"\ BioOne COMPLETE

Relationships between food quality and reproductive
success in female red-necked wallabies Macropus
rufogriseus banksianus

Author: Higginbottom, Karen

Source: Wildlife Biology, 6(3) : 129-139
Published By: Nordic Board for Wildlife Research
URL.: https://doi.org/10.2981/wlb.2000.008

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 16 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



ORIGINAL ARTICLES

Relationships between food quality and reproductive success in
female red-necked wallabies Macropus rufogriseus banksianus

Karen Higginbottom

Higginbottom, K. 2000: Relationships between food quality and reproduc-
tive success in female red-necked wallabies Macropus rufogriseus bank-
sianus. - Wildl. Biol. 6: 129-139.

This study indicates that even in the absence of overt intraspecific competi-
tion, fine-scale spatial variation in food quality can lead to individual vari-
ation in reproductive success. Life history data on individual female red-
necked wallabies Macropus rufogriseus banksianus were obtained over a
six-year period. Vegetation surveys were conducted to analyse the compo-
sition of vegetation in the feeding range of each female, from which indi-
vidual food quality indices were derived. Females’rates of rearing offspring
to permanent emergence from the pouch and to weaning were positively
correlated with the quality of food in their feeding ranges. Time spent in the
pouch by offspring and age at first parturition of daughters were negatively
correlated with maternal food quality. It is proposed that quality of available
food affects growth rates and survival of offspring through its effects on
maternal lactation and/or forage intake by offspring.
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Under the Ideal Free Distribution model, individuals
in a population are distributed in relation to their
resources so that individual resource intakes and fit-
nesses are equalised (Fretwell & Lucas 1970). This
situation is expected to apply where individuals are
able to move freely and have equal competitive abil-
ities. The concept has been applied mostly to situa-
tions where limited resources occur as items of simi-

WILDLIFE BIOLOGY - 6:3 (2000)

lar quality or in discrete patches (Kennedy & Gray
1993). In such situations it is predicted that an in-
creased density of competitors will cause increased ex-
ploitation competition (sensu Krebs & Davies 1987),
which in turn will lead to a corresponding reduction
in individual intake or access rates.

In large polygynous mammals, the most critical re-
source limiting female reproductive success is ex-
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pected usually to be food (Trivers 1972, Clutton-
Brock, Guiness & Albon 1982, cf. Forchhammer,
Stenseth, Post & Langvatn 1998). A female mam-
mal’s nutritive intake can affect diverse aspects of
her life history such as survival of herself and her off-
spring, reproductive rate, litter size, age at first
breeding, milk yield, and weight and growth rate of
offspring (Austin & Short 1972, Gilmore & Cook
1981, lason, Duck & Clutton-Brock 1986, Lee 1987,
Robertson, Hiraiwa-Hasegawa, Albon & Clutton-
Brock 1992, McGuire, Littleton, Schulze & Ras-
mussen 1995). In non-territorial species that feed on
diffusely distributed vegetation, and for which food
quality rather than quantity affects reproductive suc-
cess (Krebs & Davies 1987), the effects of exploita-
tion competition should be much lower than in the
scenario described above. In such species, heavy
clumping of individuals around high-quality re-
sources might be expected to occur and to be associat-
ed with equalised fitness.

The only research on non-territorial mammals to
have examined the relationship between spatial vari-
ation in food quality and reproductive success has
been on red deer Cervus elaphus on the Island of
Rum. lason et al. (1986) found that female deer feed-
ing on high-quality food had higher reproductive
success than those feeding elsewhere. Using a more
comprehensive measure of reproductive success and
a broader spatial scale (but excluding the above
‘high-quality' group of females), Conradt, Clutton-
Brock & Guiness (1999) found that higher densities
of deer feeding in the higher quality areas led to
equalising of reproductive success between areas.
Further field studies are needed to test the ldeal Free
Distribution model empirically.

The red-necked wallaby Macropus rufogriseus
banksianus (Desmarest) is a polygynous and rela-
tively solitary medium-sized macropodid marsupial
lacking a tightly structured social organisation (Cala-
by 1966, Johnson 1989a). Unlike males, adult fe-
males occupy home ranges that are relatively stable
from year to year (Johnson 1987, pers. obs.). The diet
of red-necked wallabies consists of grasses, forbs and
shrubs; the relative proportions of these in the diet of
different populations apparently being habitat depen-
dent (cf. Finlayson 1930, Kaufmann 1974, Dawson
1989, Jarman & Phillips 1989). These food resources
are diffusely distributed, and so are probably not eco-
nomically defendable (Krebs & Davies 1987). As in
most other macropodids, territoriality or overt ago-
nistic behaviour relating to food resources does not
typically occur (Croft 1989, Jarman 1994). Thus, it
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might be expected that individual feeding areas
would be heavily clumped into areas of optimal food
quality and that individual differences in reproduc-
tive success relating to differences in food intake
would be minimal.

Like most macropodids, female red-necked walla-
bies display embryonic diapause associated with lac-
tational quiescence and post-partum oestrus, the lat-
ter occurring less than two hours after parturition
(Merchant & Calaby 1981, Tyndale-Biscoe & Ren-
free 1987). In captivity, the oestrus cycle averages
33.4 days and pouch-life averages 284.9 days (Mer-
chant & Calaby 1981), but there are no published fig-
ures for age at weaning. The only published esti-
mates of survivorship have been obtained from an
earlier study on the present population, and showed
that only 50% of young that emerge permanently
from the pouch survive till weaning (Johnson
1989b). Dingoes Canis familiaris dingo occur com-
monly in the study area (Jarman & Wright 1993) and
are thought to be the main proximate cause of mor-
tality of macropodids, while foxes Vulpes vulpes are
very rare (Jarman, Johnson, Southwell & Stuart-Dick
1987).

The present study of a population of red-necked
wallabies investigates whether spatial variation in the
quality of food available to individual females (as a
consequence of the females’ spatial distribution) is
related to several aspects of their life-histories that
are expected to contribute to their reproductive suc-
cess. It then briefly examines the implications of
these findings with regard to theoretical predictions
on the spacing of individuals within populations.
This is the first published field study to have investi-
gated these relationships at the intra-population level
in marsupials.

Methods

General
The 144-ha study area (the western portion of the area
described by Jarman et al. 1987) is situated in a val-
ley called 'Wallaby Creek' (152°45%, 28°45°S) in sub-
tropical northeast New South Wales, Australia, con-
sisting mostly of semi-cleared cattle grazing proper-
ties. The study area was inhabited by a median of 61
adults and subadult red-necked wallabies, including
40 adult females. Females occupied overlapping
home ranges of a median 11.8 ha (Johnson 1986,
pers. obs.).

Data were collected during monthly field trips of
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about 10 days’duration. All adults were individually
recognisable based on their natural features (Jarman,
Jones, Johnson, Southwell, Stuart-Dick, Higginbot-
tom & Clarke 1989) and well habituated to human
observers. Observations were carried out on foot
with the aid of binoculars.

Wallaby locations and activity
The study area was marked with a rectangular grid,
which divided it into 50 x 50 m grid squares, and
allowed the location of each sighted wallaby to be
described within a radius of 10 m.

Between November 1984 and October 1987 inclu-
sive, | carried out monthly systematic censuses of the
study area designed to provide even coverage of the
whole area during all seasons of the year. Each cen-
sus followed a standard route planned to allow all
parts of the area to be thoroughly scanned for any
wallabies present. Each time | sighted a wallaby, |
recorded its activity when first seen. | recorded a
wallaby as feeding if it was in a feeding posture or if
vegetation could be seen in its mouth.

Female life history variables
Life history data for each known female were record-
ed during monthly visits from March 1981 to July
1984 by C. Johnson, and in more detail from August
1984 to October 1987 by myself, including a contin-
uous period from July 1986 to February 1987. We
made specific efforts to find and observe females and
their offspring during key parts of their life-history
cycles. We inferred the timing of oestrus from the
behaviour of courting males (Johnson 1989a), and of
parturition from the timing of oestrus and the absence
of another oestrus event about 33 days later (the aver-
age length of an oestrous cycle). The maximal set of
life history data for each female included timing of
each successive parturition, timing of permanent
emergence from the pouch (PEP) of each offspring,
timing of weaning of each offspring, timing of death
(disappearance) of each immature offspring, and tim-
ing of first parturition of each female offspring. From
these data | determined the following for each off-
spring: whether or not it survived to weaning, pouch-
life duration, young-at-foot (YAF) duration (interval
between PEP and weaning); and for female offspring,
their age at first parturition. In total, we obtained
records on one or more of these variables for 240 off-
spring, produced by 28 females.

I then calculated the following life-history vari-
ables for each adult female (number of females given
in brackets) over the entire study period:

© WILDLIFE BIOLOGY «6:3 (2000)

¢ PEP Rate: rate (per year) of producing offspring to
permanent emergence from the pouch (N = 20)

*« Weaning Rate; rate (per year) of producing off-
spring to weaning (N = 20);

e Parturition Age of Daughters: mean age of daugh-
ters giving birth to their first offspring (N = 15).

e Pouch Life: mean duration of offsprings’ pouch
lives (N = 21);

¢ YAF Duration: mean young-at-foot duration of off-
spring (N = 19);

For the first three of these variables, only females
with at least five years of records were used. Pouch
Life and YAF Duration were based on 2-6 records per
female.

Diet, vegetation and food quality indices

According to faecal analyses, red-necked wallabies
at Wallaby Creek are predominantly grazers, feeding
mostly on the leaves of introduced short grasses
(Jarman & Phillips 1989). My observations indicated
that they fed almost exclusively on green plant parts.

Differences in farm management regimes and to-
pography gave rise to considerable spatial variation
in vegetation composition across the study area. This
involved, firstly, variation in the predominance of in-
troduced short pasture species; the most common
being carpet grass Axonopus affinis, paspalum Pas-
palum dilatatum and kikuyu Pennisetum clande-
stinum, which constitute the understorey herbaceous
layer. Secondly, it involved variation in overstorey
herbaceous species such as snow grass Poa labil-
lardieri and blady grass Imperata cylindrica. In par-
ticular, the part of the study area consisting of the
most 'improved pasture', the southern flats, consisted
of a much higher cover of introduced short pasture
species than the north/upslope areas (pers. obs.).
There were also large seasonal differences in vegeta-
tion composition, with total green herbaceous bio-
mass being much greater in summer than in winter
(Southwell 1987).

I conducted herbaceous vegetation surveys in win-
ter (August) 1985 and 1986 and in summer (Feb-
ruary) 1986 and 1987. These excluded the western
portion of the study area that was all heavily forest-
ed, since analysis of faecal contents (Jarman & Phil-
lips 1989) and my observations indicated that the
amount of feeding in these areas was negligible. The
biomass of live vegetation is highest in summer and
lowest in winter, and the relative abundance of the
common plant species differs substantially between
these seasons (J. Clarke, unpubl. data; pers. obs.).
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Top-cover (sensu Grieg-Smith 1983) percentages of
each defined component of the ground cover, sum-
ming to 100%, were estimated in 60 x 60 cm quad-
rats located at 10 m intervals throughout most of the
study area, using a modified step point technique.
These included the green component of each of the
common understorey plant species (carpet grass, Ki-
kuyu, paspalum and clover Trifolium repens), the
green component of categories of all less common
understorey species (e.g. 'Other leafy forbs' included
all leafy forbs other than clover), the brown compo-
nent of all understorey species, all overstorey spe-
cies, bare ground, and other non-herbaceous vegeta-
tion components, e.g. trees, human-made objects. In
addition to these components of the ground cover
(that summed to 100%), the percent area that was
overlain by overstorey herbaceous species was esti-
mated. | refer henceforth to all the above as ‘cover
components'. The percent cover of each of these
components was calculated for each 50 x 50 m grid
square as the mean across quadrats for that grid
square.

Given time limitations, it was not possible to sur-
vey the entire study area in any one survey. The first
winter and summer surveys covered 78.25 ha and
63.75 ha, respectively. Areas not included in the first
survey were included in the second survey in the
same season (total areas of 50.75 ha and 53.75 ha,
including repetition of 72 and 65% of the first sur-
vey’s area, for winter and summer, respectively). For
each cover component, the ratio between the mean
percent cover over all repeated grid squares for the
first survey and that for the second survey in the
same season was calculated. Then percent cover val-
ues of each component for each grid square that was
measured only in the second survey were multiplied
by the relevant ratio to provide an estimate of the
value applying at the time of the first survey. Thus
measures of each cover component were available
for all grid squares as expected to apply in winter
1985 and summer 1986. These were the survey years
with climatic conditions that were most similar to the
long term average patterns, and thus assumed to offer
'typical' food quality for winter and summer, respec-
tively.

A female’s feeding range for a specified season
(summer or winter) was defined as the complete set
of 50 x 50 m grid squares where she had been record-
ed feeding during population censuses in that season
over the period July 1985 to June 1987 inclusive.
Only females with at least 10 records were included,

132

but most had at least 20 records. The food composi-
tion (percent cover of the different cover compo-
nents) of each female’s feeding range was calculated
as the mean across all quadrats within her range. This
yielded data on feeding ranges of 33 females in win-
ter, and 34 in summer. However, feeding range data
were not available for all females for which values of
life history variables were obtained, nor vice versa.

Food quality indices for individual females were
calculated from data on the composition of individ-
ual females’ feeding ranges, with separate indices
derived for winter and summer (based respectively
on the winter and summer vegetation survey data).
Each index was based on that aspect of the vegetation
considered to be most critical to wallabies’ nutrient
intake, as follows:

e Ground: percent area not overlain by overstorey
herbaceous vegetation, which is expected to be pos-
itively correlated with the time and energy re-
quired to access the understorey vegetation. (How-
ever, this overstorey vegetation also provides con-
cealment to wallabies, which may assist in preda-
tor avoidance);

» Green: percent cover of green vegetation of all spe-

cies;

Selected: percent cover of all species for which

wallabies showed positive dietary selection (kiku-

yu, paspalum and clover). Selected species were
defined as those that were significantly more abun-
dant in patches where wallabies were seen feeding
than in the grid square as a whole (pers. obs.).

These also tended to be the species highestin nitro-

gen and lowest in fibre (J. Clarke, unpubl. data),

and therefore expected to be of the highest nutri-
tive quality (cf. Hume 1982, Jones & Wilson

1987);

» Clover: percent cover of clover. This was the food
species most heavily selected by wallabies; it had
the highest nitrogen content and lowest fibre con-
tent (J. Clarke, unpubl. data).

Statistical analyses

Relationships between food quality indices applying
to females’ feeding ranges, and between those food
quality indices and life history variables, were tested
using Spearman’s rank correlations, as some of these
variables displayed significant deviations from nor-
mality. In the absence of a suitable non-parametric
equivalent, backward stepwise multiple linear regres-
sion analyses were conducted to test which combina-
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Table 1. Variability in life-history variables for female red-necked
wallabies at Wallaby Creek.

Life history variable Median SD  Min. Max. N

PEP Rate 118 0.08 100 126 20 adult females
(offspring/year)

Weaning Rate 060 021 032 101 20 adultfemales
(offspring/year)

Parturition Age (months) 25 4.9 17 34 25 daughters
Pouch Life (months) 95 09 7.0 115 115 offspring
YAF Duration (months) 48 0.7 35 55 31 offspring

tion of food quality indices best predicted the num-
bers of sightings of feeding wallabies within grid
squares (Zar 1996). They were also used to test
whether any combination of food quality indices pro-
vided a better predictor of each life history variable
than did a single index. The food quality of feeding
ranges in different parts of the study area was com-
pared using Mann-Whitney tests. An Fmax-test was
used to test for differences in variability of food qual-
ity indices between seasons.

Results

There was substantial variation between individual
female wallabies at Wallaby Creek in PEP Rates and
Weaning Rates, and between individual offspring in
duration of the various life-history stages (Table 1).
Females usually bred continuously, but in an estimat-
ed 13% of 223 cycles an interruption occurred in re-
production, apparently through a combination of
losses of pouch young, failure to produce or maintain
viable blastocysts, and anoestrus (Higginbottom &

Table 3. Correlations (Spearman rank) between food quality indi-
ces applying to females’ feeding ranges. All correlations were sig-
nificant at P < 0.05. See text for definitions of quality indices.

Green  Clover Selected

Summer feeding ranges (N = 34 females)

Ground 0.47 0.56 0.88

Green 0.29 0.51

Clover 0.67
Winter feeding ranges (N = 33 females)

Ground 0.62 0.57 0.62

Green 0.93 0.95

Clover 0.97

Johnson 2000). High mortality (41%) occurred dur-
ing the young-at-foot stage (N = 212 young-at-foot).
There was also substantial variation between females
in composition of feeding ranges, and in associated
food quality indices (Table 2).

There were significant correlations between all
food quality indices, although these were smaller in
summer than in winter, and lower for Ground than
for the other indices during winter (Table 3).

There were significant correlations with one or
more food quality indices for all life-history variables
except YAF Duration (Table 4). The higher the qual-
ity of food available to a female, the higher her rate
of raising offspring to weaning and to permanent
emergence from the pouch, the earlier her offspring
emerged from the pouch, and the earlier her daugh-
ters gave birth to their own first offspring. There was
also a trend for high availability of clover in the sum-
mer feeding range to be associated with relatively
long young-at-foot durations.

Mean duration of pouch life, mean age of daugh-
ters at first parturition, and PEP rate were all more
strongly correlated with the percent cover of all green

Table 2. Percentages of each cover component in feeding ranges of adult female wallabies. Measures for the vegetation refer to green com-
ponents only unless otherwise indicated. Whether a plant species is defined as 'leafy' or 'stemmy' depends on whether >50% of its bio-
mass typically comprises leaf or stem; the former are of higher nitrogen and lower fibre content than the latter (J. Clarke, unpubl. data).
The last three measures listed, as well as clover, are food quality indices (see definition in text).

Summer feeding range (N = 34)

Cover component Mean (%) SD
Overstorey species 20 8
Carpet grass 34 7
Kikuyu 8 7
Paspalum 12 6
Clover 2 1
Other leafy forbs 2 0.7
Other leafy grasses 8 3
Stemmy grasses 0.5 0.5
Brown vegetation 14 4
Bare ground 5 2
Other 7 4
Ground 80 8
Green 76 6
Selected 23 10

WILDLIFE BIOLOGY m6:3 (2000)

Winter feeding range (N = 33)

Range (%) Mean (%) SD Range (%)
31 14 7 33
26 15 4 14
23 4 4 13
27 3 2 7

4 10 8 28

3 4 1 5
u 3 2 12

1 0.2 0.3 1
13 43 7 30
n 10 6 22
17 5 2 u
31 87 6 28
28 44 un 43
36 17 12 40
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Table 4. Correlations (Spearman rank) between life history variables and food quality indices in winter and summer feeding ranges of indi-
vidual female wallabies. One-tailed significance levels (P) are *** P < 0.01, ** P < 0.05, *P < 0.1.

Life history variable Feeding range Ground
Pouch Life (months) Winter -0.15
Summer -0.32*
YAF Duration (months) Winter -0.18
Summer 0.007
Parturition Age of Daughters (months) Winter 0.03
Summer -0.39*
PEP Rate (offspring/year) Winter 0.05
Summer 0.22
Weaning Rate (offspring/year) Winter -0.18
Summer 0.46™*
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Figure 1. Relationships between the life history variables Pouch
Life (A: in months), Parturition Age of Daughters (B: in months)
and PEP Rate (C: number of offspring/year) and percent cover of
green vegetation in winter.
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Food Quality index Number
Green Selected Clover of females
-0.56%** -0.50** -0.53** 18
-0.30 -0.43** -0.54*** 19
0.01 0.11 0.17 19
011 0.20 0.38* 19
-0.59** -0.58** -0.55** 15
011 -0.43* -0.33 15
0.44** 0.32* 0.33* 20
0.25 0.21 0.12 20
0.20 0.23 0.36* 20
-0.26 0.30 0.27 20

vegetation in winter (Green) than with any other
quality index (Fig. 1). Weaning rate was significant-
ly correlated only with the percent area not overlain
by overstorey vegetation (Ground; Fig. 2).

In all cases where there was a significant correla-
tion of a food quality index with Pouch Life, PEP
Rate, or Parturition Age of Daughters, the correlation
coefficient was greater for winter than for summer
(see Table 4). For the single significant correlation
with Weaning Rate, the correlation coefficient was
greater in summer.

Further examination of the association between
PEP rates and food quality indicated that it was due to
females with high food quality not only having off-
spring with short pouch-life durations, but also hav-
ing low rates of reproductive interruptions (sample
sizes were insufficient to test the latter separately).

For each life history variable, multiple linear re-
gression analyses revealed that a single food quality
index was as good a predictor of that variable as were
the various combinations of indices. The variation
between grid squares in total number of sightings of

10 0
w
' an
<
o &
° a
z n
z 6 0 ”
<
] u
5 4 a

2

60 70 80 90 1)0

% AREA

Figure 2. Relationship between Weaning Rate and percent area not
overlain by overstorey herbaceous vegetation in summer
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Table 5. Best-fit multiple linear regressions of numbers of sight-
ings of feeding wallabies on food quality indices.

Coefficient Partial Ffor  Significance
Food quality index (3)] SE r coefficient ofF
Summerl
Selected 0.69 0.12 031 358 0.0000
Ground 0.43 0.10 0.23 193 0.0000
Constant -0.97
Winter2
Selected 0.56 0.11 0.26 26.2 0.0000
Ground 0.46 011 021 16.8 0.0001
Constant -0.97

1 Test of significance of regression equation: F (df = 2) = 47.3, P =0.0000.
Adjusted multiple R2= 0.21

2 Test of significance of regression equation: F (df = 2) = 35.1, P = 0.0000.
Adjusted multiple R2=0.159

all feeding wallabies, however, was best predicted
from the independent and positive contributions of
Selected and Ground indices (Table 5). This applied
to both summer and winter.

Food quality according to all indices except Green
in summer was higher on the southern flats than
north/upslope in both summer and winter feeding
ranges (Table 6). There was much greater variability
between female feeding ranges in winter than in sum-
mer for Green and Clover indices, and slightly more
variability in Ground during summer than during
winter (Table 7).

Discussion

In this study, | found that food quality available to
individual female red-necked wallabies was related
to several aspects of their life histories. If these rela-
tionships were causal, then access to high-quality
food enables a female to have a high rate of repro-
duction and of weaning of young, offspring with
short pouch lives and possibly long young-at-foot
durations, and daughters that give birth to their own
first offspring relatively early.

However, inferring a causal effect first requires
elimination of other variables with a spatial distribu-

Table 6. Comparisons of food quality of feeding ranges between
the southern flats and north/upslope areas. Mann-Whitney U tests
were used to compare food quality indices applying in summer
and winter feeding ranges between females with the majority of
their feeding ranges in the southern flats (N = 17) and those with
the majority of their feeding ranges in the north/upslope area (N =
13). In all cases where the difference was statistically significant,
food quality was higher in the southern flats than north/upslope.
Significance levels (P) are *** P < 0.01, ** P< 0.05, * P < 0.1, NS
non-significant.

........ Summer..... Winter
Food quality index Z P V4 P
Ground 4.3 ok 2.3 o
Green 14 NS 4.1 foioia
Selected 45 ke 4.4 ok
Clover 3.2 ok 4.2 ok

tion related to that of food quality which could influ-
ence life history variables. Weaning rate, which is
influenced principally by juvenile survivorship, is the
aspect of life history most likely to be influenced by
variables other than those relating to nutrition.

First, survivorship of offspring might be positively
influenced by the availability of areas providing ef-
fective concealment and/or escape routes from pre-
dators. This explanation can be excluded since (i) the
smaller the area overlain by overstorey vegetation
(which usually conceals wallabies), the higher the
Weaning Rate, and (ii) forested areas, which provide
excellent concealment and escape routes for walla-
bies (pers. obs.), were associated with relatively poor
food quality.

Second, it is possible that spatial variation in the
intensity of predation pressure led to spatial variation
in survivorship of young wallabies. Consistent with
this explanation was the finding that dingoes were
most frequently seen on the middle and upper slopes
of the study area (Southwell 1987), where food qual-
ity was on average lower than on the southern flats.
However, weaning rates of females with core areas
including the northern flats were significantly lower
than those of females with core areas including the
southern flats (MWU Z = 2.75; P < 0.01; N, = 7,
N2 = 7), despite no significant differences in dingo

Table 7. Test for differences in variability of the four food quality indices between females’ summer and winter feeding ranges. The Fm«-
test was conducted based on records derived from 34 females in summer and 33 in winter.

Summer
Food quality index Mean SD
Ground 80.4 7.8
Green 75.6 5.7
Selected 225 104
Clover 24 10

WILDLIFE BIOLOGY m6:3 (2000)

Winter Fmax-teSt
Mean SD F P
86.6 5.9 4.19 0.045
43.6 108 17.53 0.000
16.9 122 143 0.236
9.8 7.7 76.77 0.000
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sightings between these areas. Nevertheless, this ex-
planation cannot be totally dismissed given lack of
direct information on spatial variation in predation
risk.

The net result of the relationships found in my
study was that adult females with access to relatively
high amounts of good quality food could be expect-
ed to experience relatively high reproductive success.
As in other mammals studied in this context
(Clutton-Brock 1988), the primary contributor to a
female red-necked wallaby’s reproductive success is
her own survival to weaning, and of secondary im-
portance is the rate at which she weans offspring.
Weaning rate is in turn maximised by short pouch-
life durations, continuous reproductive cycles, and
high survival of offspring. It is also possible that by
beginning to breed at a relatively early age, daughters
of females with high food quality may enhance their
reproductive success.

The validity of any suggested mechanisms to ex-
plain the relationships between food quality and life-
history indices is hindered by a paucity of studies that
elucidate the relationships between food intake, lac-
tation and life history variables of macropodids.
However, the following proposed explanations are
most consistent with available information.

| propose that the shorter pouch lives of offspring
of females with high food quality were due to these
females having relatively high milk outputs, reflect-
ed in relatively high growth rates of pouch young, so
that they reached critical size for permanent emer-
gence from the pouch relatively early (c/. Janssens &
Rogers 1989). This is consistent with the finding of
Green, Merchant & Newgrain (1988) that captive
tammar wallabies Macropus eugenii varied greatly in
milk consumption during late pouch life, which was
directly reflected in variation in their growth rates.

The relationship between food quality and PEP
rates indicates that in addition to affecting growth
rates, good nutrition may be important in maintaining
continuous reproductive cycles. Such an effect has
not been recorded for red-necked wallabies before.
However, the lack of ability to statistically separate
the effect of nutrition on incidence of reproductive
interruptions means that this conclusion remains ten-
tative.

I suggest that daughters of females with high food
quality reached sexual maturity relatively early main-
ly because they had access to good quality forage (in
the home range they shared with their mothers), per-
haps enhanced by good nutrition during pouch life.
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Typically in mammals, sexual maturity is related to
attaining a certain critical weight (e.g. Sadleir 1969,
Albon, Mitchell & Staines 1983). In other macropo-
did species, females reached sexual maturity earlier
if they came from populations with relatively abun-
dant food supplies (Shield 1964, Frith & Sharman
1964, Bolton, Newsome & Merchant 1982), and if
they were from captive rather than wild populations
(Shield 1964, Maynes 1977). Under certain condi-
tions (especially expanding populations), females
that begin to breed relatively early may have en-
hanced lifetime reproductive success (Woolfenden &
Fitz-patrick 1984, Harvey & Zammuto 1985, Stearns
1972).

The relationship between weaning rates and food
quality was due partly to higher PEP rates of off-
spring whose mothers had access to good food, but
mainly to their higher survival as young-at-foot. The
latter could reflect variation in milk and/or forage
intake by the young-at-foot. Milk intake of captive
tammar wallabies decreases sharply after permanent
emergence from the pouch (Dove & Cork 1989),
while forage intake increases sharply (pers. obs.).
This change-over occurs at a stage when the walla-
by’s ability to digest plant matter is poorly developed
(Dawson 1989) and when, by virtue of its small body
size, food quality is particularly important (Clutton-
Brock & Harvey 1978).

If a relationship indeed exists between young-at-
foot duration and food quality, then this could be
explained by mothers with access to good food being
able to suckle their offspring for a relatively long
period. Further data are required to confirm this
result and to determine whether offspring that are
suckled for longer have enhanced growth rates or
reproductive success.

It is not possible to be sure which aspect of food
quality is most important in influencing life history
variables due to the high intercorrelations between
food quality indices. However, it seems that relative-
ly gross measures of food quality that indicate total
availability or accessibility of palatable food (which
might better be termed 'quantity’ measures) are more
important than measures relating to the relative nutri-
tional value of available food species. This is despite
the finding that the number of wallabies feeding in an
area is apparently affected by the abundance of plant
species of relatively high nutritional value (see Table
5), and the fact that wallabies do select strongly
among potential food species (J. Clarke, unpubl.
data; pers. obs.). Experimental studies are required to
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determine how the different vegetation attributes
interact to influence wallabies’ nutritional status and
hence life history variables.

There was some indication that winter food quali-
ty is more important in influencing growth rates of
offspring (and thus in influencing Pouch Life, PEP
Rate and Parturition Age of Daughters) than that in
summer. This may be associated with inter-individ-
ual differences in important aspects of food quality
being much greater during winter than during sum-
mer and/or quality being generally lower in winter,
and thus more limiting (see Table 7).

The spatial variation in reproductive success found
in my study runs counter to expectations based on the
Ideal Free Distribution model. Natural selection is
expected to have created mechanisms leading to indi-
viduals staying in or dispersing to the 'best' areas to
the extent that exploitation competition from in-
creased densities of feeding wallabies does not coun-
teract the benefits by reducing individual food intake.
To some extent females did congregate in areas of
highest food quality, as reflected by the relationship
between food quality and sightings of feeding walla-
bies (see Table 5). Nevertheless, some female walla-
bies fed in areas that were apparently suboptimal in
terms of consequences for reproductive success.
Theoretically this could be due to either (i) con-
straints on individuals’ abilities to find and travel to
the best feeding areas; or (ii) unequal competitive
abilities of individuals (cf. Fretwell & Lucas 1970,
Ken-nedy & Gray 1993).

The costs of dispersing to an unfamiliar area may
provide a proximate explanation for some females
living in suboptimal areas. Female red-necked walla-
bies display an intimate knowledge of their home
ranges, apparently developed through a prolonged
period of learning (Higginbottom & Croft 1999).
There may be substantial costs in terms of energy
expenditure and increased predation risk in searching
for better areas. Conradt et al. (1999) and Coulson,
Albon, Guinness, Pemberton & Clutton-Brock (1997)
proposed the costs of dispersal to be at least part of
the explanation for spatial variation in reproductive
success in red deer and Soay sheep Ovis aries popu-
lations, respectively. However this does not seem to
provide an adequate ultimate explanation for a dis-
persion pattern which results in some individuals
having substantially higher reproductive success than
others.

Similarly there are no obvious constraints on the
abilities of female wallabies to find and travel to bet-
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ter feeding areas. Red-necked wallabies have well
developed exploratory and locomotory abilities, and
the distance from the lowest to the highest quality
feeding ranges was less than one kilometre.

Thus, it seems likely that dominant individuals ex-
clude subordinates from the best areas, but in ways
which are not readily detectable by the human ob-
server. This has been suggested as an explanation for
higher fecundity of large red kangaroo Macropus
rufus females than their smaller counterparts during
drought (Newsome 1977). Despite intensive observa-
tions of the study population over a six-year period,
there was no evidence of females actively displacing
others from anything other than localised patches of
food (usually over a distance of less than 10 metres),
and even this was rare. However, populations in
which individuals have equal competitive abilities
are thought to be rare (Krebs & Davies 1987). Inter-
actions between macropodids tend to be much sub-
tler than in comparable eutherians, and may often be
detected only once relative orientations and move-
ments are analysed (Jarman 1994). Further, evidence
of female dominance hierarchies has been found in
both field and captive populations of a number of
macropodid species (GanloBBer 1989). Indeed, al-
though research so far has failed to demonstrate this,
Croft (1989: 515) has suggested that in macropod-
oids “there is probably a degree of feeding interfer-
ence which is expressed in the female population by
their dispersion”.

Whatever its ultimate cause, the dispersion pattern
recorded in this study appears to be a 'sources and
sinks' situation (Pulliam 1988, Dias 1996). In 'sink'
habitats, local reproduction is not sufficient to com-
pensate for mortality, so that their occupation is
maintained only by immigration from 'source' areas.
There was no evidence of an overall change in popu-
lation size over the 6.5 years that my study lasted
(pers. obs.). Thus, assuming equal immigration and
emigration, a demographic excess must have occur-
red in the more fertile southern flats, and a deficit in
the north/upslope area. A flow of wallabies is expect-
ed to be occurring from the higher to the poorer qual-
ity feeding areas. Further research is required to
establish whether and how this might be occurring.

The findings of my study are of interest because
they indicate that even in the absence of overt intra-
specific competition, fine-scale spatial variation in
food quality can lead to differences in individual re-
productive success. This has important implications
for understanding the population dynamics, natural
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selection processes, life history strategies and forag-
ing strategies of macropodids. It also means that in
managing macropodid populations for harvesting,
pest mitigation or conservation, one cannot assume
spatial homogeneity in population dynamics.

Acknowledgements - this study was funded by a Common-
wealth Postgraduate Scholarship to K. Higginbottom and
A.R.G.S. grants to P. Jarman. | thank C. Johnson for gen-
erously allowing me to use his female life-history records
and for comments on an early draft of this paper, and P.
Jarman for his supervision of the project. | am grateful to
L. Grayson, V. Mulchay, the late J. and I. Hayes, and State
Forests of New South Wales for giving permission for me
to work on their land; and to the UNE Bachelor of Natural
Resources students who assisted with the vegetation sur-
veys.

References

Albon, S.D., Mitchell, B. & Staines, B.W. 1983: Fertility
and body weight in female red deer: a density-dependent
relationship. - Journal of Animal Ecology 52: 969-980.

Austin, C.R. & Short, R.\V. (Eds.) 1972: Reproduction in
Mammals, volumes I-VII. - Cambridge University Press,
Cambridge.

Bolton, B.L., Newsome, A.E. & Merchant, J.C. 1982: Re-
production in the agile wallaby Macropus agilis (Gould)
in the tropical lowlands of the Northern Territory: op-
portunism in a seasonal environment. - Australian Jour-
nal of Ecology 7: 261-277.

Calaby, J.H. 1966: Mammals of the Upper Richmond and
Clarence Rivers, New South Wales. - CSIRO Division of
Wildlife Research Technical Paper No. 10, 55 pp.

Clutton-Brock, T.H., Guinness, F.E. & Albon, S.D. 1982:
Red deer: Behaviour and Ecology of Two Sexes. - Edin-
burgh University Press, Edinburgh, 378 pp.

Clutton-Brock, T.H. & Harvey, P.H. 1978: Mammals, re-
sources and reproductive strategies. - Nature 273: 191-
195.

Clutton-Brock, T.H. (Ed.) 1988: Reproductive Success:
Studies of Individual Variation in Contrasting Breeding
Systems. - University of Chicago Press, Chicago, 538
pp.

Conradt, L., Clutton-Brock, T.H. & Guiness, F.E. 1999:
The relationship between habitat choice and reproduc-
tive success in female red deer. - Oecologia 120: 218-
224.

Coulson, T., Albon, S., Guinness, F., Pemberton, F. &
Clutton-Brock, T. 1997: Population substructure, local
density, and calf winter survival in red deer (Cervus ela-
phus). - Ecology 78: 852-863.

Croft, D.B. 1989: Social organization of the Macro-
podoidea. - In: Grigg, G., Jarman, P. & Hume, I. (Eds.);
Kangaroos, Wallabies and Rat Kangaroos. Surrey Beatty
& Sons, Australia, pp. 143-149.

138

Dawson, T.J. 1989: Diets of macropodoid marsupials: gen-
eral patterns and environmental influences. - In: Grigg,
G., Jarman, P. & Hume, I. (Eds.); Kangaroos, Wallabies
and Rat Kangaroos. Surrey Beatty & Sons, Australia, pp.
129-142.

Dias, P.C. 1996: Sources and sinks in population biology. -
Trends in Ecology and Evolution 11: 326-329.

Dove, H. & Cork S.J. 1989: Lactation in the tammar wal-
laby (Macropus eugenii) I. Milk consumption and the
algebraic description of the lactation curve. - Journal of
Zoology (London) 219: 385-397.

Finlayson, H.H. 1930: Observations on the South Austra-
lian species of the subgenus Wallabia. Part Il. - Transac-
tions of the Royal Society of South Australia 54: 47-56.

Forchhammer, M.C., Stenseth, N.C., Post, E. & Langvatn,
R. 1998: Population dynamics of Norwegian red deer:
density-dependence and climatic variation. - Proceed-
ings of Royal Society of London B. 265: 341-350.

Fretwell, S.D. & Lucas, H.L., Jr 1970: On territorial behav-
iour and other factors influencing habitat distribution in
birds - Acta Biotheoretica 19: 16-36.

Frith, HJ. & Sharman, G.B. 1964: Breeding in wild popu-
lations of the red kangaroo, Megaleia rufa. - CSIRO
Journal of Wildlife Management 45: 197-213.

GanloBBer, U. 1989: Agonistic behaviour in macropodoids
- areview. - In: Grigg, G., Jarman, P. & Hume, |. (Eds.);
Kangaroos, Wallabies and Rat Kangaroos. Surrey Beatty
& Sons, Australia, pp. 475-503.

Gilmore, D. & Cook, D. (Eds.) 1981: Environmental Fac-
tors in Mammal Reproduction. - MacMillan Publishers
Itd., London, 330 pp.

Green, B., Merchant, J. & Newgrain, K. 1988: Milk con-
sumption and energetics of growth in pouch young of the
tammar wallaby, Macropus eugenii. - Australian Journal
of Zoology 36: 217-227.

Grieg-Smith, P. 1983: Quantitative Plant Ecology. - Black-
well Scientific Publications, Oxford, 359 pp.

Harvey, P.H. & Zammuto, R.M. 1985: Patterns of mortali-
ty and age at first reproduction in natural populations of
mammals. - Nature 215: 319-320.

Higginbottom, K. & Croft, D.B. 1999: Social learning in
marsupials. - In: Box, H.O. & Gibson, K.R. (Eds.); Mam-
malian Social Learning: Comparative and Ecological
Perspectives. Cambridge University Press, Cambridge,
pp. 80-101.

Higginbottom, K. & Johnson, C.N. 2000: Partial seasonal-
ity of breeding in red-necked wallabies, Macropus rufo-
griseus banksianus. - Journal of Zoology (London) 251:
71-78.

Hume, I.D. 1982: Digestive physiology and nutrition of
marsupials. - Cambridge University Press, Cambridge,
U.K. 256 pp.

lason, G.R., Duck, C.D. & Clutton-Brock, T.H. 1986: Gra-
zing and reproductive success of red deer: the effect of
local enrichment by gull colonies. - Journal of Animal
Ecology 55: 507-515.

© WILDLIFE BIOLOGY m6:3 (2000)

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 16 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Janssens, P.A. & Rogers, A.M.T. 1989: Metabolic changes
during pouch vacation and weaning in Macropodoides. -
In: Grigg, G., Jarman, P. & Hume, I. (Eds.); Kangaroos,
Wallabies and Rat Kangaroos. Surrey Beatty & Sons,
Australia, pp. 367-376.

Jarman, PJ. & Phillips, K. 1989: Diets in a community of
macropod species. - In: Grigg, P., Jarman, P. & Hume, I.
(Eds.); Kangaroos, Wallabies and Rat Kangaroos. Surrey
Beatty & Sons, Australia, pp. 143-149

Jarman, P.J. 1994: Individual behaviour and social organi-
sation of kangaroos. - Physiology and Ecology, Japan,
29: 70-85.

Jarman, P.J., Johnson, C.N., Southwell, C.J. & Stuart-Dick,
R. 1987: Macropod studies at Wallaby Creek. I. The area
and animals. - Australian Wildlife Research 14: 1-14.

Jarman, P.J., Jones, M.E., Johnson, C.N., Southwell, C.J.,
Stuart-Dick, R.l., Higginbottom, K.B. & Clarke, J.L.
1989: Macropod studies at Wallaby Creek. VIII. Indivi-
dual recognition of kangaroos and wallabies. - Austra-
lian Wildlife Research 16: 179-185.

Jarman, PJ. & Wright, S.M. 1993: Macropod studies at
Wallaby Creek IX. Exposure and responses of eastern
grey kangaroos to dingoes. - Wildlife Research 20: 833-
843.

Johnson, C.N. 1986: Philopatry, reproductive success of fe-
males, and maternal investment in the red-necked walla-
by. - Behavioural Ecology and Sociobiology 19: 143-
150.

Johnson, C.N. 1987: Macropod studies at Wallaby Creek.
IV. Home range movements of the red-necked wallaby. -
Australian Wildlife Research 14: 125-132.

Johnson, C.N. 1989a: Grouping and the structure of asso-
ciation in the red-necked wallaby. - Journal of Mam-
malogy 70: 18-26.

Johnson, C.N. 1989b: Mortality of immature red-necked
wallabies. - Journal of Mammalogy 70: 202-203.

Jones, D.I.LH. & Wilson, A.D. 1987: Nutritive quality of
forage. - In: Hacker, J.B. & Temouth, J.H. (Eds.); The
Nutrition of Herbivores. Academic Press, Sydney, pp.
65-89.

Kaufmann, J.H. 1974: Habitat use and social organization
of nine sympatric species of macropodid marsupials. -
Journal of Mammalogy 55: 66-80.

Kennedy, M. & Gray, R.D. 1993: Can ecological theory
predict the distribution of foraging animals? A critical
analysis of experiments on the Ideal Free Distribution. -
Oikos 68: 158-166.

Krebs, J.B. & Davies, N.B. 1987: An Introduction to Be-

® WILDLIFE BIOLOGY «6:3 (2000)

havioural Ecology (second edition). - Blackwell Scienti-
fic Publications, Oxford, 389 pp.

Lee, PC. 1987: Nutrition, fertility and maternal investment
in primates. - Journal of Zoology (London) 213: 409-
422.

Maynes, G.M. 1977: Distribution and aspects of the biolo-
gy of the parma wallaby, Macropus parma, in New South
Wales. - Australian Wildlife Research 4: 109-125.

McGuire, M.K., Littleton, A.W., Schulze, K.J. & Rasmus-
sen, K.M. 1995: Pre- and postweaning food restrictions
interact to determine reproductive success and milk vol-
ume in rats. - Journal of Nutrition 125: 2400-2406.

Merchant, J.C. & Calaby, J.H. 1981: Reproductive biology
of the red-necked wallaby (Macropus rufogriseus bank-
sianus) and the Bennett’s wallaby (M. r. rufogriseus). -
Journal of Zoology (London) 194: 203-217.

Newsome, A.E. 1977: The ages of non-breeding red kan-
garoos. - Australian Wildlife Research 4: 7-11.

Pulliam, H.R. 1988: Sources, sinks and population regula-
tion. - American Naturalist 132: 652-661.

Robertson, A., Hiraiwa-Hasegawa, M., Albon, S.D. &
Clutton-Brock, T.H. 1992: Early growth and sucking
behaviour of Soay sheep in a fluctuating population. -
Journal of Zoology (London) 227: 661-671.

Sadleir, R.M.F.S. 1969: The Ecology of Reproduction in
Wild and Domestic Mammals. - Methuen & Co. Ltd.,
London, 32 pp.

Shield, J. 1964: A breeding season difference in two popu-
lations of the Australian macropod marsupial (Setonix
brachyurus). - Journal of Mammalogy 45: 616-625.

Southwell, C. 1987:. Macropod studies at Wallaby Creek
1. Density and distribution of macropod species in rela-
tion to environmental variation. - Australian Wildlife Re-
search 14: 15-33.

Steams, S.C. 1972: Life-history Tactics: a review of the
ideas. - Quarterly Review of Biology 51: 3-47.

Trivers, R.L. 1972: Parental investment and sexual selec-
tion. - In: Campbell, B. (Ed.); Sexual Selection and the
Descent of Man. Adline, Chicago, pp. 139-179.

Tyndale-Biscoe, H. & Renfree, M. 1987: Reproductive
physiology of marsupials. - Cambridge University Press,
Cambridge, 476 pp.

Woolfenden, G.E. & Fitzpatrick, JW. 1984: The Florida
Scrub Jay. - Princeton University Press, Princeton, USA,
406 pp.

Zar, J.H. 1996: Biostatistical Analysis. - Prentice-Hall In-
ternational, Inc., New Jersey, 662 pp.

139

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 16 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



