9 2.9 9.9*** 

Acacia aulacocarpa 0.18 0.08 0.33 0.30 2.8** 

Antidesma parvijolia 0.04 0.72 1.00 0.50 0.67 0.44 4.4*** 

Buchanania obovata 0.12 0.08 0.52 0.06 0.25 0.12 0.14 8.1 *** 

Ficus leucotricha 0.12 0.00 0.14 0.39 3.9*** 

Ficus virens 0.12 0.42 0.31 0.69 0.69 6.6*** 

Gardenia fucata 0.08 0.22 0.25 0.17 0.02 3.2** 

Hypoestes floribunda 0.17 0.31 0.08 0.14 3.3** 

Persoonia falcata 0.16 0.17 0.06 2.1* 

Pouteria sericea 0.32 0.69 0.08 0.76 0.75 9.3*** 

Terminalia carpentariae 0.24 0.08 0.68 0.19 0.33 0.27 0.22 3.6* 

Vite:x $!labrata 0.37 0.03 5.4*** 
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b) trap cells 

I Cl I C2 I C3 I C4 I C5 I C6 J C7 IF-value 

Cell Richness 0.4 1.0 0.3 1.4 0.5 0.7 1.0 18.9** 

Acacia aufacocarpa 0.04 0.10 0.03 0.06 0.07 0.50 0.l4 8.9*** 

Antidesma parvifolia 0.04 0.02 0.60 0.04 0.02 0.02 13.4*** 

Buchanania obovata 0.25 0.11 0.05 0.34 6.6*** 

Eriache ciliata 0.22 0.10 0.05 0.85 16.5*** 

Ficus leucotricha 0.11 0.72 0.05 0.05 9.7*** 

Ficus virens 0.16 0.01 0.04 0.46 3.6*** 

Gardenia jucata 0.13 4.0*** 

Pouteria sericea 0.22 1.10 0.30 0.20 12.1*** 

Terminalia caroentariae om 0.56 0.21 0.05 14.5*** 

Variation in the richness o/rare or significant plant species 

A high number of rare, threatened or disjunct restricted plant species were recorded in 

quadrats throughout the gulf survey and in trap cells at Moonlight and Banyan Gorges (Table 

2.9). The richness of rare species varied significantly between quadrat and cell groups. The 

riverine monsoon rainforests on limestone (Q2) in the Lawn Hill area was the richest, followed 

by dry monsoon rainforests (Q7) and riparian monsoon rainforests (Q8) which were largely 

restricted to the Wollogorang Station area. Locally, two minor gorge communities, the Corymhia 

ptychocarpa open forest (C7) and Eucalyptus tetrodonta woodland (C5) were on average richest 

in rare plants because of the abundance of Cycas angulata and Livistona inermis in these 

community types. 
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Table 2.9. List of rare, threatened or significant Gulf region plants included in the refuge plant 

sample variable in the quadrat survey and trap cell datasets. Status (in parentheses): a) Endemic 

to Wollogorang in NT (Russell-Smith, personal communication, or personal observation); b) 

endemic to Gulfregion in NT; c) <10 sites in the gulf; d) <50 sites in the NT (Liddle et al. 1994); 

e) > 250 km from to 'top-end' populations; f) nationally threatened (Briggs and Leigh 1996). 

Family I Species I Family I Species 

Acanthaceae Dicliptera armata (cd) Malvastrum americanum (cd) 

Adiantaceae Adiantum hispidulum (cd) Sida sp nov (aj 

Amaranthaceae Amaranthus pallidiflorus (c) Meliaceae Melia azederach (d) 

Apocynaceae Alstonia aetinophylla ? Menispermaceae Tiliaeora australiana (edej) 

Arecaceae Areeaeeae sp nov (aj Myrtaceae Syzygium eucalypt aides (ee) 

Livistona rigida (cd) Nyctaginaceae Pisonia aculeata (ee) 

Livistona inermis (c) Psilotaceae Psi/otum nudum (ede) 

Caesalpinaceae Caesalpinia bonduc (ej Rubiaceae Canthium attenuatum (d) 

Cycadaceae Cycas angulata (b) Canthium sp nov(bc) 

Cycas brunnea (abc!) Pavetta rupieola (cd) 

Cyperaceae Scleria novaehollandiae (cde) Rutaceae Geijera salieifolia (bd) 

Euphorbiaceae Chloaxylon tenerifolium (ee) Sapindaceae Aleetryon tropieus (bcd) 

Croton arnhemicus (ce) Dodonaea stenophyila (cd) 

Fabaceae Psoralea badocana ? Sterculiaceae Braehychiton collinus (bd) 

Psora lea balsalmica ? Helieteres angulata (bd) 

Hemionititaceae Paraeeterach reynoldsi (ede) Simaroubaceae Bruceajavaniea (be) 

Parkeriaceae Cerateropsis thalictroides (ee) Thelypteridaceae Christella dentata (cde) 

Lindsaeceae Lindsaeafraseri (ede) Pteris tripartita (abc) 

Malvaceae Herrisantha erispa (cd) The/Jp!eridaeeae sp nov (abc) 

Ordination of 15 sites by habitat attributes, and 175 quadrats and 400 trap cells by floristic 

composition 

The ordination of sites by habitat attributes weakly reiterated the patterns defined by the 

classification with little clumping of site groups. The first axis was related to a gradient of 

rockiness from the small topographically exposed sandstone inlets (negative first axis) to the 
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large gorge and escarpment systems ofWollogorang with extensive scree slopes (Figure 2.3); 

the second axis was associated with rainforest connectivity. The large gorge site classification 

groups (81 and 84) had positive second axis scores, associated with increasing density (number 

of patches within 3 km radius), gorge size, rainforest patch size and gorge width, while at the 

other extreme small sandstone inlets had negative second axis scores and possessed smaller 

rainforest patches that were poorly connected. 

The ordination of plant composition of survey quadrats demonstrates the strong floristic 

continuity in communities as diverse as monsoon woodland and eucalypt woodland with 

hummock grass understorey (Fig 2.4). The first axis portrays a disturbance gradient across the 

monsoon rainforest communities associated with a rockiness. The second axis portrays a 

moisture gradient from riparian rainforest communities growing in narrow gorges to the 

impoverished eucalypt woodlands with hummock grass woodlands on plateaux (negative 

values)(Figures 2.6 & 2.7). The proportion of rainforest to woodland plants also declines 

uniformly along this axis. 

The ordination of plants at trapping cells at Banyan and Moonlighf Gorges is depicted 

in Figure 2.5 and again highlights the strong floristic continuum along the rainforest, open forest 

and woodland communities sampled by the grids. The first axis was associated with a moisture 

gradient from shrubby broadleaf woodlands associated with rock platforms to dry monsoon 

rainforest communities and associated high litter cover (Figures 2.8 & 2.9). The second axis is 

associated with a rockiness gradient and associated rainforest fidelity from the monsoon 

rainforests on base cliff scree piles to the species rich alluvial open forests in rock-free riparian 

situations with abundant tall trees, tussock grasses and cycads. 
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Fig. 2.3. 

a) Ordination of study site groups based on habitat attributes. S 1 = closed circle, 

82= closed square, 83= open circle, S4= triangle, S5= open square. 
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Fig. 2.4. 

a) Ordination of survey quadrats by their plant composition. Ql= open circle, 

Q2= open tringle, Q3= closed triangle, Q4= open square, Q5= open diamond, 

Q6= closed diamond, Q7= closed circle, Q8= closed square. 
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a) b) 

1 - - Rainforest 

s-

.c 0 _ 
In -

7- 6 
2. ·.3 

In 

-1 -
<> 0 

'00 

'b 

-2 
0 

I I 

5 -

-
0 

I 

Broadleaf woodlandl 
dry rainforest 

-1 
Low woodland 

I 

-2 -1 0 1 2 -2 
I 

-1 
I 

o 1 2 

ssh1 

c). Vectors of maximum correlation of environmental variables in the ordination 

space defined by floristic composition of survey quadrats. Significance level: P < 0.01. 
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Fig 2.5. 
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c) Vectors for maximum correlation of environmental variables in the ordination space, 

described by the ordination of plants, at trap cells at Moonlight and Banyan Gorges. 
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second axis of the ordination of trap cells by their plant composition. One 

standard error, F- value and significance is given. 
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error, F- value and significance is given. 

Big rock (> 1 m) cover 
35 -,.-----------, 

30 

25 

20 

15 

10 

5 

F= 23.1, P < 0.0001 

o ~--~--~--~~--~--~ 

Tussock grass abundance 

F= 5.1, P= 0.0006 

1.2 

0.8 

0.4 

0.0 -I--.-----r---r---.--,----\ 

1 234 5 

Fire impact 

3 -,---------------~ 

<D 2 
~ 

o 
u 
en 
c: 
rn 
<D 
E 1 

1.2 

0.8 

0.4 

F= 29.9, P < 0.0001 

Hummock grass abu-ndance 

F= 1 .4, P= 0.22 

0.0 -\--,----,--..------.--.-----1 

1 2 345 
ssh2 

50 



Discussion 

Floristic-environment relations of Gulf region Gorge systems 

While moisture declines along a latitudinal gradient, locally the size and topographic 

complexity of rocky ranges strongly influences moisture availability. Therefore at local scales 

the degree of rockiness is the most important factor determining the distribution and extent of 

mesic adapted monsoon rainforest and other gorge communities in the rocky uplands of the Gulf 

region, as elsewhere in north and north western Australia. 

The strength of the present study is that at the three scales examined rockiness

topographic protection and moisture availability were shown to be the most important 

environmental variables patterning vegetation within gorge and rocky country. Large gorge or 

escarpment systems (SI, S2 and S4) characterised by extensive cliff lines, outcrops and boulder 

piles were shown to maintain relatively large areas of monsoon rainforest. In addition, the 

enhanced moisture supply at these sites also allowed mesic communities such as spring rainforest 

and Corymbia ptychocarpa open forest to develop. Rare plants and important fruiting plants such 

as figs and palms were also concentrated in the large gorge refuges. There was no relationship 

between site groupings and latitude or rainfall, however the large rugged gorge systems were 

concentrated in the Wollogorang Station area (relatively high latitude and intermediate rainfall). 

Similar patterns occurred within the gorge systems. A scatterplot of centroids for sites based on 

ordination scores for 0.1 ha quadrats within sites (not included) again demonstrated the 

dichotomy between the highly rocky, rainforest plant rich quadrats of Wollogorang sites (positive 

second axis values), compared to the less rocky small sandstone sites and limestone sites, which 

were dominated by woodland plants and hummock grass (negative second axis values; see Fig 

2.4). 

The complexity of rock fonnations occurring in the rocky uplands strongly influences the 

degree of topographic protection and moisture availability which has important consequences 

for patterning of plants. Freeland et al. (1988) suggested that in addition to the relative fire-
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resistance of rocky areas, the ability of rock formations to absorb water and make moisture 

available through aquifers allowed for the greater plant richness and productivity of rocky 

environments. They showed that the dominance of fire-tolerant eucalypts increases, and that of 

fire-sensitive broadleaf rocky woodland and rainforest species, such as Diospyros, Ficus, 

Terminalia and Livistona, decreases with increasing distance from a rock outcrop. In the present 

study plant diversity, total plant richness, rainforests plant richness, woodland plant richness and 

the richness of Zyzomys preferred plants declined as rock cover decreased and disturbance levels, 

such as fire and cattle impact increased (see Fig 10). 

The high abundance of plants bearing fleshy :fruit in monsoon rainforests and broadleaf 

woodlands associated with gorges, outcrops and plateaux has been noted in a number of studies 

(Burgman and Thompson 1982, Taylor and Dunlop 1985, Russell-Smith and Dunlop 1987, 

Freeland et al. 1988, Woinarski et at. 1989, Bowman et al. 1990, Woinarski 1993). Their 

concentration in such habitats indicates that fire is a major factor which limits their occurrence 

and abundance. Woodlands on plateaux or alluvial flats, bounding these topographically complex 

landforms, possess few of these pan-tropically distributed broadleafed species. Hot fires 

presumably kill these species in exposed situations, or do not allow these species to mature. For 

example, monsoon rainforest and broadleafwoodland species may often occur frequently in such 

habitats, but are represented by coppicing individuals which are probably burnt back every few 

years (Trainor unpubl.data). Taylor and Dunlop (1985) referred to members of the 

Anacardiaceae, Vitaceae, Sapotaceae, Ficus, Terminalia and Syzygium as important 'fructiferous' 

plants. In summary, the patterning and abundance of these species is important for the animal 

species dependent on them for food. While rocky areas are extensive, fruit and seed resources 

are concentrated in small rugged segments of the rocky continuum. 
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Fig. 2.10. Mean richness of woody plants on a rocky hill with increasing 

distance from a cliffline at Moonlight Gorge. Plants were recorded 

from ten 0.1 ha quadrats along 300 m transects in each location 

(n=lO each). 
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Environmental patterning of monsoon rainforests and woodlands of rocky habitats in north and 

north western Australia. 

A range of studies in north western Australia have shown that the occurrence and extent 

of vegetation communities occurring in gorges or rocky upland environments is primarily 

governed by rainfall and latitude. Monsoon rainforests, for example, have been shown to decline 

monotonically in richness and total extent with increasing latitude and decreasing rainfall 

(Russell-Smith 1991, Kenneally et al. 1991). The fact that monsoon rainforests of inland areas 

are composed of mostly seasonally arid adapted taxa indicates that moisture is a major factor 

limiting the distribution of mesic adapted rainforest plants (Russell-Smith 1991). In north eastern 

Queensland, Fensham (1995) found that dry rainforests declined in richness and extent with 

decreasing rainfall and distance from the coast. Notwithstanding these relationships, some 

relatively extensive and rich areas of monsoon or dry rainforests occasionally occur in low 

rainfall inland sites (Russell-Smith 1991, Fensham 1995). Mesic forest and woodland plant 

species also decline along this same moisture gradient (Bowman et al. 1988, Woinarski 1992, 

Bowman and Connors 1996), with a sharp discontinuity at approxiI?ately 18°S. 

Floristics: A single monsoon rainforest community ? 

Many monsoon rainforest plant species have wide distributions throughout north western 

Australia. Although rainforests of the Northern Territory have been classified into 16 types and 

those of the Kimberley into 12, the strong floristic continuity of patches in this region is 

indicative of a single rainforest community. Fensham (1995) came to the same conclusion for 

the dry rainforests of north-eastern Queensland, although the low latitude dry rainforests 

occurring in the Chillagoe area appear to be relatively distinct from those occurring further south. 

Few rainforest plants are endemic to north western Australia and relatively few species are 

unique to the particular rainforest types derived by Russell-Smith (1991). The majority of 

monsoon rainforest species have fleshy fruits which are readily dispersed by birds, bats, 

terrestrial mammals and turtles (Russell-Smith et al. 1992, Kennett and Russell-Smith 1993). 

The rainforest flora of the Gulf region uplands is characterised by low species richness 
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and an absence of endemics. A total of 191 species have been recorded (Russell-Smith, unpubl. 

Data, this study), with few plant species preferring floodplain margins and springs. The majority 

of the 36 rainforest plants endemic to the Northern Territory (Liddle et al. 1994) are restricted 

to western Arnhem Land (Russell-Smith et al. 1993). Two of the sixteen Russell-Smith (1991) 

rainforest types were largely restricted to the Gulf region (Group 13, small rainforests patches 

associated with springs, and Group 14 deciduous rainforests of rock outcrops largely restricted 

to the gulf), however only eight rainforest plant species (Alectryon tropicus, Arecaceae sp nov., 

Brachychiton collinus, Canthium sp nov., Celtis paniculata, Geijera salicifolia, Terminalia 

subacroptera, Thelypteridaceae sp nov. and Pteris tripartita) was restricted, within the Northern 

Territory, to the Gulf, and one of these and one of these, (C.paniculata) is restricted to coastal 

areas. 

While monsoon rainforests are structurally different from surrounding communities and 

are regarded as floristically distinct, this study shows the strong continuum between rainforest 

communities and other inside-gorge (sandstone broadleafwoodlands) vegetation types. Outside

gorge low open woodlands however, were shown to be distinct. This latter vegetation type 

dominates rocky outside-gorge landscapes in the Gulf region, is very extensIve and is analogous 

to unit 31 and 33 of Wilson et al. (1990). Similarly, in the sandstone uplands of west em Arnhem 

Land and the Victoria River region of the Northern Territory, the closely related Corymbia 

dichromophioia woodlands (unit 32 or 33 [Victoria River region]) are present. Although the 

rocky ranges of the Northern Territory are disjunct, there is a high degree of floristic similarity, 

including plants such as: Bossiaea bossiaeoides, Calytrix browni, C. exstipulata, Eriachne ciliata, 

Corymbia ferruginea, E. miniata, Erythrophleum chlorostachys, Grevillea pteridifolia, Jacksonia 

di/atata, Owenia vernicosa, Plectrachne pungens, Stemodia lythrifolia, Terminalia canescens, 

T.carpentariae and Triodia microstachya (Wilson et al. 1990, Brock 1993, Kirkpatrick et al. 

1987, Woinarski 1992, Woinarski and Fisher 1996). 

In addition to the close floristic relationships of rainforests across northern Australia, 

monsoon rainforest patches are characterised by high number of disjunct species (Liddle et al. 

1994, Price et al. 1995). Thirty percent of the rainforest flora (n= 604, Liddle et al. 1994) of the 

NT was present in 10 or fewer of 1200 inventoried rainforest patches (Russell-Smith et al. 1992). 
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Other than these typically idiosyncratic species, the distribution of mesic adapted species which 

may be common in the Top-End are also often disjunct in low rainfall areas. In the rocky uplands 

of the gulf38% of monsoon rainforest plants were recorded from fewer than five of78 rainforest 

patches occurring on rocky substrates; although many of these plants are known from more than 

200 patches over the remainder of the Northern Territory, for example, Alyxia spicata, Carallia 

brachiata, Glycosmis trifoliata and Grewia breviflora. High numbers of idiosyncratic or disjunct 

species may be aggregated in rocky ranges in relatively low rainfall and these ranges are regarded 

as biological refuges (Morton et al. 1995). While rocky ranges support an unspecialised monsoon 

rainforest flora with low endemicity in general (Kenneally et al. 1991, Liddle et al. 1994) there 

is evidence that some have acted as refugia during glacial periods and associated aridity. 

Rocky refuges: Wollogorang Station 

Only one rainforest plant Pteris tripartita recorded in the present study, had not 

previously been recorded from north western Australia, although eight species (Dicliptera 

armata, Chloaxylon tenerifolium, Clerodendrum jloribundum, Croton arnhemicus, Lindsaea 

jraseri, Pavetta rupicola, Scleria lingulata and Scleria novae-hollandiae), were not recorded by 

Russell-Smith during his survey of Gulfpatches. Populations of P.tripartita occur 900 km to the 

east, in north Queensland, and c.tenerifolium is otherwise widely known from the Top-End and 

north-eastern Queensland, approximately 900 km from the disjunct Gulf site. A rainforest vine, 

Tiliacora australiana has a relictual distribution which includes three gorges on Wollogorang 

Station (Moonlight Gorge, Branch Creek Gorge and Aquarium Springs), an escarpment rainforest 

patch in the Abner Range (western Gulf region) and several sites in western Arnhem Land 

(Liddle et al. 1994, Russell-Smith, unpubl. data, this study). This plant, and the recent collection 

(Russell-Smith pers. comm., this study) of several undescribed, gorge-endemic plants (Arecaceae 

sp nov., Canthium sp nov., Thelypteridaceae sp nov.) are perhaps the only evidence indicating 

that the ranges of the southern Gulf region may also have acted as glacial refugia. The north 

Kimberley region has also acted as a refuge for monsoon rainforests, but the absence of endemic 

species indicates that these patches are of recent origin (Kenneally et al. 1991). 

In the Gulf region, rugged biological refuges such as the Wollogorang uplands, Abner 
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Range and Lawn Hill area (in north-western Queensland) maintain unusually rich monsoon 

rainforest floras compared to the surrounding, topographically simple rocky ranges. Other 

sandstone ranges occurring in semi-arid environments of north-western Australia have been 

shown to act as biological refuges. The Bungle Bungle Ranges, for example, were floristically 

richer than expected based on survey area, possibly because of the presence of many locally 

unique plants associated with mesic gorge habitats (Menkhorst and Cowie 1992). In these semi

arid areas, tropical woodland and open forest species are also increasingly concentrated in gorge 

refuges, for example Bungle Bungle Ranges [500-700 mm] and the Lawn Hill area [500 mm] 

(Woinarski 1992, this study.). Individual tropical open forest l:!11d woodland plant species such 

as Cycads, Palms, Buchanania obovata, Terminalia carpentariae, Erythrophleum chlorostachys 

and Corymhia ptychocarpa are mostly restricted to gorge systems in these low rainfall (500-750 

mm) areas. 

Although the Gulf plains present a potentially substantial barrier (c. 500 km) to dispersal 

vectors between the Great Dividing Range of subcoastal eastern Australia and the rocky uplands 

of the Gulf, there is the strong relationship between the floristic composition of rainforests of 

north east Queensland and the Northern Territory, particularly those occurring in the Gulf. The 

most distinctive of the rainforest communities defined by Fensham (1995) were types 7 

(occurring on limestone and granite) and 8 (occurring on rhyolite and quartz) in the Chillagoe 

district (18 OS). Two species which in the Northern Territory are restricted to the Gulf, Alectryon 

tropicus and Geijera salicifolia together with other species characteristic of the Gulf such as 

Bruceajavanica, Melia azederach and Terminalia subacroptera were also recorded from north 

east Queensland. All of these species are known from the limestone gorges of the Lawn Hill area. 

Of the 186 rainforest plants listed by Fensham (1995) as occurring in greater than 40% of group 

quadrats in at least one group, 38 species (20.4%) are known to occur in the Gulfregion. Of these 

plants, 71 % were present in type 7 rainforests and 55% from the type 8 rainforests. These 

preliminary patterns indicate that the Gulf plains do not form a significant barrier to bird or bat 

dispersal. 
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Fire and cattle 

Fire is a major factor patterning monsoon rainforests and this may be especially so for 

low rainfall inland rainforests where such vegetation is usually restricted to relatively fire-proof 

terrain (Clayton-Greene and Beard 1985, Russell-Smith 1991, McKenzie et al. 1991, this study). 

Hot, late dry season fires kill sensitive rainforest plants, particularly on the margins and thereby 

lead to the contraction of the patch margin (Russell-Smith and Bowman 1992). Fire-weeds and 

savanna grasses are promoted in disturbed burnt boundary areas, and provide fuel for subsequent 

fires, which lead to further damage to patch boundaries (Russell-Smith and Dunlop 1987). 

Concern has been expressed about the current uncontrolled late dry season fire regime present 

in many parts of the rocky upland regions of the NT (Bowman et aI. 1990, Russell-Smith et al. 

1993). 

Severe cattle impact was infrequently recorded in the rocky uplands of the gulf in the 

present study. Cattle had been removed from Wollogorang Station as part of the BTEC program. 

Rocky habitats are usually unsuitable for cattle, although they are attracted lo permanent water· 

and dense grass and sedge cover associated with springs and lagoons in gorges. Cattle have been 

shown to cause severe damage to monsoon rainforest and other habitats (Russell-Smith and 

Bowman 1992), including soil and root compaction, browsing, destruction of vegetation and 

habitat, tree death, loss of canopy that culminates in woody weed invasion, and further 

destruction by fire. It is notable that none of the 'type 14' monsoon rainforests (n=23, restricted 

to rocky and scree slopes in the Gulfregion) exhibited severe cattle impact (Russell-Smith and 

Bowman 1992). 

In the present study, Banyan Gorge was burnt by a low intensity late dry season fire in 

1994 (and it has annually since 1987: Churchi111996). The fire entered the gorge along the 

alluvial open forest, which possessed high fuel loads, and severely burnt the Russell-Smith 

Syzygium angophoroides springs 'type 7' before burning the surrounding rocky eucalypt 

woodlands. Only small patches of dry monsoon rainforest and broadleafed woodlands « 5 ha), 

protected by cliffs were left unburnt. Type 7 spring rainforests are particularly impacted by fire. 
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Russell-Smith and Bowman (1992) detennined that the 'type 7 springs' and 'type 13' were 

particularly effected by disturbance throughout their range with more than 50% of each type 

(occurring on leasehold land) severely impacted by fire and more than 20% of each severely 

effected by cattle or buffalos. The dry 'type 14' rainforests which are largely restricted to rock 

outcrops and scree slopes were less frequently severely affected by fire (23 %). 

The gorges of the Gulf regions of the Northern Territory and Queensland maintain 

vegetation communities and individual species which are of high regional significance. The 

topographic complexity of rock cover ('rockiness') at a variety of scales is the most important 

factor patterning the vegetation through its direct influence on local hydrology and indirectly on 

fire and grazing regimes. The monsoon rainforests and broadleafwoodlands provide habitat for 

a distinctive fauna and in particular provide an abundance offruit and seeds on which many birds 

and mammals depend on. Current fire regimes and cattle grazing in the rocky upland of the gulf 

is not managed, but during the short duration of this study severe fire and cattle impact was 

infrequently recorded. Cattle were absent from Wollogorang Station during the period of study. 

Grazing impact is most severe in non-rocky habitats that were not the subject of this study. 

Although gorges generally provide a high level of protection from disturbance, site Group 2 

(Banyan Gorge and Camel Creek Gorge) were identified in this study were identified as being 

particularly susceptible to fire damage because of the high fuel loads and openness of the gorges. 

Banyan Gorge is burnt annually. Active fire management should be carried out in selected areas 

with particularly high conservation significance, such as the woodland surrounding these gorges. 

The major effect of intense fire on the mammals associated with these gorges is the loss of 

fruiting plants which are killed by fire. Fire corrodes the boundaries of the distinctive monsoon 

rainforests, however the loss of fruiting broadleafed plants in the surrounding woodlands is more 

subtle. 
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Chapter 3: 

Multiscale patterns of Habitat use by the Carpentarian Rock-rat 

Zyzomys paiatalis and Common Rock-rat z.argurus. 

Abstract 

Prior to this study the Carpentarian Rock-rat Zyzomys palatalis was known from three gorges on 

Wollogorang Station in the south east Gulfregion of the Northern Territory associated with monsoon rainforest 

vegetation. There was limited data on the habitat requirements ojZ.palatalis and therefore the aim of this study was 

to examine the environmental patterning ofZ.paiatalis and compare it with the widespread Common Rock-rat 

Z.argurus. 

The environmental variation of 15 study sites, 175, 0.1 ha survey quadrats (within 21 sites) and 400 trap 

cells (within two of the known Z.palatalis sites) was summarised by classification and ordination analyses. 

Additionally, to extrapolate the point data to broader scales, each of the quadrats was subjectively assigned into 

one of the I: 1,000,000 Wilson vegetation map units and into one of the I; 250,000 Aldrick and Wilson land system 

units. 

While Z.argurus was common and widespread throughout much of the environmental variation of sites, 

quadrats and trap cells, Z.palatalis was recordedfrom only jour of21 sites and 22 of the 175 quadrats. Thefourth 

Z.palatalis population was located at Camel Creek Gorge on Wollogorang Station. At the three scales examined 

Z.palatalis responded strongly to a rockiness gradient; being restricted to the largest most rugged biological gorge 

refuges and locally was associated with scree piles and rocky slopes vegetated with dry monsoon rainforest and 

broadleaf woodlands. The richness of all plant species, rainforest plants, plants bearing dietary items for Zyzomys 

spp., and shelter were shown to decline with decreasing rockiness and increasing disturbance by fire and cattle. 

Z.argurus preferred topographically simple eucalypt woodlands on plateaux or slopes. The Wilson vegetation units 

and Aldrick and Wilson Land system units are not useful for predicting the distribution ofZ.paiatalis because they 

do not portray the small scale habitat islands that maintain Z.palatalis popUlations. 
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Introduction 

The Carpentarian Rock-rat Zyzomys palataUs was discovered in 1986 at Banyan Gorge 

in the south east Gulf region of the Northern Territory and in 1990 a second population was 

discovered at McDermotts Spring (Menkhorst and Woinarski 1992a). Both sites were 

characterised by rugged sandstone gorge or escarpment country with either extensive scree or 

rocky slopes covered in dry monsoon rainforest (Menkhorst and Woinarski 1992a, Churchill 

1996). In 1993 the Parks and Wildlife Commission of the Northern Territory (PWCNT) initiated 

a survey of the distribution and status of Zpalatalis following knowledge that the habitat 

Z.palatalis was limited and sensitive to severe fire and cattle impact - two widespread 

disturbance agents of monsoon rainforests (Russell-Smith 1991, Russell-Smith and Bowman 

1992). 

In 1993, Churchill (1996) surveyed 13 sites in the Gulf region of the Northern Territory 

and Queensland. Zyzomys paiatalis was recorded from three sites (and from nine of 80,0.1 ha 

survey quadrats within sites), including a new popUlation at Moonlight Gorge, approximately 9 

km east of the McDermotts Spring site. All three sites were restricted to the W ollogorang Station 

pastoral lease. A total of 26 captures of 15 individuals was recorded. The limited and highly 

fragmented habitat Z.palatalis seems to prefer, the low number of known sites (and presumed 

low population sizes) and susceptibility of the habitat within these sites led to Z.palatalis being 

regarded as critically endangered (Lee 1995, Woinarski et at. 1995). 

In contrast the Common Rock-rat Zargurus is a rock dwelling generalist which is 

common throughout northern Australia in a variety of vegetation types associated with 

sandstone, limestone and basaltic rocky ranges and outcrops (Begg 1981, Kitchener et at. 1981, 

Kerle and Burgman 1984, Friend et at. 1991, Woinarski et al. 1992). Z.argurus co-occurs with 

each of the three large rock-rats, Zpalatalis, the Arnhem Land Rock-rat Z maini and the 

Kimberley Rock-rat Z woodwardi. Although the bodyweight of Z. argurus is approximately 40% 

of the large rock-rats, Begg and Dunlop (1985) present information suggesting that they may 

compete with Z. maini for food resources. 
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Using a comparable quadrat based survey methodology to Churchill, and in addition, an 

intensive trap grid mark recapture program at Moonlight and Banyan gorges, I sought to locate 

more populations, to characterise the habitat requirements of Zpalatalis and Zargurus at several 

scales, and scale-up the quadrat data to regional and territory wide resolution by relating the 

occurrence of Zpalatalis to the 1: 250, 000 scale land system scheme for the southern Gulf 

region and the 1 : 1,000,000 scale vegetation map units of the Northern Territory (Aldrick and 

Wilson 1990, Wilson et al. 1990). 

Methods 

Sampling 

Data on the occurrence and relative abundance of Zyzomys palatalis and Zargurus were 

collected for three scales of sampling (in italics throughout); (a) independent survey sites (c. 1 

to 4 square km), (b) survey quadrats (0.1 ha plots within sites), and; (c) trap cells (c. 25 m2 plots 
-

around trap positions at two of the known Z.palatalis sites). The environmental characteristics 

of sites and floristics and environmental relations of quadrats and trap cells were collected 

simultaneously with the mammal trapping and are detailed in Chapter 2. 

All 21 sites were sub-sampled with six to 24, 0.1 ha survey quadrats (Table 3.1). Around 

the perimeter of each quadrat 24 Elliot traps (type A, 9 x lOx 30 cm) were opened in the 

afternoon, baited with peanut butter, oats, vegetable oil and pumpkin seeds, and then checked in 

the morning for the following three days. Churchill (1996) sampled 80 of these quadrats from 

13 sites. All 175 quadrats are used in the analyses. The relative abundance of Zpalatalis and 

Z argurus was expressed as the number of individuals of each species captured per 72 trap nights 

for each quadrat. The mean trap rate of Zpaiatalis and Zargurus from the quadrat survey pooled 

for sites was used as the abundance of each species for the sites as a whole. 

At Banyan Gorge and Moonlight Gorge permanent trapping grids were set up as part of 

a mark recapture study. Further details of the grid layouts are presented in Chapter 2. At Banyan 
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Gorge trapping was carried out in May, July, September and October 1994, and January, April, 

May, July and September 1995, for 3 days each except May 1994 when trapping was carried out 

on a single grid (Banyan b) for 10 days. At Moonlight Gorge, trapping was carried out in June, 

August and October 1994, January, May, July and September 1995 for 7 days each except June 

1994 where trapping was carried out over a 10 day period. Elliot traps were set at each trap cell 

and checked each morning over the following 3 to 10 days. To account for differences in 

sampling intensity the relative abundance of Zpalatalis and Zargurus was expressed as the cell 

trap rate (no. captures / no. days cell trapped). 

Table 3.1. Study sites, survey periods, trap effort and presence of Russell-Smith survey patches 

at the sites surveyed. Sites marked with an asterisk were trapped by Sue Churchill in 1993 

(Churchi1l1996) and those sites also marked with a, were surveyed again in the present study. 

There was a total of 12,600 trap-nights. Seasonal sampling at Banyan Gorge and Moonlight 

Gorge was carried out over the period May 1994 to September 1995 (see Chapter 6). 

Study sites No quadrats Russell-Smith 
(trapnights) rainforest survey 

patch number 

1. Banyan Gorge·a 16(1152) 933 and 934 -
2. Bauhinia Downs· 6(432) 
3. Butterfly Springs· 6(432) 816 
4. McDermott Spring" 6(432) 

950 and 951 5. Moonlight Gorge·a 15(1080) 
6. Aquarium Springs Gorge·a 24(1728) 931,932 and 958 
7. Branch Creek* 6(432) 
8. OConnor1 8(576) 927 and 928 
9. Lagoon Creek 6(432) 893 
10. Stockyard Spring 8(576) 
11. Amphitheatre 8(576) 
12. Colless Creek 8(576) 
13. Louie Creek 8(576) 
14. Banyan Volcanic 6(432) 
15. Camel Creek 8(576) 
16. Dunganminnie Spring* 6(432) 943 
17 Wearyan River Gorge· 6(432) 
18. Little Calvert River· 6(432) 
19. Redbank Spring· 6(432) 
20. Wallaby Jaw Spring· 6(432) 
21. Edith Falls· 6(432) 

Classification of sites, quadrats and cells 

Classifications and ordinations of study sites by environmental characteristics and of 175 

survey quadrats and 400 trap cells according to their plant composition were performed and are 
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detailed in Chapter 2. 

Relationship between Zyzomys palatalis and Z.argurus to the classifications. 

To determine whether Zyzomys palatalis and Z. argurus were associated with the 

environmental variation summarised by the classification of study sites, survey quadrat and trap 

cells the abundance of Zpalatalis and Zargurus was compared between groups using non~ 

parametric Kruskal~Wallis one-way ANOV A. 

In addition, each of the 175 survey quadrats were assigned to one ofthe 57 land system 

map units designated for the Gulfregion of the NT by Aldrick and Wilson (1990), and one of the 

112 vegetation map units defined for the NT by Wilson et at. (1990). Designation of all quadrats 

to these groups was made by relating the positioning of quadrats to the mapped land units and 

vegetation communities and descriptions (Aldrick and Wilson 1990, Wilson et at. 1990). 

Kruskal-Wallis one-way ANOVA was used to test for differences in the abundance of Z.palatalis 

(and Zargurus) across the land system and vegetation units. 

Relationships oJZyzomys palatalis and Z.argurus to environmental variation. 

To determine the habitat preferences of Zpalatalis and Zargurus, the rank of abundance 

values for all individual habitat parameters (for sites, quadrats and cells) and all individual plants 

(quadrats and cells) where Zpalatalis (and in separate analyses Zargurus) were present, was 

compared to those samples where they were absent using non-parametric Mann-Whitney U-tests 

Relationship oJ2yzomys palatalis and Z.argurus to disturbance. 

Measures of disturbance were recorded for each site (sites 1-15), quadrat and cell 

(Appendices 1 & 2). Each variable was scored on an ordinal scale. The impact of fIre and fuel 

loads were recorded for each site, quadrat and cell on a 0-3 scale; similarly cattle impact was 

recorded for each scale of sampling except the cell level (cattle were absent from Moonlight 

Gorge and Banyan Gorge). The impact of flooding was recorded during the quadrat survey on 
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a 0-3 scale. A total disturbance index was created for each site and quadrat by summing the 

values of all disturbance variables. This variable was used to portray patterns in disturbance, and 

a major limitation of creating such a variable is that it wrongly assumes that the impacts are 

euivalent in magnitude and additive. Mann-Whitney U-tests were performed to determine 

whether there were significant differences in disturbance scores between sites, quadrats and cells 

where Zpalatalis and Zargurus were recorded compared to those where they were absent. 

Seasonality o/Zyzomys palatalis and Z.argurus 

To determine annual and seasonal variation in the trappability (an index of abundance), 

the abundance of Zpalatalis and Zargurus in survey quadrats was compared between years and 

(in separate analyses) seasons (wet= November to March, early-dry= April to June, mid-dry= 

July to August and late-dry= September to October) using one-way ANOV A. Details of the 

seasonal ecology of Zpalatalis and Zargurus are presented in Chapter 6. 

Relationship between the abundance ojZyzomys palatalis and Z.argurus and the richness and 

abundance o/Zyzomys preferred/ood plants. 

The diet of Zyzomys palatalis is poorly known and nothing is known of probable regional 

of seasonal differences in diet. Given these shortcomings, as a surrogate measure at the site, 

quadrat and cell scale, indices of abundance (at sites), or counts were made of plant species 

known to be eaten by Zyzomys maini (based on the findings of Begg and Dunlop 1980,1985), 

these were: Acacia aulacocarpa, A.humifusa, Aidia aracemosa, Alstonia actinophylla, 

Ampelocissus acetosa, Aneilema siliculosum, Antidesma parvijolia, Spermococe membranacea, 

Brachychiton paradoxum, Buchanania obovata, Calophyllum sil, Canarium australianum, 

Cissus adnata, Cochlospermum jraseri, Coleus scutellaroides, Comesperma aphyllum, 

Commelina ensijolia, Cyperus paniceus, Eriachne ciliata, Ficus leucotricha, Fscobina, F. virens, 

Fimbristylis sp aff. arthrostyloides, Gardeniajucata, G.megasperma, Heteropogon triticeus, 

Hibiscus leptocladus, Hypoestesjloribunda, Memecylon pauciflorum, Owenia vernicosa, Pavetta 

tomentosa, Persoonia/alcata, Planchonella arnhemica, Pouteria sericea, Secamone elliptica, 

Setaria apiculata, Solanum echinatum, Strychnos lucida, Terminalia carpentariae, Triodia 

65 



plechtrachnoides, Vitex acuminata, V.glabrata and congeners occurring in the gulf. Mann 

Whitney U-tests were performed to detennine whether the abundance of 'Zyzomys preferred 

food plants' differed significantly between sites, quadrats and cells where Zpalatalis and (and 

in separate analyses) Zargurus were present, compared to those sampling units where they were 

absent. 

Inter-relationship between Z.palatalis and Z.argurus. 

The occurrence of Z.palatalis in quadrats and cells was compared to the occurrence of 

z.argurus using chi-square analysis. 

The Ordination 

To corroborate the environmental relationships identified by the classification of sites, 

quadrats and trap cells, samples were ordinated to further expose environmental gradients and 

relate Z.palatalis and Zargurus to this variation (see Chapter 2). Principal axis correlation 

(Kantvilas and Minchin 1989) was perfonned to fmd the direction through the ordination which 

had the maximum correlation with the abundance of Zpalatalis and Zargurus. Monte-Carlo 

testing with 200 random starts was used to determine whether the correlation coefficients 

produced by PCC analysis were statistically significant. To further elucidate the response of 

species to environmental variation, the abundance of Zpalatalis and Zargurus was calculated 

for five evenly spaced segments of the first axis and second axes of the ordination of the survey 

quadrats and of trap cells. 
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Results 

Environmental characteristics of sites (S), survey quadrats (Q) and trap cells (C). 

The floristics and environmental relations of the groups formed by the classification of 

study sites, survey quadrats and trap cells is detailed in Chapter 2; here I provide a summary. 

Gorge Systems 

81 'Large linear gorge refuges'. Characterised by long, deep and broad linear sandstone gorges with extensive 

rainforest. 82 'Open, deep gully systems'. Characterised by relatively small broad sandstone gorges, moderate 

rainforest area and high fIre impact. 83 'Small gully head springs'. Small gorge or escarpment inlet systems with 

small «I ha), species poor small spring rainforest patches and little fruit. Total disturbance was high. 84 'Large 

gorge /escarpments'. Characterised by large sandstone or limestone gorge systems, large rainforest patches, with 

high connectivity. Scree was extensive. 85 'Small, dry gorge / escarpments'. This group corresponded to rocky 

gullies or inlets with small areas (2-3 ha) of dry rainforest with little wet rainforest. 

Quadrat classification 

Ql Corymbia dichromophloia woodland with Plectrachne pungens hummock grass understorey. This community 

was dominated by the occurrence of hummock grass (mean cover> 30%) on plateaux outside-gorges. Total plant 

richness, rainforest plant richness and the overall plant diversity was low. Q2 Riverine monsoon rainforest in 

limestone terrain. This community occurred at the base of cliffs in limestone gorges associated with ephemeral 

or perennial springs in the Lawn Hill area. Rainforest richness, woodland and rare plant richness was high. Q3 

Broadleafwoodland. This community occurred on rocky slopes and included a rich and diverse woody flora. Total 

plant richness, plant diversity, woodland and Zyzomys preferred plant richness was high. Q4 Riverine monsoon 

rainforest in sandstone terrain. A riverine community along the Wearyan River with the rainforest trees Timonius 

timon and Ficus coronulata. Q5 Impoverished broadleaf woodland. This community was similar to Q3 but 

occurred more commonly on the lower slopes or plateaux, and was less speciose. Q6 Dry monsoon rainforest with 

a tussock grass understorey. This community occurred on deeper soils at the base of cliffs and on the upper slopes 

of limestone, volcanic or sandstone hills. Tussock grass cover was extensive. Q7 Dry monsoon rainforests of the 

south-eastern hinterland. This community occurred on rocky or scree slopes beneath rugged escarpment or gorge 

c1ifflines mostly on Wollogorang station. Total plant and woody plant richness was high. The richness of rare plants 

and Zyzomys preferred food plants was high. Q8 Riparian monsoon rainforest. This community was best developed 

along protected creek lines associated with permanent water (lagoons, springs or seeps). Canopy trees included 

Ficus virens, Syzygium angophoroides and Ficus racemosa. 
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Description of cell groups 

Cl Dry rainforest on rocky slope. Subcanopy trees were dominant including Terminalia voiucris, with occasional 

Gyrocarpus americanus and Diospyros humilis. There was a high cover of both tussock and hummock grass. C2 

Dry rainforest on scree. This community was restricted to the upper or lower scree slopes. Plant richness and 

diversity was low. C3 Riverine community. This community was present along a broad creek channel at Moonlight 

Gorge and was dominated by riverine rainforest species including Terminalia subacroptera, T. volucris, 

Lophostemon grandiflorus, Bothriochloa bladhi and Cyperus vaginatus. C4 Broadleafwoodland. This community 

was characterised by shrubby woodland on steep rocky slopes or surrounding rock platfonns. Plant richness was 

relatively high. C5 Eucalyptus pallescens woodland. This community was restricted to a sheltered rocky slope. 

Canopy trees were abundant including Eucalyptus tetrodonta, Erythrophleum chlorostachys, Eucalyptus alba and 

Livistona inermis. Tussock grass cover, grass richness, litter and fuel loads were high. C6 Syzygium spring 

rainforest. Along springs or rocky sandstone creek lines a structurally diverse riparian community composed of 

spring rainforest species. Rock cover was low. C7 Corymbia ptychocarpa open forest. This community was 

dominated by Corymbia ptychocarpa, Erythrophleum chlorostachys and Buchanania obovata. Cycas angulata was 

common. C8 Plant-less scree. This habitat occurred on steep scree slopes, habitat was similar to C2 but without 

plants. Large rocks (mean 1.65 m) were extensive. 

Relationship ojZyzomys palatalis and Z.argurus to vegetation map units an..d land system units 

and the classification ojsites, quadrats and-trap cells. 

Zyzomys palatalis was recorded from two of the five Wilson vegetation map units 

sampled (16 and 31) characterised by low open eucalypt woodlands with hummock or tussock 

grass understorey. These two vegetation types dominate over more than 50,000 km2 of the gulf 

country of the NT. Zargurus occurred in all vegetation units but had the highest trap rates in 

vegetation units 31 and 16 (Table 3.2). 
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Table 3.2. Variation in the group trap rate of Zyzomys palatalis and Z argurus across Wilson 

vegetation units and Aldrick and Wilson land system units. Values are the mean group trap rate. 

Significance levels: ns, denotes no significant difference, ***, P < 0.001, **, P < 0.01, *, P < 

0.05. Quadrat sample sizes are given in parentheses. 

a) Distribution of Zpalatalis and z.argurus across the Wilson et al. (1991) map units. 

Map units 10 16 31 33 36 F-value 
(6) (80) (57) (16) (16) 

Zpalatalis 0 0.06 0.56 0 0 8.3*** 

Zargurus 1.33 1.37 1.42 0.18 0.12 5.6*** 

b) Distribution of Zpalatalis and Zargurus across the Aldrick and Wilson (1990) land system map units. Asb= 
Bukalara system (rugged rocky sandstone plateaux and gorges, 12, 464 square Ian), Ibc= Cliffdale (hilly terrain on 
basalt, 1185 km), lah= Hobblechain (rugged terrain on rhyolite, 137 km), Als= Seigal (undulating rises with linear 
rocky outcrops, 3046 km) Ala= Abner (undulating plains on bedded sandstone, 328 km). 

Assemblage group Asb Ibc lah Ais Ala F-value 
(133) (22) (8) (6) (6) 

Zpalatalis 0.25 0 0.50 0 0 2.5* 
-

Zargurus 1.33 0,45 1.12 0 1.33 2.8* 

Zpalatalis was recorded from two of the five land systems (Bukalara and Hobblechain). 

More than 75% of all quadrats sampled the Bukalara land system; this system corresponds 

strongly with vegetation unit 31 and dominates much of the gulf uplands. Z argurus was recorded 

from four of the five land system groups with the highest trap rates in the Bukalara and closely 

related Abner land systems. Zargurus was absent from Seigalland system, which was subject 

to limited sampling (6quadrats). 
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Table 3.3. Variation in the group trap rate of Zyzomys palatalis and z.argurus across sites, 

survey quadrats and trap cells groups defined in the present study. Values are the mean group 

trap rate. Significance levels: ns, denotes no significant difference, ***, P < 0.001, **, P < 0.01, 

*,P<0.05. 

a) Sites (c. 4 km2) as defmed in the present study. 

Site groups& no. of sites / 81 82 83 84 85 F-value 
group 2 2 3 5 3 

Zpalatalis 2.0 2.5 0 0.8 0 2.0 ns 

Z argurus 1.5 3.0 1.7 1.6 0.7 1.3 ns 

b) Survey quadrats (0.1 ha) as defmed in the present study. 

Quadrat groups & no. of Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 F-value 
quadrats / group 25 12 23 1 15 12 51 36 

2.palatalis 0 0 0.4 0 0.1 0 0.4 0.1 2.3* 

2.argurus 0.5 0 1.8 0 0.5 0.1 1.2 2.2 6.6** 

c) Trap cells (20 m2
) as defmed in the present study, per hundred trap-nights. 

Cell groups & no. of cells Cl C2 C3 C4 C5 C6 C7 C8 F-value 
/ group 27 51 112 94 28 41 41 6 

2.palatalis 2.0 4.0 2.0 3.0 0.4 0.9 0.1 7.0 16.2*** 

2.argurus 1.7 1.2 0.9 2.7 1.4 1.2 1.0 2.0 4.3*** 

There was no significant difference in the abundance of Zyzomys palatalis between site 

groups defined in the present study, although the low sample size provide a limitation to the 

effectiveness of the analysis (Table 3.3). Three of the four known Z.palatalis sites were in groups 

81 and 82 with large rainforest patches and a variety of water sources (Moonlight Gorge, Banyan 

Gorge and Camel Creek Gorge). The rocky habitat generalist, Z. argurus was recorded from all 

five groups (and 13 of 15 sites: Table 3.3). 

There was a significant variation in the abundance of Zyzomys palatalis across quadrat 

groups (F = 2.3, df= 174, P < 0.05, Table 3.3b). Z.palatalis occurred most frequently in 

association with the broadleafwoodland (Quadrat Group 3, as did Z.argurus) and dry monsoon 
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rainforest (Q7). Zargurus was also abundant in the riparian monsoon rainforests (Q8). 

Locally, on the trapping grid cells, Zyzomys palatalis was most abundant in association 

with dry monsoon rainforest on scree (cell groups 2 and 8), and in the broadleafed woodland 

(C4), and least trappable in the Corymbia ptychocarpa open forest, E. tetrodonta woodland and 

Syzygium angophoroides spring (C7, C5 and C6 respectively: Table 3.3, Figures 3.1 & 3.3). 

Zyzomys argurus was most abundant in the species rich, rocky woodland (C4) and occurred 

moderately frequently in the plant-free scree (C8) and dry vine-thicket on rocky slopes (C 1) at 

Moonlight Gorge (Figures 3.2 & 3.4). 
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Figure 3.1. Density of Zpalatalis at Moonlight Gorge, pooled data over all trap periods, in 

relation to cell vegetation groups. Light fill denotes an individual cell capture rate of 0.1- to 

4.9%, medium fill = 5 to 9.9%, dark fill = 10 to 14.9%. Blank cells were not part of the trapping 

grid. Vegetation types, 1 = (dry rainforest on rocky slope), 2= (dry rainforest on scree), 3= 

(riverine community), 4= (broadleaf woodland), 7= (Corymbia ptychocarpa open forest), 8= 

(plant-free scree). 
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Figure 3.2. Density of Z.palatalis at Banyan Gorge grids, pooled data over all trap periods, in 

relation to cell vegetation groups. Light fill denotes a cell capture rate of 0.1 to 4.9%, medium 

fill = 5.0 to 9.9%, dark fill = 10.0 to 14.9%. Checkerboard stippling denotes cells which were not 

part of the trapping grid. Vegetation types: 2= dry rainforest on scree, 4= broadleafwoodland, 

5= Eucalyptus tetrodonta woodland (C5). 6= C6 Syzygium spring rainforest, 7= C.ptychocarpa 

open forest, 8= plant-free scree. 
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Figure 3.3. Pooled density of Zargurus at Moonlight Gorge, in relation to cell vegetation 

groups. Light fill denotes a cell capture rate of 0.1 to 4.9%, medium fill = 5.0 to 9.9%. 

Vegetation types, 1 = (dry rainforest on rocky slope), 2= (dry rainforest on scree), 3= (riverine 

community), 4= (broadleafwoodland), 7= (C.ptychocarpa open forest), 8= (plant-free scree). 
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Figure 3.4. Pooled density of z.argurus at Banyan Gorge grids, in relation to cell vegetation 

groups. Light fill denotes an individual cell capture rate of 0.1 to 4.9%, medium fill = 5.0 to 

9.9%, dark fill = 10.0 to 14.9%. Checkerboard stippling denotes cells which were not part of the 

trapping grid. Vegetation types: 2= dry rainforest on scree, 4= broadleaf woodland, 5= 

Eucalyptus tetrodonta woodland, 6= C6 Syzygium spring rainforest, 7= C.ptychocarpa open 

forest, 8= plant-free scree. 
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Relationship between Zyzomys palatalis and Z.argurus to environmental characteristics of sites, 

quadrats and trap cells. 

Comparison of the rank of habitat scores at sites where Zpalatalis was present, and 

absent, showed that the species was significantly associated with large, wide gorges possessing 

rich monsoon rainforest floras (P < 0.05 for each). There were no significant habitat associations 

with Zargurus, however it was absent from only two sites, rendering statistical analysis 

problematical. The sites it was abent from included a limestone gorge (in general Zargurus 

occurred less frequently from limestone habitats) in QLD, and a sandstone gorge which appeared 

to provide large areas of good quality Z. argurus habitat. 

At the quadrat scale Zpalatalis were significantly associated with 10 environmental 

variables typical of dry monsoon rainforest or broadleafwoodlands: total plant diversity, woody 

plant richness, tree, palm, cycad, shrub richness and shrub cover were greater in these quadrats 

compared to those where Zpalatalis was absent (Table 3.4). 

Zyzomys argurus was significantly positively associated with only five environmental 

variables and these were characteristic of rocky eucalypt woodlands (Table 3.4); including 

positive associations with the woodland species Corymbia aspera and Cyperus javanicus. 
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Table 3.4. Environmental variables recorded in quadrats significantly associated with the 

presence of Z.palatalis or z.argurus determined by the Mann-Whitney U-test (Significance 

levels: ns, not significant, **, P < 0.01, * P < 0.05.) Values are means. Refer to Appendix 2 for 

a description of variables. 

Habitat variables I Z.palatalis I z.argurus 

Present Absent Significance Present Absent Significance 

n=22 n=153 n=85 n=90 

Topography Slope 3.2 2.9 ns 3.2 2.4 * 

ClifIType 1.4 1.4 ns 1.7 1.l * 

Rock Cover Rock 0·19crn 22.4 14.4 ** 11.4 17.6 * 

Rock 20-49cm 49.8 32.9 ** 32.2 32.4 ns 

Rock Diversity Total Rock 0.50 0.42 * 0.46 0.40 ns 

Plant Diversity Total 1.28 1.17 * 1.21 1.l5 ns 

Plant Richness Total 19.8 16.6 * 17.6 16.5 ns 

Trees 8.4 6.5 ** 7.3 6.2 ** 

Woodies 15.1 12.0 ** 13.7 11.7 ** 

Palms 0.6 OJ * 0.2 0.3 ns 

Plant Cover Shrubs>2m 2.0 1.5 ** 1.6 1.6 ns 

Shrubs 0-2m 1.7 1.3 ** 1.3 1.4 ns 

Tussock grasses 1.4 1.2 ns 0.9 1.5 *>1< 

Plants Exocarpos latifolius 0.50 0.17 >I< 0.25 0.16 ns 

Cyperus javanicus 0.31 0.23 ns 0.34 0.15 >I< 

Corymbia aspera 0.68 0.51 ns 0.65 0.42 >I< 

At the cell scale the trap rate of Z.palatalis (Table 3.5) was significantly related to dry 

monsoon rainforest communities including high rainforest plant richness (and the rainforest plant 

CaesaZpinia bonduc), high subcanopy cover, large rocks> 1 m (typical of scree) and negatively 

associated with woodland communities including woodland plant richness (and open forest and 

woodland plants: Corymbia ptychocarpa and GaZactia sp.), tussock cover, grass richness, litter 

cover and deep soils characteristic of riverine or rocky slope situations. 
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Although recorded from fewer trap cells Zyzomys argurus had less specialised habitat 

requirements than Zpalatalis; associated with rocky slopes and negatively with tree richness, 

indicative of a preference for comparatively depauperate rocky eucalypt woodland with a 

hummock understorey (Table 3.5.) 

Table 3.5. Comparison of habitat attribute scores between cells where Zpalatalis and (in a 

separate analysis) Zargurus were recorded compared to those cells where they were absent, 

determined by the Mann-Whitney U- test. Significance levels: ns, not significant, *, P < 0.01) 

(refer to Appendix 2 for a description of variables). Values are means. 

Habitat variables I z oa/ata/is . I ZE.rwu:us 

Present Absent Signif, Present Absent Signif. 

n=196 n=204 n=148 n=252 

Topography HeightAboveCreek 9.1 5.1 * 8.9 5.9 >I< 

Escarpment 0.9 0.6 * 0.9 0.7 >I< 

RockySlope 1.5 1.8 * 1.9 1.5 ns 

ScreeSlope 0.7 0.2 * 0.5 0.4 ns 

Distance Water 2.0 1.4 * 1.8 1.7 ns 

Soil Soi/Depth 1.2 1.6 '" 1.5 1.4 ns 

Rock variables Rock>99cm 12.4 4.4 * 7.8 8.7 ns 

FissureAbundance 2.7 1.0 >I< 2.1 1.7 ns 

TotalRockCover 77.6 65.3 >I< 74.3 69.6 ns 

Plant Cover Trees >8m 0.4 0.9 * 0.6 0.7 ns 

Tussock grasses 0.8 1.1 >I< 0.8 1.1 ns 

Litter 26.4 38.6 >I< 31.9 33.1 ns 

Plant Richness Rainforest 3.7 2.8 * 3.2 3.3 ns 

Woodland 3.1 4.4 >I< 3.9 3.7 ns 

Trees 2.0 2.1 ns 1.7 2.2 >I< 

Grasses 1.1 1.5 >I< 1.3 1.3 ns 

Vegetation fidelity Ecotone 0.2 0.5 '" 0.4 0.3 ns 

Rainforest 0.7 0.3 '" 0.5 0.5 ns 

Plants Caesa/pinia bonduc 0.31 0.05 * 0.14 0.19 ns 

Corymbia ptychocarpa 0.Q3 0.62 '" 0.22 0.40 ns 

Galactia sp 0.06 0.43 >I< 0.20 0.28 ns 
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Relationship between Zyzomys palatalis and Z.argurus 

Zyzomys argurus co-occurred with Z.palatalis at each of the known sites. Within 

quadrats Zyzomys argurus was negatively associated with the occurrence of Zyzomys palatalis, 

being captured in significantly fewer quadrats than expected (observed in 5 quadrats, expected 

from 10.7 quadrats) where Z.palatalis was present (Chi-square = 6.7, d.f= 174, P = < 0.01). 

Similarly, Z.palatalis occurred in significantly more trap cells where Zargurus was not recorded 

(Chi-square = 3.9, d.f= 399, P = < 0.05). 

Relationship oJZyzomys palatalis and Z.argurus with agents oj disturbance 

There was no significant difference between the degree of fire impact at sites and 

quadrats where Z.palatalis (and in separate analyses) z.argurus were recorded, compared to 

those sites and quadrats where they were absent. Within trap cells, the abundance of Z.palatalis 

was negatively related to the recorded incidence offire (r= -0.41, P= 0.001, n= 400), similarly 

few Z.palatalis were captured (before or after the fire) in cells which were buint at Banyan Gorge 

during September 1994 (P < 0.01), because Z.palatalis was frequently captured in scree / rock 

platform habitats which provided greater topographic protection (scree, rock platfonns r= 0040, 

P < 0.001). z.argurus showed a weaker negative relationship with fire impact in trap cells (r= 

0.10, P= 0.04). There was no significant relationship between an overall disturbance index and 

the occurrence or abundance of Z.palatalis or z.argurus in quadrats or sites. 

Relationship between Zyzomys preferredJood availability and Z.palatalis and Z.argurus 

There were no significant differences in the abundance of more palms, cycads and total 

plant fruit resources at sites where Z.palatalis occurred in comparison to those sites where they 

were absent, although there was a weak positive trend (P < 0.1). The absence of Zargurus from 

only two sites and the low sample size in general provided constraints to the effectiveness of the 

analysis. 
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Significantly more Zyzomys preferred food plants were found in quadrats where 

Zpalatalis<...P < 0.01) was present including Terminalia carpentariae (P < 0.01) and Buchanania 

obovata (P < 0.05). The trap rate of Zargurus was also related to the abundance of Zyzomys 

preferred food plants (P < 0.05); however there was no such relationship at the microhabitat cell 

scale for Zpalatalis or Zargurus. Nevertheless, Zargurus was positively associated with 

Antidesma parvifolia (P < 0.01) and a negatively with the grass Eriachne ciliata (P < 0.01) at 

trap cells. 

Temporal variation in the abundance oJZyzomys palatalis and Z.argurus during the quadrat 

survey. 

In the quadrat survey there was no significant difference in the abundance of Zyzomys 

palatalis between years (F= 1.0, df= 174, P= 0.35), however, capture rates were strongly 

seasonal (F= 6.4, df= 174, P= 0.004, Table 3.6) with significantly fewer captures in the early dry 

season (July to August). The abundance in quadrats of Z argurus varied significantly between 

years (F= 20.0, df= 174, P <0.0001), because few Zargurus were captured in the 1995 

Queensland survey (particularly from limestone substrates), but not between -seasons (F= 2.4, P= 

0.06). The seasonal dynamics of Zpalatalis and Zargurus on the trapping grids is explored in 

detail in Chapter 6. 

Table 3.6. Annual and seasonal variation in the abundance of Zpalatalis and Zargurus in the 

quadrat survey. Values are quadrat group means. Following ANOV A, Bonferroni multiple 

comparisons test was performed to determine which variables were significantly different. 

Sample sizes are given in parentheses. Significance: ns, not significant, *, P < 0.00 1. 

Sample year Season 

1993 1994 1995 F-value early- mid- late- wet F-value 

(80) (22) (72) (42) (78) (51) (4) 

Z.paiatalis 0.21 0 0.27 0.35ns 0.12b O.Olb O.59a 0.25ab 6.4* 

Z.argurus I.25b 3.48a 0.46c 20.0* 0.57 1.43 1.33 0 2.4ns 
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Ordination of sites by habitat attributes and quadrats and cells by floristic composition 

The ordination of sites by habitat attributes. The large gorge site classification groups (S1 

and 84) had positive second axis scores, associated with increasing density (number of patches 

within 3 km radius, site size, rainforest patch size and gorge width, while at the other extreme 

small sandstone inlets had negative second axis scores, possessed smaller rainforest patches that 

were poorly connected. Zyzomys palatalis sites were not clumped together and Zpalatalis and 

Z argurus were not significantly related to either axis. There was a high degree of environmental 

similarity between sites where Zpalatalis were recorded and nearby sites (Figure 3.5.). 

The ordination of plant composition of survey quadrats was strongly patterned by 

rockiness and topographic situation (Figure 3.6). Zyzomys palatalis was scattered throughout 

much of the ordination space, occurring in both monsoon rainforest and broadleaf woodlands and 

consequently was not positively associated with either axis, but Figure 3.7 shows the monotonic 

decline of Zpalatalis along the first axis as rock cover declines and disturbance increases. Along 

the second axis Zpalatalis was most strongly associated with the intermediate segments (rocky 

and scree slopes) of the topographic protection gradient. In contrast the trap rate of Zargurus 

increased linearly with increasing exposure and were most abundant in the plateau eucalypt 

woodlands. 

The trappability of Zargurus declined monotonically along the first axis of the trap cell 

ordination, as the richness of woodland plants declined along a substrate (soil depth) gradient. 

Zpalatalis responded strongly to the second axis which portrayed a rockiness gradient (Fig. 3.8), 

but in contrast there was little variation in the trappability of Zargurus along this axis. 
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Fig 3.6. (a) Presence-absence of Z. palatalis in survey quadrats across 

the space defined by the ordination of quadrat plant composition. 
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a) along the first axis of the ordination of 175 survey quadrats. This axis portrays a rockiness 

gradient with increased disturbance as rock cover declines. Z. palatalis (left) and Z. argurus (right). 
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of the ordination of 400 trap cells by their plant composition. One standard error, 

F-value and significance are given. 

(a) The fIrst axis was associated with a moisture gradient from broadleafwoodlands to 

alluvial forests and woodlands. Z. palatatis (left) and Z. argurus (right). 
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(b) The second axis portrays a rockiness gradient from scree slopes to alluvial forests 

(almost rock-free). Z. palatalis (left) and Z. argurus (right). 
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Discussion 

Scale differences 

A major aim of biological surveys for communities or single species is to adequately 

sample a representative set of the environmental variation so that the results from relatively fme

scale site data can be extrapolated to a broader context (Myers and Thackway 1988, Woinarski 

and Braithwaite 1992). Quadrat sampling intensity in the present study was representative of the 

areal extent of the main vegetation types in the gulf, with a total of approximately 85% of 

quadrats positioned in Floristic units 16, 31 and 36 (eucalypt woodlands). These communities 

dominate approximately 90% of the gulf uplands. 

Zyzomys palatalis was recorded from two of the five sampled vegetation units. The 

predicted distribution of Zpalatalis from these results would include approximately 70% of the 

gulf region (of the Northern Territory) with a trap-rate of 1 individual per 179 trap-nights in 

Floristic unit 31 and a trap rate of 1 individual per 1665 trap-nights. This ignores the strong 

seasonal trappability of Z.palatalis. Obviously, the broad scale of the Wilson map does not 

portray the fine-scale gorge habitats to which Z.palatalis is restricted. In addition to this survey 

more than 8000 trap-nights have been expended in rocky habitats in the gulf and none of these 

studies have recorded Z.palatalis (CSIRO 1976, Johnson and Kerle 1991, Gambold and 

Menkhorst 1992, Griffiths et al. 1997). 

The Aldrick and Wilson land system units were mapped at a finer scale than the Wilson 

units, but because they are based on vegetation, geology and topography there is a high degree 

of correlation between the land system units and those of the Wilson vegetation units. More than 

75% of my quadrat sampling was conducted in the Bukalara system (rugged rocky plateaux) 

which dominates the sandstone uplands of the gulf (Aldrick and Wilson 1990). According to the 

land system maps Z.palatalis was recorded from two of the five sampled systems, with 

Moonlight Gorge, Banyan Gorge and McDennotts Spring occurring in the Bukalara land system 

and Camel Creek falling within the Hobblechain land system. However, there was an error in the 
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Aldrick and Wilson mapping because Camel Creek and the surrounding area is sedimentary 

rather than volcanic origin. Thus all quadrats at the four Zpalatalis sites fell within the Bukalara 

land system; a system covering more than 12,400 km2 in the NT Gulfregion. 

Singly or in combination the Wilson vegetation map and the Aldrick and Wilson land 

system units fail to characterise fine-scale environmental mosaics, and are therefore of little use 

for predicting the distribution of a species such as Z.palatalis. Although the rocky uplands 

throughout the gulf are characterised by high rock cover the topographic complexity of relatively 

small areas of cliffs, outcrops and scree associated with gorges, form a relatively sharp 

environmental discontinuity. 

The association of Z.palatalis with monsoon rainforest types indicates that an analysis 

of the patterning of Z.palatalis in relation to the Russell-Smith rainforest types may be 

informative. Although, Churchill (1996) did not determine a relationship between the floristic 

groups (defined in her study) that Z. palatalis was associated with, and monsoon rainforest type. 

Rockiness 

Rockiness was the proximate environmental parameter patterning the occurrence and 

abundance of Zpalatalis and a wide range of vegetation, disturbance and other habitat attributes 

at the three scales examined. The abundance of Z.palatalis and the richness of monsoon 

rainforest plants species increased and disturbance decreased as rockiness increased. Patterns 

were however, not consistent at all scales. For example at broader scales dry monsoon rainforest 

and broadleaf woodland communities were rich in woody plants (including those preferred as 

food items by Zyzomys) but at the fine-scale cell unit, the moist spring and alluvial woodland 

communities were richer. This was because of denser species packing in the moist communities 

including life forms such as ferns, forbs and sedges that were largely absent from the former 

communities. 

Burbidge and McKenzie (1989) highlight the importance of habitat use in patterns of 

faunal decline in Western Australia, with species preferring rugged rocky country such as scree 
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generally possessing stable populations, contrasting with ground dwelling species, where many 

species had declined or gone extinct. Scree provides: (i) numerous cavities and crevices to hide 

from predators, nest and forage, (ii) protection from grazing, as few introduced grazing animals 

can access the rugged rocky surfaces of scree (iii) reduces the extent and uniformity of fires, 

increasing patchiness, (iv) moderates temperatures and provides stores for water such as springs 

and aquifers, and (v) topographic complexity leading to numerous micro-environments and 

hence greater floristic diversity and associated resource stability (Burbidge and McKenzie 1989, 

Freeland et al. 1988, Woinarski et al. 1992). 

Few possible predators of Z.paiatalis were observed at the study sites and these species 

occurred in low numbers. Only one Dingo Canis familiaris and one Felis catus were observed 

(both. at Moonlight Gorge) in approximately 300 person days, but packs of Canis familiaris were 

frequently heard howling at night at Banyan and Moonlight Gorge. Three species of python, 

Liasis olivaceus, L.childreni and Aspidites melanocephalus as well as the Ghost Bat 

Macroderma gigas, Northern Quoll Dasyurus hallucatus and Rufous Owl Ninox rufa have been 

recorded from at least one Zpalatalis site. 

Zyzyomys palatalis persist in the largest gorge systems with extensive cliffs and rocky 

broken country which support monsoon rainforests communities. While the known occurrence 

of Zyzomys palatalis is restricted to just four gorges, it was found to a use a wide range of the 

environment defined by both the classification and ordination of all sites (in separate analyses), 

as well as all classes of survey quadrats and trap cells. However, outside gorge eucalypt 

woodlands (eg. Floristic unit 31) were relatively distinct from the monsoon rainforest and 

woodland communities occurring within gorges. Zpalatalis was not recorded in outside-gorge 

communities. The high degree of environmental similarity between sites where Z.palatalis has 

been recorded and nearby sites, such as Aquarium. Springs Gorge and Branch Creek Gorge where 

Z.palatalis was absent (10 and 4 km from Moonlight Gorge and McDermotts Spring 

respectively) may be evidence of extirpation of Z.palatalis at these sites. These sites appear to 

be within the possible dispersal range of a medium-sized rodent, especially as there is sporadic 

high relief and monsoon rainforest patches between these sites. Similarly, although the 

occurrence of Z.palatalis was significantly related to particular quadrat floristic types, there was 
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a high number of floristically similar quadrats within these groups where they were absent. 

Comparisons with other Zyzomys studies 

There is a high degree of similarity in the habitat preferences of the tropical large rock

rats Zpalatalis, Z maini and Z woodwardi (Table 3.7); dry monsoon rainforests and surrounding 

broadleaf (rich sandstone) woodlands on massive rocks or scree are preferred. The distribution 

of these species is given in Figures 3.9,3.10 & 3.11. Little is known of the habitat preferences 

of the Central Rock-rat Z pedunculatus which was 'rediscovered' in 1996 after not being 

sighted since 1961 (Dave Wurst, pers. cornm.). Z argurus uses a range of rocky habitats but trap 

rates are generally lower in rainforests, particularly dry monsoon rainforests (Chapter 4). Habitat 

use by Z woodwardi and Zargurus on islands is much broader than the mainland. z.argurus for 

example, was present in rock free hummock grasslands and paperbark forests on the Wessell 

Islands (Woinarski and Fisher 1996). Z woodwardi has been recorded on sandy beaches 

(McKenzie et al. 1978). 
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Fig 3.9. Point locations of all Zyzomys argurus records in the Northern Territory gulf 
(n=211, closed circles) and the four Z. palatatis sites (triangles). (Source: NT Fauna Atlas.) 
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Fig. 3.10. Point records of Zyzomys palata lis, Zmaini, Z. woodwardi and Z. pedunculatus 
in Australia. (Source: NT Fauna Atlas for NT records and W A Museum for Z. woodwardi 
records.) 
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Fig 3.11. Distribution of Z. argurus in the Northern Territory. (Source: NT Fauna Atlas.) 
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Competition or habitat partitioning? 

There is a growing body of data supporting the hypothesis that Z argurus competes for 

resources when co-occurring with large rock-rats. In the present study Zargurus was widespread 

in the rocky habitats sampled being captured at almost all sites and nearly 50% of the quadrats, 

however they were captured less frequently in the 22 quadrats where Zpalatalis was present. 

Similarly on the trapping grids at Moonlight and Banyan gorges Z argurus was captured less 

frequently at trap cells where Zpalatalis were recorded. Despite the fact that Z argurus was 

captured at fewer trap cells (148) than Zpalatalis (196) it was more evenly trappable over the 

range of vegetation communities sampleq. and consequently was significantly associated with 

few environmental variables. This indicates that Zargurus actively avoided or was excluded 

from cells where Z.palatalis was recorded rather than selecting other habitats less preferred by 

Zpalatalis. 

A number of studies have identified differences in habitat preferences of Zargurus and 

locally co-occurring large rock-rats (McKenzie 1978, Begg 1981, Kerle and Burgman 1984). 

Habitats preferred by the large rocks (Table 3.7) offer the most protection and greatest abundance 

and diversity of foods. Begg (1981) suggested that Zmaini would be advantaged if it could 

exclude Zargurus from these resources. Later work by Begg and Dunlop (1985) showed that 

Zargurus was capable of eating a similar size range and diversity of fruit and seeds from 

rainforest and woodland plants (eg. Canarium australianum, Terminalia carpentariae, Acacia 

aulococarpa, Owenia vernicosa, Alstonia actinophylla), however the possible exclusion from 

the 'closed forest' by Z maini, or preference for other surrounding habitats, meant that food 

items present in this habitat were not available to Zargurus. Only a few very large woody seeds 

such as those from Owenia vernicosa can be exclusively opened by Z maini (or large rock-rats) 

and not by Zargurus (Begg and Dunlop 1980). 
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Table 3.7. A comparison of habitat characteristics of Zyzomys maini (western Amhem Land), 

Z. woodwardi (Kimberley region ), and Z argurus from across northern Australia. Limited data 

is available on habitat use of Z.pedunculatus and this has not yet been published. Preferred 

vegetation: dry monsoon rainforest= 1, spring monsoon rainforest= 2, broadleaf woodland= 3, 

low open eucalypt woodland with hummock understorey= 4, acacia woodland= 5, mangal= 6. 

Sources: 1= Begg (1981), 2= Woinarski et al. (1992),3= Kerle and Burgman (1984),4= Bradley 

et al. (1987),5= Kitchener et al. (1981), 6= McKenzie et al. (1978), 7= Friend et ai. (1991). 

Species Location Preferred Preferred topography Other Source 

vegetation habitats 

used 

Z maini Kakadu NP 1 scree slopes 3,4. I 

Stage III, Kakadu NP rocky slopes with, large 2 

rocks 

Jabiluka, Kakadu NP 2 massive boulders 3 3 

Z woodwardi Mitchell Plateau, Kimberley 1 volcanic cliff & scree, 6,4 4 

sandstone & laterite. -

Mitchell Plateau, Kimberley 1 sandstone & volcanic scree 3 5 

Islands off KimberIey 4,5 Rugged sandstone, volcanic 1 6 

scree& sandy beaches 

North Kimberley I Sandstone scree, Bauxite - 7 

scree 

Zargurus Islands off north Kimberley 4,5 sandstone outcrops · 6 

Nourlangie Rock, Kakadu 4 scree slopes I I 

NP 

Mitchell Plateau, Kimberley 4,3 sandstone, volcanic, absent 1 5 

from laterite 

Mitchell Plateau, Kimberley 4,1 sandstone & volcanic slopes, 6 4 

scree 

Jabiluka, Kakadu NP 3,4 Rocky & scree slopes on · 3 

sandstone 

Stage III, Kakadu NP 1 high rock cover · 
North Kimberley I sandstone & bauxite scree · 7 
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There is some data that indicates that Zargurus preferentially selects woodlands over dry 

monsoon woodland commwrities in contrast to the large rock-rat species however, at sites where 

Zpalatalis was absent Zargurus was often abundant in habitats characteristically preferred by 

Zpalatalis. In the present survey a Zargurus trap-rate of greater than 10% was achieved at 

OConnorl which possessed a very large dry monsoon rainforest patch of scree. Scrutiny of the 

response curves of Zpalatalis and Z argurus along axes of the ordination of quadrats and trap 

cells reveals the differential reaction of these species to the underlying environmental gradients. 

This indicates that habitat selection and not competition are the main factors patterning Zyzomys 

speCIes. 

Seasonality of fruit resources 

There was limited wet-season sampling in the present study however Zpalatalis appears 

to most trappable in the late-dry season. There are massive changes in the environmental 

conditions between the wet and dry seasons such as moisture availability, humidity and 

temperature but it is likely that seasonal food availability has the greatest influence on Zpalatalis 

as it has for rodents in other areas (eg. Southgate and Masters 1996). In the Gulf region the 

majority of dry monsoon rainforest and broadleafwoodland species fruit during the mid- to late

dry season. Zyzomyspalatalis may be more trappable in the late-dry season because they are 

attracted to the abundant fruit and seeds within-gorges that fruit during this period. Perhaps the 

main breeding period is timed so young can take advantage of the abundant food resources at this 

time (see Chapter 6). 

This contrasts with the situation in the Darwin region where most rainforest plants, 

particularly those associated with seasonally moist situations, fruit during the short wet season 

(price et al. 1996). Scrutiny of the reference tables in Brock (1993) shows that the fruiting period 

of many of the dry rainforest and woodland plants (which are widespread throughout northern 

Australia) is the dry season. For example, Acacia aulacocarpa, Atalaya hemiglauca, Buchanania 

obovata, CaesaZpinia bonduc, Celtis philippensis, Ficus opposita, Gyrocarpus americanus, 

Livistona inermis, Owenia vernicosa and Terminalia carpentariae. During the wet season 
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Zpalatalis may change their diet and or move to other habitats such as those outside gorges to 

obtain food. This data is lacking. Radiotracking or systematic trapping within and outside gorges 

could resolve these queries. Insects and grass seeds are partiCUlarly abundant in the wet season 

and wet-dry transition period (Churchill 1995, Griffiths and Christian 1996) and may form 

important components of Zyzomys palatalis and Zargurus in these seasons. It is likely that 

Zpalatalis has persisted in the largest biological gorge refuges because these areas provide 

abundant and diverse range of fruit and seed items which are available throughout the year. There 

is some evidence that other rock dwelling mammals for which fruit is an important food resource 

(Petrogale, Petropsuedes) are also concentrated in the largest refuges (Table 3.8). 

Fire and grazing 

Fire and grazing affect both the structure and floristics of vegetation and can cause 

increasing fragmentation of habitats. These changes influence food availability (by burning, 

grazing or trampling) and cover (and therefore shelter from predators) for rodents (Smith and 

Quin 1996). Many rodent species are adapted to particular post-fire seral stages which provide 

the necessary dietary items and cover (Cock?urn 1981). Smith and Quin (1996) believe that the 

hypothesis that the cessation of small scale, low intensity, more frequent, patchy Aboriginal 

burning, and change to European burning practices provides a reasonable explanation for some 

declines in conilurines (regional declines of some heathland species). Fire and grazing reduce the 

size, and thus the integrity, of habitat refuges by encroaching on the boundary following plant 

death and reducing the abundance of food plants (e.g. monsoon rainforests, and patchy fruit 

resources in tropical woodlands: Bowman et al. 1990, Friend 1987, Kerle 1985) it follows that 

large species will become locally extinct before a small species when the area of habitat reaches 

a critical minimum. Small species can persist in smaller areas because of their lower energy 

requirements (Morton 1990, Smith and Quin 1996). 
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Table 3.8. Presence / absence of selected Gulf region rocky upland vertebrates. Species: Z. ar, 

Zyzomys argurus; P.br, Petrogale brachyotis or (L), refers to P. lateralis; P. da, Petropsuedes 

dahli; Z.pa, Zyzomys palatalis; P. bi, Pseudantechinus bilarni. 

STUDY SITES Area Z.ar P.br P.da Z.pa P. bi Total 

(km2) 

Moonlight Gorge 4 + + + + + 5 

Banyan Gorge 4 + + + + + 5 

Camel Creek 3 + + + + 4 

Aquarium Spring 3 + + + + 4 

McDermotts Spring 6 + + + 3 

OConnor1 2 + + + 3 

Louie Creek 3 + +(L) + 3 

Colless Creek 3 +(L) + 2 

Lagoon Creek 1 + 

Amphitheatre 1 + 

Branch Creek 5 + 

Butterfly Spring 1 + 1 

Bauhinia Spring 1 + 1 

Stockyard Spring 1 + 

TOTAL 13 8 7 4 4 

In northern Australia fire is believed to be the proximate factor influencing monsoon 

rainforest boundaries and the integrity of rocky plateau woodlands (Russell-Smith and Bowman 

1992). Fifty to 150 years before present Aboriginals managed their land across northern Australia 

by burning small patches which reduced the chance of destructive, intense and widespread late 

season fires. 

The effect of an experimental (mid-dry season) fire on species of Zyzomys has been 
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studied in detail by Begg (1981) at Nourlangie Rock in Kakadu National Park. Begg (1981) 

found that fire caused an 'immediate increase in mortality' in Z maini populations as evidenced 

by reduced minimum monthly survival (KTBA); reduced reproduction, with fewer pregnant and 

lactating females immediately after the fire, and by altering the habitat. A 'major shift in habitat 

use' was recorded with reduced abundance of Zmaini in closed forest and rocky crevices, and 

greatly increased abundance on the scree slope habitat. Begg (1981) suggested that the post fire 

habitat selection may have been caused by changes in the distribution of food resources with the 

fire probably consuming most of the seeds and fruit lying on the ground. Fire on the scree slope 

was less intense and the abundance of fissures probably provided a refuge for fruits and seeds 

from fire. Fire also altered the habitat by promoting 'fire weeds' such as Triumfetta, Solanum and 

Hibiscus which changed the composition and structure of the closed forest. 

While it was not possible (or desirable!) to experimentally burn any of the four 

Zpalatalis sites the likely effect of fire on Zpalatalis may be garnered from Begg's (1981) 

study, from the patterning of the pan-tropically distributed rainforest and broadleafed woodland 

plant species (rich in fruit and seed resources, see Chapter 2) and from a fire which burnt Banyan 

Gorge. 

In September 1994 a fire burnt 69% of the 200 trapping grids at Banyan Gorge. The low 

numbers of captures overall at this site provide little insight into the effect of fire on population 

dynamics, however some information on habitat use may be inferreq. Zpalatalis was trapped 

from a total of 59 cells over the 16 month period. Using pooled data, Zpalatalis was captured 

3.5 times more frequently from unburnt trap cells compared to burnt cells. Habitats which burnt 

were the least preferred by Zpalatalis (less rocky, less shelter, less topographically protected and 

had the fewest food resources). The Syzygium spring and alluvial open forests were severely 

burnt. This result is comparable to the findings of Russell-Smith and Bowman (1992) who found 

that the monsoon rainforests associated with seasonal moisture were most severely frequently 

burnt. 

Populations of Zpalatalis persist in sites, and locally in habitats, which are almost fire 

free; have abundant crevices for shelter and protection, and maintain rich woody floras. While 
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most fIres are unable to bum these habitats, it could be interpreted from Begg's (1981) research 

that occasional catastrophic hot flres would effect food availability and the success of 

reproduction. It is under these conditions that Z palatalis populations would be under greatest 

stress and likelihood of local extinction. 

Sites possessing populations of Zpalatalis should be actively managed with early dry 

season fuel reduction burns to reduce the possibility of destructive late season flres. Cattle were 

absent from Wollogorang Station during the period of study. Cattle impact is usually most severe 

in lowland habitats and around water. A management agreement between the owner of 

Wollogorang Station and the PWCNT should be sought with the objective of excluding cattle 

from gorges. Fencing gorges off is probably not practical because of destructive annual wet 

season flooding. 
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Chapter 4: 

Relationship between the Carpentarian Rock-rat Zyzomys 

paiatalis and monsoon rainforest type with particular reference to 

the biogeography of the tropical large rock-rats. 

Abstract 

The Carpentarian Rock-rat Zyzomys palatalis is known from four sandstone gorge systems in the south

eastern Gulfregion of the Northern Territory. Thejine-scale habitat preferences ofZ.palatalis present special 

difficulties in predicting their distribution because of the limited number of known sites (ie. the habitat relationships 

may be incompletely known) and lack of information on environmental variation at this scale. Although strongly 

associated with monsoon rainforest vegetation preliminary inspection of the data revealed no relationship with 

particular rainforest assemblages. The aims of this study were to relate the patterning of Z.palatalis from the 

quadrat survey to a reclassification of a subset of rocky Gulf region rainforest patches, and the six rainforest 

assemblages present in the Gulf region defined in the classification of 1219 NT rainforest patches by Russell-Sm ith. 

A preliminary biogeographic treatment of the three tropical large rock-rats is attempted 

The positioning of patches in the reclassification of patches was substantially alteredfrom the original 

groups formed by Russell-Smith, although there were strong correlations between groups in the two classifications. 

Z.palatalis was associated with two rainforest groups from both classifications. The highest trap rates ofZ.palatalis 

were achieved in dry rainforest groups (P4, J4) associated with scree occurring on Wollogorang, Calvert Hills and 

Robinson River stations. 

The presence ofZ.palatalis, Z.maini and Z.woodwardi in 30 minute cells was associated with measures 

of relief and the extent of monsoon rainforest. Although strongly associated with monsoon rainforest it was 

concluded that the three tropical rock-rats are relicts of rocky range systems. These ranges have presumably 

maintained diverse frUit and seed resources irrespective of the presumed extinction of monsoon rainforest from most 

areas in north western Australia during glacial episodes. It was hypothesized that the more recent arrival of 

Melomys displaced Zyzomysfrom the resource rich lowland monsoon rairiforests. 
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Introduction 

The Carpentarian Rock-rat Zpaiatalis was first discovered during a Parks and Wildlife 

Commission of the Northern Territory (PWCNT) biological survey of the Gulfregion, adjacent 

to a spring rainforest at Banyan gorge in 1987 (Langford pers. comm.). In 1990, a second 

population was discovered in a dry monsoon rainforest 35 Ian to the south-east of the type 

location (McDermotts Spring) during a biological survey of monsoon rainforests of the Northern 

Territory (Menkhorst and Woinarski 1992a). Both sites possessed large (c.S ha) rainforest 

patches, and were selected for survey based on the expert advice of botanists who had visited the 

sites and regarded them as possessing high biological significance (Peter Latz and Jeremy 

Russell-Smith). The known habitat use of Zpalatalis recorded by Churchill (1996) was similar 

to that described for the Amhem Land Rock-rat Zmaini and Kimberley Rock-rat Z woodwardi 

(Begg 1981, Friend et ai. 1991, Chapter 3). 

Subsequent survey effort was directed towards sampling sites possessing monsoon 

rainforest and in particular large rainforest patches, based on expert advice of botanists, station 

managers, helicopter pilots and other research officers (e.g. Department of Primary Industries and 

Fisheries). Vegetation and land system maps are often used to stratifY the environment as a basis 

for site selection in surveys, but, those available for the Gulf (e.g. Wilson et al. 1990, Aldrick and 

Wilson 1990) are coarse scale, and do not portray the fme-scale gorge habitats where Zpalatalis 

occur (Chapter 3). In general, there is a dearth of knowledge on the Gulf region from which to 

select representative examples of (in this case, fine-scale) patterns in the environment, a major 

requirement in survey planning (Myers and Thackway 1988). Furthermore, patterns of the 

occurrence of Zpalatalis may be relatively idiosyncratic because of chance extinctions (and 

colonisation-recolonisation) of popUlations, at sites. 

An additional two Zpalatalis populations have been located following trapping of a 

further 19 unique sites (Churchill 1996, Chapter 3). Rocky habitats in the Gulf region have been 

relatively intensely sampled with a total of more than 35 sites (potentially providing habitat for 

Zpalatalis) now surveyed during studies specifically aiming to detect Z.palatalis (eg. see 
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Churchi111996) and a range of regional (e.g. CSIRO 1976, Griffiths et ai. 1997) or habitat

specific studies (monsoon rainforest: Menkhorst and Woinarski 1992b), however to place this 

in context, the Gulf region land area is equivalent to that of the state of Victoria; many areas 

remain unsurveyed! 

Monsoon rainforest patches occur over much of northern Australia from the Kimberley 

to inland north-east Queensland (Clarkson and Kenneally 1988, Kenneally et al. 1991, Russell

Smith 1991) and are characterised firstly by a small number of common, widespread species and 

secondly by many uncommon species with idiosyncratic distributions (Kenneally et al. 1991, 

Liddle et ai. 1994). For example 30% of the 604 rainforest plants occurring in the Northern 

Territory (NT) were recorded from fewer than 10 of the 1219 sampled rainforest patches 

(Russell-Smith et ai. 1994). In the Gulf region the latter group of plants are mainly restricted to 

rocky ranges which act as biological refuges maintaining rainforest communities because of the 

topographically protected situations (Morton et al. 1995). The floristic composition of monsoon 

rainforests of the NT is well known following a comprehensive survey of 1219 rainforest 

patches x 559 species by Russell-Smith (1991). A classification of sites by all species occurring 

in greater than 3 patches, was cut at the 16 group level, with six rainforest -types present in the 

Gulf region of the NT. These were: 'Group 7', small, wet rainforests associated with springs or 

seeps, widespread above 18 degrees south; 'Group 11', large, wet rainforests associated with 

river levees, widespread in low rainfall areas; 'Group 12', semi-deciduous rainforests offreely 

draining landforms, widespread in low rainfall areas; 'Group 13', small, wet rainforests 

associated with springs and seeps (with many dry species), mostly restricted to the gulf; 'Group 

14' , dry vine thickets on scree or rocky slopes, restricted to the gulf; and, 'Group 16', Lancewood 

Acacia shirieyi and Macropteranthes kekwickii thickets on laterised surfaces mainly in the 

western gulf (Russell-Smith 1991). 

Approximately 100 patches were surveyed in the Gulf region as part of a floristic survey 

of monsoon rainforests of the NT (Russell-Smith 1991). In addition, monsoon rainforest patches 

in the gulf have been mapped from aerial photographs (Russell-Smith and Lucas, unpublished 

data). The rainforest types are distributed throughout the gulf being chiefly patterned by moisture 

availability and topographic protection rather than particular geographical areas. One to three 
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rainforest patches were surveyed by Russell-Smith at each of the four gorge sites which support 

populations of Zpalatalis. Four of the six Gulf rainforest types (type 7, 12, 13 and 14) were 

recorded at these sites, indicating that the occurrence of Z paiatalis was not patterned by 

identifiable associations with particular rainforest types. Hence, surveys to detect Z.paiatalis 

have not systematically surveyed particular monsoon rainforests types. While patterns of floristic 

composition for monsoon rainforest of the NT including the Gulf region have been described 

(Russell-Smith 1991), fmer regional classifications, and classifications which analyse separately 

the patterns of occurrence of common and rare species have not previously been carried out. 

Corresponding with the dual compositional characteristics of NT monsoon rainforest 

estate I sought to: 

1) Reclassify that subset of the 1248 patch rainforest inventory data base (Russell-Smith et ai. 

1993) which comprised Gulf region patches occurring on rocky substrates (excluding 

idiosyncratic species), and consequently relate patterns in the occurrence of Zpaiatalis to the 

derived Gulf-specific rainforest communities; and also explore patterns of the occurrence of 

Z paiatalis to the original Russell-Smith (1991) patch types. 

2) Explore the broad scale biogeographical patterning of the three tropical large rock-rats 

Zpaiatalis, Z.maini and Z. woodwardi, with particular reference to monsoon rainforests. The 

ecology of Zmaini and Z woodwardi appears to be similar to Zpalatalis, whereas of the other 

Zyzomys species Z.pedunculatus has an arid distribution and is poorly known and Z argurus is 

a small, widespread species. 
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Methods 

Gulf region rainforest types 

A data set of sample patches from the Gulfregion of the NT (where rocks were recorded) 

was selected from the rainforest inventory data base (with 1248 patches by 645 species: Russell

Smith 1991, Russell-Smith et al. 1993). The data set selected in the present analysis comprised 

78 patches sampled by Russell-Smith. 

Classification 

The presence-absence of all rainforest plants occurring in at least five of the 78 rainforest 

patches (n= 117) was used to classify patches using the UPGMA procedure in P A TN (Belbin 

1994). The similarity between all pairs of patches was determined with the Bray and Curtis 

measure. After inspection of a dendrogram the classification was truncated at the 9-group level. 

The environmental characteristics of each group, including plant composition were described. 

Plant species characteristic of groups containing more than five patches (n=3) were tabulated. 

Non-parametric Kruskal-Wallis one-way ANOVA was used to determine whether environmental 

attributes (refer to Table 4.1) differed significantly between patch groups. The location of 

individual patches was mapped. 
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Table 4.1. Explanation of environmental variables recorded for rainforest patches (Russell

Smith, unpublished data). Note that more than 70 sample variables were recorded in the original 

data-set, a sub-set of variables was selected in the present analysis to determine the main 

environmental factors patterning patch types. 

1. Altitude (m), metres above sea level derived from 1: 100,000 topographic maps. 

2. Patch area (ha), estimated total extent of rainforest patch. 

3. Canopy height (m), estimated height of the canopy excluding emergents. 

4. Rockiness of substrate (0-5), Where: 1= < 5% surface area covered in rocks, 2= 2-20%,3= 20-50%, 4= 

50-80%, and 5= 80-100%. 

5. Dry Season Water availab ility (011), 0= absent, 1 = present. 

6. Slope (1-5), 1= flat (0-2%), 2= gentle (3-8%), 3= moderate (9-20%), 4= steep (21-35%) and 5= very steep 

(greater than 35%). 

7. Topographic shading (Oil), O=niI, 1= shaded for> 2 hrs per day. 

8. Cattle I Buffalo Impact (0-3), O=absentl not evident, 1 ==: evident, but minor, 2=localised and severe (e.g. 

tree death), 3= widespread and severe. 

9. Pig impact (0-3), as for 8. Above. 

Ordination 

To further describe floristic variation and the relationship between plant communities to 

environmental variation ordination analyses were performed. The floristic composition 

(including plants occurring in > 4 patches) of 78 rainforest patches was ordinated using Semi

strong Hybrid Multi-dimensional scaling (SSH) in P A IN. Principal axis correlation (PCC, vector 

fitting: Kantvilas and Minchin 1989) was performed to find the direction through the ordination 

which had the maximum correlation or best fit with each of the environmental variables (Belbin 

1994). Monte-Carlo testing, with 200 random starts, was used to determine whether the 

correlation coefficients produced by PCC analysis were statistically significant. The positioning 

of all patches in the ordination space was depicted on scatter plots, with unique symbols for 

classification groups. Sampling units where Z.palatalis occurred were uniquely labelled to 

illustrate their relationship to the environmental space created by the ordination of rainforest 

patch plant species composition. 
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Associations between Zyzomys palatalis and Z.argurus with monsoon rainforest type. 

During a survey for Zpalatalis throughout the Gulf regions of the NT and QLD, the 

abundance of Zpalatalis and Z argurus (expressed as number of individuals per quadrat) and 

cover-abundance of plants was recorded for 175 0.1 ha (30 by 30 m) quadrats from 21 

independent study sites (Chapters 2 & 3). Each of the 151 quadrats which contained> 39% 

rainforest plant species (sensu Liddle et al. 1994) were assigned to one of the 9 rainforest 

communities defined in the present analysis (no quadrats sampled the patch group 6) and one 

of the 6 monsoon rainforest types defined by Russell-Smith (1991) and occurring in the Gulf 

region (no quadrats sampled 'type 16' Lancewood rainforest, but see Woinarski and Fisher 

1995ab). Designation to these groups was made following examination of a diagnostic key to 

patch types and plant species showing high fidelity to rainforest types (Russell-Smith 1991). 

Kruskal-Wallis one-way ANOVA was used to test for differences in the abundance of Zpalatalis 

(and also z.argurus) across the various derived rainforest types. 

Biogeographical patterns o/Z.palatalis, Z. maini and Z. woodwardi 

To explore broad scale distribution patterns of Zpalatalis, Zmaini and Z woodwardi the 

occurrence of each species in 30' by 30' cells was related to the areal extent of monsoon rainforest 

and topographic relief in each cell for the Gulf, Arnhem and Kimberley regions (it should be 

noted that absence of one of the large rock-rat from a cell may reflect lack of survey rather than 

areal absence). Seventy-seven 30 minute cells in the central, southern section of the NT Top-End 

were not used in the analysis because they were topographically simple, possessed little 

rainforest and large rock-rats were not known from this region (Victoria River district and Sturt 

Plateau). For the Gulf and Arnhem regions the relationship between Zpalatalis and Z maini and 

the richness of rainforest plants in cells was also explored. The extent of rainforest for each cell 

was determined by Landsat imagery and from aerial photo coverage (see Kay et al. 1991, Kimber 

et al. 1991, Russell-Smith et al. 1992). In addition, for the NT regions the total number of 

rainforest plant species was tallied for each cell (from the rainforest database of Russell-Smith). 
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A measure of relief was determined for each 15 minute cell in north western Australia by 

subtracting the lowest elevation above sea level from the highest elevation for each cell (John 

Woinarski, unpublished data). A single value for each 30 minute cell was derived from the mean 

relief value of the four 15 minute cells within each 30 minute cell. Associations between the 

occurrence of the large rock-rat species in cells and the extent of monsoon rainforests and 

topographic relief were analysed with linear regressions. 

To portray patterns in the distribution and extent of monsoon rainforests in the Gulf 

region of the NT, patches were mapped from aerial photography, and categorised as spring, 

riverine, coastal or dry rainforest by Jeremy Russell-Smith and Di Lucas at a scale of 1: 100,000. 

The extent of each category of rainforest for each of the main Gulf region pastoral properties was 

determined from GIS coverage and graphed. 

107 



Results 

A classification of 117 rainforest plants from 78 patches was truncated at the 9 group 

level. For each vegetation layer plant species are listed in descending frequency of occurrence 

with characteristic species listed in Table 4.2. The environmental characteristics of patch types 

are presented in Table 4.3. The spatial arrangement of patch types is shown in Figure 4.1. The 

relationship between the classification defined in the present study and the original Russell-Smith 

classification is shown in Table 4.4. The rainforest groups range from small species-poor patches 

associated with springs or rock outcrops, to large rainforests associated with rocky and scree 

slopes within gorges. 

Description of environmental characteristics of rocky, monsoon rainforest patches of the 

Northern Territory Gulf region. 

Patch group 1. 'Alstonia actinophylla wet springs of western Gulfhinterland' n=5 

This wet spring community occurred at the base of sandstone escarpments associated with 

waterfalls and plunge pools on Bauhinia Downs, Balbirini, McArthur River and Nathan River 

stations. Small patches (mean 0.7 ha) with a number of mesic adapted plants such as Syzygium 

angophoroides, A.actinophylla, Ficus virens, Melastoma affine, Stenochlaena palustris, Lindsaea 

ensifolia usually present. High levels of rockiness at these sites provided protection from impacts 

such as fire, cattle, and pigs, with only moderate disturbance levels recorded. 

Patch group 2. 'Ficus virens- riparian monsoon rainforest' n=21 

This community was closely related both floristically and spatially to Patch group 1, however, 

these patches were characterized by a higher number of dry monsoon rainforest species. The 

figs, F virens and Fleucotricha were the dominant tree species with Celtis philippensis, Pouteria 

sericea and F coronulata often present. Many dry rainforest shrubs and trees were present in 

these patches including Ehretia saligna, Flueggea virosa, Premna acuminata and Trema 

tomentosa. The vines Abrus precatorius and Tinospora smilacina occurred in most patches. 
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There was moderate fire, cattle and pig impact. 

Patch group 3. 'Syzygium angophoroides - small springs' n=5 

These small (mean 1 ha) patches occurred in topographically protected, permanently wet 

situations on Wollogorang station and were floristically related to Patch Group 1 and to Patch 

Group 2. A variety of spring plants such as S.angophoroides, Lindsaea ensifolia, Glochidion 

apodogynum and Maffine occurred; with Acacia aulacocarpa, Caesalpinia bonduc and Cayratia 

trifolia often present. Fuel loads and fire impact were high. There was moderate pig impact. 

Patch group 4. 'Celtis philippensis -large dry monsoon rainforests' n=26 

This dry rainforest community was restricted to the Wollogorang, Calvert and Robinson River 

Station areas. Patches in this group were particularly large, averaging 11 ha, usually associated 

with steep rocky or scree slopes beneath gorge or escarpment cliffs. This community was 

characterised by a relatively unspecialised rainforest flora, however many plants showed high 

fidelity to patches. The dry vine-thicket trees C.philippensis, Diospyros humilis, Gyrocarpus 

americanus and Terminalia volucris occurred in a high percentage of group patches. Similarly, 

shrubs such as Croton habrophyllus, F virosa and A.parvijolia were also rrequent. Vines such 

as Cayratia trifolia, Cissus renijormis, Capparis sepiaria and Tylophoraflexuosa were common. 

The vine Pisonia aculeata was the only species unique to this group. 77% of the 106 plants 

occurring in this group were shared with Group 2 patches. 90% of common rainforest plants 

(occurring in > 4 patches), in rocky gulf rainforest patches were present in this group. Fire impact 

was moderate and cattle and pig impact was low. 

Patch group 5. 'Strychnos lucida - dry monsoon rainforests' n=J3 

This dry rainforest community (2.8 ha mean patch size) occurred on a variety of substrates 

including dolerite, sandstone, laterite and coastal sands mainly in the Limmen Bight and Tawalla 

regions. Plants preferring seasonally moist conditions were absent. This community contained 

a typical dry monsoon rainforest flora (eg. F virosa, C.philippensis, D.humilis and Melhania 

oblongifolia) except for the presence of S.lucida in two-thirds of group patches. Patches were 

usually on exposed dry hill sides or dry creek beds. 
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Table 4.2. Plant species, typical of rainforest patch groups possessing> 4 patches. Values are 

the percentage frequency of occurrence of species within patch groups, for species recorded from 

> 70% of group patches. 

Patch group and number of patches per group. P2 P4 P5 
21 26 13 

Family Species 

Fabaceaae Abrus precatorius 90 

Moraceae Ficus virens 90 

Menispermaceae Tinospora smilax 90 85 

Moraceae Ficus leucotricha 86 73 

Sapotaceae Pouteria sericea 81 81 

Boraginaceae Ehretia saligna 76 

Verbenaceae Premna acuminata 76 

Taccaceae Tacca leontopetaloides 76 

Ulmaceae Trema tomentosa 71 

Ulmaceae Celtis philippensis 100 -77 
-

Euphorbiaceae Croton habrophyllus 92 

Gyrocarpaceae Gyrocarpus americanus 92 

Euphorbiaceae Flueggea virosa 86 92 92 

Ebenaceae Diospyros humilis 88 77 

Euphorbiaceae Antidesma parvifolia 76 88 

Santalaceae Exocarpos latifolius 85 

Vitaceae Cissus reniformis 85 

Euphorbiaceae Breynia cernua 81 85 

Capparaceae Capparis sepiaria 81 

Cyperaceae Scleria browni 77 

Plumbaginaceae Plumbago zeylandica 77 

Malvaceae Abutilon andrewsianum 77 

Asclepiadaceae TylophorajIexuosa 73 

Vitaceae Cayratia trifolia 88 92 

Oleaceae Jasminum molle 77 
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Patch group 6. 'Canthium attenuatum - high latitude patch' n=i 

A small (1 ha), high latitude (18 0 13'S) species poor patch with idiosyncratic species composition. 

Seasonally dry, topographically protected patch on a steep sandstone slope. Species included 

c.attenuatum, Pavetta browni, Erythroxylum ellipticurn, Scleria browni and Santalurn 

lanceolatum. There was no evidence of fire, cattle or pig impact. 

Table 4.3 . . Significant environmental variation across monsoon rainforest patch groups. Values 

are means (maximum values in bold type). Significance levels: **, P < 0.01, *, P < 0.05. 

Patch groups and P1 P2 P3 P4 P5 P6 P7 P8 P9 F-value 

no. of patches 5 21 5 26 13 1 4 1 2 
per group 

Plant variables Patch area 0.7 2.9 1.0 11.0 2.8 1.0 3.4 0.4 1.5 33.7** 

Canopy height 14.8 11.8 11.8 6.2 4.9 5.0 15.7 12.0 17.5 32.1** 

Topography Altitude 112 116 212 149 99 180 110 60 220 21.7* 

Rockiness 5.0 4.1 3.8 4.6 3.7 5.0 1.7 2.0 1.5 28.3** 
-

Dry Season Water 1.0 0.7 1.0 0.2 0.1 0 1.0 1.0 1.0 40.4** 

Slope 3.6 3.6 3.2 3.7 3.5 4.0 1.5 1.0 2.0 18.6 * 

Topographic shade 1.0 0.9 0.8 0.7 0.4 1.0 0 0 0.5 20.6* 

Disturbance Cattle impact 1.2 0.5 1.2 0.8 0.4 0 2.7 2.0 1.0 22.3* 

Pig impact 0.8 0.8 1.0 OJ 0 0 1.0 0 0 17.2* 

Patch group 7. Timonius timon - springs' n=4 

A group of four moderately large, widely distributed, wet spring rainforests occurring at the base 

of sandstone ranges or escarpments. Fire, pig and cattle impact was severe in the topographically 

exposed lowland situations where these patches occurred. Plants included Ttirnon, Ficus 

racemosa, F.coronulata, Melaleuca leucadendra, Terminalia piatyphylla, Antidesrna 

ghaesembilla, Glochidion apodogynurn and Cyclosorus interruptus. Ferns and vines were usually 

abundant. 
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Patch group 8. 'Cyclosorus interruptus - wet spring' n=] 

A single small (0.4 ha), topographically exposed spring in the Wearyan River area. Fire and 

cattle impact was high. Plants included T.timon, G. apodogynum, C.interruptus and Discorea 

bulbifera. 

Patch group 9. 'Melastoma affine - wet springs' n=2 

Two species poor wet springs in the Wollogorang area occurring in a sandstone, and a dolerite 

gully. The canopy was tall (average 17.5 m). Plants included Sangophoroides, Mleucadendra, 

Maffine, G.apodogynum, Lindsaea ensifolia and Cyperus haspan. 

The reclassification of patches was substantially different from the original classification 

of Russell-Smith (1991), however, the primary dichotomy between seasonally moist (e.g. 

springs and patches in protected gorges; patch groups 1, 2, 3, 7, 8 and 9) and seasonally dry 

patches (groups 4, 5, and 6) was largely maintained. The greatest juxtaposition of patches 

occurred with the seasonally moist types (e.g. group 7 springs: Russell-Smith 1991, Table 4.4) 

which were typically composed of a large number of idiosyncratic species -such as ferns. 

Table 4.4. Relationship between the present classification and the classification of Russell

Smith (1991). 

Present Russell-Smith (1991) 

classification assemblages 

1 7,13 

2 7, 13, 14 

3 7,13 

4 11, 12, 13, 14 

5 12, 13, 14 

6 14 

7 11 

8 7 

9 7 
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Fig 4.1. Distribution of nine monsoon rainforest types (of 78 'rocky' Russell-Smith 
sampled patches) in the NT gulf. 
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Relationship oJZ.palatalis and Z.argurus to the classification of monsoon rainforest patch types. 

Zyzomys palatalis varied significantly across rainforest patch types defmed in the present 

analysis (F= 2.5, P= 0.02) and was recorded from two of the nine groups (patch group 3 

Syzygium angophoroides springs and the large dry group 4 patches: Table 4.5). Similarly, 

Zpalatalis differed significantly across the Russell-Smith rainforest assemblages (F= 3.8, P = 

0.006), being recorded from the group 7 spring and the group 14 deciduous rainforests of the 

south-eastern gulf (Table 4.6). AlthoughZargurus occurred in all (Russell-Smith) or almost all 

(this classification) rainforest types, it too varied significantly in abundance between these 

groups. In contrast to Zpalatalis, Z argurus preferred the seasonally moist rainforests. 

Table 4.5. Distribution of Zpalatalis and Z argurus across the rainforest patch groups defmed 

in the present analysis. Quadrat sample sizes are given in parentheses. Values are the mean 

quadrat trap rate. The two greatest values are highlighted with bold types. Significance levels: 

**, P < 0.01, *, P <0.05. 

Patch group 1 2 3 4 5 7 8 9 F-value 

(1) (14) (20) (62) (11) (17) (2) (4) 

wet wet wet dry dry wet wet wet 

Z.palatali$ 0 0 0.05 0.43 0 0 0 0 2.5* 

z.argurus 10.00 3.85 1.90 0.74 0.18 0.64 0 1.50 5.8** 

Table 4.6. Distribution of Zpalatalis and Zargurus across the rainforest groups defined by 

Russell-Smith (1991). Quadrat sample sizes are given in parentheses. Values are the mean 

quadrat trap rate. The two greatest values are highlighted with bold types. Significance levels: 

**,P<O.OOl, *,P<O.Ol. 

Assemblage group G7 GIl G12 G13 G14 F-value 

(18) (18) (7) (22) (66) 

wet wet dry wet dry 

Z.palatalis 0.05 0 0 0 0.41 3.8* 

Zargurus 2.00 1.22 0.28 2.77 0.69 5.2** 
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Ordination of rainforest patches 

The distribution of the rainforest patches in the Gulf region is shown in Figure 4.1 and 

the positioning of the three major rainforest types (P2, P4 and P5) in the environmental space 

created by the ordination of plants is shown in Figure 4.2. The different rainforest types were 

relatively clumped, although a strong continuum in composition is obvious. P2 patches were 

associated with shady, seasonally moist situations (tall canopies) and inversely, the large P4 

patches were associated with the opposite of this moisture availability - patch size gradient. P5 

values were located towards the right hand side of the first axis and were associated with 

topographically, fire protected situations. 
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Fig. 4.2. Environmental variation in maj or Gulf region monsoon rainforest 

patch types. P2=closed triangle, P4=closed circle, P5=open square. Positioning 

of Zyzomys palatalis patches: MO=Moonlight Gorge, McD=McDermotts spring, 

BA=Banyan Gorge. 
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Preliminary biogeographic analysis ojZ.palatalis, Z.maini and Z.woodwardi. 

The presence of Z.palatalis, Zmaini and Z. woodwardi was strongly associated with 

relatively large areas of rainforest in 30 minute cells (Table 4.7, Figs 4.3,4.4,4.6). Figure 4.3 

shows the distribution by 30' cell of the large rock-rat species; Z. woodwardi has the most 

extensive distribution (11 cells) in the Kimberley region, while Z.maini has been recorded from 

eight cells and Zpalatalis just two.The most extensive areas of rainforest occur in the high 

rainfall coastal areas, particularly the western Arnhem Land plateau (Fig 4.4). In the Gulf region 

few cells had extensive areas of (non-coastal) monsoon rainforest: cells where Zpalatalis were 

present had approximately 10 times as much monsoon rainforest as cells where they were absent 

(Fig 4.6). The greatest extent of rocky rainforest occurs on Wollogorang Station (where 

Zpalatalis is restricted) and declines with distance from Wollogorang (Fig 4.7). Wollogorang 

Station provides a unique rocky environment which maintains the richest and most extensive 

rainforest estate in the Gulf region (Fig 4.7, 4.8, 4.9 & 4.10). 

There was a statistically significant relationship between the_presence of the large rock

rats, in 30' cells, and the extent of rainforests in the cells (Fig 4.3,4.4); with 48% of the variance 

in the occurrence of Zpalatalis explained by rainforest area, and 28% of the variance in the 

occurrence ofZwoodwardi explained by rockiness (Table 4.7). Associations between the large 

rock-rat species and relief were less strong because there were extensive areas of high relief 

where large rock-rats were absent (particularly in the east Kimberley region of Western 

Australia) but scrutiny of Figs 4.4, 4.5 and 4.6 shows a high degree of agreement between the 

presence of large rock-rats and cells with the greatest relief. 
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Table 4.7. Regressions of the presence of large rock-rats against the area of rainforest, relief and 

richness of rainforest plants in 30' by 30' cells (sample sizes in parentheses) in the Gulf, Arnhem 

and Kimberley regions. 

Variables Z. maini (93) Z.palatalis (41) Z. woodwardi (92) pooled (226) 

fadj F P fadj F P fadj F P r"adj F P 

Rainforest 0.11 12.2 <0.00 0.48 37.5 <0.00 0.28 37.7 <0.00 0.06 16.3 <0.00 

AREA 1 1 I 1 

RELIEF 0.02 2.0 0.15 0,07 4.2 0.04 -0.009 0.21 0.65 0.006 2.1 0.13 

Rainforest 0.03 4.0 0.04 0.13 7.2 0.01 - - - 0.04 6.0 0.01 

RICHNESS N=134 
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Fig 4.3. Occurrence of Zyzomys palatalis (squares), Z. maini (triangles) and Z. woodwardi 
(diamonds) by 30 minute cells. (Source: as for Fig 3.10). 
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Fig 4.5. Distribution of high relief 30'by 30'cells in north western Australia. For Northern 
Territory cells= > 200 m between minimum and maximum elevation, and 300 m for cells in 
Western Australia (Source: J. Woinarski, unpubl.data). 
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Fig 4.6. Comparison of the area of monsoon rainforest (ha) in 30 minute cells 

where large rock-rat species have been recorded (crosshatched) and where 

they have not been recorded (striped). (Source: PWCNT.) 
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400 ~------------------------------------------------~ 

300 

200 

100 

o -f----~""" 
Zyzomys 

main; 
Zyzomys 
palatalis 

122 

Zyzomys 
woodwardi 



Fig 4.7. Area of spring (stipple) and dry monsoon rainforests (occurring in rocky 

areas) in the major Gulf region pastoral properties possessing rainforest 

communities. (Source: Russell-Smith & Lucas, unpuhl. data). 
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Fig. 4.7. Relationship between distance from Wollogorang Station and total rocky dry 

rainforest area for gulf pastoral properties. 
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Fig 4.8. Distribution of dry and spring monsoon rainforests on the Wollogorang 1: 100,000 
mapsheet. Zyzomys palatalis sites are denoted with- b= Banyan Gorge, m= Moonlight 
Gorge, and d= McDermotts Spring. (Source: PWCNT.) 
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Fig 4.9. Distribution of dry and spring monsoon rainforest on the Selby 1: 100,000 
mapsheet. The Camel Creek site is marked with a C. (Source: PWCNT.) 
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Fig 4.10. Area (ha) of monsoon rainforest occurring on rocky substrates, in the Gulf region of 
the Northern Territory by 30'by 30'cell (Source:PWCNT). 
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Discussion 

The biogeography of the Arnhem Land endemic, myrtaceous tree, Allosyncarpia ternata 

in relation to past climates has recently been detailed by Russell-Smith et al. (1993) and their 

interpretation of the biogeography of this species has relevance to the patterning of large rock-rat 

species. While it has been accepted that most of northern Australia was submerged during the 

early Cretaceous (White 1990, Williams 1991) survey work in elevated areas of the Amhem 

Land plateau gave no evidence for a Cretaceous marine incursion (Needham 1988). Based on this 

evidence Russell-Smith et al. (1993) suggested that elevated landforms in northern Australia may 

have existed as islands surrounded by a Cretaceous sea, thereby providing continuous habitat for 

ancient vegetation types such as rainforests (including A. ternata) and the heathlands of western 

Arnhem Land and Keep River which are characterised by high endemicity (Liddle et al. 1994, 

Briggs and Leigh 1996). 

Rainforests are believed to have been more widespread in northern Australia from the 

Cretaceous (about 60 million years ago) up until the Pliocene (approximately 2 million years 

before present) (Truswell 1990). Increasing late Tertiary rainfall seasonality led to their decline 

(Archer et ai. 1989, White 1990). Conilurine rodents radiated in Australia during the Miocene 

after the fIrst murids entered Australia from south east Asia approximately 14 million years ago 

(Lee et al. 1981, Flannery 1988). The current disjunct distributions of Z.palatalis, Z.maini and 

Z. woodwardi are consistent with the disjunct distributions of rainforest and sandstone flora 

indicating that these elevated upland areas have acted as mesic Plio-Pleistocene refugia for 

Zyzomys species. Allopatric divergence following the contraction of rainforests to Plio

Pleistocene refuges during glacial periods has been suggested as the origin of high diversity in 

tropical rainforests (Joseph et al. 1995). While analysis of DNA or chromosome patterns of the 

three large rock-rats is yet to be undertaken, the strong morphological similarities indicate 

relatively recent (late Tertiary! early Pleistocene?) isolation and minor radiation of a single large 

rock-rat species. This would suggest that populations of an ancestral large rock-rat were once 

continuous across northern Australia in rocky and non-rocky habitats. In times of higher rainfall 

(1 to 5 million years before present) it is probable that the woody and fleshy fruited plants that 
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the Zyzornys relied on were more widespread in the open forests and woodlands than they are at 

present. 

Conceivably, refuge-based vicariance could explain the current patterning of the large 

tropical rock-rats, but why don't they occur in lowland rock-free rainforests? These rainforests 

are currently relatively extensive in the high rainfall areas (Russell-Smith 1991) and were 

presumably more extensive between 2 and 60 million years before present. Lowland rainforests 

are characterised by abundant fruit resources (much more abWldant than sandstone rainforest 

communities: Taylor and Dunlop 1985, Woinarski 1993) but are often less floristically diverse. 

It has been suggested (J. Woinarski, pers.camm) that the more recent arrival (or speciation) of, 

and subsequent competition with Melomys in lowland rainforests could accoWlt for the absence 

of Zyzomys in lowland rainforests. 

The taxonomy of Melomys is poorly known but they are closely related to Mesembriomys 

and Zyzornys (Watts and Baverstock 1994). Melomys are believed to have evolved relatively 

recently (? < 2 mybp) in either Australia or in southern New Guinea (Watts and Baverstock 

1994). Currently, in northern Australia Melomys burtoni uses moist habitats such as riparian 

zones, flood plains and monsoon rainforests (Begg et al. 1983, Friend et al. 1991, Menkhorst and 

Woinarski 1992b) and the original Melornys lineages are believed to have included rainforest

adapted species (Watts and Baverstock 1994). Possibly the more recent arrival of Melomys 

displaced Zyzomys from the lowland rainforest habitats. Melomys are aggressive and are 

ecologically similar to Zyzomys (eat fruit and seeds, mesic rainforest-adapted). Melomys are 

widespread in moist habitats but perhaps during dry periods they were increasingly restricted to 

lowland mesic refuges and were competitively superior to Zyzomys in this habitat. Recent 

research on islands has found that Zyzomys argurus is mostly restricted to rocky habitats when 

Melomys are also present, but on islands where Melomys are absent z.argurus is more evenly 

trappable over a range of rocky and non-rocky habitats (Woinarski and Fisher 1996). 

The absence or rarity of endemic rainforest and sandstone flora from elevated upland 

areas other than Arnhem Land indicates vegetation change during climatic fluctuations. The 

uplands of the Kimberley and Gulf region are two examples where rainforests communities were 
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not maintained during dry periods (Kenneally et ai. 1991). It is likely however, that these rocky 

areas maintained greater concentrations of fruit and seed resources than the surrounding (arid) 

woodlands as they do in present times (Freeland et aZ. 1988) and with increasing aridity the large 

rock-rats became restricted to these rocky refuges. This is consistent with the patterning of the 

Northern Quoll Dasyurus hallucatus in Australia. Braithwaite and Griffiths (1994) suggest that 

non-rocky lowland habitats are used by D. hallucatus in wet, productive periods and that the 

rocky ranges are their strongholds (refuges) during periods of increasing aridity. 

A rich Tertiary rainforest vertebrate assemblage was described from the Riversleigh 

region (Archer et aZ. 1989) however the generality of this community across northern Australia 

has been questioned by Pole and Bowman (1996) because of the finding of sclerophyllous 

vegetation of the same age from Melville Island. They s.uggest that the Riversleigh site may 

represent a gallery rainforest rather than a regionally extensive fonnation. While the historical 

distribution of rainforests in northern Australia is poorly known, it is clear that all obligate 

rainforest mammals occurring in north western Australia were lost when rainforest patches were 

reduced to below critical size thresholds (Winter 1988, Menkhorst and Woinarski 1992b, 

Bowman and Woinarski 1994); Laurance (1990) suggests a size of> 3000 ha is required to 

support populations of rainforest mammals in north east Queensland. Currently the rainforest 

estate of north western Australia includes more than 20,000 patches (mean size is only < 5 ha) 

for a total area of less than 6000 km2 (Russell-Smith et aZ. 1992, Russell-Smith and Bowman 

1992). 

Zyzomys paZatalis persist in several of the largest rainforest patches occurring on rocky 

substrates in the Gulf region but none of these approaches 3000 ha (range 5 ha [Banyan and 

Camel Creek gorges] to 20 ha [Moonlight Gorge]). It is clear that ZpaZataZis populations would 

not have been able to persist if they were rainforest specialists; the surrounding, sometimes more 

extensive broadleafwoodlands (rich in pan-tropical species such as Buchanania and Terminalia, 

which are regarded as key food resources for Zyzomys), are also used by Zpaiatalis. Chapter 2 

detailed the strong floristic continuum from rainforest to broadleaf woodland communities. 

Although rainforest plants are those categorised as preferring rainforest habitats, plant species 

occurring in rainforests and broadleaf woodlands have similar environmental relations (relatively 
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fire-free habitats) and resources (abundant fleshy and woody fruits). Functionally there is little 

difference between dry monsoon rainforests and broadleaf woodlands, but structurally they are 

distinct. The total estimated area of habitat suitable for Zpalatalis at each of the sites ranges from 

100 to 450 ha. It is probable that small rodents such as Zpalatalis are capable of persisting in 

smaller fragments than the 3000 ha suggested by Laurance (1990) which presumably was based 

mainly on the minimum size for arboreal possums which dominated his research. It is clear that 

the extent of available habitat at the four known sites is small and is likely to continue to place 

the populations at risk of extinction when catastrophes inevitably occur. 

The biogeographical patterning of Zyzomys on islands may be useful in interpreting the 

amount of habitat required for populations to persist. While the small, generalist Zargurus has 

been recorded on offshore islands as small as 6 ha, the smallest island that a large rock-rat has 

been recorded from is greater than 600 ha (Abbott and Burbidge 1995). It is likely that the three 

large rock-rat species are patterned by the ruggedness of the terrain and its influence on moisture 

availability and fire protection and maintenance of woody communities (including dry 

rainforests) which are rich in fruit and seed resources. These characteristics of rugged rocky 

ranges have probably remained so over long periods oftime whereas the distribution and extent 

of rainforest communities in north western Australia has been dynamic over spatial and temporal 

scales. 
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Chapter 5: 

Comparison of frequency of occurrence of the Carpentarian 

Rock-rat Zyzomys palatalis across like environmental units in the 

Northern Territory and Queensland. 

Abstract 

The sandstone uplands of the Gulf Falls and Uplands bioregion extend beyond the Northern Territory (NT) 

into the Queensland (QLD) gulf Consequently some of the 'sandstone' flora and fauna historically believed to be 

restricted to the NT and Western Australia also occurs in QLD. Following 3 years of survey throughout the rocky 

uplands of the NT and QLD Gulfregions the sandstone gorge-endemic Carpentarian Rock-rat Zyzomys paiataiis, 

was recordedfrom 4 of21 sites and 22 of 175, 0.1 ha quadrats on Wollogorang Station, each within 32 km of the 

QLD border. The aim of this study was to compare the frequency of occurrence ofZ.paiatalis in /ike environmental 

classes between the NT and QLD (determine adequacy oj sampling Jor Z.palatalis in QLD), by comparing 

classifications. 

I classified the floristic composition of 131 quadrats sampled in the NT, then compared the floristic 

composition of 44 quadrats sampled in QLD to the original classification using a non-hierarchical program, 

'Allocation' (ALOe). Seven vegetation groups were cut from the classification oJNT quadrats including eucalypt 

woodlands and dry monsoon rainforest communities. QLD quadrats were floristically similar to those oj the NT 

because only a single additional group was formed Although the environment was similar, Z. palatalis was absent 

from QLD (and occurred significantly less frequently). Environmental characteristics of a second classification of 

all 175 quadrats, using UPGMA was described In the NT Z.paiatalis was associated with large and diverse 

sandstone gorge systems with permanent water, broad valleys with extensive scree or rocky slopes, large and 

speciose monsoon rainJorest patches and rich sandstone woodlands. In contrast, QLD sites, where Z.palatalis was 

not recorded, typically possessed narrow gorges with small expanses of rocky slopes beneath cliffs. Scree was 

generally absent. Zyzomys-preferredfood plants were significantly less abundant, declining along the north-south 

rainfall gradient. 
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Introduction 

Discovered as recently as 1987 and described in 1989 (Kitchener 1989) the Carpentarian 

Rock-rat, Zyzomys palatalis, is considered one of Australia's rarest and most threatened 

mammals (Lee 1995, Woinarski et al. 1995). Until 1992 just two populations were known 

(Menkhorst and Woinarski 1992a), with a single additional site discovered in 1993 during an 

intensive 4 month survey of the Gulfregion (Churchi111996). Each of the known sites occur on 

Wollogorang Station, less than 32 km from the Northern Territory (NT) - Queensland (QLD) 

border, in either the Gulf Fall and Upland, or Gulf Coastal bioregions (GFU and GUC: Thackway 

and Cresswe111995) of NT. Churchill (1996) found that Zpalatalis occurred in rugged sandstone 

gorges supporting monsoon rainforest communities, often associated with springs and cliff-base 

scree piles. Similar habitat preference has been described for the Amhem Land Rock-rat, Zmaini 

in western Arnhem Land, and the Kimberley Rock-rat, Z woodwardi, in the Kimberley region 

of Western Australia (Bradley et al. 1987, Friend et al. 1991, Woinarski et al. 1992). The Large 

rock-rats are therefore primarily restricted to rocky refuges which have maintained monsoon 

rainforests and as such the distribution of the large rock-rats may be regarded as relictual. Habitat 

. use of a fourth species oflarge rock-rat, the Central Australian Rock-rat Zpedunculatus is largely 

unknown (Wurst 1990). 

Islands of broken gorge and escarpment country which support monsoon rainforest 

patches are distributed over much of northern Australia from the Kimberley to inland north-east 

QLD (Clarkson and Kenneally 1988, Kenneally et al. 1991, Russell-Smith 1991, Brock 1993). 

Monsoon rainforests are extremely fragmented, minute in area, and are being degraded by 

wildfires and grazing by cattle (Clayton-Green and Beard 1985, Russell-Smith and Bowman 

1992). 

The GFU and GUC bioregions also occur in QLD and potentially provide habitat suitable 

for Zpalatalis. The Carpentarian sandstone refuge areas (Morton et al. 1995) of the NT and QLD 

and Thorntonia limestone and sandstone areas around Lawn Hill gorge both occur in these 

bioregions and have been identified as highly significant biological refuges (Morton et ai. 1995). 
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Rare or geographically restricted plants characterise the gorges and ranges in these regions 

(Liddle et al. 1994, Morton et al. 1995). In comparison to the NT, the structure of mammal 

communities in the QLD refuge areas is less well known as few surveys have been carried out. 

The rock-wallaby, Petrogale lateralis purpuriecollis, a genetically distinct sub-species of the P. 

lateralis complex was recently recorded in limestone gorges of the Lawn Hill area, a range 

extension of 300 km from the nearest known populations occurring near Mt Isa (Eldridge et al. 

1993). The Rock Ringtail Possum Petropsuedes dahli is also known from the Lawn Hill area 

(Morton et al. 1995). In 1991, four rocky sandstone hill or gorge sites on Westmoreland and 

Bowthorn stations were trapped as part of a fauna survey of the north-west highlands. The 

Common Rock-rat Zyzomys argurus was captured at each site, but Z.palatalis was not recorded 

(Abrahams et al. 1993). 

The aims of the present study were to detennine if Zpalatalis occurred in QLD, to 

determine whether the frequency of occurrence of Zpalatalis differed from expected in QLD 

quadrats, and to compare environmental characteristics (especially differences) between sites and 

quadrats in NT and those in QLD. 

Methods 

The relationship between Z.palatalis and the environment was described for two scales. 

A site data set was created after sampling a total of 15 sites (Table 5.1: sites numbered 1-15). 

Data on the presence-absence of Z palatalis and a range of vegetation community, landscape and 

geological characteristics were created from a variety of primary and secondary sources 

(Appendix 1). 

Within each site, sub-sampling involved the use of 0.1 ha survey quadrats. During the 

years 1993-1995, 131 quadrats from 16 sites were trapped in the Gulf region of the NT. In 

addition, 44 quadrats were sampled in QLD in the same period (Churchi111996, Chapter 3, 

Trainor 1996). Methods of trapping and recording of environmental variables were comparable 

for all 175 quadrats. Twenty-four Elliot traps (type A: 34 em x 10 em x 10 em) were baited with 
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peanut butter, oats, pumpkin seeds and vegetable oil (also tuna and sweet potato) and set out at 

5 to 7 m intervals around the perimeter of each quadrat. Trapping was carried out for three 

consecutive nights. Quadrats were spread along 1 to 2.5 km length of gorge or escarpment at each 

site. 

To describe environmental variation the cover abundance of all plant species in each 

quadrat were scored using a modified Braun-Blanquet scale. In addition, the cover abundance 

of plant life forms, litter, bareground, rock cover; occurrence of impacts such as fire and grazing, 

water type, soil and landscape features in each quadrat were recorded on a proforma (Appendix 

2). The analysis was carried out separately for the two data sets. The site data included 

information on 10 NT sites and 5 QLD sites. The quadrat data set included information from 131 

quadrats surveyed in the NT, and 44 in QLD. 
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Table 5.1. List of study sites. **, denotes sites surveyed during the RGSQ Musselbrook 

expedition, and the presence of sites in the N orthem Territory and Queensland were denoted by 

Nand Q, respectively. Sites numbered 1 to 15 were included in the site data set. Quadrats from 

each site were included in the quadrat analysis. 

STUDY SITES 1 NT or QLD 

1. Banyan Gorge N 
2. Bauhinia Downs N 
3. Butterfly Springs N 
4. McDermott Spring N 
5. Moonlight Gorge N 
6. Aquarium Springs Gorge N 
7. Branch Creek N 
8. OConnor! N 
9. Lagoon Creek Q 
10. Stockyard Spring ** Q 
11. Amphitheatre ** Q 
12. CoIl'ess Creek ** Q 
13. Louie Creek*'" Q 
14. Banyan Volcanic N 
15. Camel Creek N 
16. Dunganminnie Spring N 
17 Wearyan River Gorge N 
18. Little Calvert River N 
19. Redbank Spring N 
20. Wallaby Jaw Spring N 
21. Edith Falls (Q) Q 

Relationship between occurrence of Z.palatalis and environmental variation at the site scale. 

Habitat characteristics and the occurrence of Z.palatalis were described for the 15 sites 

which were placed into three groups: (1) NT sites where Z.palatalis was recorded; (2) QLD sites; 

and, (3) NT sites where Z.palatalis was absent. Kruskal-Wallis one-way ANOVA was perfonned 

to detennine whether environmental attributes varied significantly between groups. 

Adequacy o/samplingfor Z.palatalis in Queensland 

Quadrats sampled in the NT (n=131) were classified according to the cover-abundance 

of those tree, shrub, palm, vine and grass species, recorded from five or more of the total 175 
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quadrats, using the Czekanowski association measure with the non-hierarchical ALOC algorithm 

in PA TN (Belbin 1994). The classification was truncated at the 7 -group level using an allocation 

radius of 0.84. To compare where the 44 QLD quadrats would fit into the classification of NT 

quadrats, a second classification of the 44 QLD quadrats using the same allocation radius was 

performed within ALOC, using the centroids from the 7 groups fonned by the prior classification 

as seeds. 

In each classification group and for groups pooled, I compared the observed frequency 

of occurrence of Zpalatalis in NT quadrats, with the expected frequency in QLD quadrats using 

contingency tables. 

Relationship between the occurrence o/Z.palatalis and environmental variation at the quadrat 

scale. 

A second classification of all 175 quadrats based on the cover-abundance of all woody 

species and grasses using the Bray-Curtis association measure was performed by the UPGMA 

procedure in PATN (Belbin 1994). Eight groups were truncated after visual "examination of the 

dendrogram. The UPGMA classification was simplified by placing each floristic group into one 

of two habitat categories, either (1) monsoon rainforest, or (2) rocky woodland. To compare 

environmental characteristics between the NT and QLD, environmental attributes of each of 

these habitat types were described for (a) NT quadrats where Zpalatalis was recorded, (b) 

Queensland quadrats, and (c) NT quadrats where Zpaiatalis was not recorded. The floristic 

composition and habitat characteristics were described. Mean scores of environmental variables 

for each group were tabulated. Kruskal-Wallis one way AN 0 VA was performed to detennine 

whether environmental variables differed significantly between groups. 

Geographic comparison o/richness and abundance o/Zyzomysjoodplants. 

The diet of Z maini in Kakadu National Park has been described in detail by Begg and 

Dunlop (1980, 1985). It was assumed that the diet of Z.palatalis was likely to be similar to Z. 

maini. The richness and abundance of these 'Zyzomys-preferred food plants' was compared 
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between site and quadrat groups using Kruskal-Wallis one-way ANOV A : Acacia aulacocarpa, 

A. humifusa, Aidia aracemosa, Alstonia actinophylla, Ampelocissus acetosa, Aneilema 

siliculosum, Antidesma parvifolia, Spermococe membranacea, Brachychiton paradoxum, 

Buchanania obovata, Calophyllum sil, Canarium australianum, Cissus adnata, Cochlospermum 

jraseri, Coleus scutellaroides, Comesperma aphyllum, Commelina ensifolia, Cyperus paniceus, 

Eriachne ciliata, Ficus leucotricha, F.scobina, F. virens, Fimbristylis sp aff arthrostyloides, 

Gardenia fucata, G.megasperma, Heteropogon triticeus, Hibiscus leptocladus, Hypoestes 

floribunda, Memecylon pauciflorum, Owenia vernicosa, Pavetta tomentosa, Persoonia falcata, 

Planchonella arnhemica, Pouteria sericea, Secamone elliptica, Setaria apiculata, Solanum 

echinatum, Strychnos lucida, Terminalia carpentariae, Triodia plechtrachnoides, Vitex 

acuminata, V.glabrata and congeners occurring in the gulf. 

Results 

Summary of mammal captures. 

A total of 270 individual small mammals were captured during the survey from a total 

of 175 quadrats (12,600 trap-nights). The Common Rock-rat, Zyzomys argurus was the most 

frequently recorded species with 204 individuals captured from 85 quadrats. A total of 37 

Zyzomys palatalis individuals were captured in 22 quadrats from four sites. Planigale ingrami 

and Pseudantechinus hilarni were also captured in low numbers. Of the 175 quadrats, 44 were 

in QLD. A total of 40 Z argurus, 18 Long-haired Rats Rattus villosissimus and one Planigale 

tenuirostris (Steve VanDyck pers.comm., a range extension of 500 km) were captured in these 

QLD quadrats. 

Adequacy of sampling for Z.palatalis in Queensland 

Quadrats sampled in QLD showed high floristic similarity to the 7 floristic groups fonned 

by the original classification of NT quadrats, with only one additional group formed (containing 

12 quadrats: Table 5.2). QLD quadrats were allocated into 6 of the original 7 groups. Most 
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vegetation types were sampled with proportionately fewer quadrats in QLD than the NT. There 

was no significant difference in the frequency of occurrence of Zpalatalis in QLD quadrats, in 

any of the classification groups, compared to the frequency of occurrence of Zpalatalis in NT 

quadrats (two by two contingency table, P> 0.10 for each group). However, when data was 

pooled (including those groups where Zpalatalis was recorded) for Z.palatalis occurred 

significantly less frequently in QLD (Chi-square= 6.9, P= 0.008). 

Table 5.2. Number of NT and QLD (in parentheses) quadrats in each classification group and 

number of quadrats Zpalatalis recorded from in each group. 

Floristic groups I 1 I 2 I 3 I 4 I 5 I 6 r 7 1 8 T TOTAL 

No. of quadrats in group 25 19 7 14 36 9 21 0 131 

(2) (12) (0) (5) (9) (2) (2) (12) (44) 

No. of quadrats Z.palatalis 6 4 8 2 0 0 22 

present (0) (0) (0) (0) (0) (0) (0) (0) (0) 

Relationship between the occurrence ojZ.palatalis to environmental variation at the site scale. 

The above classification showed the high environmental similarity between QLD and NT 

quadrats, based on their floristic composition. The aim of describing the following classifications 

is to highlight the environmental differences of NT and QLD sites and quadrats. The habitat 

attributes which varied significantly between the groups are listed in Table 5.3. Sites where 

Z.palatalis were recorded possessed wider gorges, had a greater number of seeps, and palms were 

more abundant. These parameters are characteristic of gorges acting as refugia (Morton et al. 

1995). 

S1. 'Sites where Z.palatalis occur' (n=4) 

These sites were characterised by significantly broader valley floors. Beneath cliffs rocky or scree slopes lead 80 

to ZOO m down to ephemeral streamlines or springs. Water was permanent including springs or lagoons, with 

numerous seeps or drips. Monsoon rainforest plants were significantly more speciose (50 to 70 species per site) 
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compared to 82 and 83 sites. The abundance of Zyzomys food plants, such as Buchanania obovata, Palms and 

Terminalia spp, varies significantly between site groups and was highest in 81 sites (Table 5.3). 

82. 'Queensland sites' (n=5) 

Queensland sites were characterised by narrow sandstone or limestone gorges with rocky slopes extending 5 to 80 

m below gorge or escarpment cliff lines. Scree was usually absent, consequently topographically protected situations 

suitable for the establishment of monsoon rainforest were limited, being mostly restricted to alluvial levee banks 

or directly beneath cliffs. The abundance of fruiting plants such as Buchanania obovata and Terminalia spp was 

significantly lower at QLD sites. 

83. 'NT sites without Z.paiataiis '(n=6) 

Sites in this group were less structurally and floristically diverse compared to 81 sites. Gorges or escarpment 

systems were smaller, narrower, with smaller areas of scree or rocky slope gorge habitat. 83 sites possessed smaller 

areas of rainforest, fewer rainforest species and fewer Zyzomys preferred food plants. 

Table 5.3. Habitat characteristics of sites which show a significant difference between groups. 

(S 1 = Sites where Z palatalis occur; 82 = Queensland sites; and, S3 = NT sites where Zpalatalis 

was absent. Variables are described in Appendix 1. Median values are given except for refuge 

plant richness (a mean). Significance levels: **, P < 0.01; *, P < 0.05. 

Habitat variable I 81 (n=4) I 82 (0=5) I 83 (n=6) I F- value 

Maximum gorge width 5.0 4.0 4.0 6.6* 

Seep Abundance 2.5 0 1.0 4.2* 

Palm abundance 1.5 1.0 0 5.6* 

Terminalia spp abundance 2.5 1.0 3.0 14.3** 

Relationship ojZ.palatalis to environmental variation at the quadrat scale. 

Each of the groups was related to either the monsoon rainforest groupings of Russell

Smith (1991), open forest and woodland groupings of Wilson et al. (1990), or both. The cover 

abWldance of many rainforest and woodland species and environmental variables were highest 
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in the quadrat groups where Zpalatalis was recorded (Table 5.4,5.5). The cover abundance of 

most dry monsoon rainforest plants and broadleaf plants was greatest in the quadrats where 

Zpalatalis was recorded (Table 5.4). Similarly, the majority of habitat attributes had their 

greatest value in quadrats where Zpalatalis was recorded, particularly the woodland quadrats. 

Woodland quadrats where Z.palatalis were recorded had the greatest rock cover, fire impact, 

total disturbance, palm, fern, woodland plant and woody plant cover or richness. The richness 

of rainforest plants was greatest in the rainforest quadrats where Zpalatalis was recorded, and 

the richness of woodland plants was greatest in the woodland quadrats where Z.palatalis was 

recorded. 

Q1. 'Zyzomys palatalis - Dry Monsoon Rainforest' (n=lS) 

This community occurred at four sites (SI) on Wollogorang station, associated with steep rocky or scree slopes 

below gorge cliff lines. Total plant and woody richness was high, dominated by dry monsoon rainforest species. 

Shrub cover was high but relatively species poor with Antidesma parvifolia and Exocarpos latifolius ubiquitous. 

There was an abundance of rainforest and woodland plants bearing preferred dietary items of Zyzomys (Table 5.6). 

Zyzomys palatalis was common in this community with a mean capture of 1.8 individuals per quadrat. This 

community was comparable to Russell-Smith group 14 (deciduous vine thickets in the GulfhinterJand). 

Q2. 'Zyzomys palatalis woodland' (n=7) 

This diverse community complex was restricted to steep rocky slopes, rock outcrops and rugged cliffs at the head 

of minor gorges at Banyan Gorge. Cover of small rocks «99cm) was very high. Overall plant and woody plant 

richness was the highest in this group composed of many woodland plants and rainforest species. There were few 

canopy trees. In contrast, the shrub layer was often dense and speciose with a high number of woodland and dry 

monsoon rainforest species. Grass cover and richness was high. The richness of Zyzomys preferred plants was high 

(mean 3.6 species per quadrat) including a very high cover of Terminalia carpentariae and Buchanania obovata 

(Table 5.6). Fire impact was high. Zyzomys palatalis was captured at a slightly lower rate in this group (mean of 

1.4 individuals per quadrat) compared to Ql. The open forest and woodland elements of this community show 

affinity with Wilson et al. map unit 32 (Corymhia dichromophloia, E. miniata with Plectrachne pungens grasslands 

understorey) . 

Q3. 'Queensland Monsoon Rainforests '(n=21) 

This community occurred on gentle rocky slopes or flats at the base of limestone or sandstone gorge cliffs, often 

associated with levee banks of springs or narrow rocky slopes. Rock cover was relatively low. Tree cover was 

highly variable with high cover of trees above 8 m along the springs with Eucalyptus camaldulensis and Melaleuca 

leucadendra, to dense cover of rainforest trees such as Celtis philippensis, Brachychiton collinus, Alectryon 
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tropicus, Gyrocarpus americanus and Pouteria sericea. Tussock grass cover was high. Few Zyzomys preferred plant 

species were present in this community. A high number of rare species occurred including Cycas brunnea, Ltvistona 

rigida and Chloaxylon tenerifolium. There was severe cattle impact along the alluvial flats. This community was 

analogous to Russell-Smith group II (semi-deciduous rainforest associated with the levees of seasonally flooded 

inland river systems and inland springs in limestone terrain). 

Table 5.4. Plant species characteristic of quadrat groups contrasting NT and QLD quadrats. 

Values shown are the mean group quadrat Braun-Blanquet cover abundance scores of common 

plant species in each group (including only species with a score of> 0.60). 

I NT(+) I QLD I NT(-) 

Ql Q2 Q3 Q4 Q5 Q6 

No Quadrats 15 7 21 23 64 45 

Celtis philippensis 1.00 0.80 0.75 

Pouteria sericea 0.93 0.72 

Diospyros humilis 0.80 0.75 

Gyrocarpus american us 0.73 

Croton habrophyllus 0.73 0.61 

Antidesma parvifolia 0.73 

Corymbia aspera 0.73 0.65 

Caesalpinia bonduc 0.67 

Terminalia subacroptera 0.66 

Corymbia ptychocarpa 1.28 

Erythrophleum chlorostachys 1.15 0.71 

Terminalia carpentariae 1.14 

Grewia retusifolia 1.00 

Cymbopogon sp 0.86 

Melastoma affine 0.71 

Alphitonia excelsa 0.71 

Flueggea virosa 0.76 

Eucalyptus camaldulensis 0.71 

Atalaya hemiglauca 0.67 

Clitoriasp 0.67 

Hummock grass 0.71 2.52 1.20 

Ficus virens 0.67 0.72 
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Table 5.5. Significant environmental variation (values are means) between quadrats where 

Zyzomys palatalis was recorded compared to both Queensland and other Northern Territory 

quadrats where Z.palatalis was absent. Maximum values was highlighted in bold type. 

Significance levels: **,P<O.OOl; *,P<O.Ol. 

Environmental variables NT, Z.palatalis QLD NT, Z.paiata/is F-value 

Present Absent 

Ql Q2 Q3 Q4 Q5 Q6 

Rock cover Rock 20-49cm 44.3 61.4 16.6 27.0 35.9 39.1 4.7** 

Rock 50-99cm 19.7 12.8 10.0 9.1 23.7 15.0 3.4* 

Rock>99cm 14.0 0.3 6.4 19.3 15.5 8.6 4.3* 

Total 88.3 103.1 43.5 86.2 85.0 76.8 6.0** 

Topography Lowerslope 0.3 0.3 0.3 0.6 0.5 0.1 5.1** 

Plateau 0 0 0.1 0.3 0 0.1 4.4** 

Altitude 166 211 186 200 167 148 4.4** 

Disturbance Fire 0.3 2.7 0.6 OJ 0.6 1.8 15.7** 

Fuel load 0.8 1.3 1.1 1.9 0.3 1.0 12.6** 

Flood 0.3 0.8 1.0 0.1 0.6 -0.9 8.9** 

Cattle 0.3 0.7 1.3 0.3 0.5 1.0 9.7** 

Total 1.8 5.6 4.0 2.6 2.1 4.7 11.2** 

Plant cover Tree>8m 1.0 1.8 1.7 0.5 1.3 1.3 4.6** 

Tree 2·8m 2.5 1.3 2.0 1.9 1.9 1.6 3.5* 

Tree Regeneration 0.7 1.3 1.1 0.6 0.4 0.7 5.7** 

Palm 0.3 0.7 OJ 0 0.1 0.2 4.4** 

Cycad 0.3 0 0.1 0 0.1 0 3.4* 

Vine 1.2 0.4 1.4 0.6 1.1 OJ 14.8** 

Fern 0.1 0.6 0.4 0.1 0.3 0.1 3.8* 

Tussock grasses 1.3 1.4 1.6 1.1 0.7 1.7 7.9** 

Hummock grasses 0.1 1.3 0.3 2.3 0.0 1.3 16.6** 

Plant richness Rainforest 13.5 7.0 11.4 603 12.6 6.7 15.3** 

Woodland 6.3 13.0 8.0 6.7 4.5 9.6 12.6** 

Rare species 2.9 0.8 2.1 0.8 2.2 0.9 9.7** 

Woody 14.8 15.7 13.9 9.0 12.2 12.5 3.4* 

Tree 8.9 7.1 6.4 3.8 7.8 6.2 1003** 

Grass 0.9 2.6 1.6 1.9 0.8 2.2 11.9** 

Shrub 5.4 7.7 6.8 5.2 4.1 5.9 4.7** 
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Q4 'Queensland Woodland'(n=23) 

On skeletal rolling hills or on rocky slopes within gorges, at all Queensland sites, a eucalypt woodland with a 

hwnmock grass understorey was present. This community was characterised by high hummock grass cover. Total 

plant and woody plant richness was low, dominated by woodland plants. Tall Corymbia aspera were occasionally 

scattered above smaller trees such as E. leucophloia, C.dichromophioia and Terminalia aridicola. Shrub cover was 

generally low, Atalaya hemiglauca was common. Few plant species known to bear dietary items for Z maini were 

present. Disturbance levels were low. This community was related to Wilson et al. map units 33 and 35 

(C.dichromophloia and E.leucophloia low open woodland with Plectrachne pungens grassy understorey). 

Q5. 'NT Rainforest without Z.palatalis' (n=64) 

This group was analogous to Q 1. Fifty percent of group quadrats occurred on the lower rocky slopes of sandstone 

or volcanic gorges. Scree was usually absent. In comparison to Q1, there were fewer plants, fewer woody plants, 

rainforest plants, and an average of two fewer woodland plant species per quadrat. The tree and shrub layers were 

reduced. Grass cover was low with hummock grasses usually absent. The richness ofrare or restricted plants was 

high including a number of disjunct populations of species more typically occurring in the 'top-end'. The incidence 

of cattle and fire impact was low (similar to Q1). Comparable to Russell-Smith group 14 (vine thickets on freely 

draining substrates of the Gulf of Carpentaria). 

Q6. 'NT Rocky Woodland without Z.palatalis' (n=45). 

This community was analogous to the woodland at Banyan gorge where Z palatalis was recorded (Q2), however, 

wet spring and open forest elements were absent. The richness of all plants, woody plants, rainforest and woodland 

plants was lower in this community in comparison to Q2. Cover of subcanopy trees was relatively high. In contrast, 

shrub cover was sparse. The grassy understorey was dense and dominated by tussock and hummock grass. Few 

.rare or restricted species occurred in this group. The impact offrre was high and therefore similar to that recorded 

for Q2. Akin to Wilson et al. map unit 32 (Corymbia dichromophloia, E. miniata low open woodland with 

Plectrachne pungens grassy understorey.) 

Distribution patterns oJZyzomys preferred food items. 

The cover abundance of most fruit and seed bearing plants eaten by Zyzomys is greatest 

in the woodland and rainforest groups Qt, Q2 where Zpalatalis was recorded(Table 5.6). 

Quadrats in these groups were also significantly richer in Zyzomys preferred plants than QLD 

quadrats. No plants were most abundant (cover-abundance) in QLD quadrats. 
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Table 5.6. Mean total plant richness, and abundance of individual plant species known to bear 

food items for Zyzomys maini (source: Begg and Dunlop 1980, 1985), in monsoon rainforest and 

woodland quadrats where Z.palatalis has been recorded, compared to QLD and NT quadrats. 

Richness values are the mean number of species per group quadrat. Abundance values are mean 

group quadrat Braun-Blanquet cover-abundance score. Significance levels: *** P < 0.001, **, 

P< 0.01, *,P<0.05. 

NT, Z.palatalis QLD NT, Z.palatalis Fvalue 

Present Absent 

Ql Q2 Q3 Q4 Q5 Q6 

Quadrat RICHNESS 3.7 3.6 1.5 1.5 2.8 2.5 7.0*** 

Acacia aulacocarpa 0.47 0.42 0.05 0.31 0.04 4.7*** 

Acacia humilis 0.14 0.07 2.3* 

Buchanania obovata 0.47 0.57 0.05 0.06 0.33 7.2*** 

Eriachne ciliata 0.13 0.57 0.06 0.09 2.7* 

Ficus leucotricha 0.46 0.09 0.22 5.1 *** -
F. virens 0.33 0.28 0.66 0.13 0.72 0.11 9.0*** 

Gardenia Jucata 0.28 0.09 0.01 0.20 4.3** 

Owenia vernicosa 0.28 0.24 0.09 0.14 0.35 2.5* 

Pouteria sericea 0.93 0.14 0.28 0.48 0.72 0.15 8.8*** 

Terminalia carpentariae 0.40 1.14 0.05 0.25 0.44 10.4*** 
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Discussion 

The limited number of known populations of Z.palatalis presents special problems in 

attempts to interpret environmental patterns and predict the distribution of this species. Partly to 

circumvent this lack of power, analysis in the present study used quadrat samples within sites to 

compare habitat use and frequency of occurrence. While determining the local limits to the 

within-site patterning of Zpalatalis is of interest, the sub-samples lack independence and there 

was therefore a high probability of recording Zpalatalis in any of the quadrats sampled at 

Zpalatalis sites. 

It is clear that Zpalatalis uses a wide array of the environmental variation portrayed by 

the ALOC classification (including open woodland and dry monsoon rainforests, as it did in 

previous classifications of quadrats and monsoon rainforest types: Chapter 3 and 4) but its 

restriction to four gorges indicates that these have acted as glacial refugia (see Chapter 4) and that 

whole site factors rather than local or patch characteristics are of primary importance in 
-

patterning their occurrence. The endangered palm Ptychosperma bleeseri also does not use all 

of the rainforest patch types it is associated with either locally of regionally (Liddle 1993) and 

this pattern is typical of a high number of idiosyncratic rainforest plants which are known from 

only a few patches (Russell-Smith et al. 1992). Relative to these bird or bat dispersed species 

Zpalatalis is a poor disperser. 

Recently, two areas have been identified as significant biological refuges in the rocky 

ranges of the semi-arid Gulf region, and in one of them, the Carpentarian sandstone refuge 

(l0,000 km2
, Morton et al. 1995) Zpalatalis is endemic. This study has found Zpalatalis, to be 

associated with particularly rugged gorge systems on Wollogorang Station, which are 

characterised by relatively large, species rich, monsoon rainforest patches (2-20 ha), sandstone 

woodlands rich in plants, high refuge plant richness, permanent water and extensive rocky slopes, 

characteristic of large, significant biological (gorge) refuges of the rocky uplands of the Gulf 

region. In the smaller (100 km2
) Lawn Hill gorge refuge (in which I also include the sandstone 

areas of the Musselbrook and Constance Range) Z.palatalis was not recorded, although a high 
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degree of environmental similarity was recorded between the two refuges. Its apparent absence 

in this area may be because: (i) it was never present in the region, (ii) it may not have been able 

to disperse to the Lawn Hill refuge from adjacent areas because of habitat barriers (eg. Nicholson 

River valley), (iii) it may have been present but has become extinct, possibly because of the 

relatively smaller area of available refuge habitat and I or lower rainfall, and (iv) it may be 

present but was not recorded in this study. 

The high relief gorges of Wollogorang where Z.palatalis has been recorded appear to be 

. unique but this is difficult to quantify. The Lawn Hill gorges are characterised by springs with 

linear gallery forest and associated riparian plant species. Z.palatalis prefers dry monsoon 

rainforest over riparian rainforest. Gallery forests are unlikely to provide suitable habitat for 

Z.palatalis because they are species poor, thin segments, produce little fruit and occur on less 

rocky alluvial levees. Although the ALOe classification indicates a high degree of floristic 

similarity between QLD and NT quadrats (based on presence-absence data) it is clear that many 

tropical woodland species which produce fruit either do not reach, or are less common in the 

higher latitude and lower rainfall Queensland sites. At these relatively high latitudes there is a 

sharper floristic discontinuity between rainforest communities in gorges to sUrrounding eucalypt

hummock grass communities (eg. Eucalyptus leucophloia woodland). Fewer rainforest plants and 

tropical woodland species extend into these communities compared to lower latitude regions. 

Environmental variation in the rocky uplands of the QLD Gulf region (based on plant 

composition of quadrat sub-samples) was adequately sampled to detect the presence of 

Z.palatalis, but it was not recorded in QLD. There are many possible reasons why Z.palatalis 

was not detected in QLD. While environmental variation as characterised by plant composition 

was not greatly different between QLD and samples in the NT, many site level habitat 

characteristics were different (eg. more scree on Wollogorang Station at the Z.palatalis sites). 
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Chapter 6: 

Population estimates, seasonal population dynamics in relation to 

food availability and demographic characteristics of Zyzomys 

palatalis and Z. argurus at Moonlight and Banyan gorges. 

Abstract 

The Carpentarian Rock-rat Zyzomys paiatalis is a rare conilurine rodent known from four gorges in the 

south-east Gulfregion of the Northern Territory. Prior to this study there had been limited trapping/or this species 

and little was known of its population dynamics or demographic characteristics. At Moonlight Gorge, 74 Z.paiatalis 

(39 males, 32 females and three unsexed individuals) were marked and captured a total of286 times in 10,400 trap

nights (mean capture rate = 2.7 %), on a single 2 ha grid At Banyan Gorge 45 Z.paiatalis (19 males and 26 

females) were captured 113 times on two 1 ha grids from 7300 trap-nights (mean capture rate = 1.5%). The widely 

distributed Common Rock-rat Z.argurus was sympatric with Z.paiataJis at both sites. At Moonlight Gorge 47 

Z.argurus were captured a total of 111 times (1.1 %'trap success). At Banyan Gorge 63 Z.argurus were captured 

117 times (capture rate = 1.6 %). 

Extrapolation of population size from the density estimates indicated that the Z.paiatalis population was 

696 for the entire Moonlight Gorge system (2.9 per ha over an estimated 240 hay and 450 for the entire Banyan 

Gorge system (4.5 per ha over 100 ha). Density ofZ.argurus was 3.2 per ha at both Moonlight and Banyan gorges. 

Both Z. paiatalis and Z.argurus were captured significantly more frequently in the dry season (June to October) than 

the wet-season. Trappabi/ity ofZ.palatalisjluctuated in response to the seasonal availability offruit and seeds. The 

frUits o/monsoon rainforest and woodland plants that Z.palatalis/eed on, occur predominantly in the dry season. 

Z.palatalis and Z.argurus were polyoestrus. Juveniles and reproductively active females (pregnant or lactating) were 

trapped throughout the year with a peak in July-September. Captive-held and wild-caught Z.paiatalis had a litter 

size 0/1 or 2 (probable range 1-3) with evidence that wild females surviving into the second year produce up to four 

litters. It is not known whether populations of Z.palatalis have declined or become extinct since European 

settlement. The low number o/populations and small size 0/ available habitat which is sensitive to disturbance by 

fires and cattle will continue to place Z.palatalis at risk 0/ extinction. 
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Introduction 

Conilurine rodent species have had a higher extinction rate (19% of the fauna) than the 

total Australian mammal fauna (6.3%: Smith and Quin 1996). Smith and Quin (1996) argued that 

declines in conilurines were most severe where predator abundance had been greatly increased 

and sustained by the introduction of rabbits and mice. Predators were implicated in the decline 

of species with low reproductive output and where habitats have been altered by fIres or grazing. 

Species with low reproductive rates were shown to be particularly susceptible to decline because 

they are less able to recover from disturbances such as fIre and drought, and from high rates of 

predation. 

In the wet-dry tropics, as elsewhere, the timing of reproduction in rodents has often been 

shown to be associated with the seasonal availability of food (e.g. Redhead 1979, Friend 1987). 

The population dynamics of herbivorous, 'new endemic' rodents such as Rattus colletti and 

R.tunneyi are closely patterned by wet-season rains, with irruptive breeding occurring 

predominantly in the late wet season to early dry season. Populations peak in the dry season 

(Redhead 1979, Braithwaite and Griffiths 1996). An extended breeding season may occur in both 

species if unseasonal rain occurs in the dry season (Redhead 1979, Braithwaite and Griffiths 

1996) to stimulate growth of grasses and forbs. In contrast, the conilurine rodents Melomys 

burtoni, Mesembriomys gouldii and Pseudomys delicatulus breed throughout the year (Begg et 

al. 1983, Braithwaite and Brady 1993, Friend 1987). However, populations of the herbivorous 

P. delicatulus irrupt following early wet season rains, associated with the growth of leaf and seed 

material from grasses which they feed upon (Braithwaite and Brady 1993). 

Reproduction in the species of Zyzomys studied to date parallels that of other north 

Australian conilurine rodents; breeding is aseasonal with small litter sizes. Both the Arnhem 

Land Rock-rat Z. maini and Common Rock-rat z.argurus may breed throughout the year (Begg 

1981, Calaby and Taylor 1983). Zyzomys maini, z.argurus and the Kimberley Rock-rat, Z. 

woodwardi have low reproductive outputs with a low mammary formula (0 + 2 = 4), long 

gestation periods (4-5 weeks) and small litters (usually 1-3 young: Calaby and Taylor 1983). 
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The Carpentarian Rock-rat Zyzomys palatalis is a highly restricted conilurine rodent, 

known from four sandstone gorges in the south-east Gulf Region of the NT (Chapter 2) and is 

regarded as critically endangered (Lee 1995). It has a specialised habitat which is affords some 

protection from fires, but is nonetheless vulnerable to damage from prevailing fire regimes 

(Russell-Smith and Bowman 1992). Knowledge of the population size and reproductive 

characteristics of Z.palatalis are particularly important to assess vulnerability of the species to 

disturbance, and the ability of populations to respond after disturbance. 

Previous sampling for Zpalatalis has been limited and has not included mark-recapture 

sampling, hence little is known of the population dynamics and demographic characteristics of 

this species. In 1990, 14 individuals were captured at McDermotts spring in c. 450 trapnights 

(Menkhorst and Woinarski 1992a). During 1993, Churchill recorded a total of seven individuals 

during c. 900 trapnights at Banyan Gorge and seven individuals at Moonlight Gorge (from 432 

trapnights: Chapter 2, Churchil11996). 

There are only meagre previous data on reproduction in Z palatalis. When Zpalatalis was 

first discovered in September 1986 two of the three individuals captured were juveniles (35 and 

28 g respectively: Don Langford, unpublished data). Similarly, Churchill (1994, 1996) recorded 

a single juvenile male (51 g, in September 1993), with an adult female recorded lactating in 

April, three females were post-lactating in May, and in August one was pregnant, two were post

lactating and two were non-breeding. These data represent all that was known of the 

reproductive features of Zpalatalis prior to this study. 

The aims of this study were to: 

(i) Estimate the population size of Zpalatalis at two of the known sites, Moonlight and Banyan 

Gorge, 

(ii) link population dynamics to environmental variation (i.e. food availability). 
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(iii) describe the reproductive and demographic characteristics of Zpalatalis to determine factors 

which may be limiting population increase and survival. 

(iv) compare some reproductive and demographic characteristics of Zpalatalis with those of 

the co-occurring Z argurus. 

Methods 

Sampling regime 

A mark-recapture program was initiated for Zyzomys palatalis and other small mammals 

at Moonlight (lr25'S, 137°42'E) and Banyan gorges (lr12'S, 137°42'E) on Wollogorang 

Station, in the south-east Gulf region. Three trapping grids were set up within two gorge system. 

At the 240 ha Moonlight Gorge I established a single 2 ha grid with 200 trap stations at 10m 

intervals and at the 100 ha Banyan Gorge system I established two 1 ha grids, 1 km apart, both 

with a 10m grid interval. There was a total of 400 trap grid cells. Sample periods, trap effort and 

variations from this regime are described in Table 6.1. 

Animal processing 

Zyzomys palatalis and Z argurus were weighed, sexed, and the following measurements 

taken: head body (HB), tail length (TL) [to nearest 1 mm], hind foot length (HFL), tail width at 

base (TW) [to the nearest 0.1 mm], nipple height; and testes width were estimated.) Reproductive 

status was categorised for males as testes descended or abdominal and for females as pregnant 

(or evidence of lactation) or no evidence of pregnancy or lactation. Pregnancy was determined 

by palpitation of the abdomen (females in very early stages of pregnancy would not be detected 

by this method and were therefore underestimated) and by examination of the teats. Females with 

enlarged teats were classed as pregnant. Lactating females had enlarged nipples with a region free 

of fur around the teats. 
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Table 6.1. Sample periods (days) and trapnights (in parentheses) at Banyan and Moonlight 

Gorge grids. nt, denotes not trapped. a, denotes that 200 traps at 5 m spacing were trapped over 

the 1 ha grid during this first trap session over one of the Banyan Gorge grids; b, denotes that 200 

traps were operated over a 2 ha grid during this trap session at the second Banyan Gorge grid. 

Sample period Moonlight Gorge Banyan Gorge 

May 1994 nt 10 (2000)a 

July 1994 10(2000) 3(900)b 

Sep 1994 7(1400) 3(600) 

Oct 1994 7(1400) 3(600) 

Jan 1995 7(1400) 3(600) 

Apr 1995 nt 3(600) 

May 1995 7(1400) 3(600) 

July 1995 7(1400) 3(600) 

Sep 1995 7(1400) 3(600) 

Animals were marked at first capture. In 1994 a number of adult Z.palatalis (> 11 0 g 

bodyweight) were given a unique identification number with a 1 x 11 mm transponder (Trovan), 

implanted underneath loose skin at the back of the neck. Large adults only were able to be 

marked in this way because juveniles and sub-adults did not have enough loose skin. In addition, 

all animals were marked with Fingerling eartags. However, it was subsequently found that 

Fingerling tags were frequently lost between sampling periods. In April 1995 I began 

individually marking animals by ear punching using a leather punch. When mammals were 

abundant minimal data were recorded for Zargurus (bodyweight, sex and eartag). 

Binomial tests were performed to compare sex ratios, and the relative capture rate of 

Zyzomys palalalis and Zargurus, and the number of juveniles and reproductively active females, 

between the wet (October to May samples) and dry seasons (July and September). Sample sizes 
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were generally small and provide a constraint to the interpretation of analyses. Parametric t-tests 

were used to test for differences in body weight (sexual dimorphism) between adult males and 

emales. Individual, Zpalatalis were regarded as juveniles when their body weight was less than 

70 g. At approximately this weight there was a change in pelage colour from grey to brown / 

grey. Begg (1981) selected 71 g to discriminate between adults and juveniles of the closely 

related Zmaini based on external reproductive condition. Calaby and Taylor (1983) detennined 

that Zmaini was reproductively active at a slightly lower body weight (males= 66 g, females 60 

g) based on an histological examination of specimens. For Zargurus animals were regarded as 

adults when their bodyweight was> 27 g. Begg (1981) selected 30 g, and Calaby and Taylor 

(1983) detennined that female Zargurus were reproductively active from 26 g. 

Information from captive held animals 

Six Zpalatalis caught at Moonlight Gorge were returned to the Territory Wildlife Park 

to initiate a captive breeding program and to obtain additional information on reproduction, 

demographic characteristics and diet. Limited information on the breeding seasonality of 

individuals in this captive breeding program was also obtained. 

Preliminary observations of diet were made by conducting trials on captive animals with 

a range of seeds and fruit collected from the study sites (Terminalia subacroptera, T. 

carpentariae, Melia azedarach, Antidesma parvifolia, Pandanus aquaticus and Cycas armstrongi 

[closely related to plant species from these sites: C. angulata and C. brunneaD. 

Population estimates, movements and density estimates 

Population estimates for Zyzomys palatalis and Z argurus were determined using zero

truncated frequency models (Poisson, Negative Binomial and Geometric: Caughley 1977) and 

Chao's Moment Estimator (also known as the Jackknife estimator: Chao 1988) based on the 

frequency of capture of all captured individuals over the 16 month study period (including 

juveniles). The Moment Estimator was selected because it is believed to be robust for data which 

exhibit unequal capture probabilities with the majority of animals captured once or twice. A chi-
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square goodness of fit was performed to determine the applicability of the models to the data by 

the fit of the expected frequencies to the observed frequencies. The observed and expected 

frequencies for Zpalatalis and Zargurus, for each model, were tabulated and were included as 

Appendix 5. 

Movement was measured as the average distance between captures, within a trapping 

session. Unpaired t-tests were performed to determine whether there were significant differences 

in the distances moved by males and females, juveniles and adults for Zpalatalis and Zargurus. 

Comparisons were also made between Zpalatalis and Z argurus between sites for both species 

and the various size classes. One-way ANOVA was used to compare for differences in 

movements between sample periods. 

Density estimates were made by determining the effective sampling area of each grid by 

adding a boundary strip of 200 m around the perimeter of each grid (after Dickman 1993) and 

dividing the zero truncated frequency of capture population estimate (which provided the best 

fit to the data) by this area. The mean distance between successive captures for Zpalatalis (39 

m) and Zargurus (34 m) were not used to determine the effective sample area of the grids 

because the recorded size of movements is dependent on the area of the grids. That is, the small 

grids used in this study restricted maximum movements to < 240 m. Additionally, the population 

estimate is strongly influenced by singleton captures (those that die, move out of the grid, 

'transients' or become untrappable), whereas information from average movements requires at 

least two captures, and is therefore biased towards resident individuals which move shorter 

distances. Density was multiplied by the estimated total area of suitable habitat at each site. For 

Moonlight Gorge I subjectively estimated the area of suitable habitat to be 600 m by 4 km (240 

ha), and 500 m by 2 Ian (100 ha) at Banyan gorge. Density estimates were not determined 

separately for the habitats, and they are therefore undoubtedly an overestimate. While detailed 

information on within-gorge habitat use by Zpalatalis was available (Chapter 2) the extent to 

which Zpalatalis use habitat outside-gorges is limited, and provides another constraint to these 

population estimates. 
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Relationship between both Z.palatalis and Z.argurus and the seasonal abundance of mature fruit 

and seeds at Moonlight and Banyan Gorge. 

For each trap cell at Moonlight and Banyan gorges (n= 400) the Braun-Blanquet cover

abundance (where 1= 1-4%, 2= 5-19%, 3= 20-29%, 4= 30-49%, and , 5= 50%+ ) of all plant 

species was recorded within a 2.5 m radius of the trap marker. Most floristic analysis was 

undertaken in the dry season and therefore forbs were under sampled. In addition, the seasonal 

abundance of mature fruit and seeds was measured for each trap cell for each trap session (except 

May 1994 at Banyan Gorge). An ordinal scale of 0 to 3 was used to estimate the abundance of 

fruit: 1= few mature fruit (on large plant or abundant fruit on small plant), 2= moderate, and, 3= 

abundant (fruit is dominant throughout canopy). To account for differences in plant size between 

different species, the fruit score was multiplied by the Braun-Blanquet cover-abundance score. 

A total fruit score was made by summing the abundance of mature (ripe) fruit for all frequently 

recorded species. A total 'Zyzomys preferred fruit score' was derived in a similar way by 

summing the abundance of fruit on plants known to eaten by Z maini (Begg and Dunlop 1980, 

1985, see also Chapter 2, 3 & 5) and found to be eaten by Zpalatalis following trials with 

captive held animals. Many monsoon rainforest and woodland plants bear seeds within woody 

seeds which are surrounded by fleshy fruit. Once the fruit drops to the ground the fruit may be 

eaten or rot, however, seed contained within the woody shell may be available for some months 

after reported as being ripe on the tree. The phenology of all plant species recorded fruiting at 

Moonlight and Banyan gorges is tabulated in Appendix 4. 

Spearman Rank correlations were employed to detennine associations between the 

abundance of Zpalatalis and Z argurus at trap cells with the abundance of mature fruit of 

individual common species, total fruit and 'Zyzomys preferred fruit'. The analyses was performed 

separately for the wet (October to May samples pooled) and dry seasons (July to September) and 

for each bi-monthly sample. Results from the latter analysis only, are presented because the 

former analyses had few significant relationships and these were similar to those obtained in the 

bi-monthlyanalyses. 
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Results 

Population estimates 

At Moonlight Gorge, 74 Zyzomys palatalis (39 males, 32 females and three unsexed 

individuals) were marked and captured 286 times (mean number of recaptures = 3.9, range 1 to 

13). At Banyan Gorge 52 Zpalatalis (23 males 25 females and four unsexed individuals) were 

marked and captured 111 times (mean recapture rate = 2.1, range 1 to 17). 

A total of 115 Z argurus individuals were marked and captured a total of 228 times. At 

Moonlight Gorge 30 males and 11 females (and 6 unsexed individuals) were captured a total of 

111 times. At Banyan Gorge 29 males, 30 females and nine unsexed individuals were captured 

117 times (Table 6.2). 

Table 6.2. Total number of Zyzomys palatalis captured, number of individuals and trap rate (%, 

in parentheses) at Moonlight and Banyan Gorges. 

MONTH N captures N Individuals N captures N Individuals 

May 1994 16 (0.8) 6 

July 1994 107 (5.4) 35 22 (2.4) 14 

Sep 1994 47 (3.3) 17 10 (1.7) 7 

Oct 1994 17 (1.2) 4 8 (1.3) 5 

Jan 1995 11 (0.8) 4 8 (1.3) 6 

Apr 1995 5 (0.8) 3 

May 1995 5 (0.4) 2 0 0 

July 1995 47 (3.3) 17 19 (3.2) 14 

Sep 1995 52 (3.7) 18 23 (3.8) 15 

Total 286 (2.7) 111(1.5) 
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At the Moonlight Gorge trap grid the population size of Zyzomys palatatis was estimated 

to be 87 (Chao's 95% confidence intervals 73 to 131) using Chao's Moment Estimator, and 87 

with the Negative binomial model which provided the best fit to the data. The population size 

at Banyan Gorge was estimated to be 97 (95% confidence intervals 68 to 170) using the Chao's 

Moment Estimator and 223 with the Negative binomial. 

The population size of Z argurus at the Moonlight Gorge trap site was estimated to 

comprise 96 individuals (95% confidence intervals 77 to 172), and 151 with the Negative 

binomial model which provided the best fit to the data. At Banyan Gorge the population was 

estimated to be 161 with Chao's model (range 110 to 285) and 161 with the Geometric model. 

The observed and expected frequency distributions from each model for Zpalatalis and 

z.argurus are given in Appendix 5. 

Movements and density estimates 

Movements between successive captures for Zpalatalis and Zargurus averaged 30 to 40 

m with no significant difference in the average distance Zpalatalis moved in comparisons with 

Zargurus (t = 1.2, df= 266, P = 0.23, Table 6.3). There were no differences in the distance 

moved by Zpalatatis (both sites pooled, t=0.49, df= 188, P = 0.62) or Zargurus (t = 0.06, df= 

76, P= 0.94) between the dry and wet seasons. Male Zpalatalis moved significantly further than 

females between captures at Moonlight Gorge (t = 2.4, df=149, P = 0.019) and when data was 

pooled (t=2.5, df=188, P = 0.012). Adults Zargurus moved greater distances between captures 

than juveniles at Moonlight Gorge (t = 2.4, df= 42, P = 0.04) and for sites pooled (t =3.3, df= 

76, P = 0.003). 
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Table 6.3. Average movements (m) of males, females, juveniles and adult Z.palatalis and 

Z. argurus. There were no significant difference between distance moved for Z.palatalis and 

Zargurus in comparisons between sites, thus pooled data is presented. Range of movements (m) 

is given in parentheses. 

Species Age or sex I,n mean movements (and 

class range) 

Z.palatalis pooled 190 38.6 (0-120) 

Male 73 45.5 (0-120) 

Female 117 34.3 (0-110) 

Adult 160 38.1 (0-120) 

Juvenile 30 41.0 (0-120) 

z.argurus pooled 78 33.8 (0-140) 

Male 44 35.8 (0-140) 

Female 34 31.2 (0-80) 

Adult 70 35.7 (0-140) 

Juvenile 8 16.8 (0-30) 

The density of Z.palatalis was estimated to be 2.9 per ha for a total population size of 696 

for Moonlight Gorge as a whole, and 4.5 per ha at Banyan Gorge giving a total population 

estimate of 450 for the whole gorge. These estimates do not account for differences in density 

in different habitats. Density of Z. argurus was estimated to be 3.2 per ha at Moonlight Gorge and 

3.2 per ha at Banyan Gorge. 

Population dynamics and relationship between the seasonal abundance of Z.palatalis and 

Z.argurus and the seasonal availability offood (mature fruit and seeds) 

Captures of Zyzomys palatalis were strongly seasonal with significantly more captures 

in the dry season (July and September samples, trap rate = 3.67%) compared to the transition and 
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wet season samples (0.75%, October to May, chi-square= 168.7, P<O.OOOl, Figure 6.3). Capture 

rates for Zargurus varied prodigiously between the dry (2.23%) and transition-wet season 

samples (0.34%, chi-square = 119.1, P < 0.0001); only two Zargurus were captured (once each) 

from the January, April and May trap sessions. This seasonal cycle was repeated for Zpalatalis 

and Z argurus at both sites. 

The population dynamics and peak reproductive activity of Zyzomys palatalis was related 

to the seasonal availability of fruits and seeds known to be eaten by Zpalatalis and Z maini 

(Table 6.4, Figures 6.1, 6.2 and 6.3, Appendix 4); with the richest concentration of these Zyzomys 

preferred food bearing plants occurring in the dry monsoon rainforest and broadleaf woodlands 

which Zpalatalis prefer (Chapter 2 & 7). While there is a pattern no direst relationship is 

established. Fruiting of broadleaf woodland and dry monsoon rainforest plants was greatest in 

the dry season. Feeding trials showed that Zpalatalis eat the seed of Terminalia subacroptera, 

T.carpentariae and Pandanus aquaticus. 
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Fig 6.1. Seasonality offruit, Zyzomys palatalis and Z argurus (sites pooled). 
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Table 6.4. Significant correlations (r) between the seasonal abundance of Zpalata!is and 

Z. argurus and the abundance of mature fruit or seeds, in trap cells, at Moonlight and Banyan 

gorges. Significance levels: ***, P < 0.001, ** P < 0.01, *, P < 0.05. Sample size for each trap 

session per site is 200. 

I Moonlight Gorge 

Z.pa/atalis 

July1994 Caesalpinia bonduc 0.16* 

Terminalia subacroptera 0.25*** 

Total Zyzomys preferred fruit 

0.25*** 

Sep1994 

Oct1994 

Jan1995 

Apr1995 

May 1995 

July1995 Ficus leucotricha 0.14 * 

Celtis philippensis 0.20 ** 

Sep1995 

Banyan Gorge 

Z.pa/ata/is 

Total Zyzomys preferred fruit 0.19** 

T.carpentariae 0.19** 

T.carpentariae 0.13* 

Eriachne ciliata 0.18** 

Total Zyzomys preferred fruit 0.19** 

Total Fruit 0.18** 

Z.argurus 

Alphitonia excelsa 

0.18* 

Analyses designed to assess the relative rate of reproductive effort between seasons was 

weakened by the limited number of wet season captures. Although Zpalatalis and z.argurus 

were reproductively active throughout the year (Fig 6.2, Table 6.5), pooling data for pregnant or 

lactating female and juvenile Z.palatalis showed that there increased reproductive activity in the 

dry season (Chi-square= 38.9, P < 0.0001). Data were too few to compare reproductive activity 

of Z. argurus between seasons; only one pregnant female and two juveniles were captured 

between October and May in 8600 trap nights. 
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Fig. 6.2. Reproductive seasonality of Zyzomys palatatis at Moonlight and Banyan gorges, 
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Two captive held Zyzomys palatalis bred a total of three times; one female gave birth to 

two young in July 1995 and the other female gave birth to one juvenile in early November 1995 

and two young in January 1996. 

Table 6.5. Seasonality of reproductively active (pregnant or lactating) Zargurus, and from other 

published research from the Kimberley and western Arnhem Land. Data for May, July and 

September at Banyan Gorge and Moonlight Gorge was pooled over the two seasons of study. 

Data from Begg (1981) is the approximate percentage of pregnant plus lactating females, derived 

from Fig. 1 of that paper. 

I J I F I M I A I M I J I J I A I s I 0 I N I 0 

Moonlight Gorge (this 0 0 4/6 4/4 0 

study) 

Banyan Gorge (this 111 0 2/3 7/15 1111 0 

study) 3 

Calaby and Taylor 8/10 7/8 7/8 3/3 III 13/1 8/9 6/7 7/9 

(1983) 8 

Begg (1981) 10% 9% 77% 85% 62% 60% 35% 8% 12% 30% 18% 18% 

% females active 

Population structure 

The seasonal population structure of Zpalatalis and Z argurus is illustrated in Figure 6.3. 

During transition and wet season samples only one or two size classes (usually adults) were 

captured, however in July and September, each year, higher numbers of juvenile were recorded. 
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Fig 6.3. Seasonal population structure of Zyzornys palatalis pooled over sites. 
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Sexual dimorphism 

Table 6.6 gives a swnmary ofbodyweight of males, non~pregnant and pregnant females 

for Zpalatalis and Zargurus. Adult male Zpalatalis were significantly heavier than non~ 

pregnant females (t= 2.6, df= 92, P = 0.01) however there was no difference in weight between 

males and pregnant females (t = 1.7, df=90, P = 0.08). Pregnant females were significantly 

heavier than non~pregnant females (t = 3.4, df=62, P = 0.001). There was no difference between 

the body weight of males (t= 0.93, df= 59 P= 0.35) or non-pregnant females (t= 1.83, d.f= 31, p= 

0.07) between seasons. There was too few data for pregnant females and juveniles from wet 

season samples to make seasonal comparisons. 

There was no significant difference between bodyweight of male and female Z. argurus 

(t= 0.6, df= 67, P == 0.55), though pregnant females were significantly heavier than males (t = 

4.5, df= 78, P < 0.0001) and non pregnant females (t = 2.6, df=43, P = 0.01). There was no 

seasonal differences in the bodyweight of males (t= 0.09, df= 50, P= 0.93). Wet season data for 

females, pregnant females and juveniles was too few to make statistically valid comparisons. 

Table 6.6. Mean (and standard deviation) body weight (g) for 'adult' (> 70 g) Zyzomys palatalis 

and 2.argurus (> 28 g) pooled over sites and seasons. 

Species Category N Mean weight Range 

(standard deviation) 

Zyzomys palatalis Males 61 116.5 (16.3) 74 - 143 

Females (non pregnant) 33 106.4 (20.5) 70 - 140 

Females (pregnant) 31 122.9 (17.8) 92 - 160 

Zargurus Males 52 35.4 (4.8) 28 - 49 

Females (non pregnant) 17 36.3 (5.7) 28 -47 

Females (pregnant) 28 41.2 (6.4) 30 - 57 
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Sex ratios 

Scrutiny of Table 6.7 reveals few deviations from parity for Zpalatalis, with a pooled sex 

ratio approaching 1: 1 for Moonlight and Banyan gorges. Pooling data from both sites to increase 

sample sizes did not reveal any significant differences in the sex ratio between samples or overall 

for Zpalatalis. In contrast, male Zargurus were captured more frequently than females, with a 

significant difference for pooled samples at Moonlight Gorge (Table 6.8, Binomial test, Z = 2.45, 

0.02 < P < 0.01), however the sex ratio neared parity when data from both sites were pooled, 

except for the October sample when males were more frequently captured (Binomial test, P = 

0.0019). Juvenile males occurred more frequently than juvenile females at Moonlight Gorge 

(Binomial, P = 0.009) and when data for sites were pooled (Binomial, P = 0.009.) 

Table 6.7. Sex ratios (male: female) of juveniles « 70 g), adults and overall for Zyzomys 

palatalis at Moonlight and Banyan gorges. 

I Moonlight Gorge I Banyan Gorge I sites pooled 

Juvenile Adult Juvenile Adult Juvenile Adult Total 

May 1994 0: 1 2:2 0: I 2:2 2:3 

July 1994 6:4 15: 10 2: 1 3:6 8:5 18: 16 26: 21 

Sep 1994 0:0 7:7 0: 1 4:2 0: 1 11 : 9 11: 10 

Oct 1994 0:0 2:0 0:0 3 : 2 0:0 5:2 5:2 

Jan 1995 0:0 2: 1 1 : 0 3:2 1 : 0 5:3 6:3 

Apr 1995 0:0 1 : 2 0:0 1 : 2 1: 2 

May 1995 0:0 1 : 1 0: 1 0: 1 0: 1 1: 2 1: 3 

July 1995 1 : 2 7:6 0:2 8:4 1: 4 15: 10 16: 14 

Sep 1995 4:2 3:9 1 : 2 4:7 5:4 7: 16 12: 20 

Total 11: 10 37: 32 4:8 28: 28 15: 16 65: 62 80: 78 
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Table 6.8. Sex ratios (male: female) of juveniles « 28 g), adults and overall for Zyzomys 

argurus at Moonlight and Banyan gorges. 

I Moonlight Gorge I Banyan Gorge I sites pooled 

Juvenile Adult Juvenile Adult Juvenile Adult Total 

May 1994 1 : 0 1 : 3 1 : 0 1 : 3 2:3 

July 1994 1 : 0 9:4 0:0 6:7 1 : 0 15 : 11 16: 11 

Sep 1994 2:0 8:2 0: 1 5:6 2: 1 13 : 8 15: 9 

Oct 1994 0:0 3:0 0:0 6:0 0:0 9:0 9:0 

Jan 1995 0:0 0:0 0:0 0: 1 0:0 0: 1 0: 1 

Apr 1995 0: 1 0:0 0: 1 0:0 0: 1 

May 1995 0:0 0:0 0:0 0:0 0:0 0:0 0:0 

July 1995 3:1 2:3 5 : 1 6:5 8:2 8:8 16: 10 

Sep 1995 3:0 2:2 0:0 8:9 3: 0 10 : 11 13: 11 

Total 9: 1 24: 11 6:2 32: 32 15: 4 56: 42 71: 46 
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Discussion 

Factors influencing population dynamics 

The trappability of Zyzomys palatalis and Z argurus fluctuated dynamically between the 

wet-season and the dry season. This seasonal pattern has been noted during other studies of 

Zyzomys species in northern Australia (Sawle 1988, Woinarski et al. 1992, Menkhorst and 

Woinarski 1992b). Begg (1981) showed that the trappability of both Z maini and Z. argurus in 

Kakadu National Park dropped 50-90% to almost zero dlll"ifIg the late-wet season (March-May). 

In a similarly intensive study on the Mitchell plateau of the Kimberley, Bradley et al. (1987) 

found that numbers of Z woodwardi and Zargurus also declined markedly between January and 

April. 

Rainfall has often been shown to be linked to population numbers of Australian rodents 

(Redhead 1979, Masters 1993, Predavec 1994, Southgate and Masters 1996), through its ability 

to influence the amount and quality offood (Fox et al. 1993). This pattern is particularly evident 

for herbivorous and insectivorous species, whose food sources increase dramatically in the 

productive post-rain period. Southgate and Masters (1996) found that in an arid zone rodent 

community, numbers increased 5- to 10-fold, 9 to 15 months after periods of above average 

rainfall. In contrast to the arid zone, rainfall in the wet-dry tropics of northern Australia is 

predictable, and highly seasonal with a short summer wet-season and a 7 month winter drought, 

although there is a great amount of variation in the timing and amount of rainfall between years 

(Taylor and Tulloch 1985). The life history strategies of a wide range of the fauna of the northern 

savannas is attuned to the alternating pattern of wet and dry seasons (eg. James and Shine 1985, 

Redhead 1979, Woinarski and Tidemann 1991). 

While strong seasonal patterns in the population dynamics of Zyzomys have previously 

been observed, none of these studies quantitatively linked this pattern to environmental attributes. 

Begg (1981) suggested that the seasonality was behavioural, with reduced activity prior to the 

main breeding season (March-May) which he had identified. Population crashes or emigration 
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were unlikely according to Begg (1981) because the same individuals were trapped again in the 

mid-dry season. Bradley et al. (1987) however, suggested that because most of the (few) animals 

captured during this period were recaptures, the decline was likely to be because of death or 

emigration, possibly in relation to a presumed seasonal scarcity of food (seed). 

TIris study has shown that the seasonal abundance of Zyzomys palatalis coincided with 

the peak abundance of monsoon rainforest and woodland fruiting plants, particularly Terminalia 

subacroptera, T.carpentariae and Ficus leucotricha in the mjd-dry season). Although, like other 

Zyzomys species, Zpalatalis are capable of breeding year-round when sufficient food is 

available. This probably relates to the relatively stable habitats that they occupy. The abundance 

of fruit and seed resources may vary dynamically between seasons but the diversity of species 

available in dry rainforests and in the surrounding vegetation mosaics ensure that there is some 

food available year-round. Friend (1987) suggested that the predominantly frugivorous Black -

footed Tree-rat Mesembriomys gouldii was able to breed year-round because of the stability 

provided by the long fruiting periods of their preferred food plants in eucalypt open forests (e.g. 

Pandanus spiralis and Persooniafalcata: Morton 1992). In the present study, food resources 

were most abundant during the mid- to late- dry season, however many monsoon rainforest and 

woodland species retained a small quantity of mature fruit for extensive periods (Appendix 4). 

In addition, seeds and fruit dropping into cracks between rocks on scree or rocky slopes 

may provide a continuous source of food for several months during the dry season. Reproductive 

activity was probably greatest in the late-wet season (February to April) with the majority of 

independent young entering the population from June to September, presumably, from within 

the grid and from young dispersing on to the trap sites from surrounding areas. Breeding adults 

were sedentary, and appeared to occupy small home ranges (unpublished data) of particularly 

high quality habitat such as scree-piles of cliff-bases. This together with the low number of 

captures of (highly trappable) juveniles indicates that many juveniles disperse into less preferred 

habitats. Mortality is also undoubtedly high during this period because firstly, other habitats have 

a lower richness and abundance of Zyzomys preferred dietary items, and secondly, these habitats 

are devoid of rock piles, and therefore provide less protection from predators. 
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Wet season dispersal to other habitats? 

While the availability of food resources seems a plausible explanation of the seasonal 

dynamics, other explanations for the low trappability of Zpalatalis (and Zargurus) during the 

wet season are possible. In the late-dry and wet season the abundance of fruit declines, and an 

increasing amount of fruit or seeds which have dropped to the ground either rot or germinate. At 

this time Zpalatalis may be under stress to obtain enough food with animals either moving 

greater distances or emigrating to different habitats to feed, with both actions probably increasing 

the risk of predation. 

There are probably two habitats that Zpalatalis could possibly move to in the wet season 

and both offer less protection and lower plant diversity than dry monsoon rainforests on rocky 

or scree slopes. Spring and riparian monsoon rainforests (Russell-Smith type 7 & 13) occur along 

creek lines in gorges and are characterised by low plant species diversity, however plants such 

as Ficus racemosa, Syzygium angophoroides and Pandanus aquaticus are capable of producing 

substantial quantities of fruit. F. racemosa fruits year round (and much of tliis is eaten while on 

the trees by Petropsuedes dahli, Petaurus breviceps and fruit bats) but S. angophoroides and P. 

aquaticus fruit in the wet season or wet-dry transition period (unpublished data). 

Movement of Z palatalis into these small, resource poor wet rainforest communities 

during the wet season seems unlikely. For example, at Banyan Gorge the pooled capture rate of 

Z.palatalis was 40 times greater in dry rainforest compared to the Syzygium spring (chapter 3). 

Limited quadrat trapping (n=2) of spring and riparian communities at Moonlight Gorge in 

January 1995 did not record Zpalatalis (a single individual only was captured in a dry rainforest 

on a steep rocky slope). The abundance of fruit of at least one riparian species (Pandanus 

; aquaticus) in the early dry season (May-June) may provide a stimulus for movements by 

Zpalatalis into riparian communities (at Moonlight Gorge). Few Zpalatalis were recorded in 

May at Moonlight Gorge on the trapping grid, however thousands of P. aquaticus shells, believed 

to have been opened by Zyzomys, were observed in the riparian community. 
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Apart from the low diversity of plants occurring in riparian habitats, there is little shelter 

because of scouring by annual wet season floods. In the seasonal tropics of the Cerrado bioregion 

of Brazil, wet season flooding has been shown to reduce rodent numbers by destroying nest sites 

(Alho and Pereira 1985), but this form of disturbance is unlikely to effect Zyzomys populations 

unless they are using (indeed aggregating in) riparian habitats in the wet season. 

Both of the study grids sampled within-gorge habitats only, so it is also possible that 

Zyzomys spp. made use of the surrounding low open eucalypt woodland. In the late wet season 

and wet-dry transition periods these habitats have abundant seed (mainly from hummock grasses) 

and insect resources, however the richness of fleshy or woody fruited plant species declines 

precipitously along a rockiness gradient from dry rainforest on scree slopes to the rocky eucalypt 

woodlands (Chapter 2). Grass seeds have high protein concentrations and are known to be eaten 

by Zyzomys. Begg and Dunlop (1985) found that a high percentage of scats from both Z. maini 

and Zargurus contained grass seeds (Triodia and Eriachne) particularly in the early dry season 

(March to June) after seed drop. 

Implications for conservation management 

Z.palatalis is currently known from only four gorges on Wollogorang Station each 

possessing approximately 1 to 4 km2 of suitable habitat. The cause of the historical decline of 

Zpalatalis is probably climate change; Z.palatalis is likely a glacial-relict restricted to a few 

significant biological refuges (Chapters 3&4). It is not known whether populations of Zpalatalis 

(or any of the tropical-distributed Zyzomys species: J. Woinarski, submitted) have declined or 

become extinct since European settlement. The low number of populations and small size of 

available habitat which is sensitive to disturbance by fires, floods and cattle will continue to place 

Zpalatalis at risk of extinction because of environmental stochasticity and catastrophes, 

demographic stochasticity, and genetic deterioration (Caugbley 1994). However, during the 16 

month period of study few of the results obtained indicate that Z.palatalis popUlations at 

Moonlight or Banyan Gorge were not healthy. There is increasing infonnation that 

"catastrophes" - where animal populations decline by large amounts in short time periods (caused 

by freezes, droughts fires, predation, diseases etc) occur more commonly than previously 
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thought. Mangel and Tier (1994) conclude that even under the best conditions the long term 

persistence of populations is not guaranteed; minimum viable populations are therefore larger 

than those proposed by most models. Habitat destruction or alteration by fires is probably the 

threatening process likely to effect Zpalatalis populations. Active fire management is required 

at Banyan and Camel Creek gorges. 

Strong seasonal populations were determined but this in itself has not been shown to 

associated with decline in conilurine rodents (Smith and Quin 1996) but perhaps there is high 

seasonal mortality because of density -dependent effects, lack of food or disease. The short period 

of study was certainly not long enough to detect a real population decline. Sex ratios were not 

skewed; at Moonlight Gorge Z palatalis was the dominant small mammal with dry season 

densities of up to 8 individuals I ha. The differential trap-rate of Zpalatalis and Z argurus 

between Moonlight Gorge and Banyan Gorge apparently relates to the relative extent of the 

preferred habitat of each species at these sites. 

The population size of Zpalatalis at Moonlight Gorge and Banyan Gorge is low. If the 

variable density of Z palatalis in different habitats were taken into accounf the population size 

at each site would probably comprise fewer than 500 individuals. It has been suggested that 50 

individuals are required to stave off inbreeding depression and that an effective (breeding) 

population size of 500 (c. 2000 total individuals) or greater is needed to retain a (subjectively 

determined) amount of genetic variance (Franklin 1980). Caughley (1994) notes that these rules 

are genetic concepts and do not take into consideration environmental and demographic 

stochasticity . 

Tissues samples have been collected from all four known Zpalatalis populations but have 

not yet been analysed. DNA analysis could provide detailed information on the genetic health 

of populations at different spatial and temporal scales including whether popUlations are 

genetically isolated and if so, when they became isolated. This data would provide detailed 

information on the historical biogeography of Zpalatalis and the other Zyzomys, and would go 

some way to explaining the disjunct distributions of the four large rock-rats. 
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Chapter 7: 

Use of hairtubing for detecting the critically endangered 

Carpentarian Rock-rat Zyzomys palatalis 

Abstract 

The Carpentarian Rock-rat Zyzomys palatalis is a rare rodent restricted to four remote, rugged gorges 

in the south-east Gulfregion of the Northern Territory. Traditional survey trappingfor detecting Z.palatalis has 

been time consuming, expensive and largely unsuccessful and therefore the aim of this study was to trial hair tubes 

as an alternative survey method. Ninety hair tubes were set out in 0.1 ha quadrats in a variety of habitats at Banyan 

Gorge, the type location. Hair tubes detected the presence ofZ. palatalis at 30% of quadrats, including 14 of90 hair 

tubes. Hairtubing has a number of advantages over trapping for detecting Z.palatalis, including; (0 improved 

detection rate M greater speed and cost efficiency of the survey, (iii) decreased stress to animals and (tv) 

improvements in experimental design associated with reduced pseudoreplication, especially if surveys are carried 

out in combination with helicopters. The Gulf region of the NT covers an area greater than half of Victoria, yet few 

mammal records exist. The Northern Quol! Oasyurus hallucatus has not been trapped from the Gulf region mainland 

but was recorded by hairtube in this study, indicating the potential of hairtubing as a general terrestrial mammal 

survey technique in this area. Hairtubing has similar potentialfor detecting the recently rediscovered Central Rock

rat Z.pedunculatus in the rugged west MacDonnell ranges. 

Introduction 

The Carpentarian Rock-rat Zyzomys palatalis is a rare, relict endemic conilurine rodent 

which has one of the most localised distributions of any vertebrate in Australia (Strahan 1995) 

and is regarded as critically endangered (Lee 1995). To determine the local and regional 

distribution of Z.palatalis, 21 sites were trapped between 1993 and 1995 throughout the Gulf 

regions of the Northern Territory and Queensland, during a total of approximately seven months 

offield time (Churchill 1996, Trainor 1996). Each survey site was trapped for three days, with 

an additional one day to set up the site and approximately one day of travel time to the site. 
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Although costly and time consuming only two populations additional to those previously 

discovered were located using these methods (Trainor and Woinarski 1996). At the known sites 

Z.palatalis were readily trapped with small mammal (Elliot) traps, although because of their 

habitat specificity, suitable within-site habitat needed to be accessed to detect their presence by 

trapping. The rugged terrain of the sandstone ranges of the Gulf region limited access to sites. 

Hairtubing has proved an excellent method for detecting the presence of small and 

medium sized, terrestrial and arboreal mammals in south eastern Australia (Suckling 1978, 

Winnett and Degabriele 1982, Scotts and Craig 1988, Lindenmayer et at. 1994a). Seebeck (1995) 

for example reports that although the Long-footed Potoroo Potorous iongipes has been recorded 

from more than 40 sites it has been trapped at only five sites, with hairtubing used successfully 

to locate nearly all of the P. longipes populations. The advantages of hair tubes are that they are 

an indirect method which precludes the need for animal handling (decreased stress), they are 

inexpensive and not labour intensive (Lindenmayer et ai. 1994a), and they may be left in place 

for long periods with limited maintenance thereby increasing the chance of mammal detection, 

including species not otherwise recorded by trapping (Lindenmayer et ai. 1994b). Limited use 

has been made of hair tubes in north-western Australia. Southgate et ai. (1996) reported that hair 

tubes were ineffective in detecting the Golden Bandicoot lsoodon auratus on Marchinbar Island 

because sand and ash were consistently deposited on the tube tape. The aims of this study were 

to determine the effectiveness ofhair tubes for detecting Zpalatalis, and consequently determine 

the feasibility of hair tubes as a method of describing local and regional distribution patterns (and 

habitat use) of Zpaiatalis and other small mammals in northern Australia. 
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Methods 

Ninety hair tubes of three different sizes were set out at Banyan Gorge (the type location 

of Zpalatalis, 17° 12'S, 135°42'E) in July 1995. The three types were: a 10 em diameter hair 

tubes were made specifically to sample L auratus (300-500g bodyweight: Southgate et al. 1996), 

7 em and 5 em diametres tubes were made for this study, to target Zpalatalis. The bait pocket 

was skewered with a wire to hold it in place. Three hair tubes, one of each type were positioned 

10-20 m apart in 0.1 ha quadrats for a total of30 quadrats. Quadrats were placed in all available 

habitats at Banyan Gorge (including alluvial outwash forest and plateau woodland, c. 100 m 

elevation above Banyan Gorge, which had not previously been trapped), over an area of 

approximately 2 km2
• Hair tubes were collected eight weeks later (September 1995). Hair 

samples were collected with tweezers, placed in paper bags and then sent to Barbara Triggs for 

identification. 

The cover abundance of all plant species was estimated for each quadrat. A variety of 

habitat attributes were also measured (see Appendix 2 for details) to characterise the environment 

and relate the occurrence of Zpalatalis to environmental variation. A UPGMA classification was 

performed based on the floristic composition of the 30 quadrats and was truncated at the five

group leveL The relationship between Zyzomys pa/atalis (and all environmental variables) to the 

resulting vegetation communities was assessed using Kruskal-Wallis one-way ANOV A. 

Additionally, quadrats were ordinated according to their plant composition by Semi Strong 

Hybrid Scaling (Belbin 1994), with the positioning of quadrats in the ordination space illustrated 

in a scatterplot. Zyzomys palatalis and environmental variables were related to the ordination by 

vector fitting (with 100 Monte Carlo iterations performed to determine the significance of the 

relationships. ) 
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Results 

Description of vegetation groups. 

The five derived vegetation groups varied greatly in floristics (Table 7.1) and 

environmental characteristics (Table 7.2), although a few plant species were common in several 

habitats. Vegetation structure varied considerably in association with rockiness and soil depth, 

from open forests and monsoon rainforests to low open eucalypt woodlands. 

Group 1, was an alluvial outwash open forest on deep sand at the mouth of Banyan Gorge. This 

community was dominated by Corymbia ptychocarpa, E.tetrodonta, Buchanania obovata, 

Pandanus spiralis and Cycas angulata. Topography was flat, with high tussock grass cover 

which had been subject to frequent severe fires. 

Group 2, was a rocky sandstone creek community with an overstorey of E.tetrodonta, 

Terminalia carpentariae and Livistona inermis and many large shrubs_ including Grevillea 

heliosperma, Persoonia falcata and Acacia holosericea. 

Group 3, was a monsoon rainforest community occurring in deep sandstone gullies with an 

overstorey of Syzygium angophoroides, Ficus virens and many dry rainforest shrubs such as 

Alphitonia excelsa, Exocarpos latifolius and Pouteria sericea. 

Group 4, was a broadleafwoodland characterised by a high number of rainforest and woodland 

plants including Corymbia aspera, T.carpentariae, Canthium attenuatum, Gardenia jucata, 

Boronia lanceolata and B.obovata. Fuel loads and fire impact were low. The abundance of 

Zyzomys preferred food plants was highest in this community. 

Group 5, was a rocky plateau woodland characterised by low plant richness and high hummock 

grass cover. Plants included Corymbia ferruginea, Petalostigma quadriloculare, and Acacia 

lycopodiifolia. Fire impact was low. 
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Table 7.1. Plants characteristic of vegetation communities (occurring in > 50% of group 

quadrats.) Values are the group constancy (%). 

Vegetation group and no. of quadrats per group. G1 G2 G3 G4 G5 

7 4 2 10 7 

Myrtaceae Corymbia ptychocarpa 100 

Myrtaceae Eucalyptus tetrodonta 100 

Pandanaceae Pandanus spiralis 100 

Arecaceae Livistona inermis 75 

Combretaceae Terminalia carpentariae 100 90 

Rhamnaceae Alphitonia excelsa 100 

Passifloraceae Passiflorafoetida 100 

Santalaceae Exocarpos latifolius 100 

Anacardiaceae Buchanania obovata 71 100 60 

Poaceae Plectrachne pungens 100 100 

Caesalpinaceae Erythrophleum chlorostachys 80 

Rubiaceae Canthium attenuatum 80 . 
Rubiaceae Gardenia jucata 80 

Rutaceae Boronia lanceolata 80 

Euphorbiaceae Petalostigma quadriloculare 75 80 100 

Mimosaceae Acacia gonocalyx 70 

Myrtaceae Corymbia aspera 60 

Myrtaceae Corymbia ferruginea 60 100 

Mimosaceae Acacia lycopodiifolia 71 

Combretaceae Terminalia canescens 57 

Efficacy of hair tubes and relationship between Z.palatalis and environmental variation. 

Zyzomys palatalis were recorded from a total of nine of the 30 quadrats, and varied 

significantly (though weakly; F= 8.2, P= 0.08) in frequency across the vegetation groups, 

occurring in six of 10 Group 4 quadrats, and in one quadrat in each of Group 2 (25% of group 
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quadrats), Group 3 (50%) and Group 5 (14%). Twenty-three percent of the smallS cm cylinders, 

13% and 10% of 7 cm and 10 cm tubes respectively, recorded the presence of Z.palatalis. 

Zpalatalis exhibited fidelity to the broadleafwoodland (Group 4) and the monsoon rainforest 

(Group 3); both communities occurred on boulder slopes and offered abundant shelter and 

Zyzomys preferred food resources. The Northern Quoll Dasyurus hallucatus was the only other 

small mammal recorded (from one tube) in the impoverished low open plateau woodland (Group 

5.) 

Table 7.2. Environmental attributes which varied significantly between vegetation groups. 

Values are group means, refer to Appendix 2 for details of variables. Significance: **, P < 0.001, 

*, P < 0.01. 

Vegetation group and no. cells G1 G2 G3 G4 G5 F-vaJue 

per group 7 4 2 10 7 

Topography Altitude 200 205 220 234 277 25.4** 

Slope 0.2 L7 4.0 2.7 1.8 19.5** 

Soil Soil depth 4.0 2.5 1.5 1.5 1.0. 21.2** 

Disturbance Fire impact 2.4 L7 1.0 0.2 0.3 19.9* 

Cover Tree>8m 2.7 L7 1.5 0.3 0 21.4** 

Shrub>2m 0.3 1.0 1.5 1.9 0.8 14.9* 

Tussock grasses 4.0 2.2 2.0 0.6 0.6 17.7* 

Hummock grasses 0 1.2 a 2.1 3.6 23.3** 

Total rocks 0.8 60.7 90.0 79.2 90.0 15.5* 

Richness Total plants 7.7 10.8 9.0 15.9 8.4 19.0** 

Rainforest plants 0.6 1.5 5.5 4.7 1.0 18.7** 

Woodland plants 7.1 9.3 3.5 11.2 7.4 13.5* 

Trees 4.7 5.0 5.5 7.5 2.7 15.2* 

Woody plants 6.8 10.0 7.5 14.8 7.2 19.8** 

Zyzomys preferred 1.5 2.2 2.0 4.3 0.8 18.4* 

food plants 

Diversity Total plant 0.84 1.03 0.94 1.19 0.89 19.2** 
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The Ordination 

The first dimension portrays a gradient in rockiness from rocky sandstone slopes and 

gullies to the rock-free alluvial outwash open forest (Fig. 7.1). Associated strongly with this 

gradient is fire impact with the topographically exposed alluvial forests severely burnt in contrast 

to the rocky plateau woodlands. The second axis portrays a gradient from a diffuse dry monsoon 

rainforest (with high plant diversity, plant species richness and Zyzomys preferred food plant 

species richness) to the species poor plateau woodlands with few rainforest species and high 

hummock grass cover. Zyzomys palatalis were significantly related to the ordination being 

associated with positive second axis values (rainforest plant species richness and plant diversity: 

Fig. 7.1.) 
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Fig 7.1. Ordination of hair tube quadrats by plant composition. 

Vegetation communities. G I (Eucalyptus ptychocarpa open forest) = open circle; G2 
(sandstone creek) = open square; G3 (dry monsoon rainforest) = closed circle; G4 
(broadleaf woodland)= closed square; 05 (sandstone plateau woodland)= open triangle. 
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Fig. 7.1. Vectors of maximum correlation for environmental variables in the 

ordination space. Zyzomys palatalis was associated with the species rich 

monsoon rainforest community and rocky woodland. Significance: P < 0.01. 
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Discussion 

Hairtubing seems to be particularly successful method for detecting the presence of 

Zyzomys palataUs with detection rates four to 20 times greater than the Elliot trap rate of 1.5% 

at Banyan Gorge (Trainor 1996). Chesterfield et al. (1988) recorded the Spotted-tailed Quoll 

Dasyurus maculatus from a single hairtube during a survey of a forest block in eastern Victoria. 

In contrast, hairtubing surveys for rare and trap shy Potorous longipes in south eastern Australia 

have had great success in locating new populations. Hairtube rates of up to 23% have been 

achieved at a site with a known population, although detection rates of about 2% (20 times 

greater than trapping) were more typical (Scotts and Craig 1988). 

Habitat use by Zpalatalis reported here is similar to that reported by Churchill (1996) and 

in Chapter 3. Z.palatalis prefer the most rugged elements of the rocky uplands such as rock 

outcrops and base cliff scree slopes which maintain rich and diverse woody plant communities 

(dry monsoon rainforest and broadleaf woodlands). These communities possess abundant 

Zyzomys preferred fleshy and woody fruited plants and provide shelter from predators (see 

Chapter 3). The alluvial open forest were topographically exposed and consequently were 

frequently burnt by fire; were rock free and depauperate with few plants known to be eaten by 

Zyzomys. Mature specimens of the woodland tree Buchanania obovata were an exception. 

Several hundred B. obovata seed shells opened by Zyzomys were found in a rock overhang at 

Banyan Gorge approximately 500 m from this alluvial open forest. Subsequent examination 

revealed that many of these were opened by Zpalatalis (Crerar and Higgins 1996). Seeds from 

B. obovata appear to be a favourite dietary item oflarge rock-rats with 20% of the 7322 Zyzomys 

maini opened seed shells collected in Kakadu National Park from B. obovata (Begg and Dunlop 

1980). 

Hairs of Zpalatalis were readily distinguishable from the smaller Common Rock-rat 

Zargurus based on the width of the hair (Barbara Triggs, pers. comm.), however, four tubes 

contained limited hair samples from a Zyzomys spp. that could not be identified positively to 

species level. These were all assumed to have been from Zpalatalis rather than Z. argurus. Two 
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of these samples were from quadrats where hair from Zpalatalis had been positively identified 

from other tubes within the quadrats and a third tube was recorded in close proximity «100 m) 

to a quadrat where Zpalatalis had been recorded and therefore this assumption seemed plausible. 

However, the fourth tube was recorded in the Group 5 low open eucalypt woodland on the 

plateau, where trapping for Zpalatalis (at any of the known sites) had not previously been 

undertaken. Although the frequency of occurrence (in hair tubes) and trappability of Z palatalis 

declines monotonically along a rockiness gradient (with associated rainforest and woodland plant 

richness) this record from the plateau woodlands indicates that the limits to the local distribution 

of Zpalatalis are incompletely known. 

The Common Rock-rat Zyzomys argurus (30-40 g) was not detected by hair tubes in this 

study although it is ubiquitous in rocky habitats throughout northern Australia and occurs in 

sympatry with the larger Zpalatalis (100-140 g) at each of the known sites. At Banyan Gorge 

it has been trapped frequently in all habitat types except the Group 1 rock-free alluvial open 

forest. The small body size of Zargurus probably reduced the chance of its detection in the 

relatively large tubes used in this study. For example, Lindenmayer et ai. (l994b) found that a 

similar sized mammal (the Agile Antechinus Antechinus spp.) was 12 times more likely to be 

detected from 3.2 em hair tubes compared to 10.5 cm tubes. Apart from the fact that small 

animals are less likely to contact the adhesive in large tubes, many mammals prefer to enter small 

crevices or hollow entrances which approximate their body size (Menkhorst 1984, Dickman 

1991). Surveys in northern Australia aiming to detect a range of mammals differing in body size 

will either need to use a variety of tube sizes (approximately 3 cm to 15 cm) or use a single tube 

capable of detecting a range of species (e.g. 'Universal funnel trap' Ross Meggs, pers. comrn..). 

The detection by hairtube of the Northern Quoll Dasyurus hallucatus, which has not previously 

been recorded in c. > 40,000 trap nights from the Gulf region mainland (Braithwaite and Griffiths 

1996) shows the promise of this technique for the Gulf. Further trials are needed to test the 

effectiveness of tube adhesives in the humidity of the wet season; the cumulative rate of detection 

of new species; and, whether it is possible to make species-specific identifications within some 

relatively speciose north Australian genera (e.g. Pseudomys spp. and Rattus spp: Tony Griffiths 

pers. comm.). 
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Z.palatalis is endemic to the remote Gulf country whose biota is one of the least well 

known in Australia. Fewer than 1000 mammal records exist from the NT Gulf region (NT Fauna 

Atlas, unpubl.data); an area equal to half the area of Victoria, and even fewer records are known 

for the Queensland Gulf (Ingram and Raven 1991). There is limited data on environmental 

variation in the Gulf from which to select representative samples during survey planning, and this 

neglect is particularly magnified for the fine-scale gorge systems and monsoon rainforest patches 

which Z.palatalis prefer (Churchill 1996). BIOCLIM analyses predicted that Zpalatalis would 

be restricted to an area not extending significantly beyond the known sites, and preliminary 

analyses indicated that Zpalatalis was not associated with a particular rainforest type 

([following Russell-Smith 1991] Churchill 1996). To maximise efficiency, future survey for 

Z.palatalis should use hair tubes, following site selection by geographic information systems 

analysis. The fidelity of Zpalatalis to gorges and monsoon rainforest patches indicate that a 

stratification based on the extent of rainforest (or rainforest type) and a measure of rockiness 

(from digital terrain models) may be the most appropriate method of site selection (1. Woinarski 

and P. Whitehead, pers. comm.) 
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Appendices 

Appendix 1. Habitat attributes recorded for sites. The environmental characteristics of sites is 

detailed in Chapters 2 and 5. 

1. Latitude. 

2. Longitude. 

VEGETATION COMMUNITY VARIABLES 

3. Dry Rainforest area (ha), was an estimate of the area of dry rainforest at a site, placed into four size classes: 

1 =0.1-0.5 ha; 2=0.6-2.0;3=2.1-5.0;4= >5 ha 

4. Wet Rainforest area (ha). As for variable 3. 

5. Total Rainforest area. A sum of variables 3 and 4. 

6. Number of Monsoon Rainforest patches within 3-lan of the site; a count of patches within 3-km of each site from 

the rainforest maps of Jeremy Russell-Smith and Di Lucas, unpublished data (originally mapped from 

aerial photographs). For Queensland sites, local knowledge was used. 

7. Monsoon rainforest area (ha) within 3 km radius of the site was estimated from the rainforest maps of Russell

Smith. For Queensland sites this variable was derived from detailed knowledge of each site. 

8. Number of Monsoon Rainforest patches within 5 km radius of the site, determined as per variable 6. 

9. Outwash (alluvial) open forest area (ha), classes as per variable 3, ego Corymbia ptychocarpa open forest. 

LANDSCAPE AND GEOLOGICAL CHARACTERISTICS 

10. Scree or rockpile area (ha). Estimated area, four size classes: 1=0.1-0.5 ha; 2=0.6-2.0; 3=2.1-5.0; 4= >5 ha. 

11. Rockyslope area (ha).Classes as for variable 10. 

12. Total area of broken gorge habitat Was an estimate. Four size classes: 1=1-4 ha; 2=5-9 ha; 3=10-19 ha; and 

4=>20ha. 

13. Rockiness(index) (0-5), percentage cover, scored using a modified Braun-Blanquet scale, where, 1=1-24 % 

cover; 2= 25-49%; 3=50-69%; 4=70-79%; and 5= > 80 %. 

14. Gorge length, an estimate or derived from 1: 100000 topographic maps, placed into four classes: 1=100-499m; 

2=500-999m; 3= 1000-1999m; and, 4= >2000 m. 

15. Maximum gorge Width, an estimate or derived from topographic maps and placed into four classes: 1=10-29m; 

2= 30-49m; 3= 50-99m; 4= 100-199m; and,5= >200 m. 

16. Minimum gorge Width, four classes as defmed in variable 15. 

17. Geological DiverSity. The number of geological units within a S-lan radius of each site derived from 1 :250 000 
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geological maps. 

DISTURBANCE 

18. Fire impact, four classes O=absent; 1 =localised low intensity burn present; 2=severe localised burn; and, 3= 

severe, widespread burn. 

19. Fuel load, estimate of the abundance of tussock and hummock grasses on a 1 to 5 scale. 

20. Cattle impact, four classes derived from observations of cattle, obvious grazing or observations of cow pats: 

0= absent; 1= minor; 2=10calised severe damage; and, 3=severe and widespread damage. 

21. Total, a sum of variables 18-20. 

WATER AVAILABILITY CHARACTERISTICS 

21. Permanence of water, two classes: O=ephemeral water, likely to dry up completely during the dry-season; and, 

1 = water permanent (seep or spring). 

22. Spring or seep length, five classes; 0= absent; 1=1-19m; 2= 20-49; 3=50-199; and, 4= >200 .. 

23. Seep abundance, estimate using a 1 to 5 scale ofsmal! seepage zones. 

24. Lagoon abundance, estimate using a 1 to 5 scale of lagoons. 

25. Water richness a sum of variables 21-24. 

VEGETATION VARIABLES 

26. Monsoon Rainforest plant richness, five classes: 1= 1-9 species;2= 10-19; 3=20-29; 4= 30-39 5= >40 species. 

Categorisation of NT rainforest species follows Liddle et al. (1994). 

27. Rare plant richness, count of species, for each site, listed in Table 2.9. 

28. Buchanania obovata abundance, a score from 0 (absent) to 5 (abundant at site). 

29. Terminalia spp. abundance, a score from 0 (absent) to 5 (abundant at site). 

30. Palm spp. abundance, a score from 0 (absent) to 5 (abundant at site). 

31. Pandanus spp. abundance, a score from 0 (absent) to 5 (abundant at site). 

32. Fig spp. abundance, a score from 0 (absent) to 5 (abundant at site). 

33. Total Fruit Index, a sum of variables 28-32. 

SANDSTONE VERTEBRATE RICHNESS 

Data were derived from personal observations and from Sue Churchill's field notebook (Churchill, unpublished 

data). Overall field effort was greatest at known Z palatalis sites leading to some bias, however, each site was 

surveyed for at least 4 days which was adequate to determine the presence or absence for at least Petrogale spp. 
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and Petropsuedes dahli. 

34. Refuge vertebrates. Presence-absence of Pseudantechinus bi/ami, Petrogale brachyotis, P.lateralis (QLD) 

Petropseudes dahli, Emydura aff subglobosa (Georges 1993) presence (I) -absence (0) for each site. 

Appendix 2. Descriptions of sample variables recorded for the quadrat and trap cell data set. 

Vegetation variables. The environmental characteristics of quadrats are detailed in Chapter 2. 

For each tenth-ha quadrat and trap cell the cover-abundance of all plants and a wide range of plant life 

forms and structures was scored using a modified Braun-Blanquet scale, where, 1=1-5 % cover; 2= 6-19 %; 3=20-

29; 4=30-49; and 5= > 50 % quadrat cover. Additionally, several species variables were created within DECODA 

by placing all plant species into (for example) habitat (rainforest or open forest and woodland) and life form classes 

(e.g. tree, shrub etc.) to allow the creation of sample variables such as plant species richness (sum of particular 

category ofa species variable in the quadrat) and diversity (using the Shannon-Weiner function.) All variables were 

also recorded for trap cells except where noted otherwise. A small set of variables were recorded only for trap cells 

and are included at the end of the list. 

VEGETATION VARIABLES 

1. Tree cover >8-m. Quadrat / cell cover of trees growing> 8 m. 

2. Tree cover 2-8-m. 

3. Tree richness. Count of tree species in quadrati cell. 

4. Tree regeneration cover. Cover of tree species growing from seed or regenerating from coppice. 

5. Shrub cover >2-m. 

6. Shrub cover 0-2-m. 

7. Shrub richness. 

8. Woody plant species richness. A count of all woody plants in the quadrat / cell including trees, shrubs, palms 

and cycads. 

9. Palm richness. A count of palms and species such as cycads and Pandanus. 

10. Palm cover. Includes cover of true palms only (not Pandanus). 

11. Cycad cover. 

12. Pandanus cover. 

13. Tussock grass cover. Excludes hummock grasses such as spinifex. 

14. Hummock grass cover. Triodia and Plectrachne cover. 
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15. Grass richness. 

16. Sedge richness. 

17. Fern cover. 

18. Fern richness. 

19. Vine cover. 

20. Vine richness. 

21. Forb richness. 

22. Total plant richness. A count of the total number of plants in the quadrat / cell. 

23. Plant diversity (Shannon-Weiner). The diversity of cover-abundance scores of all plant species within the 

quadrat / cell. 

24. Monsoon Rain/orest plant richness. A count of plants which prefer rainforest habitats (following Liddle et al 

1994, personal observations for some exclusively QLD species). 

25. Woodland plant richness. A count of all non-rainforest plants including woodland and open forest species. 

26. Rare plant richness. A count ofrare, restricted or significant Gulfregion plants. Refer to Table 2.9 for a list 

of species included in this variable. 

27. Zyzomys preferredfood plant richness. A count for each quadrat / cell of the plant species known to be eaten 

by Zyzomys maini in Kakadu National Park (source of data: Begg and Dunlop 1980,1985). Refer to Table 

2.7. The additional congeners known from the Gulf were not included in the count. 

Each quadrat was classified into one of three derived vegetation communities based on the proportion of rainforest 

to non-rainforest plants in the quadrat / cell. These variables identify the percentage of quadrats or trap cells in each 

vegetation group occurring in each category 

28. Woodland Quadrat. (0/1) Open forest and woodland species contribute more than 79% of total plant richness 

for these quadrats, or conversely, less than 20 % rainforest species. 

29. Ecotone quadrat. (0/1) Contain greater than 49 % open forest and woodland species and less than 50 % 

rainforest species. 

30. Rainforest quadrat. (0/1) A quadrat/cell composed of greater than 49 % rainforest plant species. 

DISTURBANCE VARIABLES 

31. Fire impact. Four classes: 0, absent; 1, minor (low intensity), restricted fire. Fire scars evident; 2, low intensity 

but widespread fIre, scars < 4-m in height; and 3, severe, widespread fire, fire scars on tree trunks above 

4-m, tree death. 

32. Fuel load. Four classes: 0, absent; 1, diffuse short ground cover; 2, patchy cover of tall grass; and 3, continuous 

cover of tall grass. 

33. Cattle impact. Four classes: 0, absent; 1, evident (pats) but little damage to vegetation; 2, localised but intensive 
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damage to vegetation; and 3, widespread and severe impact to vegetation. (No cattle impact was present 

in cells, and therefore it was not recorded). 

34. Flood impact. Four classes- as for variable 33. 

35. Total disturbance index. A sum of variables 31-34 (not recorded for cells.) 

SPATIAL AND 1EMPORAL VARIABLES 

Each quadrat was classified as either a wet season (November to March), early-dry season (April-May), mid-dry 

(June-July), or late-dry season quadrat. For trap cells broader categories were used: wet season = October to May, 

and dry season June to September. 

36. Latitude. Quadrats only. 

37. Longitude. Quadrats only 

38. Wet season sample. Quadrat surveyed between the months of November to March.[Trap cells: October to May] 

39. Early-dry season. Quadrats only, May-June [Total dry season for trap cells: June to September] 

40. Mid-dry season. Quadrats only, July-August. 

41. Late-dry season. Quadrats only, September-October. 

42. Survey Year, 1993, 1994 or 1995.Quadrats only 

ROCKS AND TOPOGRAPHY 

43. Rock 0-19-cm cover. Quadrati cell % cover for small rocks. 

44. Rock 20-49-cm cover. 

45. Rock 50-99-cm cover. 

46. Rock> 99-cm cover. 

47. Rock diversity. Calculated using Simpson's index of diversity on variables 52-55. Based on the proportions of 

each rock class ('species') within the rock 'community'. 

48. Total rock cover. Sum of variables 43-46. 

49. Altitude. Metres above sea level, derived from 1:100,000 topographic maps. Quadrats only. 

50. Slope. Five classes: 1, flat (0-2); 2, gentle (3-8); 3, moderate (9-20); 4, steep (21-35); and 5, very steep (> 35). 

51. Soil depth. Four classes: 1, mostly bare rock; 2, skeletal; 3, shallow, < 40 cm deep; and 4, moderate depth 41-

100-cm deep; 

52. Soil texture. Five classes: 1, sand;2, sandy loam; 3, loam; 4, clay; and 5, humic. 

53. Clif.!type. Five classes based on the shape of cliff lines, from 1, straight, to 5, deeply incised. Quadrats only. 

54. Flat at base of cliff. Presence-absence of quadrat /cell on flat ground below a cliff. 

55. Lower slope. Presence-absence of quadrat I cell on lower slope. 

56. Upper slope. Presence-absence of quadrati cell on upper slope 
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57. Plateau. Presence-absence of quadrat/ cell above gorge on escarpment plateau. 

58. Sandstone rock. Presence-absence of sandstone parent material in quadrat/cell. 

59. Limestone rock. 

60. Volcanic rock. 

ADDITIONAL V ARlABLES RECORDED FOR TRAP CELLS 

61. Fire Impact 1994, presence-absence of fIre at trap cells at Banyan Gorge grid, which was burnt in September 

1994. 

62. Height above creek (m), estimate of the height above the creek line of the trap cell. 

63. Distancejrom creek (1-3), 1= <50 m, 2= 50-200 m, 3= >200 m. 

64. Topographic shade (0-12 hrs), estimated number of hours of sun a trap cell received per day. 

65. Abundance of rock fissures. an estimate (1-10) of the abundance of crevices fonned between rocks, 

particularly on scree slopes. 

66. Rocksheet cover %, the cover of rock platfonn in the trap cell. 

67. Mean rock size (cm), the average size of rock in the trap cell. 

68. Scree Slope. Five classes: I, Flat (0-2); 2, gentle (3-8); 3, moderate (9-20); 4, steep (21-35); and 5, very steep 

(> 35). 

69. Rocky Slope. Five classes: I, Flat (0-2 ); 2, gentle (3-8); 3, moderate (9-20 ); 4, steep (21-35); and 5, very steep 

(> 35). 
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Appendix 3. Plant and animal lists for the four sites surveyed as part of Royal Geographic 

Society of Queensland's Musselbrook Scientific Expedition (June 1995). A comparison of the 

environmental characteristics of NT sites and quadrats and those occurring in QLD was 

undertaken in Chapter 5. Here I list the mammal fauna and plants recorded from the four sites 

surVeyed during the expedition. 

Thirty-two of the 44 QLD quadrats were surveyed during the 1995 RGSQ Musselbrook expedition. A total 

of seven small mammals were recorded from 6 quadrats, from a total of2304 trap-nights; a trap rate of 0.3 %. At 

Stockyard Spring and Colless Creek, no small mammals were captured. Captures were composed of two species, 

Zyzomys argurus (6 individuals captured a total of six occasions) and a single capture of a Narrow-nosed Planigale, 

Planigale tenuirostris (Steve Van Dyck, personal communication [a range extension of c. 500km from known 

records in south-central QLD]). Bones collected from an owl roost in a cave along Colless creek were identified 

as the Long-haired Rat Rattus villosissimus. The Carpentarian Rock-rat Z.palatalis was not recorded in QLD. 

The Short-eared Rock-wallaby Petrogale brachyotis was observed at the "rock-holes" along Musselbrook 

creek (18°30'S, 138°18'E; apparently not previously recorded in QLD). Rock-wallaby scats (containing fruit of 

Terminalia hadleyana subsp carpentariae) were observed at Stockyard Spring (probably from P.brachyotis; a 

ranger, Tony ?Milnerick had previously observed rock-wallabies at this site, Jane Bell, personal communication). 

A single Black-footed Rock-wallaby, P.lateralis, was observed at Louie creek. Scats from the Rock Ringtail 

Possum, Petropsuedes dahli and Petrogale lateralis were common along Colless and Louie creek gorges. 

Presence-absence of plant species recorded from the four study sites (St= Stockyard spring, Am= Ampitheatre, Co= 

Colless Creek, and Lo= Louie Creek), surveyed as part of the Musselbrook expedition. 

FAMILY SPECIES St Am Co Lo 

Acanthaceae Hypoestes floribunda 1 1 1 

Amaranthaceae Achyranthes aspera 1 1 1 

Amaranthus pallidiflorus 1 1 

Anacardiaceae Buchanania obovata 1 

Apocynaceae Carissa lanceolata 1 1 1 

Arecaceae Livistona rigida 1 1 

Asclepiadaceae Marsdenia viridifolia 1 

Sarcostemma viminale 1 1 
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Asteraceae Pterocaulon serrulata 1 1 

Vernonia cinerea 1 1 1 

Bignoniaceae Dolichandrone heterophylla 1 I 

Bixaceae Cochlospermum fraseri 1 

Boraginaceae Ehretia saligna I 

Trichodesma zeylandicum 1 

Cyperaceae Cyperus haspan 1 

Cyperus polystachyos 1 

Cyperussp 1 1 

Cyperus vaginatus 1 

Scleria browni 1 1 

Caesalpinaceae Caesalpinia bonduc 1 1 

Lysiphyllum cunninghamii 1 1 1 

Senna timorensis 1 

Capparaceae Capparis lasiantha 1 1 1 1 

Cleome viscosa 1 1 1 

Combretaceae Terminalia aridicola 1 1 

Terminalia canescens I- I 

T. hadleyana (subsp carpentariae) 1 

Terminalia platyphylla 1 

Curcubitaceae Mukia maderaspatana 1 1 

Cycadaceae Cycas brunnea 1 

Ebenaceae Diospyros humilis 1 

Erythroxylaceae Erythroxylum ellipticum 1 

Euphorbiaceae Antidesma parvifolia 1 1 

Breynia cernua 1 1 1 1 

Chloaxylon tenerifolium 1 

Croton habrophyllus 1 1 

Euphorbia hyssopifolia 1 

Excoecaria parvifolia 1 

Flueggea virosa 1 1 1 1 

Mallotus nesophilus 1 

Fabaceae Abrus precatorius 1 1 
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Abutilon caliphyllum 1 1 

Cajanus acutifolius 1 

Clitoria sp 1 1 

Crotalaria retusa 1 1 

Indigophera colutea 1 

Rhynchosia minima 1 

Sesbaniasp 1 

Tephrosia bracyodon 1 

T. colutea 1 

T. delastangii 1 

Vigna lanceolata 1 1 

Gleicheniaceae Dicranopteris linearis 1 

Gyrocarpaceae Gyrocarpus americanus 1 1 

Lamiaceae Hyptis suaveolens 1 

Plectranthus scuttellarioides 1 

Lauraceae Cassytha filiformis 1 

Lindsaeaceae Lindsaea ensifolia 1 

L.fraseri 1 -

Malvaceae Corchorus sericeus 1 

Gossypium australe 1 

Malvasp 1 

Sidaspnov 1 

Sidasp 1 

Meliaceae Melia azederach 1 1 

Owenia vernicosa 1 

Menispermaceae Tinospora smilax 1 1 

Mimosaceae Acacia farnesiana 1 1 

A. hemsleyi 1 1 1 

A. holosericea 1 

A. plectocarpa 1 1 

Moraceae Ficus leucotricha 1 

Ficus opposita 1 1 1 

F. platypoda 1 1 
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F. racemosa 1 

F. virens 1 1 

Myrtaceae Calytrix browni 1 1 

Corymbia aspera 1 1 1 

C. dichromophloia 1 1 

C.ptychocarpa 1 

Eucalyptus camaldulensis 1 1 1 

E. leucophloia 1 1 1 

E. pruinosa 1 

Lophostemon grandiflorus 1 1 1 

Melaleuca leucadendra 1 1 I 

M affine 1 

Oleaceae Jasminum didymum 1 

J. moUe 1 1 

Onagraceae Ludwigia octovalvus 1 

Parkeriaceae Cerateropsis thalictroides 1 1 

Proteaceae Grevillea heliosperma 1 

G. pteridi/olia 1 . 

G. striolata 1 

G. wickhamii 1 

Hakea arborescens 1 1 

Persooniafalcata 1 1 

Pandanaceae Pandanus aquaticus 1 

P. spiralis 1 

Passifloraceae Passiflorafoetida 1 1 

Philydraceae Philydrum lanignosum 1 

Plumbaginaceae Plumbago zeylandica 1 

Poaceae Hummocksp 1 1 1 1 

Cymbopogon ?bombycinus 1 1 1 

Heteropogon contortus 1 1 1 1 

Aristidasp 1 1 

Enneapogon eremophilous 1 

E. ob/ongus 1 1 
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E. sp 1 1 

Phragmites sp 1 

Polycarpaceae Polycarpaea multicaulis 1 

P. spirosty/is 1 

Rhamnaceae Alphitonia excelsa 1 1 

Rubiaceae Canthium s.p...i1Dl!. 1 1 

Gardenia fucata 1 

Pavetta rupicola 1 1 

Rutaceae Boronia lanceolata 1 1 

Sapindaceae Alectryon tropicus 1 1 

Atalaya hemiglauca 1 1 1 1 

Dodonaea viscosa 1 1 

Santalaceae Santalum lanceolalum 1 1 1 

Sapotaceae Pouteria sericea 1 1 

Schizaeaceae Lygodium microphyllum 1 

Scrophulariaceae Stemodia lythrifolia 1 

Simaroubaceae Brucea javanica 1 

Sinopteridaceae Cheilanthes. sp 1 1-

Solanaceae Solanum echinatum 1 

Sterculiaceae Brachychiton collin us 1 1 1 

Melhania oblongifolia 1 1 1 

Waltheria indicum 1 

Thelypteridaceae Cyclosorus interruptus 1 

Tiliaceae Grewia retusifolia I 1 

Ulmaceae Celtis phillippensis 1 1 1 

Trema tomentosa 1 1 1 

Vitaceae Cissus reniformis 1 

Verbenaceae Callicarpa candicans 1 1 

Clerodendrum fl oribundum 1 

C. tomentosum 1 1 

Vitex glabrata 1 
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Appendix 4. Seasonal occurrence of developing and mature fruit at Moonlight Gorge trapping 

grid. 

jul94 sep94 oct 94 jan 95 may 95 ju/95 sep95 

Predominantl}'_ d~y-season fruiting 

TREES 

Celtis philil)l)ensis + + + + + ± 
Diospyros humilis + + + + 

Corymbia aspera + + + 

Ficus leucotricha + + + + + + 

Ficus virens + 

Gyrocarpus americanus + + 

Lysiphyllum cunnin~hami + + + + + 

Pouteria sericea + + 

Terminalia subacroptera + + + + + + 

SHRUBS 

Alphitonia excelsa + 

Cleome viscosa + 

Dodonaea viscosa + 

Melaleuca stenostachya + + + + . 
Melhania oblon~ifolia + + + 

Passiflorafoetida + 

Wedelia verbosinoides + 

VINES 

Abrus precatorius + 

Caesalpinia bonduc + + + + + + 

Cissus reniformis + + + + + 

O~ilia amentaceae + 

Predominantly Wet-season rruitinj! 

TREE 

Lophostemon grandifluus + 

SHRUBS 

Antidesma parvl/olia + 

Breynia cernua + 
Fluef!f!ea virosa + 
Solanum echinatum + 
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Appendix 4. Seasonal occurrence of developing and mature fruit at Banyan Gorge. 

iul94 sep 94 oct 94 jan 95 apr 95 may jul95 sea 95 

Predominantly dry-season fruiting 

TREES 

Buchanania obovata + 

Celtis philippensis + + + 

Diospyrus humilis + 

Corymbia aspera 

C.ptychocarpa + + + 

Ficus leucotricha + + 

F.opposita + 

Ficus virens + + + + + 

Grevillea heliosperma + + + 

Livistona inermis + 

Owenia vernicosa + 

Pouteria sericea + 

Terminalia carpentariae + + + + + + 

T. subacroptera + + + + 

SHRUBS 

Acacia humifusa + + . 
Alphitonia excelsa + + + + + 

Boronia lanceolata + + + + + 

Callicarpa candicans + 

Distichostemon hispidulus + + + + + + + + 

Grewia retusifolia + + + + 

Grevillea pteridifolia + + 

Grevillea refracta + 

Hibiscus zonatus + + 

Melastoma affine + + + 

Melhania oblonf<ifolia + + 

Trema tomentosa + 

VINES 

Abrus J)recatorius + + 
Caesalpinia bonduc + 

Predominantly Wet-season fruiting 

TREES 

Erythrophleum chlorostaclzjls + + 
Owenia vernicosa + 
Vitex f<labrata + 
SVZVf<ium anf<ophoroides + 

SHRUBS 
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Antidesma parvifolia + + 
Breynia cernua + 
Croton habrophyllus + 

Petalosti$!ma quadriloculare + 

Premna acuminata + 
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Appendix 5. Frequency of capture model for population estimates at Moonlight and Banyan 

gorges. 

a) Frequency distributions and population estimates from frequency of capture models for 

Zyzomys palatalis at Moonlight Gorge. The model giving the best fit to the data is indicated with 

an asterisk. 

!!i1i!!!!!!!!!::::i:i:::::::!!:i::::::::::::!::::II!:!II:::::!:!!Ei!:::::!::i:i:!:i::!::!::!:::::i:::i!::~iii~!~~II::::!:~i:::::1i::!:::::::::1"m~wi~i::i::::::i:::::Ii::::I:::::I~!I~i!::1::t::::::I::::::: Jacknife estimate 

1 20 17.5 18.2 7.5 

2 9 13.6 13.1 12.8 

3 5 10.0 9.4 14.6 

4 14 7.2 6.8 12.5 

5 3 5.1 4.9 8.6 

6 8 3.6 3.5 4.9 

7 2 2.5 2.5 2.4 

8 0 1.7 1.8 1.0 

9 0 1.2 1.3 0.4 

10 2 0.8 0.9 0.1 

11 0.5 0.7 0.04 

12 0 0.4 0.5 om 
13 1 0.2 0.3 0.003 

Est'N 87 90 67 87 (73-131) 

df 2 2 

chi-square 7.04 6.00 28.37 

Probability *0.05< P<0.025 0.025<P < 0.01 <0.001 
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2 

3 

4 

5 

b) Frequency distributions and population estimates from frequency of capture models for 

Zyzomys palatalis at Banyan Gorge. The model giving the best fit to the data is indicated with 

an asterisk. 

31 31.7 28.7 25.8 

10 11.1 11.9 15.1 

2 4.5 4.9 5.9 

4 1.9 2.0 1.7 

2 0.9 0.8 0.4 

Est' N 223 118 71 97 (68-170) 

chi-square 5.17 5.86 12.58 

df 2 2 

P *O.lO<P <0.05 0.025<P<O.01 <0.005 

c) Frequency distributions and population estimates from frequency of capture models for 

Zyzomys argurus at Moonlight Gorge. The model giving the best fit to the data is indicated with 

an asterisk. 

28 27.7 25.5 20.8 

2 9 12.2 13.0 16.8 

3 7 5.9 6.6 9.1 

4 6 3.1 3.4 3.6 

5 1.6 1.7 1.1 

6 0 0.9 0.9 0.3 

7 0 0.5 0.4 0.07 

8 0 0.3 0.2 0.01 

9 0.1 0.1 0.003 

Est'N 151 102 65 96 (77-172) 

df 2 2 

chi-square 4.12 4.83 8.27 

*O.25<P 0.025 
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d) Frequency distributions and population estimates from frequency of capture models for 

Zyzomys argurus at Banyan Gorge. The Negative binomial data could not be fitted to the data. 

The model giving the best fit to the data is indicated with an asterisk. 

46 39.3 35.1 

2 11 16.6 21.1 

3 5 7.0 8.5 

4 2 2.9 2.5 

5 0 1.2 0.6 

6 3 0.8 0.1 

7 0 0.2 0.02 

8 0.1 0.003 

Est'N 161 97 164 (110-285) 

df 2 

chi-square 3.79 12.05 

P *0.1 <P<O. 05 0.005<P<0.001 
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Attachment: Recovery Plan 

Trainor, c., and John Woinarski. (May 1996). 'The Carpentarian Rock-rat 

Zyzomys palatalis Recovery Plan.' (ANCA: PWCNT, Darwin.) 

Disclaimer 

Property and copyright in this document vests in the Director, Australian Nature 

Conservation Agency. 

The Commonwealth disclaims responsibility for the views expressed. 
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Summary 

CURRENT SPECIES STATUS: Endangered (mCN criteria); Critical (Mace and Lande) [LeeI995]. The 

Carpentarian Rock-rat has a distribution which is restricted to a few gorges of the Gulf country near the Northern 

Territory/Queensland border. The total population size is thought to be low; its habitat requirements are specialised; 

and the preferred habitat is vulnerable to damage from prevailing ftre regimes. 

HABITAT REQUIREMENTS AND LIMITING FACTORS: Carpentarian Rock-rats are closely associated with 

relatively large (>5ha) thickets of monsoon rainforests occurring on scree or boulderftelds in the Gulf of Carpentaria 

hinterland. In this area, many of these monsoon rainforests are being degraded by fIre, feral animals andlor weeds. 

Thickets comprise a small proportion of the vegetation in this region, and generally occur as small discrete patches. 

The extent and floristic richness of thickets decreases rapidly to the south and east of the area known to support 

Carpentarian Rock-rats (due to rapid decline in annual rainfall), and to the north and west (due to lack of sheltered 

gorges). 

RECOVERY OBJECTIVES: General. Downlisting to Vulnerable or Conservation Dependent within 15 years 

of the implementation of this plan. Specific. L Maintain existing known populations. 2. Establish models to 

successfully defme and predict key habitat features. 3. Establish viable populations in suitable areas not currently 

occupied. 4. Maintain a viable captive breeding colony. 

RECOVERY CRITERIA: 1. Maintenance of (or increase in) habitat quality and extent at existing known sites 

through fIre management. 

2. Establishment of a formal protected area (either management agreement or conservation reserve) for at least one 

population. 

3. Establishment of models describing habitat suitability and successful testing of these by extensive survey in the 

Gulf region. 

4. Introduction, and successful establishment, of a population in a suitable area currently unoccupied. 

5. Assessment of the relationship between known populations, landscape use and longer-term population dynamics. 

6. Establishment of a self-supporting breeding colony containing at least 20 individuals. 

ACTIONS NEEDED: A Recovery Team comprising representatives ofPWCNT, ANCA and other organisations 

as appropriate will be appointed to coordinate and supervise the following actions: 

1. Habitat management. 

2. Research into ecology and popUlation dynamics. 

3. Survey, habitat modelling and identification of additional suitable sites. 

4. Captive breeding. 
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ESTIMATED COST OF RECOVERY: 1996 prices in $OOOs/year. 

Total cost (TC) and Endangered Species Program (ESP) funds required (=TC-PWCNT contribution). 

Actions 1 2 3 4 Total 

TC ESP TC ESP TC ESP TC ESP TC ESP 

1997 2 - 40 20 60 35 20 10 122 65 

1998 9 7 40 20 50 25 10 5 109 57 

1999 2 - 100 75 10 5 10 5 122 85 

2000 2 - 45 45 20 10 10 5 77 60 

2001 2 - - - 20 10 10 5 32 15 

Total 17* 7 225 160 160 85 60 30 462 282 ... * excludes any possIble costs of land for reserve acqUisItIOn 

BIODIVERSITY BENEFITS: The Carpentarian Rock-rat is dependent upon the maintenance 

of floristically rich dry thickets of monsoon rainforests. The protection of this species will require 

management to maintain the extent, integrity and and floristic diversity of this vegetation type. 

Such management will conserve a substantial number of associated threatened and relict plant 

species, including Tiliacora australiana, Paraceterach reynoldsi, Pteris tripartita, Alectryon 

tropicus, Thelypteridaceae sp. nov., and Arecaceae sp. nov., as well as restricted plants in the 

adjacent woodlands (such as Cycas brunnea). The maintenance of spring habitats will benefit the 

undescribed restricted turtle Emydura aff. subglobosa. The maintenance of thickets in rocky 

gorges will also help to conserve other vertebrates associated with this habitat, including Short

eared Rock-wallaby Petrogale brachyotis, Rock Ringtail Possum Petropseudes dahli and 

Sandstone Antechinus Pseudantechinus bilarni. 
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Introduction 

Description 

The Carpentarian Rock-rat is one of five species of rock-rat in the Australian endemic genus 

Zyzomys. All species are similar in gross morphology and diet, though the Common Rock-rat 

z.argurus is substantially smaller than the other four species. Four species are restricted to 

northern Australia (three of which have very limited ranges): the fifth species, Central Rock-rat 

Z.pedunculatus, occurs only in central Australia. 

The rock-rats are characterised by "compact, harsh-furred bodies, pronounced roman-nosed 

appearance, rounded ears, and protruding eyes" (Watts and Aslin 1981), and especially by the 

fragile carrot-shaped tail, in which fat is deposited. They also have notably long whiskers. The 

Carpentarian Rock-rat is very similar in appearance to the Kimberley Rock-rat Z. woodwardi and 

the Arnhem Land Rock-rat Z.maini. It is grey-brown above and white below. The tail is 

relatively hairy, with especially long hairs towards the tip. Body weight averages about 120g. 

Distribution 

The three large rock-rats in northern Australia occupy geographically disjunct distributions in 

rugged sandstone ranges: the Kimberley Rock-rat occurs only in the north Kimberley, the 

Amhem Land Rock-rat is restricted to the escarpment and plateau of western Arnhem Land, and 

the Carpentarian Rock-rat occurs only in a very small area of the Gulf of Carpentaria hinterland. 

Morphological similarity between the three species suggests that the group may have had a more 

continuous distribution in the past, presumably when their major food-bearing plants were more 

widespread. 

Currently, the Carpentarian Rock-rat is known from just four locations, all within a radius of 

35km (Fig. 1: Menkhorst and Woinarski 1992; Churchill 1996). All sites are within 

Wollogorang pastoral station, in the Northern Territory (but adjacent to the Queensland border). 
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Further occurrences beyond the known sites are possible, as the Gulf area has not been subject 

to comprehensive fauna survey; however, specific searches for Carpentarian Rock-rats targetting 

apparently suitable habitat have been largely unsuccessful (Churchi1l1996). 

There are no fossil records. No known populations have become extinct, possibly because the 

species was discovered only recently (in 1986) (Kitchener 1989). 

Habitat 

The Carpentarian Rock-rat is strongly associated with monsoon thickets (dry rainforest) 

occurring on rocky slopes, usually within large gorge systems. Plant species characteristic of this 

habitat include Pouteria sericea, Terminalia subacroptera, T. volucris, Celtis philippensis, Ficus 

Ieucotricha, F. virens, Cissus renijormis, Caesalpinia bonduc and Gyrocarpus americanus. 

The floristics, distribution and conservation of monsoon rainfores!s in the Northern Territory 

have been considered in detail. Russell-Smith (1991) mapped and classified rainforest patches, 

recording seven floristic groups (from 16 defined for the Northern Territory) from the Gulf area 

(Fig. 2). Several of these groups are not associated with rocks, and are unlikely to support 

Carpentarian Rock-rats. However, groups 12, 13 and 15 are rock-associated and comprise many 

plant species whose fruits are known to be eaten by rock-rats. 

Liddle et al. (1994) mapped the distribution of individual monsoon rainforest plant species. 

These maps show that many rare monsoon rainforest plants occur as relictual populations in 

gorges of the Gulf area. 

Russell-Smith and Bowman (1992) described the conservation status of monsoon rainforests in 

the Top End of the Northern Territory, and noted that monsoon rainforest patches in general, and 

groups occurring in the Gulf region in particular, had a high frequency of disturbance from fire, 

feral animals and weeds. 
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Life history and ecology 

The Carpentarian Rock-rat is a nocturnal rodent, sheltering during the day in cracks between 

boulders, caves and crevices. Much of its diet comprises fruits and seeds of fleshy-fruited 

plants, including Terminalia subacroptera, T.carpentariae, Ficus spp and Pandanus aquatic us. 

Its large incisors allow it to chew through the woody nuts of many of these species to access the 

kernel, and distinctively chewed nuts are a characteristic sign of its presence. This diet is 

common to all the rock-rats, and infonnation from the more intensively-studied Arnhem Land 

Rock-rat (Begg and Dunlop 1980, 1985) is probably generally applicable to the Carpentarian 

Rock-rat. 

As with all rock-rats, reproductive output is characteristically low, with females bearing only four 

nipples. However, growth of young is unusually rapid (Watts and Aslin 1981), perhaps allowing 

more frequent breeding events. Reproduction in the Arnhem Land Rock-rat has been said to be 

seasonal (mostly from March to May: Begg 1981) or aseasonal (CaIaby and Taylor 1983). 

Breeding in the Carpentarian Rock-rat has been reported in most months. -

There are only very limited data on longevity, sex ratios, territoriality and age structure of 

Carpentarian Rock-rats. There appears to be a substantial seasonal fluctuation in the abundance 

of Carpentarian Rock-rats, with relatively low numbers reported from January to June. It is 

unclear whether this is due to movements away from the habitats sampled in studies based on 

permanent grids, seasonal changes in trappability or real changes in population numbers. 

Reasons for listing 

The Carpentarian Rock-rat is listed as endangered due to its extremely limited total range; small 

number of fragmented populations within that range; presumed small total population size; 

specific habitat (and dietary) requirements; and demonstrated deterioration in the condition of 

that habitat generally (Russell-Smith and Bowman 1992) and specifically for at least one of its 
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four known sites (Banyan Gorge). 

It is a critical-weight-range mammal (Burbidge and McKenzie 1989), and the recent presumed 

extinction of its relative of slightly more arid areas, the Central Rock-rat (Wurst 1990), suggests 

that its ecology may be vulnerable to habitat disturbance. This is further indicated by studies 

demonstrating that the Arnhem Land Rock-rat Zyzomys woodwardi declined substantially 

following wildfire (Begg et al. 1981). 

Strategy for recovery 

Overall objective 

To downlist the Carpentarian Rock-rat to Vulnerable or Conservation Dependent within 15 years 

of the implementation of this plan. 

Specific objectives 

1. Maintain the four existing known populations. (Moonlight Gorge, Banyan Gorge, Camel 

Creek Gorge and McDennotts Spring), and any other populations subsequently located. 

2. Establish models to successfully define and predict key habitat features, and use these 

models as a base for further survey. 

3. Establish viable populations in suitable areas not currently occupied. 

4. Maintain a viable captive breeding colony. 
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Recovery criteria. 

The criteria for achieving these objectives will be: 

1. Maintenance of (or increase in) habitat quality and extent at existing known sites through fire 

management. 

This criterion will be satisifed when key habitat parameters are defined, the extent of 

these is known, and management practices are established which maintain (or increase) 

their extent. Based on available information those management practices will include 

protection from wildfire. 

2. Establishment of a formal protected area (either management agreement or conservation 

reserve) for at least two populations. 

This criterion will be satisfied when the area of at least two populations is included 

within a management agreement or conservation reserve, and where those areas are 

explicitly and formally managed to protect Carpentarian Rock-rats. 

3. Establishment of models describing habitat suitability and successful testing of these by 

extensive survey in the Gulf region. 

This criterion will be satisfied when models can be generated (at a series of scales) to 

describe the habitat of Carp en tar ian Rock-rats at known sites; these then used to predict 

other sites of probable occurrence; these predictions tested by field surveys to ensure that 

the possibility of locating additional populations is explored ehaustively; and the models 

refined on the basis of these field tests. 

4. Introduction, and successful establishment, of a population in a suitable area currently 

unoccupied. 
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If the further survey outlined in (4) above is unsuccessful, even though apparently 

suitable sites can befound, then such sites should be consideredfor release of captive

bred populations. This criterion will be satisifed if such release results in the successful 

establishment (as measured in increased number of individuals at least three years post

release) of a new colony. 

5. Assessment of the relationship between known populations, landscape use and longer-term 

population dynamics. 

This criterion will be satisfied when the genetic composition of populations is compared 

and rates of gene flow between populations estimated. Movements between populations 

will require an assessment of dispersal routes (if any) and use (and management) of 

habitats adjacent to the monsoon thickets known to be the main habitat. Assessment of 

longer-term population dynamics will require regular monitoring of age structure and 

population density, and relating changes in these to rainfall pattern and/or environmental 

perturbation (e.g. fire). 

6. Establishment of a self-supporting breeding colony containing at least 20 individuals. 

A strategy for the maintenance of such a breeding colony should be established, and 

should consider the desirable number takenfrom the wild (a balance between as large 

as possible to maintain genetic heterogeneity, and as small as possible to minimise 

impacts of removal from wild populations); the (number oj) sources from which the 

population is derived; optimum sex ratios and age composition; and the number of sites 

in which the population is housed. The criteria will be satisifed when there is an 

assurance that the breeding colony would be capable of supplying 20 individuals (or 

other number determined more precisely with PVA) to found a new wild colony or restore 

a colony destroyed by catastrophe. 
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Recovery actions 

Recovery team 

The establishment of a recovery team, comprising representatives of the diversity of interested 

parties, charged with prioritising and scrutinising research and management actions is considered 

the most acceptable means of implementing recovery plans. The case of the Carpentarian Rock

rat is unusual. Its occurrence is remote from the base of most agencies or NOOs. Its entire 

known range lies within one pastoral property, and the leasee of that property has been 

attempting, over the last 5 years, to sell the lease. At this stage, the only agencies, individuals or 

NOOs who have taken any active interest in the conservation of this species are PWCNT and 

ANCA. To establish a recovery team comprising just those two agencies seems an exercise in 

bureaucratic rote. 

Action 1. Implement appropriate management at the four known sites. 

1.1. Protect required habitat 

Carpentarian Rock-rats show a clear association with monsoon thickets growing on rocky slopes. 

Such thickets are vulnerable to hot fires. Management strategies to protect thickets from fires 

will be developed. These may include annual assessment of fuel loads at thicket margins, cool 

burning around thicket edges in the early dry season, andlor fire suppression. Exclusion of cattle 

may also be required at some sites. 

Responsibility: PWCNT (including Bushfires Council of the Northern Territory), in association 

with the existing landowner; ANCA. 

Costs: 
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Year! Year 2 Year 3 Year 4 YearS Total 

PWCNT 2 2 2 2 2 10 

ESP - 5* - - - 5 

total 2 7 2 2 2 15 
* fencmg at 1-2 sites to prevent cattle entry. 

All other sums are to cover fire marIagement (principally travel costs for protective burning at margins) 

1.2. Establish protected area for at least two sites 

Formal protection measures should be established for at least two sites. This may include the 

designation of a management agreement with the existing landowner (under Section 74 of the 

Territory Parks and Wildlife Conservation Act) or the establishment of a National Park or other 

conservation reserve. Any such protected area should be accompanied by clear guidelines which 

defme management actions and responsibilities aimed at the conservation of Crupentarian Rock

rat. 

Responsibility: PWCNT, in association with the existing landowner; ANCA. 

Costs: 

Costs are impossible to calculate. Management agreement may be established at no cost. 

Acquisition of the entire lease would cost in the order of$3-12 million (and may be supported 

in part by the National Reserve Program as Wollogorang Station supports a range of 

environments and species that would increase the comprehensiveness of the Territory's (and 

nation's) reserve system). 

2. Research ecology and population dynamics 

2.1. Continue studies of diet and food requirements 
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Current and previous studies have described broad patterns of diet for the Carpentarian Rock-rat 

and closely related species. However, there is little information on within- and between-year 

variation in food availability, and what factors may be involved in food limitation. This action 

would investigate diet and food availability, to provide infonnation for habitat management (1.1.) 

and modelling (3.1). This should involve consideration of changes in diet and food availability 

over at least two years of regular monitoring; it may also include consideration of the effects of 

fire on food availability. 

Responsibility: PWCNT, ANCA. 

Costs: 

Year! Year 2 Year 3 Year 4 Year 5 Total 

PWCNT 5 5 5 - - 15 

ESP 5 5 5 - - 15 

total 10 10 10 - - 30 
all costs are to cover transport and part consultants 1 salary. 

2.2. Continue studies on population structure and demography 

2.2.1. The reproductive output of the Carpentarian Rock-rat appears to be low, a feature which 

may limit recovery after disturbance. Further information is required about reproductive 

potential, and the factors triggering breeding and affecting breeding success. Existing 

infonnation suggests a substantial seasonal fluctuation in density (or at least trappability). The 

causes of this fluctuation remain unclear, but should be investigated by careful monitoring in and 

around the known sites (it is possible but unlikely that the apparent popUlation changes may be 

due to movement between habitats); and this action should be closely related to 2.1. 

1. The use of consultants or existing PWCNT staff is uncertain at this stage. Budgets which indicate 
consultant salary may be reduced throughout if existing staff are used. 

224 



Responsibility: PWCNT, ANCA. 

Costs: 

Year 1 Year 2 Year 3 Year 4 YearS Total 

PWCNT 5 5 5 - - 15 

ESP 5 5 5 - - 15 

total 10 10 10 - - 30 
all costs are to cover transport and part consultants salary. 

2.2.2. Estimates oftotal population at known sites are not yet precise, and additional intensive 

trapping (and mark/recapture) is necessary to determine total popUlation size, and to prioritise 

actions between known sites. 

Responsibility: PWCNT, ANCA. 

Costs: 

Yearl Year 2 Year 3 Year 4 YearS Total 

PWCNT 5 5 5 - - 15 

ESP 5 5 5 - - 15 

total 10 10 10 - - 30 
all costs are to cover transport and part consultants salary. 

2.2.3. The age and sex composition of all known populations should be carefully determined and 

compared, to examine for signs of declining populations and to provide parameters required for 

determining age and sex composition of any reintroduced or newly established population (from 

captive-bred sources), if necessary. 
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Responsibility: PWCNT, ANCA. 

Costs: 

Year! Year 2 Year 3 Year 4 YearS Total 

PWCNT 5 5 5 - - 15 

ESP 5 5 5 - - 15 

total 10 10 10 - - 30 
all costs are to cover transport and part consultants salary. 

2.2.4. The genetic composition of populations from the four (narrowly) discrete sites should be 

investigated, to assess the extent of gene flow between these. Resulting information on the 

extent of isolation may be required for management of the overall landscape in which the four 

sites are embedded, and be essential for assessing emigration and immigration rates. 

Responsibility: ANCA 

Costs: 

Year! Year 2 Year 3 Year 4 YearS Total 

PWCNT - - - - - -
ESP - - 45 45 - 90. 

total - - 45 45 - 90 
costs calculated from quotes provided by a number of sUitable laboratones 

2.2.5. The data obtained in the above components (2.2.1-2.2.4) should be used to model 

population viability to allow management to concentrate on those parameters which are most 

likely to increase conservation outcomes. 
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Responsibility: PWCNT, ANCA. 

Costs: 

Year 1 Year 2 Year 3 Year 4 Year 5 Total 

PWCNT - - 5 - - 5 

ESP - - 10 - - 10 

total - - 15 - - 15 
costs calculated for consultant and software 

3. Continued survey, habitat modelling and identification of suitable sites 

3.1. Establish a habitat suitability model 

Previous research has indicated a number of habitat features which are correlated with the 

distribution ofCarpentarian Rock-rats, though the efficacy of these models}s compromised by 

the very limited number of sites from which this species has been recorded. This action will 

parameterise these models to a form which can be used to predict sites most likely to support 

additional populations, and to use existing vegetation, land system, geological and topographic 

data to prioritise further survey. 

Responsibility: PWCNT, ANCA. 

Costs: 

Year 1 Year 2 Year 3 Year 4 Year 5 Total 

PWCNT 5 - - - - 5 

ESP 15 - - - - 15 

total 20 - - - - 20 
... costs for GIS, consultant and lnmted acqulSltlOn of data coverages 
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3.2. Survey additional sites, refine distributional models, and identification of suitable sites. 

There has already been substantial survey of many prospective sites in the Gulfregion of the NT 

and Queensland for this species (Trainor 1996). The efficacy of further searches is likely to be 

increased by (i) well-developed habitat modelling (3.1.), and (ii) more efficient sampling (3.2.1.). 

3.2.1. Recent research has demonstrated that hair-tubes are a successful way of documenting the 

presence of Carpentarian Rock-rats. The extensive use of hair-tubes will allow far more sites to 

be sampled, quickly and economically. This is especially important as many sites are very 

remote and can be accessed only by helicopter. The previous use of Elliot traps to survey these 

sites proved very costly and slow. Where hair-tubes indicate the presence of Carpentarian Rock

rats at new sites, more intensive survey should follow to assess population size. 

Responsibility: PWCNT, ANCA. 

Costs: 

Year 1 Year 2 Year 3 Year 4 YearS Total 

PWCNT 20 20 - - - 40 

ESP 20 20 - - - 40 

total 40 40 - - - 80 
costs for transport (prmclpally heitcopter hire), eqUIpment, analYSIS of hair and consultant 

3.2.2. Further sampling will be carefully framed to test habitat models. Results will be used to 

refine these models. 

Responsibility: PWCNT, ANCA. 

Costs: 
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Year 1 Year 2 Year 3 Year 4 YearS Total 

PWCNT - 5 5 - - 10 

ESP - 5 5 - - 10 

total - 10 10 - - 20 
costs associated wIth consultant, GIS and software 

3.2.3. Where sites are found which provide good matches to habitat models but which have no 

Carpentarian Rock-rats, the introduction of captive-bred populations (and/or animals from 

existing wild populations) should be considered, to spread the risk from catastrophe. Note that 

this action may be unnecessary if a substantial number (>5) of new sites of occurrence are 

discovered in 3.2.1. above (especially if such new sites are well dispersed and/or protected). The 

use of any such sites for introductions should be carefully modelled using PYA (2.2.5). Where 

this indicates a net benefit to the protection of the species at affordable management cost, 

introductions should be made (with numbers, age and sex ratios detennined from PV A and 

infonnation from existing popUlations) and their fate carefully monitored. _ 

Responsibility: PWCNT, ANCA. 

Costs: 

Year 1 Year 2 Year 3 Year 4 YearS Total 

PWCNT - - - 10 10 20 

ESP - - - 10 10 20 

total - - - 20 20 40 
costs assocIated WIth establIshment of mtroductlOn, and subsequent modellmg; note that no costs wIll be mcurred 

if>5 new naturally-occurring sites are discovered. 
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4. Establish and maintain a captive-breeding population 

A captive-breeding population (of 10 individuals) has been established at the Territory Wildlife 

Park, consistent with the stated role of this facility in contributing to the conservation of the NT's 

threatened fauna (draft NT Endangered Species Strategy). This population will be monitored, 

maintained and studied. A formal management strategy for this captive population will be 

established (covering pedigrees, optimmn population size, research needs and opportunities, and 

housing requirements). 

-Responsibility: PWCNT, ANCA. 

Costs: 

Year 1 Year 2 Year 3 Year 4 YearS Total 

PWCNT 10 5 5 5 5 30 . 

ESP 10 5 5 5 5 30 

total 20 10 10 10 10 60 
costs assocIated WIth estabhshment and mamtenance of captIve populatIOn (mcludmg food, housmg and care) 
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Implementation schedule 

task description priority feasibility funding Cost estimate (SK/year) 

Year 1 (1997) Year 2 (1998) Year 3 (1999) Year 4 (2000) Year 5 (2001) total 

1.1 Habitat management 1 90% PWCNT 2 2 2 2 2 10 

ESP - 7 - - - 7 

total 2 9 2 2 2 17 

1.2 Protected area 2 funding currently can't be calculated 

2.1 Diet and food 2 90% PWCNT 5 5 5 - - IS 

availability 
ESP 5 5 5 - - 15 

total 10 10 10 - - 30 

2.2.1 Reproduction and 2 90% PWCNT 5 5 5 - - 15 

population fluctuation 
ESP 5 5 5 - - IS 

total 10 10 IO - - 30 

2.2.2 Population estimates I 80% PWCNT 5 5 5 - - IS 

ESP 5 
, 

5 5 - - 15 

total 10 10 10 - - 30 

2.2.3 Population structure 2 85% PWCNT 5 
, 

5 5 - - 15 

ESP 5 5 5 - - 15 

total 10 10 10 - - 30 
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2.2.4 Genetic comparison of 3 75% ESP (=total) - - 45 45 - 90 

populations 

2.2.5 PYA 2 70% PWCNT - - 5 - - 5 

ESP - - IO - - IO 

total - - 15 - - 15 

3.1 Habitat suitability model 1 80% PWCNT 5 - . - - 5 

ESP 15 - - - - 15 

total 20 - - - - - 20 

3.2.1 Survey 1 95% PWCNT 20 20 - - - 40 

ESP 20 20 - - - 40 

total 40 40 . - - 80 

3.2.2 Test and refine models I 95% PWCNT - 5 5 - - 10 

ESP - 5 5 - - 10 

total - 10 10 - - 20 

32.3 Introductions 3 50% PWCNT - - - IO JO 20 

ESP - - - 10 10 20 

total - - - 20 20 40 

4.1 Captive colony 2 95% PWCNT 10 5 5 5 5 30 

ESP 10 5 5 5 5 30 

total 20 , 10 10 10 10 60 
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