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ECOLOGY AND POPULATION DYNAMICS OF THE PYGMY WHITE-TAILED
RAT UROMYS HADROURUS

This chapter presents the detailed population ecology of the Pygmy White-tailed Rat
Uromys hadrourus. Using the results of live-trapping conducted on three separate
study grids, it examines abundance, population estimation using capture-markrecapture statistics (CMR), breeding and recruitment, parental care, population
demography, and general behaviour. The ecology of this recently discovered species
(Winter 1984) is described for the first time in this thesis.

6.1

TRAPPING RESULTS

There were 39 captures of Uromys hadrourus, including exploratory trapping, grid
trapping sessions, and experimental trapping. These captures comprised 16 captures
of 9 individual males, and 23 captures of 10 individual females (19 individual animals).
Table 6.1 presents a breakdown of individual captures for U. hadrourus. Two of the
animals caught in the exploratory trapping phase of the study were not subsequently
recaptured on the trapping grids. Recapture of marked individuals was high, with 19 1st
captures and 24 recaptures, a recapture rate of 1.27 compared with 0.57 for U.
caudimaculatus.
Table 6.1
Breakdown of individual captures of Uromys hadrourus 1
Adults

1

Subadults

Juveniles

Male

Female

Male

Female

Male

Female

6

5

1

1

2

4

exploratory trapping, grid trapping sessions, and experimental trapping (21 584 trapnights)
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Trap success for all U. hadrourus captures (exploratory, grid trapping, experimental)
was 0.17 captures/100 trapnights, approximately one animal captured per 600
trapnights.

6.1.1

Division between juveniles, subadults, and adults

It is difficult to ascribe age categories according to body weight and reproductive status
for U. hadrourus due to a lack of juvenile captures and what appears to be an extended
period of parental care. The following criteria have been used in this study:


Juveniles = <140gms. This upper weight has been adopted as a result of a
family party recorded in February 2006 (young =140gms and 142gms).



Subadults = >140gms and <170gms. There is inadequate data with which to
delineate a subadult age cohort for U. hadrourus. The lowest recorded breeding
weight for females in this study was 183gms but it is not known whether
breeding might occur at lower weights. The weight range of this category has
been determined on the basis that young were still in the company of the
female parent at 140gms and it is unlikely that breeding would occur at less
than 170gms body weight.



6.1.2

Adults = >170gms.

Grid captures

Only captures resulting from grid trapping sessions are used in the following analysis.
A total of 11 048 trapnights resulted in 27 captures of 19 Uromys hadrourus comprising
nine males and ten females. As all captured U. hadrourus were removed from the
trapping grid and kept in captivity for release after trapping had stopped, the grid
captures in Table 6.2 represent the 1st captures (individual animals) and recaptures
(successive captures on subsequent trapping sessions) of animals.
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Table 6.2
Trapping session captures of Uromys hadrourus (1st captures and recaptures)
December

February

April

August

December

June

2004

2005

2005

2005

2005

2006

2

1

0

1

1

0

1

3

3

1

3

3

1

4

5

2

1

1

2

0

2

Totals

6

2

5

6

1

7

Grid

Repeated measures ANOVA showed captures of U. hadrourus differed significantly
between grids (F2,15=11.17, P=0.001), with Grid 3 recording significantly more animals
than the other two grids, and Grid 2 capturing significantly fewer (Table 6.3). Figure 6.1
presents the trapping results for all three grids.

FIGURE 6.1
Uromys hadrourus grid captures by trapping session
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Table 6.3
Mean and SD of trapping sessions grid captures for Uromys hadrourus
Grid

6.1.3

Trapping
sessions

Mean

SD

Grid 2

6

0.67

0.516

Grid 3

6

3.17

1.329

Grid 5

6

1.33

0.816

18

Mean = 1.72

Population density

The mean distance between trap locations for two successive captures of U. hadrourus
(same trapping session or consecutive trapping session only) was biased by the
removal of animals from the grid when captured. An alternative mean distance was
calculated by measuring the distance between different trap locations when an
individual was recaptured regardless of the sequence of the trapping session. The
boundary strip (Ŵ) for estimating species’ density (Ŵ = d/2) was added to the grid area
and densities calculated using mean trapping session captures. The mean grid
movement distance ± SE for U. hadrourus was 51m and 6.27m respectively
(d/2=25.5m). This boundary strip altered the effective trap area from 2.6 hectares
(trapping grid) to 3.58 hectares, an additional 0.98 hectares (approximately 38%). The
total effective trapping area for the combined three grids was 10.74 hectares (three
grids x 3.58ha). The capture totals for each grid were combined to create session
totals and Table 6.4 presents the captures and animals/ha for each trapping session
(N/10.74). The mean trapping density of U. hadrourus was 0.42 animals/ha.
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TABLE 6.4
Population density of Uromys hadrourus for each trapping session

Trapping
session

December
2004

February
2005

March
2005

August
2005

December
2005

June
2006

6

2

5

6

1

7

0.56

0.19

0.47

0.56

0.09

0.65

0.47

0.19

0.47

0.56

0.09

0.65

Captures

Animals/ha
(N/10.74ha)
Adults/ha
(N/10.74ha)

6.1.4

Population estimation using capture-mark-recapture analysis (CMR)

As for similar sampling procedures, these CMR estimates do not represent the
population size of U. hadrourus existing on the grid itself but instead represent the
predicted population from which the sample is drawn. Trapping session population
estimates ranged from a low of 8.2 animals/trapping session in February 2005 to a high
of 14.3 animals/trapping session in June 2006. Due to low capture numbers, estimation
of total U. hadrourus population size was obtained using grouped trapping session
totals. Notwithstanding, the final capture total was only 17 individual animals, less than
the ~20 animals required to satisfy the conditions which underlie mark-capturerecapture analysis.

To reduce the number of parameters to model and avoid an

increase in the variability of parameter estimates (Cormack 1979; Begon 1983); Jolly
1982) presented modifications that assume constant survival and capture rates. This
reduced analysis gives a more parsimonious model leading to more efficient estimators
(Buckland 1980).
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TABLE 6.5
Jolly-Seber (constant probability of capture and survival) of Uromys hadrourus using grouped captures

Trapping session

Marked
Population
animals in
Estimate
population

SE
pop.
est.

Dec 04

Survival
SE
New
Probability
Estimate survival animals of capture

0.8513

0.07632

SE
Prob. of capture

0.4896

0.1063

Feb 05

8.212

8.212

1.094

0.8513

0.07632

2.042

0.4896

0.1063

Apr 05

7.186

9.228

2.071

0.8513

0.07632

3.197

0.4896

0.1063

Aug 05

6.291

10.38

2.812

0.8513

0.07632

4.351

0.4896

0.1063

Dec 05

7.119

13.25

3.718

0.8513

0.07632

-0.6221

0.4896

0.1063

Jun 06

12.25

14.3

4.317

0.8513

0.07632

0.4896

0.1063
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Accordingly, population estimates were calculated using a Jolly-Seber model which
assumed constant survival rates and probability of capture over the period of the
experiment (Table 6.5; also refer to Chapter 2).

Leslie's Test (Leslie et al. 1953)

concluded that catchability was equal at the 5% level (X23,5 =5.33, P = 0.15). Using
closed methods and an assumption of temporal change in capture probabilities (Chao
1989), the estimated population size sampled by the three grids was 22 animals (SE
3.844) with a range of 19 to 36 animals.

6.1.5

Annual population demography

As captures were low, all U. hadrourus captures are used in this analysis (exploratory,
grid trapping and experimental). Figure 6.2 presents the proportion of age classes
grouped into three-monthly periods.

FIGURE 6.2
Annual population demography of Uromys hadrourus
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Subadults (>140 gms and <170 gms) are represented in every quarterly period and
comprise approximately 50% of the trapped population from September to December.
Juveniles (weight <140gms) were trapped in all quarters except October –December,
by which time they are likely to have been classified as subadults (weight >140gms).

6.1.6

Body size

As some animals were measured more than once the adult weights were analysed
using a unpaired samples t-test which showed difference in adult body weight between
the sexes was not significant (t(12)=1.677, P=0.119).

Mean adult male weight ±

standard deviation was 204.9gms and 14.3gms respectively; mean adult female weight
± standard deviation was 196.4gms and 16.3gms respectively (Figure 6.3). Table 6.6
presents morphological measurements taken from animals captured in this study.

Figure 6.3
Frequency histogram of body weights for adult Uromys hadrourus
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TABLE 6.6
Morphological measurements of captured Uromys hadrourus

Weight
(Mean & SE)

Head-Body
(Mean and SE)

Tail-Vent
(Mean and SE)

Tail tip
(Mean and SE)

Pes
(Mean & SE)

Skull Length
(Mean and
SE)

Skull Width
(Mean and
SE)

200.48 ± 2.74

194.04 ± 1.43

204.00 ± 1.04

50.73 ± 1.30

39.38 ± 0.22

55.83 ± 0.32

24.67 ± 0.33

Adult Male (N=16)

204.85 ± 3.57

196.00 ± 2.02

205.50 ± 2.19

52.76 ± 2.59

40.11 ± 0.39

55.30 ± 0.29

24.55 ± 1.13

Adult Female (N=17)

196.35 ± 3.96

192.87 ± 1.92

203.40 ± 1.17

49.65 ± 1.43

38.93 ± 0.18

56.07 ± 0.43

24.72 ± 0.30

132.57 ± 3.45

171.43 ± 2.26

183.85 ± 2.43

41.43 ± 3.18

39.63 ± 0.43

50.9 ± 0.34

22.16 ± 0.48

Status

Combined Adults (N=33)

1

Combined Juveniles (N=7)

1
2

2

Adults >170gms
Juveniles <140gms

Note 1: U. hadrourus mean tail-vent (TV) is approximately 5% longer than mean Head-Body; U. caudimaculatus TV is 16% longer than HB.
Note 2: Pes of U. caudimaculatus is 30% longer than the pes of U. hadrourus.
Note 3: Although the maximum weights recorded for adult male and female U. hadrourus were the same 230gms, the female was pregnant when
weighed.
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6.1.7

Spooling analysis

Details of spooling methodology are provided in Chapter 2 (Study Area and Methods).
Spooling of individual U. hadrourus provided much of the data on the species diet,
movements, home range, and behaviour.

With the inclusion of exploratory and

experimental trapping data, there were twenty-nine (29) separate spoolings of U.
hadrourus, with some individuals spooled multiple times. Overall, a total of 8536.5
metres of spooling data were collected, 5878.5 metres of which were obtained prior to
the cyclone and 2658 metres post-cyclone (July 2006). Table 6.7 presents a
breakdown of the spooling conducted during the study and includes those animals
caught during the exploratory and experimental trappings.

Table 6.7
Spooled distances in metres per trapping session according to the age class and
sex of spooled individuals
Adult males

Adult females

Subadult/juvenile

(metres)

(metres)

(metres)

428.5

844.5

0

0

592.5

0

960.5

507

0

581

852.5

412

December 2005

0

275

0

June 2006

0

743.5

1914.5

Additional spooling

0

432

443

1970

3797

2769.5

Trapping session
December 2004
February 2005
April 2005
August 2005

Total

Only the pre-cyclone spooling data are used in the following analyses.

Table 6.8

presents a breakdown of ‘travel mode’ i.e., how U. hadrourus moved through the forest,
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and Table 6.9 provides an example of field data obtained from this tracking technique.
Trapped individuals were kept in captivity until the trapping session had been
completed.

The day after the traps had been removed from the grid, captured

individuals were released at their trap location with a cotton spool attached just before
dark (1800–1900 hrs).

TABLE 6.8
Breakdown of Uromys hadrourus spooling – Travel Mode (metres)
Data Points

Distance
(metres)

%
proportion

Logs and sticks

419

1695.5

28.8

Surface roots

317

845.5

14.5

Buttress

334

823.5

14.1

Vines (understorey)

67

220

3.7

Shrubs/saplings

69

158.5

2.7

Tree

12

43.5

0.7

Aerial roots

11

37.5

0.6

Rocks

11

37.5

0.6

Ground

802

2017

34.3

1997

5878.5

100

Travel mode

Totals

Off ground travel = 3861.5 metres (65.7%)
On ground travel = 2017 metres (34.3)

Approximately 66% of U. hadrourus movement through the forest was on hard surfaces
e.g., logs and sticks, surface roots, and buttresses. There were indications that those
animals in captivity for more than three days concentrated on refreshing their territory
markers when released, thus possibly raising this percentage slightly.

An example of

the mapping of spooled U. hadrourus is presented in Figure 6.4 and shows the
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spooling results from Grid 5 for the trapping sessions of December 2004 and April-May
2005.

FIGURE 6.4
Example of spooling data for four Uromys hadrourus at Grid 5
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TABLE 6.9
SPOOLING ANALYSIS – SHEET 1 of 4: DECEMBER 2005 (Trapping session5)
Species
Tag
Sex
Wt
Date
Grid
No. Points
Spool Distance (m)
Ground (m)
% Ground
Logs (m)
% Logs
Buttress (m)
% Buttress
Surface roots (m)
% Surface Roots
Aerial Roots (m)
% Aerial roots
Shrub/sapling (m)
% Shrub/sapling
Vine (m)
% Vine
Tree (m)
% Tree

hadrourus
5792
Male
162
41205
3
55
177
89
50.3
62
35
8.25
4.7
4.25
2.4
7
4
0
0
3.5
1.9
0
0

hadrourus
4835
Female
217
281105
5
85
248.5
129.5
52.1
38.5
15.5
37.50
15.1
34.00
13.7
3
1.2
0
0
6
2.4
0
0

hadrourus
0132
Female
162
281105
5
100
268.5
171.5
63.9
32.5
12.1
35.5
13.2
19
7.1
0
0
0
0
10
3.7
0
0

hadrourus
0132
Female
172
251105
5
72
192.5
64.5
33.5
23.5
12.2
56
29.1
48.5
25.2
0
0
0
0
0
0
0
0

hadrourus
0213
Male
202
181205
3
81
251.5
53
21.1
141
56
12.5
5
27.5
10.9
0
0
6.5
2.6
11
4.4
0
0

hadrourus
0192
Female
181
181205
3
79
327.5
70
21.4
64.5
19.7
102.5
31.3
75.5
23
15
4.6
0
0
0
0
0
0

hadrourus
0192
Female
197
61205
3
86
265
77.5
29.3
105
39.7
34.5
13.1
24.5
9.3
1.5
0.1
18
6.9
4
1.6
0
0

caudimaculatus
0087
Female
630
181205
3
3
50
25
50
0
0
0
0
0
0
0
0
0
0
0
0
25
50

caudimaculatus
0094
Male
580
181205
3
16
63.5
60
94.5
1.5
2.4
0
0
2
3.1
0
0
0
0
0
0
0
0

caudimaculatus
0100
Male
666
181205
3
20
175
172
98.3
0
0
0
0
0
0
0
0
0
0
3
1.7
0
0

Distance On-ground
% On-ground

89
50.3

129.5
52.1

171.5
63.9

64.5
33.5

53
21.1

70
21.4

77.5
29.3

25
50

60
94.5

172
98.3

Distance Off-ground

88

119

97

128

198.5

257.5

187.5

25

3.5

3

% Off-ground

49.7

47.9

36.1

66.5

78.9

78.6

70.7

50

5.5

1.7
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6.1.8

Breeding

The reproductive status of each adult male and female Uromys hadrourus was placed
into two broad categories representing the distinct stages of the annual breeding cycle:
reproductive codes 1-3 = non-breeding; reproductive codes 4 and 5 = breeding (refer to
Chapter 2, Box 2.1). Six observations of adults in breeding condition were recorded in
this study:
1. February 28, 2006 – pregnant female: weight = 230 gms;
2. March 3, 2005 – adult male scrotal large: weight = 230 gms;
3. April 14, 2005 – adult male regressing: weight = 180 gms;
4. November 28, 2004 – pregnant female: weight = 217 gms;
5. December 15, 2004 - adult male scrotal large: weight = 212 gms;
6. December 16, 2005 – lactating female: weight = 183 gms.

No breeding observations were made in the months of May – October. To obtain a
better representation of breeding in this species the breeding data from this study was
augmented by reproductive data from Harrington et al. (2001). The resulting 32
breeding observations are shown in Figure 6.5. Breeding animals were recorded from
November to April; all individuals captured from May to October were categorised as
non-breeding.
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FIGURE 6.5
Annual breeding observations for Uromys hadrourus
(Figure located at top of each bar = N)

Breeding behaviour
Animals were released on the capture grid at the end of each trapping session. Often
this involved the release and subsequent spool mapping of 3-4 adults at the same time.
There were indications of temporal partitioning of habitat with sexes seldom crossing
paths on the nights they were spooled. Figure 6.6 presents the mapping of three
spooled adult U. hadrourus on 7 September 2005. The animals were released within
45 minutes (1800-1845) and it can be seen that all three moved independently of each
other. There was support for the occurrence of a mating liaison when the spooling
threads of an adult male and female were observed to cross briefly before diverging
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again. Figure 6.7 shows the spooling thread conjunction resulting from a simultaneous
spooling of the adult male (0203) and adult female (0192).

Figure 6.6
Movements of spooled adult Uromys hadrourus released on 7 September, 2005
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The two animals had been trapped at different trap locations (100m apart) and
released within 30 minutes of each other (1800-1830).

The route of the threads

suggested the male had actively sought the female out and mating may have taken
place (Figure 6.5).

FIGURE 6.7
Interaction between adult male and female Uromys hadrourus 7 September 2005

Flag tape #1 indicates the path of adult male 0203, which meets that of adult female
0328 at surface root junction 40 metres away from the female’s eventual nest hollow.

Female reproduction
Three successive captures of a tagged adult female (tag 328) provide information on
the reproductive cycle of Uromys hadrourus:


November 23 – pregnant;



December 16 – lactating;
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February 28 – pregnant and with accompanying young.

The interval between the first and second pregnancies was approximately 97 days
(~three months). This lengthy interval makes it unlikely that U. hadrourus produces
more than two litters per year.

Male reproduction
Breeding males with distended epididymal sacs and moderate-large scrotal testes were
recorded from late November to March, with one individual recorded with regressed
testes in early April (Figure 6.4). No males were recorded with enlarged testes at other
times of the year.

6.1.9

Young

An adult female (Tag 0328) was captured in company with two young on 28 February
2006. The offspring comprised a male (140gms) and a female (142gms) and were
estimated to be approximately 70 days old based on the reproductive condition of the
female parent two captures previously. All three individuals were released together at
their trap locations with cotton spools attached. Mapping of their spools the following
day revealed the two young joined the female parent and travelled as a family party.
The female eventually went alone into a nesting burrow in the base of a tree near
where she had been initially captured. The two young separated once the adult had
entered the hollow, moving away in different directions and suggesting a degree of
independence. Figure 6.8 shows one of the female’s territory-marking buttresses (refer
to 6.1.13) repeatedly encircled with cotton thread laid down by the female and her two
young.

It is postulated this activity may represent the learning of territory-marking

behaviour.
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FIGURE 6.8
Territory marking by a family party of Uromys hadrourus

Mix of spools for the family party at a territory-marking buttress – different colour tapes
represents individuals (orange/red/pink). There were seven encirclements of the
buttress by the adult and five each by the accompanying two young.

The young male was captured again at a trap location adjacent to its female parent on
30 July 2006, 152 days after its initial capture. On the second capture, at approximately
222 days old (eight months), the animal weighed 168gms, an increase of only 28gms in
152 days since its first capture. Body weights of seven juvenile U. hadrourus, three of
which were subsequently recaptured, are presented in Table 6.10.

The observed

weight gain of recaptured individuals was low and indicates a slow growth rate
following weaning.
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Table 6.10
Capture and recapture weights of juvenile Uromys hadrourus

6.1.10

Weight increase

117

Time between
recaptures
-

1323

126

-

-

1158

129

40 days

1158

140

11
(0.28gms/day)

5805

134

123 days

5805

153

19
(0.16gms/day)

0576

140

152 days

0576

168

0577

142

-

28
(0.18 gms/day)
-

1261

147

-

-

Tag Number

Weight

1460

-

Diet

Although insects form an important part of their diet U. hadrourus is primarily
vegetarian. The stomach of one individual from Thornton Peak contained the creamy
coloured endosperm of a nut (Winter 1984), and in captive feeding trials adult animals
extracted the kernels of rainforest fruits such as Yellow Walnut, Beilschmiedia
bancroftii and Hairy Walnut, Endiandra insignis, but took 1-2 days to break into the
extremely hard nut of Cream Silky Oak, Athertonia diversifolia. In comparison, U.
caudimaculatus accessed the kernel of A. diversifolia after only a few bites (Harrington
et al. 2001). In the wild, fruits were generally removed from open areas and eaten in
the shelter of a nearby buttress or log. Most adults made regular use of above ground
feeding platforms (Figures 6.9 and 6.12) and, on occasions, ate nuts while perched in
low shrubs or fallen branches approximately one metre above the forest floor. U.
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hadrourus regularly pruned the aerial roots and bark of selected rainforest trees,
particularly the watergum Syzygium gustavioides, with individuals making repeated
visits to chew the hanging root tips of the same tree over a period of weeks. There
were indications that trees may be ‘owned’ by individuals, as observations of captures
and spooled animals suggested that most were frequented by one animal only. The
nutritious inner bark comprising the cambium and phloem layers of these roots supply
sugars and starch, as does the outer bark of buttresses, which were also chewed to
exploit the inner cambium layer. As was observed for U. caudimaculatus, the diet of U.
hadrourus included large passalid beetles and other insects obtained from rotting logs.
Many instances of ‘soil digging’ were also noted along the edge of buttresses and
fallen logs where they met the litter. Using soil samples taken at the feeding sites, the
diet item was identified as small fungi that occurred in abundance in such areas. Due
to the damage to the rainforest caused by the cyclone that occurred during the study,
there were no quantitative studies on the relative proportions of different items in the
diet of U. hadrourus.

Of the 196 feeding observations made during the spooling experiments and
opportunistic field observations (Table 6.11) plant products and fungi made up
approximately 90% of the observed diet of U. hadrourus (Figures 6.9-.6.11).

The

proportions of different food items identified were as follows: fruits and seeds 28.6%
(56 observations), bark chewing 20.9% (41), aerial roots 21.9% (43 observations, fungi
16.3% (32 observations), insects 9.2% (18 observations), and other plant material
3.1% (6 observations). Fruits and seeds were identified using Fruits of the Rainforest
(Cooper and Cooper 2003) and by reference to Australian Tropical Rainforest Trees
(Hyland et al. 2003). Signs of feeding on fungi were evident by the disposition of the
cotton thread and the presence of teeth marks on the fungi and detritus located at the
sites. Indications of feeding were similar in bark and aerial root chewing.
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However, only those insects that were obtained from digging or breaking open rotting
logs were detectable. Accordingly, the exploitation of insects may have been greater
than that observed as the predation of above-surface insects would leave no real sign.

TABLE 6.11
Identified diet items of Uromys hadrourus
Fruits and seeds

Other

Insects

Agyrodendron sp.

Aerial roots (cambium)

Passalid beetles

Beilschedia bancroftii

Bark (cambium)

Coleoptera beetles, larvae,
and pupae

Calamus moti/australia

Mycorhizzal fungi

Castanospora alphandii olius Flowers
Eleaocarpus angustifolium

False pandanus leaf
bases

Endiandra insignis
Endiandra insignis exocarp
Ficus congesta
Mammea touriga
Piper sp.
Syzigium alliligneum
Tourinia montana
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FIGURE 6.9
Fruit predation examples

Tree feeding platform - note the bark chewing

Soil digging (fungi)
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Endiandra insignis

FIGURE 6.10
Bark and aerial root chewing
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FIGURE 6.11
Insect predation

Logs chewed apart to obtain beetles and beetle larvae
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6.1.11

Feeding platforms

Most spooled adult U. hadrourus made use of above ground feeding platforms; this
behaviour was not recorded in subadult individuals. These platforms were generally
located within 2 metres of the ground and comprised both partly hidden and open
situations. Figure 6.12 below shows a typical feeding platform regularly used by adult
female 4935 at Grid 5. A freshly eaten Endiandra insignis fruit can be seen on the
platform.

Figure 6.13 shows close-ups of another two feeding platforms located

approximately one metre above the forest floor, one of which has germinated fruit.

FIGURE 6.12
Feeding platform with partly eaten Endiandra insignis seed
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FIGURE 6.13
Examples of feeding platforms

Cache of old fruit in feeding platform.

Geminated fruit in feeding platform.

6.1.12 Refuges and nest hollows
Some spooling threads ended in hollows in trees, logs, or burrows in the ground and
creek banks. Although these hollows were not examined (tunnels were usually
convoluted and >1m deep), it was assumed that U. hadrourus used them for roosting
and nesting. Only one adult female was trapped and radio-collared to establish activity
patterns and nest hollow usage (Tag 0132 - Grid 5). A total of 10 observations were
made over a period of 17 days. Although the female used four different hollows to
shelter in during the day, two roosts were favoured (six observations).

No radio

locations were obtained in daylight apart from the individual’s presence in these
hollows. Due to the short transmitter range and thick understorey, it was not possible
to follow the animal at night. Examples of day hollows used by U. hadrourus are
shown in Figures 6.14 - 6.17.
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FIGURE 6.14
Den in base of tree (nest hole encircled)

Close-up of den showing spool entering and leaving the hollow. The female (0132) was radiocollared and recorded using this nest on a number of occasions
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FIGURE 6.15
Den hollow of Uromys hadrourus 0328 in tree buttress

Nest hollow in buttress used for second pregnancy by Female tag=0328 (Grid 3 - 28 February
2006)

FIGURE 6.16
Den hollow in creek bank

This creek bank burrow was frequently used by Male 0203 and located approximately 30m
down slope from a large log which was a regular den site for female 0328.
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FIGURE 6.17
Tree hollow den of Uromys hadrourus

.
Adult Female 4923 was the only U. hadrourus recorded using a high tree hollow (~7m),
accessed by climbing hanging vines.

6.1.13

Home range marking

Multiple spooling of individuals highlighted the use of landscape and vegetative
features as territory markers for U. hadrourus. Apart from occasionally diverting from
their path along surface roots or other hard surfaces to access fallen fruit, U. hadrourus
was rarely observed to move along the litter of the forest floor.

The majority of

movement through the forest was facilitated by travelling along logs, sticks, fallen
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vines, buttresses, rocks and shrubs. Although repeatedly visited by spooled animals
none of the ‘markers’ were found to provide existing or potential food resources.
Furthermore, there were indications that animals kept in captivity for spooling once
trapping had ceased did not forage at once when released, but instead moved around
their territory visiting previously identified landscape features (refer to Figure 6.18).
Scent marking is an important feature of rodent social behaviour and can function as
status signals or territory ownership (Roberts 2007; reviews in Halpin 1987, and
Vossnesskaya et al. 1992) and it is postulated that these regularly visited and renewed
landmarks are in fact home range markers for individual U. hadrourus.

Short

descriptions of different landmark features used by U. hadrourus follow.

Shrubs: Rhodmania montana was a common shrub in wetter forest areas and a
preferred plant for ‘marking’ by U. hadrourus. Most branches used were curved and
touching the ground at either end (Figure 6.19) and generally devoid of any minor
branches or leaves. On close inspection stubs of branchlets were visible along the
main branch, suggesting they had been chewed off by the visiting animal. Examination
of shrubs of the same species surrounding the ‘marker shrubs’ showed they retained
their smaller branches and it seems likely that U. hadrourus removes the smaller
branches of ‘marker shrubs’ as part of its home range marking. The coloured tape in
Figure 6.19 marks the path taken by the spooled individual.

Tree buttresses: Buttresses were a major territory marking feature. Individuals often
encircled specific buttresses many times, creating a web of thread as shown in Figure
6.20 (also refer to Figure 6.5).
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FIGURE 6.18
Territory markers used by Uromys hadrourus
Logs
An adult female kept in captivity for four days embarked on a frenetic home range marking effort when released back in her territory, repeatedly traversing a
large log with four lengths of spool visible in Figure 6.17 and another three out of sight on the far side of the log. Her preferred burrow was 30 metres from
this location.
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FIGURE 6.19
Shrub territory marker: tape shows the path taken by the Uromys hadrourus

Logs and sticks: Examples of fallen trees, small logs and sticks used by U. hadrourus
to move through the forest are shown in Figure 6.18 and Figure 6.20.

Stumps and rocks: Isolated stumps and rocks within dense understorey were
frequently used as territory markers, often with obvious diversions made so as to cross
over the exposed surface. The amount of thread left behind indicated that animals
moved around these landmarks before continuing on their path (Figure 6.20).

Ground pathways (Surface roots): Surface roots were the main mode of travel for U.
hadrourus across areas that lacked sufficient woody debris (Figure 6.20). Spooling of
individuals revealed that these pathways were generally used by only one animal.
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FIGURE 6.20
Territory markers used by Uromys hadrourus
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Creek crossings
U. hadrourus were never recorded crossing a stream other than by using logs, debris
or vines. The suspended log in Figure 6.21 was regularly used by adult female 0328
and adult male 0203 to cross the small stream to a steep bank on the other side. This
pair had neighbouring territories and were recorded as probably mating in September
2005 (refer to 6.1.8).
FIGURE 6.21
Aerial creek crossing of Uromys hadrourus

Non-stream drinking sites
Spooled U. hadrourus drank regularly during hot periods and most individuals had
favoured drinking areas in the forest. Figure 6.22 shows the preferred drinking area for
Male 0203 in a buttress hollow.
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FIGURE 6.22
Drinking site in tree buttress

6.1.14

Habitat use

All grid captures of Uromys hadrourus (N=39) were grouped into habitat types
(Categories 1-8, Chapter 2). There were no captures of U. hadrourus in forest with an
open understorey (Habitat codes 1-3; refer to 2.9). Unpaired t-tests showed that trap
locations of U. hadrourus were significantly closer to gullies and streams (t38 =4.462, P=
<0.001) than those of Uromys caudimaculatus. Using gridded maps, the distance of
trap locations from the nearest gully or stream were calculated for all captures of U.
caudimaculatus and U. hadrourus and grouped into six distance categories (Table
6.12).
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Table 6.12
Stream and gully distance categories (metres)
Distance
1 = 0- 10m
2 = 11-20m
3 = 21-30m
4 = 31-40m
5 = 41-50m
6 = >50m

Table 6.13 presents the mean distance (away from streams and gullies), standard
error, standard deviation, and range for both Uromys.

Table 6.13
Distance of trap locations from streams/gullies for the two Uromys
Mean
Species

Range

SE

SD

distance (m)
Uromys hadrourus

16.5

10-40

1.46

9.21

Uromys caudimaculatus

32.5

10-60

1.05

17.36

Although trap location distance from streams and gullies for U. hadrourus was slightly
greater for Grid 2 there was no significant difference between the grids (X2(2) = 4.194,
P=0.123). Figure 6.23 shows a wider range of habitats were utilised at Grid 3 due to
the extensive network of streams and drainage lines located throughout the grid
(Figure 2.13a-c). The central box represents the interquartiles (25th-75th percentiles)
and the median (horizontal line); the vertical line on Grid 5 indicates a single capture of
an individual in the riparian zone.
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FIGURE 6.23
Histobar of Uromys hadrourus Habitat by Grid
At Grid 2 all U. hadrourus captures were made in or close to gullies leading up the slope from riparian habitat located outside the grids.
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FIGURE 6.24
Typical Uromys hadrourus habitat at Grid 3 (pre-cyclone)

Capture locations generally contained many logs and ground debris and no U.
hadrourus were captured at trap locations with open understorey. Figure 6.24 and
Figure 6.25 illustrate the typical vegetation at grid trap locations for U. hadrourus in this
study.
FIGURE 6.25
Logs and dense understorey typify Uromys hadrourus habitat (Grid 2)
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Figure 6.26 shows that habitat of the type-specimens on Thornton Peak (Winter 1984).

FIGURE 6.26
Log-dominated Uromys hadrourus habitat on Thornton Peak (Winter 1984)

Habitat association of Uromys hadrourus and Antechinus godmani
Pearson product moment correlation indicated a positive relationship in the habitat
types used by Uromys hadrourus and Antechinus godmani (Chapter 4, Table 4.7).
Figure 6.27 shows the habitat captures of U. hadrourus and A. godmani and highlights
similarities in habitat utilisation between the two species. The data indicates a
divergence in the response of the two species to a severe cyclone which caused
extensive damage to vegetation on the study grids (20 March 2006). Eight A. godmani
were captured in open understorey forest in June 2006 (Grid 5), three months after the
cyclone. In contrast, U. hadrourus was never trapped outside of dense understorey
forest either before or after Cyclone Larry.
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Figure 6.27
Captures of Uromys hadrourus and Antechinus godmani within habitat types

6.1.15

Additional ecological data

Activity cycle
All spooled U. hadrourus that entered hollows prior to the cotton spool running out did
not exit the hollow until the following night (N=15). There was no indication of diurnal
activity and it is considered the species is primarily nocturnal. In comparison, U.
caudimaculatus was occasionally seen moving around in both the early morning and
evening.

Home Range Size
The home ranges of U. hadrourus were difficult to calculate as they sometimes
extended up to 250 metres outside of the trapping grids. The mean trapping density of
U. hadrourus was 0.42 animals/ha, resulting in 1.5 animals per effective trapping grid
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(3.58ha) (Chapter 6) and a mean area of 1.79ha/animal. However, this estimate is
simplistic as the majority of the grids do not contain preferred habitat for the species
and it is therefore not a valid measure of potential home range. As animals were
focussed along streams and gullies and movement was via fallen trees and surface
roots, the territories were often linear and highly convoluted. Using a minimum convex
polygon methodology and based on the spooling data from the following individuals
that recorded multiple captures, the minimum home range size of U. hadrourus was
estimated to be 3.5ha to 4.5ha:
 adult female 0328 (N=7) = 4.5 ha;
 adult female 4923 (N=3) = 4.0 ha;
 adult male 0203 (N=3) = 3.8 ha;
 adult female 4935 (N=2) = 3-5 ha.

These home range estimates are undoubtedly below the true range size as the cotton
spools used were limited in length (300-500m) and animals were often still foraging
when the thread ran out.

Sex ratio
Due to the low capture numbers, mean sex ratio per trapping session or grid has not
been calculated. The sex ratio of the captured population from all captures, including
juveniles and subadults, was virtually equal i.e., eight males to nine females. Of the
nine adult grid captures, five were females and four were male.

Longevity (mean minimum age)
Of nine animals that were adult when captured, five (56%) survived on the study grids
for >20 months and three individuals exceeded 2.5 years on the grid (33%) (Table
6.14). Their exact age when first captured is uncertain, but two individuals (adult female
4935 and adult male 0203), may have been in their second year when first trapped.
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TABLE 6.14
Minimum age analysis of adult Uromys hadrourus
* Animals captured as adults were classified as ≤ 12 months old.
TAG

Sex

First capture

Wt

0435

F

19.8.04

210

0192

F

14.12.04

181

5791

M

13.8.04

179

0423

F

18.8.04

181

0203

M

15.12.04

212

Age

Repro status

Last capture

Perforate

8.6.06

Pregnant

30.7.06

Scrotal small

2.03.06

Perforate

30.4.05

Adult
(≤ 12 mo)
Adult
(≤ 12 mo)
Adult
(≤ 12 mo)
Adult
(≤ 12 mo)
Adult
(≤ 12 mo)

Minimum age
>32 months
(2.8 years)
>31 months
(2.7 years)
>30 months
(2.6 years)
>21 months
(1.8 years)
>20 months

Scrotal large

4.9.05

(1.7years)

Predation
A skull was found at a lesser sooty owl Tyto multipunctata roost on Mt Lewis (pers.
comm. John Winter 2007), the only record of U. hadrourus from this locality. It is likely
that pythons and spotted-tailed quoll Dasyurus maculatus also predate this species
(Moore and Winter 2008). The only individual radio-collared in this study (adult female
0132 at Grid 5) was believed killed by the resident rufous owl Ninox rufa. A dried U.
hadrourus skull was found on the forest floor near a tree hollow known to be used by
adult female 0132 and directly under a temporary tree roost of N. rufa. The collared
individual was not captured subsequently. A number of studies suggest that marked
animals may have a higher mortality than unmarked individuals (e.g., Woolnough et al.
1998; Barber and Mech 2002) and although it was not established whether the radiocollar itself contributed to the female’s death, no more animals were radio-collared. The
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collar was not located and following the death of this female a neighbouring female (tag
4923) moved into the vacant territory. Subsequent spooling revealed that many of the
surface root trails, logs, and territory markers used by the previous occupant were now
utilised by the new occupant.

Mean Grid Movement Index (MGMI)
The calculation of MGMI for U. hadrourus was biased by the removal of animals from
the grid when captured i.e., no recaptures were possible.

This analysis uses the

captures of those animals that moved trap locations between successive trapping
sessions, thus the sample size is low (N=10). The MGMI of U. hadrourus was 10-105
metres, considerably lower than U. caudimaculatus (10–245m). Mean MGMI and SE
was 51m (SE=10.7).

6.2

DISCUSSION

Population density and biomass
Uromys hadrourus comprised approximately 1.3% of 1st captures and reached a mean
population density of 0.48 animals/ha. In contrast, U. caudimaculatus made up
approximately 16% of trapped individuals with a mean trapping density of 3.68
animals/ha, an approximately eight-fold difference in density. A comparison of mean
trapping session biomass emphasises the disparity between the two species with U.
caudimaculatus (2.2kg/ha/trapping session) attaining a mean biomass 31 times that of
U. hadrourus (0.07kg/ha/trapping session).

Habitat preferences and behaviour
While Uromys caudimaculatus utilised all parts of the forest, it spent the majority of its
time (87.5%) in forest with an open understorey. In contrast, trap location habitat and
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spool mapping showed that U. hadrourus restricted its activity to forest with dense
understorey associated with 1st and 2nd order gullies and streams and forest, and
densely-vegetated forest on the adjacent lower slopes. When moving through what
was a principally open forest U. hadrourus followed lines of denser vegetation, such as
shrub thickets and tree-fall debris. Movement through the forest was predominantly via
hard surfaces such as logs, buttresses, surface roots, sticks, and specifically-structured
shrubs (Figures 6.19 - 6.20). There were indications that although no identifiable food
resources were present, distinctive landscape features (logs, rocks, stumps) were
regularly re-visited, suggesting these structures functioned as territory markers
(Figures 6.18 - 6.20). Individuals took refuge in log hollows, burrows in the forest floor,
creek banks, and on one occasion a low tree hollow accessed by climbing a mass of
vines.

Breeding
Breeding females of U. hadrourus (pregnant or lactating) were captured from
November to March and there was no indication of breeding on any other months of
the year. The length of the gestation and parental care period suggest that only two
broods are produced each breeding season. The only definite capture of dependent
young with the female parent showed that the offspring were still in the company of the
female parent at approximately 70 days of age. A subsequent capture of one of the
two offspring in an adjacent trap to its female parent at approximately 222 days of age
suggests the possibility of a long term parent-offspring relationship in this species.
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7.

NICHE DIFFERENTIATION IN THE AUSTRALIAN UROMYS

Studying rare species invariably results in smaller datasets than common species
(McDonald 2004) and captures of U. hadrourus reflect this fact. Despite this difficulty it
is important to examine the information that is available, albeit with the caveat that
more data would be preferred. In this chapter the information on the ecology of U.
hadrourus obtained from this and other studies (e.g., Winter 1984, Harrington et al.
2001) is compared with that of its congener U. caudimaculatus, for which much more
data are available. This disparity in datasets between the two species should not
necessarily be considered a flaw in study methodology; rather it is an expected
consequence of attempting to study two sympatric species which differ significantly in
abundance. Where appropriate in this chapter the statistical limitations of the data for
U. hadrourus are highlighted and conclusions qualified.

7.1

7.1.1

NICHE DIFFERENTIATION

Abundance, density, population size, body size, and biomass

U. hadrourus comprised approximately 1.36% of captures of trapped small mammal
individuals. In contrast, U. caudimaculatus made up approximately 16% of trapped
individuals, a seven-fold (7:1) difference in population density. The mean density
(trapping grid plus W’) of U. caudimaculatus was 3.68 animals/hectare (SD = 1.67) in
contrast with U. hadrourus which had a trapping density of 0.48 animals/hectare (SD =
0.159); this is a similar ratio as the number of individual captures. The estimated
population size of U. caudimaculatus was considerably greater than that estimated for
U. hadrourus, 231–257 animals compared to 19–36 animals, an approximate 10:1 ratio
in favour of U. caudimaculatus. A comparison of mean trapping session biomass found
that U. caudimaculatus had a mean biomass of 2.2kg/ha/trapping session, 31 times
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that of U. hadrourus which attained a mean biomass of only 0.07kg/ha/trapping
session. The population estimates of the two species were derived from Jolly-Seber
analyses on trapping session captures (refer to Chapter 5 and Chapter 6) and are
shown in Figure 7.1. All age cohorts are represented in this analysis. While Uromys
caudimaculatus had a clear annual population curve reflecting the death or
disappearance of adults and the seasonal influxes of juveniles into the population, the
predicted population size of Uromys hadrourus (Jolly-Seber analysis) remained stable
throughout the year. However, the low density of U. hadrourus means that any
population fluctuation may be difficult to detect.

FIGURE 7.1
Jolly-Seber population size estimates of U. caudimaculatus and U. hadrourus
(All age cohorts are represented in this analysis)

Differences in body size in otherwise similar species may facilitate the division of
resources and thus promote coexistence (Hutchinson 1959, Bowers and Brown 1982,
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Grant 1986; Morgan Ernest 2005). Lester et al. (2007) suggested that variations in
physiology should play a role in determining differences in niche breadth and for
rodents, desert rodents in particular, body size appears important to structuring
communities (Bowers and Brown 1982; Ernest 2005). A comparison of mean body
weight for all rainforest rodents is presented in Figure 7.2 with the marsupials
Antechinus sp. and Hypsiprymnodon moschatus included for comparison. Ellipse A
shows the relationship of the two Uromys based on mean body weight; Ellipse B shows
that U. hadrourus is physically more similar to the smaller rodents, particularly Rattus
fuscipes and R. leucopus, than it is to its congener. Uromys caudimaculatus has a
mean adult body weight ~650 gms, three times larger than U. hadrourus (mean adult
body weight ~200 gms). The larger body size and strong jaws of U. caudimaculatus
brings with it a number of ecological advantages; fewer predators and competitors and
the ability to easily break into hard seeds that are inaccessible to other rodents.

FIGURE 7.2
Comparison of mean body weight of mammal assemblage
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7.1.2

Foraging behaviour

Scansorial or terrestrial habit?
Previous to this study, U. hadrourus was believed to probably be scansorial (adapted
for climbing) (Winter 1984) and U. caudimaculatus has long been recognised for its
climbing ability. To be classified as either scansorial or arboreal (living in trees) a
species has to be physically adapted for climbing and/or to live predominantly in trees
(Aplin et al. 2003). The capability to utilise another resource stratum (middle and upper
tree canopy) gives a considerable ecological advantage, enlarging a species niche
within the co-existing mammal assemblage. It is important, therefore, to determine
whether the two Uromys share the scansorial trait. If U. hadrourus is terrestrial by
habit, significant ecological separation exists between the two species and resource
partitioning could be said to be partly expressed in spatial partitioning (MacArthur 1968,
Krebs 2005). The following analyses compare those morphological features of U.
caudimaculatus and U. hadrourus that are known to differentiate scansorial from
terrestrial and cursorial (adapted for running) rodent species.

Tail
Arboreal rodents generally have longer tails than terrestrial species, reflecting the use
of the tail for balance and to grasp branches and foliage when climbing (Aplin et al.
2003, Watts and Aslin 1981). This scansorial adaptation is clearly expressed in U.
caudimaculatus. The mean tail-vent length of U. caudimaculatus is >15% longer than
mean head-body (HB) length; this compares to approximately 5% longer than HB in U.
hadrourus. The tail of U. caudimaculatus is not prehensile but can curl over a branch,
its rasp-like scales contributing to the grip. When moving in the canopy its long tail is
held high and appears to act as an aid in balancing, particularly along narrow branches
(Moore 2008). Uromys hadrourus was never seen to climb and, apart from one spooled
adult female, was never recorded climbing into trees (N=29 spooled individuals). In this
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instance the tree climbed by the individual was festooned with thin vines allowing an
easy passage to a hollow approximately 7m from the ground.

Foot structure
The plantar surface of the hind feet (pes) of six tropical rodents are shown In Figure
7.3: the black-footed tree rat Mesembriomys gouldii and the giant white-tailed rat
Uromys caudimaculatus (scansorial), the pygmy white-tailed rat Uromys hadrourus
(unknown), fawn-footed Melomys Melomys cervinipes (semi-arboreal?), grassland
Melomys Melomys burtoni (terrestrial), and the northern bush rat Rattus fuscipes
(cursorial). The diagnostic structures of each foot are identified and labelled, and Table
7.1 presents the presence, absence, and/or modification of the major features for each
of the species represented. Detailed close-ups of Figure 7.3 are provided in Appendix
1. Table 7.1 shows that none of the representative scansorial characters are present in
the terrestrial R. fuscipes and, conversely, no terrestrial features are possessed by U.
caudimaculatus and M. gouldii. In contrast, U. hadrourus and Melomys cervinipes
have five pes structures in common with the terrestrial R. fuscipes (56%), three with the
scansorial U. caudimaculatus and M. gouldii (33%), and they share a common unique
structure, the rear metatarsal tubercle (11%). Uromys hadrourus and M. cervinipes
are, therefore, similar to each other in possessing both terrestrial and scansorial foot
structures and a distinctive rear outer metatarsal tubercle.

This amalgam of

morphological characters, however, clearly separates them from the other four tropical
rodents.

Climbers: Uromys caudimaculatus and Mesembriomys gouldii rattoides
The adaptive features of the hind foot (pes) that identify scansorial rodent species
include the broadness of the foot, the presence of raised and enlarged inter-digital
pads, heavily striated large subdigital lamellae, strong recurved claws, a prominent
outer metatarsal bone or pad, a large inner metatarsal tubercle, and rough or coarse
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skin (Aplin et. al. 2003). These structures aid in propelling the animals into the tree and
provide it with maximum purchase while moving in the canopy. All these diagnostic
features are present on the two recognised climbing rodents Mesembriomys gouldii
and Uromys caudimaculatus. The plantar surface of the pes has prominently-raised
inter-digital pads and strongly-striated subdigital lamallae to improve surface grip when
climbing. The pes is broad on both species, with large recurved claws and a welldeveloped inner metatarsal tubercle to strengthen the foot.

Uromys hadrourus and Melomys cervinipes
In contrast, although retaining the broad foot indicative of a climbing rodent, the foot
structure of Uromys hadrourus and M. cervinipes differ markedly from M. gouldii and
Uromys caudimaculatus. There are a number features present in the „climbers‟ that
are missing on these two smaller species e.g., a lack of strong recurved claws, both
species possess poorly striated sub-digital lamellae, and neither species has coarse
skin on the base of the foot. Although visible, the inner metatarsal tubercle is
considerably smaller than that found on M. gouldii and U. caudimaculatus. The plantar
pads are more prominent in U. hadrourus and M. cervinipes than those of Rattus
fuscipes, but they lack the coarseness and sturdiness evident in the two scansorial
rodents.

Furthermore, U. hadrourus and M. cervinipes possess a number of non-

scansorial features that are absent in M. gouldii and U. caudimaculatus e.g.,
pronounced digit pads, a distinct heel on the foot (an adaptation to assist running), a
small but well-rounded outer metatarsal pad, and a distinct rear outer metatarsal
tubercle. This latter structure suggests that sitting (squatting) on their haunches may be
a prominent part of the behaviour of U. hadrourus and M. cervinipes. The rear
metatarsal tubercle and possibly the pronounced inner metatarsal pad would assist in
maintaining balance when the front paws are off the ground.
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FIGURE 7.3
Pes structure of north Queensland rodents
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TABLE 7.1
Pes structure of the rodent assemblage
IDP
pronounced

recurved
claws

Species
Y
Mesembriomys
gouldii
Uromys
caudimaculatus
Uromys
hadrourus
Melomys
cervinipes
Melomys
burtoni

Rattus fuscipes

1
2
3

Subdigital

Strong

N

Y

lamellae
strongly
striated

N

Y

1

X

1

X

X

X

X

X

N

Rear

Prominent
Outer MT
bone or pad
Y

N

Outer
metatarsal
tubercle
Y

Coarse

Digit Pads

Pronounced

Skin

distinct

heel

tubercle

N

Y

N

Y

X

X

X

X

1

X

X

X

X

1

X

1

X

Y

X

1

1

X

1

X

2

X

X

X

X

3

X

X

X

3

X

X

X

X

X

X

X

X

3

X

X

X

3

X

X

X

2

X

X

X

Unique features of these two scansorial species.
Unique feature to Uromys hadrourus and Melomys cervinipes; present but indistinct in Melomys burtoni.
Unique features to this terrestrial species.

X

N

1

X

X
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N

X

X

3

Y

X

X

3

N

2

X

X

Inner MT

1

X

X

Prominent

This hypothesis is supported by observations in the wild and in captivity, of both
species sitting upright grooming for extended periods of time and of U. hadrourus
eating fruits held in the front paws in a manner similar to squirrels. Observed intraspecies interactions of U. hadrourus in captivity (eleven incidents) included „fencing‟
between two animals, where participants sat on their hindquarters supported by their
tails and reached out with their front paws in a grappling fashion while making whining
rasping calls. This behaviour usually continued for 20-30 seconds. Although paws
touched frequently, a physical attack was not observed and on all occasions both
animals eventually dropped down and moved away from each other. In addition, while
in captivity long periods were spent by U. hadrourus grooming while sitting upright and
supported by their tail. This position was sometimes held for up to 10 minutes and
always followed an intraspecific interaction in captivity (Figure 7.4).

FIGURE 7.4
Typical sitting posture of Uromys hadrourus.
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Rattus fuscipes and Melomys burtoni
The hind foot of the two known terrestrial rodents Rattus fuscipes and Melomys burtoni,
show a significantly different structure than the previous four rodent species. The
overall arrangement of the foot of R. fuscipes indicates a generalist rodent well adapted
to running and digging (Watts and Aslin 1981, Aplin et al. 2003), with pronounced but
smooth inter-digital pads (IDPs) and a weak outer metatarsal bone. The IDPs are
relatively undifferentiated, the inner metatarsal pad is extremely small and flat, and the
outer metatarsal tubercle is almost non-existent. Although considerably less distinct
than that of M. cervinipes, M. burtoni, and Uromys hadrourus, R. fuscipes possesses a
weak rear outer metatarsal tubercle. The sub-digital lamellae are poorly striated, the
claws are slight, and the skin of the foot is smooth. The foot itself is narrow and tapered
to a distinct „heel‟, a feature indicative of an animal that runs rather than climbs. The
distinct IDPs suggest, however, that the species is capable of clambering within low
vegetation when required. Many of these features are also evident on the foot of
Melomys burtoni. There is an absence of any outer metatarsal bone development and
the presence of softly-haired and long digits. The inter-digital pads are small and
smooth, the inner metatarsal tubercle is minute, and the inner metatarsal is prominent
but reduced, and set further back on the foot nearer the heel.

The sensitively

constructed foot structure indicates a rodent that probably gleans rather than actively
searching out its food.

7.1.3

Summary of pes morphology comparisons

The foot morphology of U. caudimaculatus shows it is strongly adapted for climbing. In
times of poor fruiting or other adverse environmental events, therefore, it has a
considerable ecological advantage to terrestrial rainforest rodents as it is able to
access fruits while they are still on the tree. In addition, its climbing ability also allows
the species to find refuge hollows and nesting sites far above the ground and away
from many terrestrial predators. The only indication that U. hadrourus is able to climb
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was a single instance of a spooled animal (adult female 4923) who used a tangle of
small vines to access a tree hollow approximately seven metres above the ground
(Figure 6.15). Uromys hadrourus was never observed to climb more than two metres
from the ground apart from this one observation. This single example of climbing (with
the aid of vines) is in comparison to U. caudimaculatus, which ascends vertical tree
trunks by holding with its forelegs and propelling itself up with powerful thrusts of the
strong hind legs (Watts and Aslin 1981, Moore 2008). However, the sturdy structure of
the hind foot and prominent interdigital pads and tubercules indicate the species was
probably scansorial at some stage of its evolution. These scansorial origins are also
expressed in its unique behaviour of „buttress-walking‟ and „log-running‟, and its
movement through the forest by a network of logs, buttresses, surface roots and sticks.
It is possible that this change from scansorial to terrestrial habits may have been in
response to the arrival of U. caudimaculatus into Australia i.e., an ecological adaptation
to the arrival of a larger competitor with the same foraging behaviour. Another
explanation may be that U. hadrourus modified its habitat use to reduce predator
pressure from large rainforest owls. The smaller size of U. hadrourus makes it more
vulnerable to predation from these species than the much larger U. caudimaculatus.

Uromys hadrourus has a similar foot structure as M. cervinipes. The better known M.
cervinipes is usually referred to as „arboreal‟ and it is relevant to look at the origins of
that categorisation. The first scientifically documented observations of the ecology of
M. cervinipes are those of Wood (1971), who set eleven traps at various heights to 60
ft (18 metres) in a large vine covered fig over a period of one year. Over the twelve
months experiment only six above-ground captures of M. cervinipes were made, three
at approximately three metres and three at six metres. Wood concluded that although
Taylor and Horner (1970) observed that M. cervinipes are able to climb among vines
and small branches with agility, the species “was not adapted to run up and down the
smooth flat surfaces of the trunks of large clean trees” i.e., not truly scansorial.
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Although only a small sample size, Wood found that the use of vine-covered trees by
M. cervinipes in preference to „clean‟ trees was statistically significant.

Wood‟s findings reflect the experiences of this study. When released, all M. cervinipes
either hid in a log or ground hollow, climbed up a vine to hide at 2-4 metres from the
ground, or scaled a small sapling to a couple of metres from the ground. Although it is
possible that they may be capable of doing so when sufficiently prompted, no
individuals were observed to climb into the canopy via tree trunks; they generally
jumped off < 2 metres from the ground and made their escape across the forest floor.
Much of their foraging, moreover, is conducted on the forest floor (Moore and Burnett
2008).

The foot morphology indicates that M. cervinipes is not truly scansorial or arboreal
sensu Mesembriomys gouldii and Uromys caudimaculatus, but is instead adapted to
move through vines and shrubs in the understorey and, if suitable vines were available,
the lower and upper canopy. The distinct foot structures may represent a species that
was more scansorial than it is today or indicate a species that has recently moved into
a niche utilised only occasionally by the wholly scansorial tree mouse Pogonomys sp.
The presence of a terrestrial and closely-related species (Melomys burtoni) occurring in
grassy habitats adjoining rainforest suggests that the latter explanation is more likely.
As its foot structure indicates, the foraging behaviour of U. hadrourus has much in
common with that of M. cervinipes.

There are significant ecological differences

between the two species however, and these will addressed in the following sections.

7.1.4

Microhabitat preferences of the two Uromys species

The association between habitat and trap locations for the two Uromys was explored in
Chapter 5 (U. caudimaculatus) and Chapter 6 (U. hadrourus). Due to significant
damage to the vegetation, the trapping session conducted post-cyclone (Trapping
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session 6) is not included in this analysis. There were eight identified habitats (Chapter
2) and these are presented below:
1.

Ridge - open understorey

2.

Flat - open understorey

3.

Upper-mid slopes - open understorey

4.

Lower slopes - open understorey

5.

Lower slopes – dense understorey

6.

Gully – first order stream

7.

Riparian – second order stream

8.

Dense wet forest–dominated by dwarf pandan sedge Hypolytrum
nemorum

A chi-square test indicated significant differences in the trap location habitat between
the two species (X23 =12.600, P=0.006). Approximately 88% of all U. caudimaculatus
trap locations were within open forest (N=238/272) with >40% (110) located in Habitat
3 and Habitat 4 (upper-lower slopes with open understorey); 37.6% (102 captures)
were made in flat forest with an open understorey (Habitat 2).

Residuals showed a

strong negative correlation with those parts of the landscape with dense understorey
(Habitats 5-8) and there were no captures of U. caudimaculatus in Habitat 8 (dense wet
forest). In contrast there were no captures of U. hadrourus in forest with an open
understorey (Habitat codes 1-4). Twenty-eight of the 39 trapped U. hadrourus (71.8%)
were located in Habitat 5 (lower slopes with a dense understorey) and eleven animals
(28.2%) were caught in gullies, streams, and wet dense forest (Habitats 6-8). The trap
location habitat types for all grid-trapped Uromys spp. are shown on Figure 7.5 as
percentages of total captures.
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FIGURE 7.5
Habitat at trap locations for Uromys caudimaculatus and Uromys hadrourus

Apart from some overlap where both species occur together in dense understorey on
the lower slopes (Habitat 5) both species separate clearly on habitat types. Using the
mapped grids, distances of trap locations from the nearest gully or stream were
calculated for all captures of U. caudimaculatus and U. hadrourus and grouped into six
distance categories (refer to Table 6.7). An unpaired t-test showed that trap locations
of U. hadrourus were significantly closer to gullies and streams (t39 = 4.462, P= <0.001)
than those of U. caudimaculatus (Figure 7.6).
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Figure 7.6
Distance of trap locations from the nearest gully or stream

7.1.5

Comparison of habitat preference with coexisting mammal assemblage

Although there were no significant differences in the trap location habitats between the
five coexisting species (Rattus fuscipes, Melomys cervinipes, Hypsiprymnodon
moschatus, Antechinus adustus, and Antechinus godmani), chi-square residuals
indicated that different species spent more time in some microhabitats than they did in
others. For example, Rattus fuscipes and M. cervinipes spent an equal amount of time
in both open and dense understorey forest but were not commonly found in forest with
open understorey on ridges or lower slopes. Interestingly, these two areas are more
favoured by U. caudimaculatus.

Hypsiprymnodan moschatus utilised similar

microhabitats to R. fuscipes and M. cervinipes but spent a greater proportion of its time
in the densely-vegetated lower slopes (32%). Similarly, although A. adustus was found
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in most microhabitats, 66% of all captures occurred in forest with dense understory or
in gullies and riparian corridors (Habitat 5 – Habitat 8). Once again there were no
captures of this species or its close relative A. godmani in forest with an open
understorey on the lower slopes (Habitat 4). Approximately 77% of all A. godmani
captures occurred in forest with dense understorey, with 46% occurring in Habitat 5
(Table 4.7). A Mann-Whitney U test found the trap location habitats of the two
Antechinus species were similar but not significantly different from the other mammal
species. Figure 7.7 presents box-plots of trap location habitat for the small mammal
assemblage including the two Uromys spp. The central box represents the middle half
of the measurements (25th-75th percentiles) and the median (horizontal line); the
vertical lines are the minimum and maximum data values.

Figure 7.7 demonstrates that U. hadrourus and U. caudimaculatus utilise the forest
habitats in a significantly different way than the coexisting mammal species, and totally
divergent from each other. The histobar shows that although being recorded in forest
with an open understorey, the majority of A. godmani and A. adustus captures were in
densely-vegetated forest. In contrast, H. moschatus occurred mainly in open
understorey forest but was also able to utilise some gully habitat. The two remaining
species, R. fuscipes and M. cervinipes, were distributed equally through open and
dense-vegetated forest but were less common in the riparian corridor and gullies,
habitats particularly favoured by U. hadrourus.
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Figure 7.7
Box-plots of trap location habitat for the mammal assemblage
th

th

The central box represents the middle half of the trap location habitat for each mammal species (25 -75 percentiles) and the median (horizontal line); the
vertical lines are the minimum and maximum data values.
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7.1.6

Mobility (mean grid movement index)

MGMI reflects the relative mobility of different species by using the mean distances
travelled between successive grid trap locations or between different grids (refer to
Chapter 2). Due to the large number of U. caudimaculatus retraps at the same trap
location, only those animals that moved to different trap locations on successive
captures were used for this analysis. The calculation of MGMI for U. hadrourus was
biased by the removal of animals from the grid when captured i.e., no trap location
movements in the same trapping session were possible. Consequently, individuals
that moved trap locations between successive trapping sessions were used for this
analysis, thus the sample size for U. hadrourus is low (N=10); U. caudimaculatus
sample size was 126 trap location movements. An un-paired samples t-test showed no
significant differences in the MGMI between the two species (t135 =1.975, P=0.54).
However, the disparity in sample size makes it unlikely that any differences in
movements around the grids by the two species can be determined with this data.

7.1.7

Breeding cycles

In this analysis the breeding dataset for U. hadrourus (N=32) comprises exploratory
trapping, grid trapping, and experimental trapping captures, augmented by breeding
records from twelve adult U. hadrourus captured in a previous study conducted in the
same general area (Harrington et al. 2001, Moore unpublished data). Exploratory,
experimental and grid trapping resulted in reproductive data from 331 adult U.
caudimaculatus.

The small number of breeding records for U. hadrourus makes

comparing the breeding seasons of the two species difficult (Figure 7.8). There were no
captures of either species in breeding condition from June to September but as there
were no captures of U. hadrourus in the months of May and October it is impossible to
establish whether the breeding season of this species is as long as U. caudimaculatus.
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FIGURE 7.8
Comparison of Uromys caudimaculatus and Uromys hadrourus breeding cycles
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7.1.8

Parental care and juvenile growth rates

There are few data for U. hadrourus with which to assess the parental care period for
the two Uromys species. One family party of U. hadrourus was captured together on
28 February 2006 when the two offspring were 140gms (male) and 142gms (female) in
weight. Based on the reproductive condition of the female parent in two previous
captures the dependent juveniles were estimated to be approximately 70 days old. A
subsequent capture of the male offspring 152 days later (approximately 222 days of
age) approximately 60 metres from its initial trap location, suggests a degree of
sedentary behaviour in weaned U. hadrourus. The female parent was trapped on the
same day in an adjacent trap location ten metres from its offspring. At the second
capture the young male weighed 168gms, an increase of only 28gms between
captures (original capture weight=140gms). This represents a growth rate of 0.18gms
per day or <6gms/month, an extremely slow growth compared to U. caudimaculatus,
which has an approximate growth rate of 5gms per day or 150gms/month for the first
three months (Watts and Aslin 1981).

7.1.9

Population demography

Trapping studies carry the potential bias of trap avoidance or attraction. This bias may
depend on the behaviour of the species itself or be influenced by the age or sex of
individual animals. The sample number of U. caudimaculatus is probably sufficient to
even out any trap bias that may exist, but this may not be the case for U. hadrourus
because of the small number of captures.

Adults
Uromys hadrourus adults made up only 35% to 58% of the trapped population at any
one time, with the maximum proportion of adults reached in January to March. In
contrast, adults of U. caudimaculatus comprised 60% to 90% of the trapped population
throughout the year, with maximum numbers occurring from October to December. All
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captures were grouped and mean proportions of adults to non-adults calculated (Figure
7.9).

FIGURE 7.9
Proportion of adults to non-adults in the Australian Uromys
Mean Population Demography of Australian Uromys
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Juveniles
This analysis comprises all captures (exploratory trapping, grid trapping, experimental
trapping, retraps/recaptures) of juvenile U. caudimaculatus i.e. <300gms (N=20) and
juvenile U. hadrourus i.e. <140gms (N=11). Three records of juvenile U. hadrourus
captured in a previous study are included to increase the sample numbers (Harrington
et al. 2001, Moore unpublished data).
January to August (Figure 7.10).

Juvenile U. hadrourus were recorded from

In contrast, juvenile U. caudimaculatus were

observed from January to June only, and comprised a smaller percentage of the
trapped U. caudimaculatus population. One possible explanation for this may be that
U. caudimaculatus juveniles disperse away from the natal grid soon after weaning. An
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example of mobility in young U. caudimaculatus was the recapture of two marked and
freshly weaned juveniles (260gms and 310gms) on an adjacent study grid to their natal
grid, having travelled approximately 1.5 kilometres over ten days. An alternative
explanation may be that the home range requirements of U. caudimaculatus are
greater and individuals are less likely to be recaptured. Brown and Maurer (1986)
linked larger body sizes to larger home range size but Gaston and Blackburn (1997)
found that reliable datasets sampled over appropriate scales did not support this
relationship (Ford 2003).

FIGURE 7.10
Annual cycle of juvenile Uromys caudimaculatus and Uromys hadrourus

Subadults
Subadult U. hadrourus comprised 27% to 50% of the trapped population throughout the
year. This is in sharp contrast with subadult U. caudimaculatus, whom although present
throughout the year, did not exceed 14% of the total population at any one time.
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7.1.10

Diet

Strong incisors capable of breaking into the hardest rainforest fruit and the ability to
forage in the forest canopy strata as well as the forest floor provides U. caudimaculatus
with a wide range of potential food items. From the literature and observations made in
this study, its diet includes hard-seeded rainforest fruits, insects, bird eggs and young,
and native and introduced fruit (refer to Chapter 1). As the only large climbing rodent in
the Australian rainforest (up to 900gms), U. caudimaculatus occupies a unique
ecological niche. The only other rainforest rodent capable of utilising the middle and
upper canopy in a similar manner is the small tree mouse Pogonomys sp. which
weighs only 30-40gms and feeds on smaller, softer fruit, and insects (Winter et al.
2008). Because of its smaller size and less powerful jaws, the diet of U. hadrourus was
centred on fruits with softer exocarps, insects, cambium from aerial roots and bark, and
fungi. It was also limited to finding food on the forest floor or in the lower branches of
understorey shrubs and saplings. Although 20% - 60% larger than Rattus sp. and
Melomys sp. respectively, its diet was similar to these coexisting rodents, apart from its
habit of pruning aerial tree roots and eating the bark of selected rainforest trees.

7.1.11

Behaviour

The turnover of marked U. caudimaculatus was high (recapture index: 223
individuals/127 recaptures = 0.57) and multiple captures over more than consecutive
samples were few, suggesting a high mobility in this species. The influence of home
range size on recapture rate is unknown but Streatfeild (1009) found that densities of
U. caudimaculatus were more correlated with specific suites of food resources than
forest structure or other factors linked to fragmentation. Tree fruiting and fruit
abundance is unpredictable and variable in upland rainforest (Tracey 1981), and the
ability to travel long distances over relatively large areas is a necessary adaption to an
unreliable food source. In contrast, the majority of marked U. hadrourus adults were
recaptured repeatedly on the grids, generally in the same or nearby trap location
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(recapture index: 19 individuals/24 recaptures = 1.27). Individual animals maintained
regular movement pathways through the forest along a range of hard surfaces of logs,
surface roots, buttresses, stones, and shrubs, probably using scent marking (MüllerSchwarze and Heckman 1980; Müller-Schwarze 1992; Marchlewska-Koj 2000;
Kozakiewicz and Kozakiewicz 2004).

7.1.12

Mean minimum age (longevity)

An increased lifespan is probably a life history feature of the genus Uromys, with both
U. caudimaculatus and U. hadrourus possessing a significantly longer mean minimum
age (3-5 years) than coexisting rainforest rodents (Heinsohn and Heinsohn 1999,
Moore 2008).

7.1.13

Predation

The smaller size of U. hadrourus makes it vulnerable to a larger suite of predators than
U. caudimaculatus. Adult U. caudimaculatus (500-900gms) are a formidable prey for
most Australian predators and individuals greater than 400gms are probably beyond
the capabilities of most forest owls and smaller pythons (Moore 2008). This does not
rule out their predation by spotted-tailed quolls Dasyurus maculatus or larger pythons
Morelia sp., but their greater size would probably restrict such predation to relatively
fewer animals than would be the case for U. hadrourus.

7.2

DISCUSSION

An overview of niche differentiation and a review of field studies of niche studies on
sympatric species were presented in Chapter 1. Those sections explored the different
types of ecological niche and their potential influence on species distribution and
abundance through a scenario of interspecific competition for a „limiting‟ resource(s)
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e.g., food, space, breeding sites. Competitive exclusion (Gause 1934) states that two
different species competing for the same resources cannot stably coexist if other
ecological factors are constant (Gause 1934). However, it is also hypothesised that the
two competing species could coexist if intra-specific competition was greater than interspecific competition (Armstrong and McGehee 1980, Chase and Leibold 2003).
According to Rosenzweig and Lomolino (1997), niche differentiation of any degree was
considered likely to result in coexistence. To a large extent niche differences influence
coexistence by causing species to limit themselves more than they limit competitors
(Levine and HilleRisLambers 2009). But determining whether competition is occurring
between two species is difficult, as is the identification of potential mechanisms used by
a species to reduce or avoid such competition.

Although evidence of competition between the two Uromys was not obtained, field data
indicated that substantial niche differentiation does exist between the two species in
the form of differences in body size, habitat preference, climbing abilities, foraging
behaviour, and to a lesser extent, diet. The effects of body size or morphological
differences on niche differentiation (e.g. the large body size and stronger teeth of U.
caudimaculatus along with its tree-climbing adaptations) appear obvious, but their
influence is not easy to quantify. Churchfield et al. (1999) found that body size had an
important role in affecting ecological separation amongst six species of sympatric
shrews in Russia. Although utilising the same food niche, differences in prey size and
foraging mode reduced the niche overlap between shrew species of different sizes.
This may be the case with the two Uromys. The larger U. caudimaculatus can break
into hard-shelled seeds that are inaccessible to the smaller U. hadrourus and the ability
of U. caudimaculatus to climb and access resources in the tree canopy emphasises the
significant difference in foraging mode between the two species. There is also some
evidence to suggest that U. hadrourus is more sedentary than the larger U.
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caudimaculatus, the juveniles of the latter species dispersing away from the natal area
more quickly than juvenile U. hadrourus.

The niches of the two species overlap to a degree in diet with U. hadrourus exploiting
some of the softer large-fruited seeds also utilised by U. caudimaculatus (e.g.,
Beilschmeidia bancroftii and Endianda insignis).

In addition, both species feed on

insects, which are generally obtained by tearing open decomposing logs and stumps.
This latter food item is a diet overlap shared with the musky rat-kangaroo
Hypsiprymnodon moschatus, long-nosed bandicoot Perameles nasuta, and the striped
possum Dactylopsila trivirgata. Although eating the bark of aerial tree roots was a
significant part of the diet of U. hadrourus, presumably for sugars and starch, the
complete role of bark-chewing itself is yet to be determined. It was found that U.
hadrourus regularly revisited the same buttress scars and it appeared that the species
fed on the fresh edges of the „wounds‟; this behaviour is also known for U.
caudimaculatus who appear to do it less frequently (Moore pers. obs.). Whether treescarring also functions as a territory marker for either of the two species is unknown.

The influence of significantly different population densities in the two Uromys must also
be taken into account. The density of U. hadrourus was one of the lowest of the
mammal assemblage; only one-seventh that of U. caudimaculatus.

Raven et al.

(2008) postulated that if the population sizes of two species are negatively correlated
(small versus large population) the two species do not need to be competing for the
same limiting resource. Instead, the two species might be independently responding to
the same feature of the environment e.g., one species may prefer open forest habitat
and the other densely-vegetated habitat. It is probable, therefore, that the two species
not only differ in resource utilisation and behaviour but in some other fitness
component.
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The risk of predation can shrink the breadth of a species‟ food niche axis if searching
for certain kinds of food items increased the probability of being eaten (Chase and
Leibold 2003). The smaller size of U. hadrourus makes it more vulnerable to predation
than the much larger U. caudimaculatus, which becomes a formidable prey when adult
size. Werner et al. (1983) explored the impact of predation on habitat use and found
predation risk significantly influenced the behaviour of bluegill sunfish Lepomis
macrochirus. Sunfish avoided the resource-rich open water habitat in favour of the
resource-limited vegetated areas of a pond due to the presence of a larger predatory
bass Micropterus salmoides. The increased predation risk, therefore, may have an
influence on habitat utilisation by U. hadrourus and may have even played a past role
in the species‟ adapting to a terrestrial foraging habit. At a mean body weight of
~200gms U. hadrourus is an optimum prey size for the two rainforest owls: the lesser
sooty owl Tyto multipunctata and rufous owl Ninox rufa.

7.2.1

Comments

Uromys caudimaculatus and U. hadrourus possess a range of life-history and
ecological attributes that separate them from the other rainforest rodents that coexist
with them (refer to Chapter 4).

Both Uromys caudimaculatus and U. hadrourus

populations in this study area were able to withstand the short-term impact of extreme
damage to vegetation caused by the severe cyclone. In the case of U. hadrourus, the
recapture of marked individuals before and after the cyclone indicated that this was
achievable without individuals having to move away from their territories or change
their behaviour markedly.

Despite this, it is unlikely that U. hadrourus would be

capable of adapting as successfully to the drying out of its essential wet rainforest
habitat caused by increases in rainfall variability predicted to occur in climate change
theory (Balston 2009).
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A critical characteristic that defines the origins and likely future for the two Uromys
species is the capacity of U. caudimaculatus to utilise non-rainforest habitat and the
agricultural matrix at all altitudes, a resource-rich landscape apparently unavailable to
the more specialised U. hadrourus.
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8.

CHARACTERISTICS OF RARE AND COMMON MAMMAL SPECIES

This chapter uses the findings of Chapter 7 to explore the ecological and biological
similarities and dissimilarities that may influence rarity and commonness in rainforest
small mammals (refer to Chapter 1). The characteristics examined in this chapter
derive from published studies and include: abundance, geographic range size, habitat
specificity, specialism, resource use, dispersal ability, reproductive investment,
competitive ability, and body size.

8.1

RARITY CHARACTERISTICS AT A SPECIES LEVEL

8.1.1 Abundance
Rare species are more likely to naturally occur at low density (Brown, 1984; Gaston et
al., 1997; Chapter 1). Table 8.1 presents the mean population density per hectare for
eight of the trapped mammal species with adequate numbers for analysis (refer to
Chapter 4). There are four distinct groupings of mammal densities: 1) Rattus fuscipes abundant; 2) Uromys caudimaculatus and Melomys cervinipes - common;

3)

Hypsiprymnodon moschatus and Antechinus adustus – uncommon; and 4) Uromys
hadrourus, Antechinus godmani, and Rattus leucopus - rare. The last species, R.
leucopus, is more common in fragments than continuous forest and has been recorded
at densities of 0.75 animals/ha (Harrington et al. 2001). The regional abundance of this
species varies considerably and it is often one of the most trapped rodents, particularly
in fragments. In a study of the impacts of logging on upland rainforest fauna at the
Windsor Tableland in north Queensland, R. leucopus comprised approximately 20% of
all small mammals captured (707/3635) compared to only 9.2% (336/3636) for U.
caudimaculatus (Crome et al. 1991, Crome et al. 1994; Moore unpublished data). As
previous studies have shown that R. leucopus can occur in greater numbers at some
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locations and habitats (Crome et al. 1994; Harrington et al. 2001), it would be more
appropriate to regard this species as typically occurring at a higher density than U.
hadrourus and A. godmani.

TABLE 8.1
Comparison of mammal assemblage population densities (animals/hectare)
Density
animals/hectare

Species
grouping

(0.32)

(1)

Antechinus godmani

0.36

1

Uromys hadrourus

0.42

1

Hypsiprymnodon moschatus

0.73

2

Antechinus adustus

0.92

2

Melomys cervinipes

2.83

3

Uromys caudimaculatus

3.68

3

Rattus fuscipes coracius

11.8

4

Species
Rattus leucopus 1

1

Population density of this species varies considerably.

Mean trapping densities suggest that U. hadrourus (0.42 animals/ha) was more
abundant than A. godmani (0.36 animals/ha), but captures of the latter species may
have been biased by the trap bait, which was probably more attractive to rodents than
insectivorous marsupials. The densities are similar, however, and the two species
exhibit the lowest abundance of the trapped small mammal assemblage. In contrast, U.
caudimaculatus had the second-highest trapping density (3.68 animals/ha) surpassed
only by R. fuscipes (11.8 animals/ha).

8.1.2

Geographical range size

The geographical range sizes in this study were estimated on a simple north-south
distance between the outermost limits of the species occurrence (Table 8.2) and the
mammal species assigned a ‘Range Scale’ based on maximum geographic range.
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TABLE 8.2
Approximate geographic range sizes of mammal assemblage
Geographical
range size N-S
(kms)

Range Scale

Atherton Tablelands, Wet
Tropics of Australia

135

1

Pygmy White-tailed Rat
Uromys hadrourus

Three known locations in
the Wet Tropics of Australia

155

2

Rusty Antechinus
Antechinus adustus

Wet Tropics of Australia

400

3

Musky Rat-kangaroo
Hypsiprymnodon moschatus

Wet Tropics of Australia

400

3

Tree Mouse *
Pogonomys sp.

New Guinea and north
Queensland

750

*

Cape York Rat
Rattus leucopus

New Guinea and north
Queensland

1545

4

Bush Rat
Rattus fuscipes

Eastern and south-western
Australia

1950

5

Fawn-footed Melomys
Melomys cervinipes

East coast of Australia

2049

6

Giant White-tailed rat
Uromys caudimaculatus

New Guinea and north
Queensland

2109

7

Yellow-footed Antechinus*
Antechinus flavipes

Eastern and south-western
Australia

2600

*

Grassland Melomys *
Melomys burtoni

New Guinea and the east
coast of Australia

2870

*

Species

Geographical range

Atherton Antechinus
Antechinus godmani

* These species are not included in the rarity analysis due to insufficient capture data.

The range size of U. hadrourus is approximately 7% that of its sympatric sister species
U. caudimaculatus. The geographic range of U. hadrourus and A. godmani are also
considerably less (62%-67% respectively) than the similarly restricted endemic species
A. adustus and H. moschatus.
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8.1.3

Habitat specificity

Uromys caudimaculatus occurs over a wide range of habitat types at all altitudes
(Table 8.3). In contrast U. hadrourus is restricted to a scarce rainforest habitat above
700m altitude.
TABLE 8.3
Habitat types used by the small mammal assemblage (Habitat Specificity)
Habitat

Uc

All altitudes

Uh

Mc

Rf

Rl

Aa

X

X

X

X

X

X

X

X

X

X

X

X

Wet tropical
woodland

X

X

X

X

Dry tropical
woodland

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

General RF

Ag

Hm

Pog

X

X

X

X

1

Restricted RF
2
microhabitat
Wet sclerophyll

Melaleuca woodland
Mangroves
Upland swamps
Regrowth
Modified landscapes
Fragments small
Fragments large
(>200ha)
Human habitation
Number of habitats
Specificity Rating

X

X

X

X

X
X

X

X

X

X

12

1

12

12

10

6

2

3

5

7

1

7

7

6

5

2

3

4

Uh=Uromys hadrourus; Uc=U. caudimaculatus; Mc=Melomys cervinipes; Rf=Rattus fuscipes;
Rl=Rattus leucopus; Hm=Hypsiprymnodon moschatus; Ag=Antechinus godmani; Aa=A.
adustus; Pog=Pogonomys sp.
1
2

Throughout rainforest in areas of suitable vegetation.
Scarce rainforest habitat associated with spatial landscape features e.g., streams and upper
catchments.
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The habitats in which members of the small mammal assemblage have been recorded
are presented in Table 8.3. The Habitat specificity index relates to the number of
habitat types in which a species is known to occur and ascends from 1 (rare) to a
maximum of 14 (common). Uromys hadrourus is rated as the rarest species according
to habitat specificity with U. caudimaculatus as one of the most common (along with
Rattus fuscipes and Melomys cervinipes). Although restricted to rainforest, Antechinus
godmani occurs in large rainforest fragments (Harrington et al. 2001) considerable
distances away from streams and gullies, suggesting the species is probably less
habitat intolerant than U. hadrourus.

8.1.4

Specialism Index (microhabitat preferences)

A Specialism Index of microhabitat use was calculated for seven small mammal
species using the methodology outlined in Thompson et al. (1998) and summarised in
Chapter 1 of this thesis. As the methodology used in this analysis is complex, it is
paraphrased here for ease of understanding. Relative habitat frequencies for each
species were calculated (where 5 was very common and 1 was rare or largely absent)
using the results of the chi-square analysis of trap location habitat presented in Chapter
4 (Table 4.6; also refer to Chapter 2 - Figure 2.14a-c). As sampling effort in Habitat 8
(wet forest) was substantially less than for other habitats, this microhabitat was
excluded from the analysis. For each species the seven scores based on microhabitat
trap locations form the basis of the specialism index, which is the sum of the absolute
differences of each score from the median of ‘3’ (Chapter 1; Thompson et al. 1998,
1999). For example, a species that is equally frequent in all seven microhabitat types
would have seven scores of ‘3’ and a subsequent specialism index of zero (no
deviation from the median of ‘3’).
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Table 8.4
Specialism Index based on species’ trap location microhabitat (modified from Thompson et al. 1998)
The minimum specialism index is ‘0’ and represents a species that makes equal use of all microhabitats; the maximum specialism index achievable is ‘14’
and indicates a species that is restricted to one microhabitat type.
1

FT = Frequency Totals: relative frequency in each of the eight broad microhabitat types (refer to Chapter 1.6.1: Resource use and specialism);
of absolute differences of each frequency score from the median value of 3.
Rattus fuscipes

Melomys cervinipes

Microhabitat
FT

1

2

FS

FT

1

2

Antechinus
adustus

FS

FT

1

Uromys
caudimaculatus
2

FS

FT

1

2

Hypsiprymnodon
moschatus

FS

FT

1

2

Antechinus
godmani

FS

FT

1

2

2

FS = Sum

Uromys
hadrourus

FS

FT

1

2

FS

1

3

0

3

0

1

1

3

0

4

1

1

2

1

2

2

2

1

1

2

3

0

1

2

1

2

4

1

1

2

3

3

0

3

0

3

0

5

2

4

1

2

1

1

2

4

2

1

1

2

3

2

3

0

2

1

1

2

1

2

5

3

0

3

0

5

2

3

0

5

2

5

2

5

2

6

3

0

3

0

3

0

3

0

2

1

2

1

5

2

7

2

1

2

1

2

1

1

2

2

1

4

1

4

1

Specialism Index

3
Little - No
Specialism

5

6

6

Low specialism

9

10

13

Moderate
Specialism

High
Specialism

Extreme
Specialism

SI Categories: 1-3 = Little or no specialism; 4-6 = Low specialism; 7-9 = Moderate specialism; 10-12 = High specialism; 13-14 = Extreme specialism

Habitat types:
1 = Ridge - open understorey; 2 = Flat - open understorey; 3 = Upper-mid slopes - open understorey; 4 = Lower slopes – open understorey;
5 = Lower slopes - dense understorey; 6 = Gully – first order stream; 7 = Riparian – second order stream.
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In contrast, a species that is largely restricted to one habitat type will have one score of
‘5’ and six scores of ‘1’, giving a maximum specialism index of 14. Most species lie
somewhere between these two extremes. The results of the calculations are presented
in Table 8.4.

With a Specialism Index (SI) of ‘3’ Rattus fuscipes exhibits Little or no Specialism,
utilising all microhabitats equally. Although favouring some microhabitats more than
others, an SI of ‘4-6’ suggests that Melomys cervinipes, Uromys caudimaculatus, and
Antechinus adustus exhibit Low Specialism. An SI of ‘9’, Moderate Specialism, reveals
that although Hypsiprymnodon moschatus appears to have distinct microhabitat
preferences, the species divided its time equally between forest with open and dense
understorey. With an SI of 10 Antechinus godmani is categorised as having High
Specialism; A. godmani made less use of open areas than H. moschatus with no
captures in open ridge microhabitat and areas of the lower slopes with an open
understorey. The highest specialism level was that of Uromys hadrourus (13), which
was categorised as exhibiting Extreme Specialism (sensu Thompson et al. 1998,
1999). All captures of U. hadrourus occurred in three dense-understorey microhabitats
(lower slopes, gullies, riparian with dense understorey), with no observations from the
four open-understorey forest microhabitats.

8.1.5

Categorisation of species according to Rabinowitz et al. 1986.

Rabinowitz et al. (1986) defined seven forms of rarity and one form of commonness
derived by combining traits of local population size (density), geographic distribution,
and habitat specificity. The species in this study were classified using these categories
and the results are presented in Table 8.5. Four groupings are identified. Extreme
rarity (‘1’) was exhibited by Uromys hadrourus and the small marsupial Antechinus
godmani. The medium-sized marsupial Hypsiprymnodon moschatus and small
marsupial Antechinus adustus are categorised as rare (‘3’). Apart from Pogonomys
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sp., those species classified as rare are confined to the rainforests of the Wet Tropics
in north Queensland (Figure 1.5). The small tree-mouse Pogonomys sp., while
categorised as moderately rare (‘7’), is probably more common than current data
suggest. Commonness (‘8’) has been ascribed to all remaining rodents. The four
common species have either extra-limital distributions (U. caudimaculatus, Rattus
leucopus), or are widespread in other parts of Australia (Melomys cervinipes, Rattus
fuscipes).

TABLE 8.5
Rarity categorisation sensu Rabinowitz et al. 1986 (Table 1)

Rarity

Geographic
distribution

Habitat
specificity

Local population
size

Study species

1

Narrow

restricted

everywhere small

Uh, Ag

2

Narrow

restricted

somewhere large

3

Narrow

broad

everywhere small

4

Narrow

broad

somewhere large

5

Wide

restricted

everywhere small

6

Wide

restricted

somewhere large

7

Wide

broad

everywhere small

Pogonomys

Wide

broad

somewhere large

Uc, Mc, Rf, Rl,

Aa, Hm,

Commonness
8

Uh=Uromys
hadrourus,
Ag=Antechinus
godmani;
Aa=Antechinus
adustus,
Hm=Hypsiprymnodon moschatus; Uc=Uromys caudimaculatus, Mc=Melomys cervinipes,
Rf = Rattus fuscipes, Rl=R. leucopus.

8.1.6 Dispersal ability
The assessment of this attribute is difficult and significantly influenced by climatic and
anthropogenic changes that may have restricted historical dispersal opportunities.
Gaston (1994) concluded that in the absence of human-influence there is a positive
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relationship between a species’ dispersal ability and its range size within a
taxonomically defined assemblage (Hansen 1980, Reaka 1980, Juliano 1983,
Kavanaugh 1985, Soderstrom 1989, Hedderson 1992, Oakwood et al. 1993).

An

earlier study by Turin and den Boer (1988) support this conclusion. They found that
beetle species with effective dispersal abilities had increasing range sizes while those
with poorer dispersal abilities were decreasing. More recently, dispersal and dispersal
limitation have been recognised as the key mechanisms driving ecological drift in
Hubbell’s unified neutral theory of biodiversity (UNTB). The dispersal-assembly
perspective of the UNTB holds that dispersal dynamics is the primary determinant of
distribution and relative abundance of species (Hubbell 2001), and the model predicts
that dispersal limitation will have a greater impact on community assembly than
species-sorting and adaptation to local conditions (Bell 2001, Hubbell 2001, Gilbert and
Lechowicz 2004).

It is uncertain whether the diversity and relative abundance of species in ecological
communities is a result of ecological drift (UNTB) or via inter-specific competition
inherent in niche theory. However, neither theory fully explains the role of dispersal on
rarity. It is completely plausible that poor dispersal may be a consequence of rarity and
not the direct cause (Davies et al. 2004). Species’ dispersal ability is extremely difficult
to measure as it is unavoidably related with at least three of the other ecological
variables explored in this study: abundance, geographic range size, and habitat
specificity. Accordingly, these three variables were used in conjunction with known
species behaviour to evaluate the dispersal abilities of the two Uromys and the
coexisting small mammal assemblage. Because of a lack of experimental data, two
broad scales of potential dispersal ability have been used to classify dispersal in the
mammal assemblage (‘Good dispersal ability’ and ‘Limited dispersal ability’). Although
not evaluated in this section, a fourth factor, increased risk of predation, can
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significantly limit dispersal capability (Crawley 1992, 1997, 2000; Edwards and Crawley
1998).

Good dispersal ability
The dispersal abilities of the majority of the rainforest rodent assemblage, excluding
Uromys hadrourus, are classified as good.

Fossil records indicate the historical

geographic range of Melomys cervinipes extended to western Victoria >2000
kilometres south of the Wet Tropics and the species still retains a wide distribution from
central New South Wales north to around Cooktown on Cape York Peninsula and
occurs on some offshore islands. It is found in a range of habitats outside of rainforest
(wet sclerophyll, swamps, mangroves, boulder piles, urban, agricultural, off-shore
islands) (Moore and Burnett 2008). Rattus fuscipes is similarly able to utilise a range of
different habitats through eastern and Western Australia.

Although preferring

rainforest, Rattus leucopus has branched into two separate subspecies, one widely
spread in New Guinea and both occurring in closed forest over a considerable part of
northeast Australia. Populations of R. leucopus fluctuate considerably in both
fragments and continuous forest (Harrington et al. 2001; Moore and Leung 2008) and
the species is often found in remnant vegetation along streams in the agricultural
landscape of the Atherton Tablelands (Crome et al. 1994). The small arboreal rodent,
Pogonomys sp., is considered widespread in north-eastern Australia and occurs from
sea level to the tops of ranges (Winter et al. 2008). The genus is also present in New
Guinea but no taxonomic link with the Australian population has yet been identified
(Winter et al. 2008). Uromys caudimaculatus is common throughout New Guinea and
north-east Queensland (including some off-shore islands). In Australia, the species
utilises many different habitats and appears to be undergoing an expansion into dry
woodland riparian systems, a preferred habitat of the black-footed tree-rat
Mesembriomys gouldii rattoides (Moore 2008)
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Limited dispersal ability
The dispersal ability of the marsupials Hypsiprymnodon moschatus and Antechinus
adustus are not so clear. Both species are endemic to the Wet Tropics of north
Queensland and share a similar geographic distribution.

H. moschatus, however,

occurs from sea-level to 1200 metres, whereas Antechinus adustus is only known in
rainforest above 600m (Burnett and Crowther 2008). Neither species has been found
in fragments (Laurance 1994; Harrington et al. 2001; Streatfeild 2009) or remnant
riparian vegetation in the agricultural landscape (Crome et al. 1994). In their study on
small mammal assemblages in the rainforest-wet sclerophyll ecotone, Williams and
Marsh (1998) found that A. adustus was restricted to the rainforest and did not enter
the ecotone.

Dispersal using non-rainforest habitat between separated rainforest

patches is highly doubtful therefore, and it is concluded that both species are limited in
their dispersal ability.

Antechinus godmani and Uromys hadrourus have restricted

distributions in the Wet Tropics of north Queensland. Antechinus godmani is limited to
a small part of the Atherton Tablelands and little is known of its habitat requirements
(Burnett 2008). In this study, there was a significant relationship between trap location
habitat of A. godmani and those of U. hadrourus (Refer to 6.1.15). Uromys hadrourus
is known from only three disjunct locations in north Queensland (Moore and Winter
2008). Within this limited distribution the species is restricted to a spatially rare habitat,
narrow areas of rainforest vegetation with dense understorey along steams and gullies
in upper catchments above 700m. This pronounced habitat specificity means that it is
highly probable that dispersal for U. hadrourus is limited to movements along denselyvegetated streams or gullies.

8.1.7

Resource usage index

Resource usage is significantly affected by body size (Ernest 2005). The energetic
equivalence rule (EER) is derived from empirical observations linking population
density and body size, and from the allometric law linking metabolism and body size

272

(Damuth 1981, 1991, 1993; Nee et al. 1991; Bohlin et al. 1994; Ernest 2005). EER
predicts that the amount of energy used by various species should be independent of
body size. At the individual scale, however, being a large animal requires a greater
food supply and energy requirements can generally explain how population density
decreases as individual body size increases (Ernest 2005). This population decrease
is a consequence of increases in average body size in food and/or space-limited
populations resulting in increases in per capita space and/or energy requirements
(Ernest 2005). As body size increases in time or space therefore, the equilibrium
number of individuals that can be supported in a given environment should decrease
(Gaston 1997; Dunham and Vinyard 1997; Ernest 2005). This relationship is generally
referred to as ‘self-thinning’ and produces a negative linear relationship between log
body size (mass) and log population density (Dunham and Vinyard 1997).

Harcourt et al. (2002) used a combination of diet, habitat, body size, and morphological
variety to develop indices of rarity in primates. A similar index approach is used in the
following analysis to build a ‘Resource Usage Index’ (RUI), an ordinal scale which
describes a relative potential use of resources for the small mammal assemblage.
Table 8.6 presents the RUI for the mammal species based on the variables:
geographic range size (smallest=1 to largest=7), abundance (lowest =1 to highest= 5),
habitats utilised (N), and body size (1=lowest mean weight to 8 = highest mean weight.
The following rationale was used when calculating the RUI: the proportional usage of
resources by a species is potentially lower the smaller the geographic range size, the
lower the population abundance, the fewer habitats used, and the smaller the body
size. The RUI was based on the Overall Score as follows: lower score = least potential
use of resources; higher score = greater potential use of resources. Uromys hadrourus
and the two Antechinus species were categorised as potentially using less resources;
Uromys caudimaculatus was the major potential resource exploiter (body size was an
important factor), closely followed by Rattus fuscipes and Melomys cervinipes.
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TABLE 8.6
Calculation of Resource Usage Index
Geographic
Range Size

Abundance

Habitats
utilised

Body
size

Overall
Score

Resource
Usage
Index

Antechinus godmani

1

2

2

2

7

1

Uromys hadrourus

2

1

1

5

9

2

Antechinus adustus

3

2

5

1

11

3

Hypsiprymnodon
moschatus

3

2

3

6

14

4

Rattus leucopus

4

3

6

4

17

5

Melomys cervinipes

6

4

6

3

19

6

Rattus fuscipes

5

5

6

4

20

7

Uromys
caudimaculatus

7

4

6

7

24

8

Species

8.1.8

Reproductive investment

In studies of birds, a positive association has been reported between range size, mean
clutch size, and the mean number of broods (Chapter 2), in addition to a significant
relationship between fecundity and density (Cotgreave and Pagel 1997, Duncan et al.
1999, Cofrẻ et al. 2007a, 2007b). This does not appear to be the case in Australian
rainforest rodents. Compared to their dry country counterparts, rainforest rodents have
relatively small litters of 2-5 young and probably only breed twice per season. This
relatively low fecundity is found in both rare and common rodent species and is
probably the result of a predictable and stable rainforest environment. In fragments,
however, breeding in rodents has been recorded in all months of the year and is
probably a response to a more dynamic and unpredictable system (Harrington et al.
2001; Moore unpublished data).

274

8.1.9

Competitive ability

Evaluating the level of inter-specific competition is extremely difficult and generally
depends on inferred evidence rather than quantitative data. No field observations were
made of obvious ‘physical’ competition between the two Uromys spp. and this is not
unexpected, as both species are nocturnal and mobile, making surveillance of any
interactions unlikely. Behavioural experiments on interactions between the two species
were not undertaken as the large size difference between the two species would make
most observations meaningless or difficult to interpret.

Additionally, as field data

indicated that U. hadrourus maintained permanent home ranges, moving the species
into a strange environment away from its territory would significantly bias any
experimental results. The mean body size of U. caudimaculatus (~650gms) is three
times greater than that of U. hadrourus (~200gms), and would be of significant
influence in any physical interaction over limited food resources. More importantly, the
strong teeth of U. caudimaculatus enables it to exploit hard-shelled seeds inaccessible
to the smaller-jawed U. hadrourus, and the ability to utilise the canopy strata to access
fruit while still on the tree places it at further advantage, particularly in times of poor
fruiting. Most significant, however, is the ability of U. caudimaculatus to make use of a
wide range of habitats, including rainforest fragments, wet sclerophyll, swamps, and
the agricultural matrix. Overall, the ecological and morphological characteristics of U.
caudimaculatus indicate a potentially high competitive ability in comparison to the
smaller and more habitat-restricted U. hadrourus.

8.1.10

Body size

Loeuille and Loreau (2006) modelled interaction within entire food webs and found
different species did not have the same energy usage because they did not always
feed on the same species. More importantly, the amount of resource available to each
species varied in relationship to body size. It was shown body size influenced both
individual metabolism and inter-specific interactions, and that population density
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decreased with body size (Ernest 2005; Loeuille and Loreau 2006). More recently,
Calosi et al. (2008) concluded that widespread taxa are likely to have broader ranges
of physiological tolerance than restricted-range species. Despite these findings there is
little to suggest that body size has a major influence on abundance in Australian
rainforest small mammals. Table 8.1 shows that although having the third highest body
weight, U. hadrourus had the one of lowest abundances, whereas U. caudimaculatus,
the largest species, had the highest abundance apart from R. fuscipes.

8.2

DISCUSSION

8.2.1

Rarity categorisation of mammal assemblage using ecological data

The results from the analyses of ecological variables (8.1.1 – 8.1.9) were used to
compile a measure of rarity (rarity index) (Table 8.7). Again, this approach is similar to
that of Harcourt et al. (2002) and involves the summing of a number of variables to
produce an ordinal scale and a comparative index of rarity. It is accepted that these
variables are not independent (Harcourt et al. 2002). The categorisation of ecological
characteristics examined in sections 8.1.1 – 8.1.9 are collated in Table 8.6 for those
species with adequate data. Competitive Ability has not been included in Table 8.6 as
non-Uromys species require more data to assess this variable. The Rarity Index was
obtained by summing the respective ecological categories and arranging them from the
lowest (rarest) to the highest (least rare or common). The resulting index shows strong
correlation with the findings of Rabinowitz et al. (1986), who used the traits of
geographic distribution, habitat specificity, and local population size to categorise
seven forms of rarity and one form of commonness.
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TABLE 8.7
Rarity categorisation of mammal assemblage
Ecological variable ratings

1

Habitat
Specificity

Rarity
(sensu
Rabinowitz et al.
1986)

Dispersal
2
ability

Body
3
Size

Resource
4
usage

Species

Abundance

Range
1
Size

Ag

2

1

2

1

1

2

1

2

12

Uh

1

2

1

1

1

5

2

1

14

Aa

3

3

5

3

1

1

3

4

23

Hm

2

3

3

3

1

6

4

3

25

Mc

4

6

7

8

2

3

6

4

40

Rf

5

5

7

8

2

4

7

5

44

Uc

4

7

7

8

2

7

8

4

47

Specialism
5
Index

Rarity
Index

Ag=Antechinus godmani; Uh=Uromys hadrourus; Aa=Antechinus adustus; Hm=Hypsiprymnodon moschatus; Rl=Rattus leucopu; Mc=Melomys cervinipe;
Rf=Rattus fuscipes; Uc=Uromys caudimaculatus.

1

Geographic Range Size – Refer to Table 8.2.

5

Body Size - 1= lowest weight to 8=highest weight (Rattus combined).

2

Habitat Specificity – Refer to Table 8.3.

6

Resource usage – Refer to Table 8.6.

3

Rarity (Rabinowitz 1986) – Refer to Table 8.5.

7

Specialism Index – Refer to Table 8.4.

4

Scaled from Limited (1) to Good (2).
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The small mammal assemblage in Table 8.7 comprised three groupings (sensu
Rabinowitz et al. 1986): (1) rare in all aspects – Uromys hadrourus and Antechinus
godmani; (3) rare - narrow range size with broad habitat specificity – Antechinus
adustus and Hypsiprymnodon moschatus; and (8) common - wide range size with
broad habitat specificity – Melomys cervinipes, Rattus fuscipes, and Uromys
caudimaculatus.

8.2.2

Relationships between ecological variables

Spearman Rank Correlation was used to determine whether any relationships existed
between the variables based on species identity (partial correlation controlling for
species). The results of this analysis are shown in Table 8.8. There were negative
associations between three sets of variables: Abundance-Body Size; Habitat
Specificity-Body Size; and Specialism-Body Size, suggesting that body size had little to
do with population density, habitat specificity, or the degree of specialism in this
mammal assemblage. There were positive associations between a second set of three
variables: Habitat Specificity - Dispersal Ability; Habitat specificity - Specialism; and
Dispersal Ability - Rarity. Although there are a number of ways these associations may
be explained, it is improbable there can be any certainty regarding which individual
mechanism is most responsible for rarity, given that most ecological traits evolve
adaptively and are strongly influenced by evolutionary dynamics (Holt 1997). Habitat
intolerance (the inability of a species to make use of multiple habitats) may result in
specialism in a species or, in fact, the converse e.g., specialism can promote habitat
selection (Gaston and Kunin 1997; Harcourt et al. 2002). An alternative scenario is
that a lack of dispersal ability in a species may lead to specialism and, subsequently, to
habitat specificity. The part played by predation risk in restricted-habitat characteristics,
however, is unknown.
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Table 8.8
Spearman Rank Correlation of ecological variables controlling for species

Correlation
Abundance

Significance
(2-tailed)
df
Correlation

Range

Significance
(2-tailed)
df
Correlation

Habitat

Significance
(2-tailed)
df
Correlation

Dispersal

Significance
(2-tailed)
df
Correlation

Size

Significance
(2-tailed)
df
Correlation

Rarity

Significance
(2-tailed)
df
Correlation

Specialism

Significance
(2-tailed)
df

Abundance

Range

Habitat

Dispersal

1.000

-.157

.692

.232

.

.737

.085

0

5

-.157

Rarity

Specialism

-.808

.231

.372

.617

.028

.618

.411

5

5

5

5

5

1.000

.261

.236

.097

.268

.404

.737

.

.572

.610

.837

.562

.368

5

0

5

5

5

5

5

.692

.261

1.000

.759

-.843

.654

.767

.085

.572

.

.047

.017

.111

.044

5

5

0

5

5

5

5

.232

.236

.759

1.000

-.427

.857

.374

.617
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Size

Predators can significantly control or decrease the populations of their prey (e.g.,
Volterra 1931); this principle underpins contemporary biological pest and weed control
strategies. There is also evidence that predation can compel changes in species’
habitat use (Werner et al. 1983; Gilliam and Fraser 1987). Once a species has attained
population equilibrium in a habitat(s) that reduces or removes the threat of predation,
traits of specialism can subsequently develop, either as a result of limited resources or
by the presence of new and/or vacant niches (Chase and Leibold 2003). Dispersal
ability may subsequently decrease due to the increased risk of predation when utilising
alternative or adjacent habitats. But scarce habitats do not have to be resources-poor,
and by itself habitat restriction may not necessarily be a bad thing. Nonetheless, the
inability or unwillingness to disperse effectively away from spatially rare habitat appears
to increase the probability of species’ rarity. Further controlling for Rarity produced a
positive association between Rarity - Abundance (Spearman Rank Correlation
Coefficient5 = 0.764, P=0.046) indicating that the combination of high habitat specificity
and low species’ density was a significant characteristic of rarity.

8.2.3

What ecological variables best characterised rare species?

Three of twelve ecological variables identified in Chapter 1 were not examined for their
influence on niche differentiation or rarity: genetic diversity, temporal persistence, and
threat (refer to Chapter 1.6). Of the nine ecological variables examined, three were
identified as characterising natural rarity (rarity not directly caused by human-induced
change) in the mammal assemblage studied. These comprised:

Habitat specificity - Dispersal ability - Specialism: it is difficult to determine whether
any one of these three characteristics is a precursor to, or makes a greater contribution
on, species’ rarity, but it is more probable that natural rarity depends on a ‘flexible’
amalgam of the three traits.

Benayas et al. (1999) concluded that ecological

specialisation may be an important cause of rarity but, as has been stated elsewhere in
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this section, it is equally plausible that specialism may evolve as a consequence of
rarity. It is also likely that abundance and habitat specificity are strongly regulated by
energy requirements and availability (resources), which vary with individual species’
ecology and life-history traits (e.g. Cofre et al. 2007a, 2007b).

Although dispersal

ability is fundamentally interrelated with both habitat specificity and specialism, there
are indications that it plays an important role in the maintenance of rarity in this
assemblage of rainforest small mammals. Nevertheless, dispersal ability, how well a
species can reach new sites, is only one aspect of colonisation ability, the success or
otherwise of species to colonise an area where it does not currently occur (Gaston
1994). Furthermore, the ability of a species to establish itself in a new area once there,
establishment ability, appears to be critical in determining both species range size and
overall abundance (Werth et al. 2006). For example, although a habitat-restricted and
specialised species may be able to successfully navigate across ‘hostile’ or unsuitable
habitat, the question still remains as to whether the new habitat can provide the
resources required to allow a population to grow and avoid extinction through
stochastic or deterministic processes (Gaston 1994). The environmental constraints
that restricted the species’ abundance and habitat utilisation in its source location will
continue to play a major role in whether or not colonisation is successful. If colonisation
is successful, it also seems likely these same environmental constraints will support the
retention of those ecological traits which originally influenced spatial rarity (Holt 1997).

It was not established that the remaining categories contributed to natural rarity in the
small mammal assemblage:

Abundance - Geographical Range – Body size:

although low abundance (low

population density) is one of the expressions of rarity, low population density was not a
significant factor in determining whether a species was classified as rare or common.
This is not surprising as many species occur over a wide geographic range at low
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densities.

However,

geographical

range

size

was

not

considered

to

be

comprehensively measured and its context in these analyses should be considered
tentative.

Competitive ability was not experimentally measured and its contribution to rarity in U.
hadrourus is therefore unknown; it is probably one of the factors influencing niche
partitioning between U. caudimaculatus and U. hadrourus. While endemism is not
dealt with in this thesis, endemic species (species restricted to a particular geographic
region area and nowhere else) tend to have smaller geographic range sizes and lower
abundances than those species that are not endemic (Gaston 1994). Endemism does
not necessarily result in rarity however, and many endemic species maintain abundant
populations within a limited area. But two species, A. godmani and U. hadrourus, were
not only endemic but occurred at particularly low densities. Both species are habitatrestricted and known from only a small number of localities in the Wet Tropics. The
remaining two endemic species, A. adustus and H. moschatus, illustrate the upper end
of the rarity spectrum (moderately rare), occurring in suitable rainforest throughout the
Wet Tropics at over twice the density of U. hadrourus and A. godmani.

8.2.4

What ecological variables best characterised common species?

The characteristics that may make a species more likely to being naturally common are
more difficult to categorise. Rabinowitz et al. (1986) recognised only one form of
commonness and defined it as a species with a wide geographic range, broad habitat
specificity (occurring in multiple habitats), and possessing large population sizes
(‘somewhere large’).

To describe the factors which appear to be characteristic of

commonness in the rainforest small mammal population examined in this study, it is
necessary to develop these intentionally broad categories further. The ecological
variables that characterised common mammal species included:


High abundance;
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Broad habitat specificity i.e., utilising a wide range of different habitat types;



Good dispersal ability;



Non-specialism i.e., capable or potentially capable of using a wide range of
microhabitats.

There was evidence that the association of high habitat specificity and low species’
density was a significant characteristic of rarity in Australian rainforest small mammals.
Conversely therefore, greater species abundance and the ability to utilise a wide
variety of habitats should characterise a common species. This was found to be true in
four of the terrestrial rodents: Rattus fuscipes, R. leucopus, Melomys cervinipes, and U.
caudimaculatus. The ability to disperse through a variety of habitats (Dispersal ability)
was also strongly characteristic of common small mammal species (Table 8.7).

A wide geographic range size is often one of the criterion used to describe species
commonness (refer to Chapter 1.6). In a neutral model (Hubbell 2001), range size and
abundance might be considered to be products of the same process (Ford 2003) and
Bell (2001) successfully predicted there was empirical correlation between large range
size and abundance of a species in local communities. However, geographic range
size as measured in this thesis did not contribute significantly to the characterisation of
either rarity or commonness in rainforest small mammals. Admittedly this is a difficult
variable to compare across studies (and species) due to the widespread variation in
sampling methodology and sample area size (Gaston 1997). Importantly, naturally rare
species are often sparsely distributed in the landscape and likely to be recorded from
fewer sites. Furthermore, methodologies used to measure geographic range size vary
widely, with Gaston (1994) listing 14 methods by which species ranges have been
measured in different studies. This study used a simple measurement of north-south
range (distance in kilometres) as described in Kouki and Hűyrinen (1991). The method
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is limited as it does not account for the more accurate area of occupation i.e., the total
area in kilometres2 occupied by a species. For most species, particularly those that are
naturally rare, this information is simply not known. In those cases where a species’
area of occupation can be estimated adequately, the problem of dealing with small
population size and low densities arises. Large animals (carnivores in particular)
generally require more environmental resources for maintenance and reproduction
than taxonomically similar smaller animals (Blackburn and Gaston 1997).

For

example, although the polar bear Ursus maritimus has an estimated population size of
less than 25 000 individuals and occurs over a large geographic range which includes
the territory of five nations (Denmark, Norway, Russia, United States, and Canada), it
is not considered a common species (McDonald and Amstrup 2001; McDonald 2004;
Armstrup et al. 2005). A completely different situation occurs with the Christmas Island
red crab Gecarcoidea natalis which, although found only on one small island, has an
estimated population in excess of 100 million animals (Flannery and Schouten 2001).
In these two examples one species is rare due to possessing a low population size and
density, while the other is geographically rare but locally common.
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CHAPTER 9

CONCLUSION

This brief chapter examines the results of the study as they relate to the three original
hypotheses presented in Chapter 1. The hypotheses were derived from the main aims
of the study which were to: determine the degree of niche differentiation or niche
overlap in the two species and; identify those characteristics which may predispose
each species to rarity or commonness.

The key precept was that differences or

similarities in the ecology and behaviour of the two species are primarily responsible for
their distribution, abundance, and relationship with one another. All three hypotheses
have a null hypothesis, each of which essentially concludes that the ecology of neither
species has an effect on population dynamics or abundance of the other. However, one
of the most ignored truisms in biology or nature is that effects are seldom truly zero and
they are often temporally and environmentally variable (Chase and Leibold, 2003).
Bearing in mind that this limitation applies to most (all?) field studies of wildlife, the
thesis hypotheses are evaluated using the results of the analyses presented in
Chapters 3 to Chapter 8. The following three hypotheses were presented In Chapter 1:

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

There is significant niche differentiation between Uromys caudimaculatus and U.
hadrourus but the two species do not appear to occupy completely independent
ecological niches. There is overlap in diet with U. hadrourus exploiting some of the
softer large-fruited seeds which are also utilised by U. caudimaculatus e.g.,
Beilschmeidia bancroftii and Endianda insignis. However, the larger size and strong
jaws of U. caudimaculatus enable the species to exploit hard-seeded rainforest fruits
inaccessible to other rainforest rodents, including U. hadrourus. Both species feed on
insects obtained by tearing open decomposing logs and stumps, as well as chewing
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the bark of tree buttresses to feed on the sap weeping from the fresh edges of the
scars (presumably containing sugars and starch). However, a significant part of the
diet of U. hadrourus was the exploitation of aerial tree roots, a behaviour which was not
observed in U. caudimaculatus. Trees with aerial roots primarily occurred on the lower
trunks of trees located on the densely vegetated lower slopes, along streams and
gullies, and in the wetter areas of the forest.

The ability to climb is a significant niche difference between the two Uromys species.
The scansorial ability of U. caudmaculatus allows it to access resources in the tree
canopy (food and refuges/nesting sites) that are unavailable to the terrestrial U.
hadrourus. However, the structure of the hind foot and the prominent interdigital pads
and tubercules indicate U. hadrourus was probably scansorial at some stage of its
evolution.

Differences in body size are also ecologically significant. Uromys

caudimaculatus is one of the largest members in the genus with a mean body weight
three times larger than U. hadrourus, which is the smallest representative of the genus
Uromys. The larger body size of U. caudimaculatus brings with it a number of
ecological advantages: fewer predators and competitors, and the ability to easily break
into hard seeds inaccessible to other rodents. The smaller size of U. hadrourus makes
it more vulnerable to predation than the larger U. caudimaculatus. Further niche
differentiation is evident in the habitat utilised by U. caudimaculatus, with trap location
habitat indicating a preference for the more abundant open-understorey forest found on
upper and middle slopes in the rainforest landscape. In contrast, U. hadrourus was
restricted to the spatially rare and densely-vegetated forest of the lower slopes, gullies,
and along 1st - 2nd order streams. These areas of dense understorey were
characterised by numerous ground logs and woody debris in various stages of
decomposition. The first captures of this species were also made in similar habitat
(Winter 1984). Differences in behaviour may also play a part in niche differentiation
with indications that U. hadrourus is more sedentary than the larger U. caudimaculatus
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and juvenile-subadult U. caudimaculatus appear to disperse away from the natal area
more quickly than juvenile-subadult U. hadrourus.

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

Determining whether competition exists between two species is extremely difficult and
generally depends on inferred evidence rather than quantitative data. There were no
observations of direct physical or environmental competition between the two Uromys
but observations of such interactions are unlikely because of the nocturnal behaviour of
the two species and the low density of U. hadrourus. However, niche differentiation
(resource partitioning) can significantly influence coexistence. Evidence of substantial
differentiation was identified in the form of differences in body size and morphology,
habitat preference, climbing abilities, foraging behaviour, and to a lesser extent diet. In
the absence of data to the contrary, it is considered that niche breadth, the variety of
resources or habitats used by a given species, is probably the dominant mechanism
influencing the distribution and abundance of U. hadrourus and not competition with U.
caudimaculatus. This conclusion is supported by the strong association of the
ecological variables Habitat Specificity with Specialism and Dispersal Ability with Rarity
(Table 8.7).

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

The ecological characters separating U. hadrourus from U. caudimaculatus include
differences in body size, population density, habitat specificity, dispersal ability,
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climbing ability, specialism, and diet. Of these six characters only Habitat Specificity,
Specialism and Dispersal Ability appear to be factors capable of influencing regional
distribution and abundance in U. hadrourus.

Chi-square tests showed significant

differentiation in habitat between the two species; there were few captures of U.
caudimaculatus in rainforest with dense understorey and no captures of U. hadrourus
within open understorey rainforest. There is little reason to presume, therefore, that
inter-specific competition affects habitat choice by U. hadrourus. However, the densely
vegetated habitat found in gullies or along 1st and 2nd order streams in upland rainforest
is spatially rare within the rainforest landscape. This narrow habitat niche and the
apparent inability or unwillingness of U. hadrourus to disperse through ‘unsuitable’
habitat would reduce its capacity to colonise its ‘preferred’ habitat, restricting both the
geographic range and population size of the species (Hanski et al. 1993). It is not
possible to determine, however, whether poor dispersal abilities are a direct cause of
rarity or the consequence (Davies et al. 2004). Climbing ability is a significant niche
differentiation which, while providing U. caudimaculatus with a virtually uncontested
resource niche, would act to reduce competition between the two species. Therefore,
the fact that U. caudimaculatus is scansorial is unlikely to influence either the density or
distribution of U. hadrourus.

A high degree of Specialism, which was considered to be a trait possessed by U.
hadrourus but not U. caudimaculatus (Table 8.6), is related to Habitat Specificity and
strongly influenced by low Dispersal Abilities (e.g., Cofrẻ et al. 2007a, 2007b).
Consequently, specialism is more likely to arise as a consequence of restricted habitat
specificity and low dispersal capability rather than being a cause of limited distribution
and low population size. Aspects of the diet of U. hadrourus cannot be dismissed when
considering species distribution and abundance. In this study, the bark of aerial tree
roots formed a significant proportion of U. hadrourus diet observations (22%); bark
from buttress chewing comprised a further 21% of its diet i.e., 43% of all feeding
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observations. In the study area, aerial roots were found only on trees located in the
lower slopes of the forest landscape and were most common in the wetter areas
adjacent to streams and gullies. If aerial roots are important to U. hadrourus (possibly
providing a reliable supply of essential sugars and starch throughout the year?), the
distribution of U. hadrourus may, by necessity, be limited to the restricted habitats
where such roots are found.

The effect of predation on habitat specificity, dispersal, and specialism
It is possible that predation pressure influences habitat choice by U. hadrourus. The
Lotka-Volterra predator-prey population dynamic assumes the classical foraging–
predation risk trade-offs: increased activity - increased population growth rate –
increased mortality rate (Volterra 1931; Lotka 1932). The model itself does not fully
explain all predator-prey interactions as the oscillations in population size of both
predator and prey results in predator-prey populations cycling endlessly without settling
down to a ‘steady-state’ point (Gaston 1994; Brauer and Castillo-Chavez 2000). It
does, however, show that predation is capable of structuring prey populations and
affecting their use of resources. Animals commonly choose among habitats that differ
both in foraging return and mortality hazard (Gilliam and Fraser 1987) and strong
predator pressure has been shown to result in the low abundance and small range size
of many species (e.g., Monro 1967; Lubchenco and Menge 1978; Room et al. 1981;
Estes et al. 1982; Hegazy and Eesa 1991; Gaston 1994). Werner et al. (1983) found
predation risk significantly influenced the foraging behaviour of bluegill sunfish, which
avoided the resource-rich open water habitat in favour of the resource-limited
vegetated areas of a pond due to the presence of larger predatory fish. When the
predator was experimentally removed, sunfish utilised all available water habitat.
Similarly, Bystrom et al. (2004) found that significant variation in growth and habitat use
in young artic char Salvelinus alpinus was closely connected to individual responses to
habitat specific resource levels and predation risk. They hypothesised that habitat use
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in small individuals was more likely to depend on predation risk, whereas the habitat
use of larger individuals was more likely to depend on foraging gain (e.g., Sih 1982;
Werner and Gilliam 1984, Lima and Dill 1990, Houston et al. 1993; Werner and Anholt
1993). Using the two Uromys as an example of this model, the larger U.
caudimaculatus, being less at risk of predation, may have chosen to forage in habitat
which maximises its foraging gain; while the smaller and more vulnerable U. hadrourus
may have forgone the benefits of increased foraging gain in favour of reducing
predation levels by using less risky habitat (e.g., Bystrom et al. 2002).

Concluding remarks
The research in this thesis has demonstrated that the two closely related and sympatric
rodents Uromys caudimaculatus and Uromys hadrourus differ significantly in a number
of important ecological and behavioural aspects. Apart from some dietary overlap,
niche differentiation in the two species is almost complete, comprising abundance (high
vs low), habit (scansorial vs terrestrial), body size (large vs small), habitat use (many vs
one), microhabitat use (open forest vs dense understorey), and behaviour (mobile vs
permanent territory). Extremely low population abundance, limited dispersal abilities,
and a dependence on a spatially rare microhabitat within rainforest (dense vegetation
along 1st and 2nd order streams in upland rainforest) were the key characteristics
influencing rarity in U. hadrourus; the converse was true for the common U.
caudimaculatus.

The rarity characteristics exhibited by U. hadrourus were also

possessed by another sympatric species, the rare marsupial Antechinus godmani.
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