
eScholarship
International Journal of Comparative Psychology

Title
Odour Preferences and Discrimination in Captive Ringtail Possums ( 
Pseudocheirus peregrinus      )

Permalink
https://escholarship.org/uc/item/6pt0340s

Journal
International Journal of Comparative Psychology, 3(3)

ISSN
0889-3675

Authors
Walker, Linda V.
Croft, David B.

Publication Date
1990

DOI
10.46867/C4359K

Copyright Information
Copyright 1990 by the author(s).This work is made available under the 
terms of a Creative Commons Attribution License, available at 
https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6pt0340s
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


The International Journal of Comparative Psychology, Vol. 3, No. 3, Spring 1990

ODOUR PREFERENCES AND DISCRIMINATION
IN CAPTIVE RINGTAIL POSSUMS
(PSEUDOCHEIRUS PEREGRINUS)

Linda V. Walker

David B. Croft

University of New South Wales

ABSTRACT: Olfactory communication has been shown to be important in marsu-
pials and, specifically, in Trichosurus vulpecula and Petaurus breviceps. Despite its

commonality, little is known about the communication in the ringtail possum, Pseu-

docheirus peregrinus. Therefore, to investigate olfactory communication in the ringtail

possum, two experiments were conducted. The odour preference experiment examined
the importance of fur, salivary, faecal and urinary odours in ringtail possum olfactory

communication. The latency to approach urinary odours was significantly longer than
for any other odours. Males sniffed familiar female urine samples for a significantly

shorter duration than any other odour samples. Fur samples were manipulated for

longer durations than any other odour samples. The discrimination experiment exam-
ined the ability of ringtail possums to discriminate between urine samples, and hence
obtain socially significant information from such odour sources. The ringtail possums
showed that they were able to discriminate between individuals and between sexes.

The possible functions of urine, fur and paracloacal gland secretions are discussed.

Very few studies have investigated olfaction as a means of com-

munication in marsupial species, but its importance is not disputed.

Information on olfactory communication has mainly been derived

from studies on social organisation and ecology of species, but two
notable studies concentrating on olfaction are those of Schultze-West-
rum (1965) and Biggins (1979) on Petaurus breviceps and Trichosurus

vulpecula, respectively. Only the latter has the support of a detailed

field study enabling the information to be related to the free-ranging

animal. Consequently, our understanding of the function of odours

remains superficial. For example, we still know relatively little about

the motivation behind marking behaviour.

The importance of olfaction in marsupials is indicated by their

possession of extremely prominent olfactory bulbs which in some in-

stances make up almost half of the forebrain (Johnson, 1977). They
also have well-developed vomeronasal organs with extensive olfactory

epithelium (Negus, 1958). Marsupials possess a variety of potential
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scent glands and behaviour patterns involving these glands, such as

olfactory investigation and marking behaviour (Russell, 1985). All of

these features are exhibited by the various possum species, as re-

viewed by Biggins (1984) and Russell (1985).

The ringtail possum, Pseudocheirus peregrinus is common and
found in close association with urbanisation, yet there is only one

detailed study on its social organisation (Thomson & Owen, 1964). In

this study, ringtail possums were shown to be gregarious, nocturnal,

and arboreal, and to live in communal nests of mixed sexes and ages

but the possums' social interactions were not described.

Tyndale-Biscoe (1973) concluded that the ringtail possum does

not communicate olfactorily even though this species possesses labial

glands (Biggins, 1979), and two pairs of paracloacal oil glands (Bol-

liger & Whitten, 1948). Saliva, faeces, and urine are also odorous

substances which are readily available and are potential olfactory

messages in this species. Both olfaction and auditory modes of com-

munication are likely to be the most important in nocturnal animals

but the ringtail possum appears to have a limited vocal repertoire

(Biggins, 1984). Therefore, further study of the role of olfactory com-

munication in this species is clearly warranted.

The present study investigated odour preferences and odour dis-

crimination in ringtail possums. The odour preference experiment de-

termined odours that are of importance in ringtail possum olfactory

communication, and the behaviours that are elicited by these odours.

The odour discrimination experiment examined the ringtail possum's

ability to discriminate between odours of apparent social significance

using an operant conditioning technique.

MATERIALS AND METHODS

Animals

Six adult hand-reared ringtail possums, (2 male and 4 female),

and four adult wild caught ringtail possums (2 male, 2 female) were

used as experimental subjects. Petaurus breviceps was used as a

source of odours for comparison with those from the ringtail possum.

This species was chosen because of its potential habitat overlap with

ringtail possums in the wild, and because it is a member of the same
family (Petauridae).

Housing and Feeding

The ringtail possums were housed in three groups of three (1

male, 2 females) in outdoor metal and timber cages (dimensions
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2.1m X 1.8m x 1.1m), and a single male was housed in an indoor

'rabbit' cage (dimensions 0.48m x 0.63m x 0.8m). Black plastic was

taped to the cages on the sides opposing the neighbouring cage to

reduce odour transfer between the cages and so maintain three rela-

tively separate groups. All possums were maintained on a diet of

fruit, vegetables, eucalyptus leaves, native flowers and bread. The

food was made available in the evening, or as appropriate for each

experiment. Water was provided ad lib.

Odour Preference Experiment

Each test possum was exposed to its own urine, faeces, saliva and
dorsal fur and that of familiar and unfamiliar conspecifics of both

sexes. One male was not tested against familiar male odour stimuli

although he was exposed to all the other odour stimuli. Faeces, saliva

and dorsal fur of sugar gliders, and distilled water were used as the

controls.

Urine and faeces were collected by housing the possums individ-

ually in metallic cages with wire floors and a metal tray beneath or

by stimulating the possums to urinate into a large metallic funnel.

Urine that was free from faecal and food contamination, and faeces

free from urine contamination were collected as soon as possible after

excretion. The samples were sealed in glass vials or self-sealing plas-

tic bags and refrigerated and used that night or frozen until use.

Freezing reduces the loss of volatile odours. Urine and faecal samples

could not be standardised for age, or the urine for the concentration of

paracloacal gland secretion (i.e., milkiness). However, the variation

between samples appeared to be due to an individual rather than a

methodological difference.

Saliva was obtained by wiping inside the lips and angle of the

mouth with filter paper. Fur samples were collected by wiping the

filter paper across the dorsal fur.

Five drops of urine were applied to the test filter papers. The
faeces were rubbed across the filter paper to eliminate differences be-

tween faecal size. Five drops of distilled water were used to moisten

the filter paper discs as this appeared to match the moistness of the

urine samples. New vinyl gloves were used for each odour to prevent

cross-contamination.

The possums were tested individually in separate rabbit cages

(0.48m X 0.63m x 0.8m) which contained a nest box, a branch and a

cardboard tray (0.03m x 0.23m x 0.37m).

The odours were presented to the possums on two filter paper

discs (Whatman Number 1, 5.5cm diameter) which were placed 10cm
away from each other on a paper towel lining the cardboard tray. The
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paper towel was replaced after each trial to prevent the odours from

contaminating the cardboard tray.

To minimize the effect of the experimenter on the possums' be-

haviour, a low-light National WVP-FION System video camera was

used. A monitor placed in another room enabled the experimenter to

observe the animals' responses. Red lights were used to illuminate

the test area. A light dimmer was used to reduce the light intensity to

the minimum required by the camera (i.e., 7 lux).

Procedure

The possums were habituated to the rabbit cages over at least

two nights prior to testing. One wild female did not adapt, reducing

the sample size for this experiment to nine. The possums were then

exposed to pairs of clean dry filter paper until their interest in them
had waned in order to eliminate the effect of the filter papers as novel

objects. Tests were run after sunset when the possums had emerged

and commenced feeding. The 24 different odour stimuli were divided

into four groups of six (Table 1). These were presented to the possums

one at a time. Each group of six was randomised so that the order of

presentation was different for each of the two repetitions. A period of

48 hours was allowed between repetitions to prevent the possum from

becoming over-familiarised with the odours.

Three measures of behaviour were recorded using a Canon X-07

Handheld Computer.

1. Approach—time measured from when the head of the possum was
less than 30cm from the odour sample, as estimated by the investi-

gator, and the possum had orientated toward the sample, and was
obviously approaching it.

TABLE 1

Odour Sources Used in the Odour Preference Experiment

Odour
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2. Sniff—time recorded when nose was less than or equal to 2cm
from the odour sample.

3. Manipulation—time recorded when the possum had made contact

with the odour sample with more than the nose.

Approach was not recorded if the possum was accidentally in the

odour sample's proximity before focusing its attention on it. Sniffing

and manipulation behaviours were always scored separately. It was
assumed that the important odours were not volatile and hence re-

quired close olfactory investigation.

Odour Discrimination Experiment

The paradigm used in this experiment was based on that of the

Wisconsin General Test Apparatus procedure. In this method, the re-

ward is a direct result of the animal's behaviour, providing contiguity

between response and reward, and it exploited the possum's natural

tendency to manipulate food and other objects with its forepaws. The
discrimination apparatus was portable and could be easily removed
from the cage as required, thus enabling the investigator to replace

the food reward unobtrusively. This apparatus is shown and described

in Figure 1. A movable false base made of cardboard was placed in

the lower can. Two filter papers (Whatman Number 1, 5.5cm diame-

ter) were moistened with the appropriate odour and attached to the

front and back of each can by adhesion of the liquid to the can sur-

face. The cans were washed with pyroneg when the odour stimuli

were changed.

To train the possums on the apparatus, food from the possum's

daily ration was placed in the top halves of both sets of cans to get

them used to taking food out of the cans and to promote the associa-

tion between the cans and food. Once they had become accustomed to

this procedure the lids were placed half on, and then completely over

the cans until the possums were removing the lids to obtain their

food. Discrimination learning was then commenced.
The Odour Preference Experiment had indicated that urine was a

significant odour for the ringtail possum. Consequently, urine sam-
ples taken from the ringtail possums were used as the odour stimuli

in the discrimination experiment. Table 2 shows the various pairings

of the odours tested. The possums were trained using the odour pair-

ing of water and their own urine. The positively reinforced odour was
counterbalanced so that for one male and one female, for example,

their own urine was positive, while for the other three possums water
was the positive stimulus. The urine was collected and handled as for

the Odour Preference Experiment.

A food reward was used to reinforce the possum's lid removing
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top metal can

tape

bottom metal can

25 mm

™™™—™~"

15 mm

FIGURE 1. Discrimination Apparatus: the bases of two pairs of cans

(height 34mm x diameter 75mm) were soldered together. Black tape

covered the central join. Two rows of 1.5mm diameter holes were

drilled around the circumference of both cans of each pair (inset).

Metal bases (90mm x 90mm x 10mm) were attached to a board

(13mm X 170mm x 350mm) 125mm apart, and each pair of cans was
attached to these bases. Metal lids identical to the bases were placed

on top of the cans.

behaviour in response to the positive stimulus. This food was placed

on the floor of the upper can of the pair to which the positive odour

was attached. The negative odour stimulus was attached to the other

pair of cans. A false reward was placed immediately below the floor of

the upper can of the pair and so was inaccessible to the possum. The
possum's food intake prior to the trials was not reduced as they were
sufficiently motivated by hunger at feeding time to perform the de-
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TABLE 2

Odour Pairings Used in the Odour Discrimination Experiment

Animals tested

Pair of Odours Columbine Mintie Mars Scrumpy

Own vs water
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16/20 correct responses on two consecutive days for a particular odour

stimuli pair. The probability of results such as these occurring by

chance alone is 0.019 (Binomial test, SSPS, Inc., 1986).

RESULTS

Odour Preference Experiment

The data on latency to approach, and duration of manipulating

odour samples were analysed using three-way ANOVAS (SSPS, Inc.,

1986). These ANOVAS looked at the effects of sex, odour type and
odour familiarity on the three behaviours and showed that the type of

odour affected both approach (F(3,382) = 4.286, p ^ .005) and manip-

ulation duration (s) (F(3,382) = 4.141, p = .007). Examination of the

means using the Student-Neuman-Keuls procedure showed that the

latency to approach urine samples was significantly longer than for

any other odour samples (Figure 2), while fur samples were manipu-
lated significantly shorter than other samples (Figure 3). The manip-

ulation behaviours which occurred included picking the odour sample

up with forepaws, and/or chewing or licking the sample briefly. One
extended behaviour pattern was performed by one female and two

E
I-

Fur Saliva Faeces

Odour

Urine

FIGURE 2. Odour Preference Experiment: comparison of the means
for the latency (s) to approach odour samples depending on the odour

type. The line joins odours for which the means were not significantly

different (Student-Neuman-Keuls, P>0.05).
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3 -I

E

Fur Saliva Urine

Odour

Faeces

FIGURE 3. Odour Preference Experiment: comparison of means
showing the effect of odour type on the duration (s) of manipulating

odour samples. The line joins odour types for which the means were
not significantly different (Student-Neuman-Keuls, p>0.05).

male possums. Briefly, the paper was picked up with the mouth or

forepaws and thrust underneath the possum's body using the hindlegs

to help push it behind the possum, or into its tail.

The data on sniffmg duration (s) were analysed using a two-way

ANOVA which revealed a two-way interaction between sex and odour

(F(23,384) = 1.635, p = .034). An examination of the means showed

that there were no significant sex differences in sniffing duration.

One-way ANOVAS were used to investigate the differences in sniff-

ing separately for the two sexes and only a significant effect for males

(F(23,168) - 1.602, p = .048) was revealed. However, a Student-Neu-

man-Keuls test failed to reveal any significant difference between

means. Mann-Whitney U (two-tailed) tests examined the effect of a

individual's sex on its_sniffing behaviour. The only significant differ-

ence was that males (X = 7.000 ± 9.502 s; n = 8) (Figure 4A) sniffed

familiar female urine for a longer duration than did females

(X = 0.2 ± 0.422 s;n = 10) (Figure 4B) (U = 13; P = .008).

Odour Discrimination Experiment

Five hand-reared possums (2 males and 3 females) were trained

to discriminate between pairs of odours. The results (Table 3A) show
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30n

tSi.^rf-ir^fTi.^^^^^M\m\

1 2 3 4 5 6 7 8 9 101112131415161718192021222324

B. Odour

FIGURE 4. Odour Preference Experiment: Comparison of the means
showing the effect of the odour sample on sniffing duration (s)

(n = 7-10) in A: males and B: females. *Indicates significant difference

between sexes for sniffing duration (Mann-Whitney U (two-tailed)

tests). Bars represent standard errors. Key: 1 - familiar male fur, 2 -

own faeces, 3 - unfamiliar male fur, 4 - familiar female fur, 5 - famil-

iar female saliva, 6 - sugar glider fur, 7 - own fur, 8 - familiar female

faeces, 9 - unfamiliar female fur, 10 - own saliva, 11 - unfamiliar

male saliva, 12 - sugar glider faeces, 13 - own urine, 14 - unfamiliar

female saliva, 15 - familiar male faeces, 16 - familiar male urine, 17 -

unfamiliar male faeces, 18 - water, 19 - familiar male saliva, 20 -

sugar glider saliva, 21 - familiar female urine, 22 - unfamiliar female

urine, 23 - unfamiliar female faeces, 24 - unfamiliar male urine.
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TABLE 3A
Discrimination Test Results

Discrimination Possum Sex

Trials to

Criterion

No. of

Errors

Own vs water

UFl female vs UF2 female

UFl male us UF2 male

Columbine
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TABLE 3B
Discrimination Trials Run with Individual Possums

Discrimination Possum Sex

Trials to No. of
Criterion Errors

Own vs UF female

Own us UF male

F female vs UFl female

F female vs UF2 female

Fl female vs F2 female

UF female vs UF male

UF male vs F male

Columbine
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The behaviour is an example of dispersive scent marking, although it

may also have a passive marking function. Contact of the feet and
other bodily areas with the substrate would result in the passive

transfer of this urine to these areas. To perform this behaviour the

hind-quarters were lowered with the tail at approximagely a 45° an-

gle to the substrate. The protruding cloaca touched the substrate as

the possum waddled forward at various speeds along a branch or the

substrate. As the possum proceeded, urine was dribbled out of the

cloaca. Occasionally, faeces were also dropped along this line. These
urine trails were usually a sigmoid pattern especially when they were
performed on the cage floor. The urine varied in colouration from

clear to milky. Viscosity also increased along this gradient and the

quantity of urine eliminated varied. Males particularly, marked the

same branch or same location several times in succession, and fre-

quently throughout the night. This behaviour increased in frequency

when the possums were excited, disturbed, or thwarted by the investi-

gator, or were investigating a cage odourised by another possum. The
possums were generally aroused when performing this behaviour.

This behaviour was performed when the possums were placed in

novel cages, such as the rabbit cages but was not performed in re-

sponse to novel objects in home cages. On drying, a persistent white

powdery mark usually remained. Although not quantitatively mea-
sured, the males appeared to urine dribble significantly more than
the females when in their home cages. However, when isolated in the

rabbit cages the females also frequently 'urine dribbled.' Urine mark-
ing, and milky urine were not observed prior to the possum's sexual

maturation.

iii) Urine squirting. This micturition pattern is also an example
of dispersive marking. Clear to milky urine was ejected in short fre-

quent bursts as the possums ran erratically about the cage to escape

from human contact. Occasionally they also secreted pure secretion

which remained coating the cloaca.

3) On standing, a white precipitate settled out in urine samples.

If the urine was shaken or aerated it changed from greenish-brown to

reddish-brown. Bolliger and Whitten (1940) report the same observa-

tion in reference to T. uulpecula.

4) Defecation occurred frequently and at any time or place, in-

cluding the nest box, and with no special associated behaviour pat-

tern except when possums practised coprophagy. Defecation is an
example of passive marking. Defecation also occurred when the pos-

sums were highly aroused such as when they were caught and re-

strained.

5) Sniffing rarely occurred when possums in their home cage met.

However sometimes naso-nasal, naso-cloacal, and pouch sniffing, as

well as sniffing the base of the tail occurred, usually initiated by
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males. Males would also sniff where a female had urine dribbled, the

site where a female had been sitting, and at casual micturition sites.

The possums would also sniff other parts of a foreigner's body such as

the feet. Naso-nasal sniffing was usually a reciprocated behaviour

and would extend to sniffing the corners of the mouth and ears, al-

though it was brief The recipients of the other forms of sniffing usu-

ally responded aggressively by hitting out and attempting to bite.

Males became intensely interested in females at certain times of

the year (presumably during oestrus) and correspondingly the fre-

quency of their sniffing increased. Sniffing frequency was also high

when the possums met a foreigner or 'familiar' individuals from

which they had been isolated for several days. Female-female interac-

tions involved naso-nasal sniffing while male-female interactions in-

volved sniffing of the female's cloaca and sometimes the pouch area.

6) Air and substrate sniffing were frequently observed. When
sniffing the air, the possums would often sit or stand on their hind

legs, body upright, with forelegs held close to their body, and nose

extended. On other occasions the possums appeared to be sniffing the

air (head up), or substrate (head almost touching substrate), with all

four feet on the ground. They did this as they moved about the cage.

At times when the possums seemed intensely interested in an odour,

they appeared to touch the substrate with the filtrum of their noses

while moving their heads back and forth over this area. A wet mark
was usually left on the substrate following these incidents.

7) Autogrooming, unlike allogrooming which was rare and very

brief (at least out of the nest box), was frequently observed, and oc-

curred both in and out of the nest box. Washing and grooming of the

face and hands usually followed feeding but could occur at any time.

The possum would alternatively lick its two forefeet and claws and
then repeatedly rub them forwards over the sides of its face and to-

wards the nose. All areas of the body were groomed. Face, rump and
flanks were scratched and combed with the syndactylous claws and
forefeet which were then licked. These grooming behaviours were
similar to those recorded in Tarsipes rostratus (Russell, 1986) and T.

vulpecula (Biggins, 1984). Allogrooming was observed on a few occa-

sions. On each occasion a particular male was involved and appeared

to initiate the interaction. Only once did the recipient (a female) re-

ciprocate.

10) When the possums were returned to their home cage after a

period away (e.g., a week but not less than 4 days) they were always

repulsed from occupied nests if they attempted to enter them imme-
diately. Thomson and Owen (1964) reported a similar incident occur-

ring in the field.

11) Occasionally the possums chewed bark off the branches they

were sitting on. They then either ate this bark (or so it appeared),
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dropped it on to the ground, or returned to the nest box with it. Con-

sequently these areas of branch, as well as the dropped pieces of bark,

would have traces of saliva on them. These areas may also carry a

visual message.

DISCUSSION

The odour preference results showed that the latency to ap-

proach the urine samples was significantly longer than that for any
other samples, but that males spent more time sniffing familiar fe-

male urine samples. The latter information suggests that urinary

odours are not aversive. Some information about the donor may be

obtained from a distance. Not only is urine an odorous eliminatory

product but also the odorous secretions from the paracloacal glands

are voided with the urine (Bolliger & Whitten, 1948; Biggins, 1979).

A variety of factors has been shown to alter the odoriferous qualities

of the eliminatory products and scent gland secretions. These include

diet and physiological state, which is affected by age, sex, reproduc-

tive state, and dominance status (Biggins, 1979). Specialised exocrine

glands are under hormonal control and hence may indicate an ani-

mal's hormonal state. Analysis of the paracloacal gland secretions of

T. vulpecula showed that secretions of adult males, adult females, ju-

veniles, and socially stressed males were all different, especially with

respect to the volatile secretions (Biggins, 1979).

The male response to female urinary odours suggests that they

recognise females from their own nesting group and may focus their

attention on these urinary odours so that they can assess the female's

reproductive state. It is likely to be the male that seeks out the fe-

male, and continuous checking would ensure that he secured a mat-
ing. Other marsupials such as macropodids (Kaufmann, 1974a,b,

1975; Croft, 1981 a,b) and dasyurids (Croft, 1982) also reportedly use

urinary cues to assess the female's reproductive state.

The importance of urine and the paracloacal gland secretions in

ringtail possum communication was supported by marking behav-

iours involving micturition, such as urine dribbling and urine squirt-

ing, which are dispersive methods of urine distribution promoting the

spread of the secretions.

The male ringtail possums performed urine dribbling (or cloacal

dragging) more than the females. In other species, such as T. vul-

pecula (Winter, 1977; Biggins, 1979) and P. breuiceps the same pat-

tern is found. In the present study females increased their level of

marking when placed individually in the rabbit cages. In both sexes

marking occurred when the possums were aroused, especially in re-

sponse to interference by the investigator. When male and female
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Sminthopsis crassicaudata are housed together only the male marks,

but when separated, both sexes mark (Ewer, 1968). Female ringtail

possums also used a 'latrine' for micturition when males were pres-

ent. Female Dasyuroides byrnei are also known to defecate and mictu-

rate in specific locations of the cage rather than throughout the cage

as the males do (Aslin, 1974). Therefore, although marking in the

ringtail possums may have been a response to the investigator, in

females it may also have been due to the lack of male odour.

Urine squirting was not sexually differentiated, and has been ob-

served in T. vulpecula (Winter, 1977). In the present study the urine

usually contained large quantities of paracloacal gland secretion and
frequently pure secretion was also voided. This behaviour always oc-

curred when the possums were highly aroused. Increased arousal as a

causal factor for scent marking involving micturition and defecation,

is in agreement with the hypothesis that scent marking has evolved

from autonomic responses (Morris, 1956; Kleiman, 1966). Its function

appears to be one of familiarising the animal with its environment

and reassuring it in unknown situations. Therefore the paracloacal

secretion may indicate fear, and as it was so pungent it may have

been used to rapidly disseminate the possum's own odour, saturating

the immediate environment with it, and masking any other odours,

thus enhancing the possum's confidence as suggested for T. vulpecula

(Biggins, 1979, 1984). Also, because of its pungency and because it

was frequently performed when being caught, it may function to ward
off predators. This has also been suggested by Thomson and Owen
(1964), but has generally been disputed.

Fur samples were manipulated significantly less than any of

the other samples. Due to nest sharing, the fur odours were likely to

represent a group odour. Self-anointing with salivary odours by auto-

grooming, followed by close contact with the other possums in the

nest, would result in the transfer and mixing of these odours and
hence the development of a group odour. The possums micturated and
defecated in their nests. This would also result in passive marking
of those sharing the nest. Fur sniffing occurs in encounters between
unfamiliar Gymnobelideus leadbeateri and may involve detection of

community specific odours (Smith, 1980). The rejection of ringtail pos-

sums on reintroduction to their home cage was immediate and may
have been on the basis of the missing group odour.

However, clean filter paper was also frequently manipulated

(times not recorded). Therefore, the manipulation behaviour may not

have been in response to the odour itself, but a stereotyped response

as a result of boredom. This same behaviour has been recorded in

opossums (Glickman & Sroges, 1966). With long term confinement or

inferior living areas, stereotyped behaviour which tends to block at-

tention to environmental stimulation occurs and decreases the mag-
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nitude of the animal's responses (Hediger, 1955). The behaviour re-

ferred to here, was frequently performed by the male which had been

housed in the rabbit cage for an extended period, thus supporting this

idea. However, this behaviour is also related to nest building which

was stifled due to a lack of available nesting materials.

Although saliva and faeces did not appear to be significantly in-

vestigated in the context of the odour preference experiment, their

importance may have been underestimated due to the experimental

conditions. The presence of labial glands (Biggins, 1979) and naso-

nasal sniffing, and the exudation of paracloacal gland secretions

along with the faeces indicate that these odour sources may be of

communicatory significance to the ringtail possum. Further studies

are required to elucidate the importance of oral secretions, and faeces

in olfactory communication in this species.

The limited responses to the odour samples in the Odour Prefer-

ence Experiment may have been due to the conditions under which

the experiment was conducted. Jenkins (1985) found that Aepyprym-
nus rufescens would not respond to odour stimuli when placed in test

cages. These cages appeared to induce high levels of anxiety. One
wild female, particularly, showed signs of such extreme agitation that

she could not be tested. Also, the frequent interference by the investi-

gator changing the odour samples maintained the possums in a con-

stant state of arousal, hence possibly inhibiting or reducing their re-

sponses.

The choice of a sniffing attraction test may also have affected the

results as Johnston (1981) has found that two choice preference tests

were less subject to variability. Preference tasks also provide finer

distinctions and hence greater accuracy (Wellington, Beauchamp, &
Smith, 1981). The discrimination method used in the present study

enables two odours to be compared and may enable fine distinctions

to be made. Consequently, this may be a more appropriate method for

testing the salivary and faecal odours.

Five possums were successfully trained in the discrimination ex-

periment to discriminate between urinary odours of individual ring-

tail possums, thus showing that they were able to discriminate be-

tween sexes and individuals using urinary cues. Therefore urine, or

the paracloacal gland secretions it carries is a socially significant

odour for ringtail possums.

A variety of constituents in urine may have acted as cues for

discrimination purposes. As mentioned above, urine samples vary
with diet, hormonal state and associated factors. The quantity of

paracloacal gland secretion also varies with the individual's motiva-

tional state. These differences would enable a possum to discriminate

between individuals. However, whether these possums can recognise

individuals is yet to be determined.
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It is evident that male and female urinary odours are signifi-

cantly different from each other and that the differences are identifia-

ble by both males and females. This was indicated in the odour pref-

erence experiment, and by the differential reactions of the males and

females to the odours in the odour discrimination experiment. For

example, one male became extremely excited when presented with

female urine samples, and mouthed them, but immediately urine

dribbled when presented with male odours. Other evidence such as

male interest in female micturition sites, urine dribbles and the fe-

male cloacal region further indicate that female urine contains fe-

male specific odours. Gas chromatography traces of ringtail possum
paracloacal secretions (Biggins, 1979) confirm the apparent difference

in odoriferous properties between male and female secretions.

One female refused to participate when the discrimination was
between two foreign male odours. She was later found to be carrying

a pouch young. This suggests that females are able to distinguish

between male and female odours, and emphasizes that it is essential

to assess all the possible factors affecting an animal's responses.

The odour samples and even the water samples were occasionally

mouthed, indicating the use of the vomeronasal organ in obtaining

the relevant information. The vomeronasal organ appears to be sensi-

tive to liquid-borne olfactory stimuli (Wysocki, Wellington, & Beau-

champ, 1980) and is a receptor for odours of low volatility (Powers,

Fields, & Winans, 1979). The mouthing behaviour and the fact that

the possums closely sniffed the odour samples in both the odour pref-

erence and discrimination experiments indicated that the important

factors were nonvolatile substances. Also, the odour samples fre-

quently dried before the possum had made its choice, but this did not

appear to alter the animal's performance, further suggesting that the

essential constituents for discrimination were not volatile.

No definitive conclusion can be made as to the function of the

paracloacal glands, but it is evident that these glands are used when
the possums are frightened or highly aroused. Therefore it may be a

submissive signal, or have an anti-predatory function. Urine may
carry community specific information, and information on the iden-

tity, sex and age of an animal. Unfortunately, it is impossible to put

the information in perspective without the support of a field study

providing detailed information on olfactory communication. Conse-

quently, this has been the biggest limitation in this study. However,

this is the first study to have successfully used the powerful tech-

nique of operant conditioning to investigate olfactory communication
in a marsupial. It has shown that the ringtail possum exhibits odour

preferences and is able to discriminate between conspecific urinary

odours, demonstrating that olfaction is an important mode of commu-
nication in this species.



LINDA V. WALKER AND DAVID B. CROFT 233

ACKNOWLEDGEMENTS

We would like to thank Ray Williams for obtaining the hand-

reared ringtail possums and for collecting sugar glider odour samples,

Dr. Jim Kehoe for helping us design the discrimination apparatus,

Prof. Terry Dawson for allowing us to use his four ringtails, and Dr.

Mike Beal for providing us with his video camera. We are also very

grateful to Lynne Plummer for her critical comments on earlier drafts

of this paper and to Miranda Gott for producing Figure 1.

REFERENCES

Aslin, H. (1974). The behaviour o{ Dasyuroides Byrnei (Marsupialia) in captivity. Z.

Tierpsychol. 35, 187-208.

Biggins, J. G. (1979). Olfactory communication in the Brushtailed Possum. Un-
published doctoral dissertation, Monash University, Melbourne.

Biggins, J. G. (1984). Communication in possums: A review. In A.P. Smith and I.D.

Hume (Eds.) Possums and Gliders, (pp. 35-37). Sydney: Surrey Beatty & Sons Pty

Limited.

Bolliger, A., & Whitten, W. K. (1940). Observations on the urine of Trichosurus vul-

pecula. Aust. J. Sci. 2, 178.

Bolliger, A., & Whitten, W. K. (1948). The paracloacal (anal) glands of Trichosurus

vulpecula. Proc. R. Soc. N. S. W. 82, 36-43.

Croft, D. B. (1981a). Behaviour of red kangaroos, Macropus rufus (Desmarest, 1822) in

Northernwestern New South Wales, Australia. Aust. Mammal. 4, 5-58.

Croft, D. B. (1981b). Social behaviour of the euro, Macropus robustus (Gould), in the

Australian arid zone. Aust. Wildl. Res. 8, 13-49.

Croft, D. B. (1982). Communication in the Dasyuridae (Marsupialia): A review. In M.
Archer (Ed.) Carnivorous marsupials. Vol. 1. (pp. 291-309). Sydney: Royal Zoologi-

cal Society of New South Wales.

Ewer, R. F. (1968). A preliminary survey of the behaviour in captivity of the dasyurid

marsupial Sminthopsis crassicaudata (Gould). Z. Tierpsychol. 25, 319-365.

Fellows, B. J. (1967). Chance discrimination sequences for discrimination tasks. Psy-

chol. Bull. 67, 87-92.

Friedman, H., & Marshall, D. A. (1965). Position reversal training in the Virginia

opossum: evidence for the acquisition of a learning set. Q. J. Exp. Psychol. 17, 250-

254.

Glickman, S. E., & Sroges, R. W. (1966). Curiosity in zoo animals. Behaviour. 26,

151-188.

Hediger, H. (1955). Studies of the psychology and behaviour of captive animals in zoos

and circuses. London: Butterworths Scientific Publications: London.
Jenkins, E. (1985). Odour preference and olfactory discrimination by the Rufous Bet-

tong, Aepyprymnus rufescens (Marsupialia: Potoroidae). Unpublished Master's

thesis. University of New South Wales, Sydney.
Johnson, J. I. (1977). Central nervous system of marsupials. In D. Hunsaker II (Ed.)

The Biology of Marsupials, (pp. 159-278). New York: Academic Press.

Johnston, R. E. (1981). Attraction to odours in hamsters: An evaluation of methods. J.

Comp. Physiol. Psychol., 95, 951-960.

Kaufmann, J. H. (1974a). Social ethology of the whiptail wallaby, Macropus parryi. in

northeastern New South Wales. Anim. Behav., 22, 281-369.

Kaufmann, J. H. (1974b). The ecology and evolution of social organisation in the kan-

garoo family (Macropodidae). Am. Zool., 14, 51-62.

Kaufmann, J. H. (1975). Field observations of the social grey kangaroo, Macropus gi-

ganteus. Anim. Behav., 23, 214-221.



234 INTERNATIONAL JOURNAL OF COMPARATIVE PSYCHOLOGY

Kleiman, D., (1966). Scent marking in the canidae. Symp. Zool. Soc. Lond., 18, 167-177.

Morris, D., (1956). The feather postures of birds and the problem of the origin of social

signals. Behaviour, 9, 75-113.

Negus, V. (1958). The Comparative Anatomy and Physiology of the Nose and Paranasal

Sinuses. Edinburgh: Livingston.

Powers, J. B., Fields, R. B., & Winans, S. S. (1979). Olfactory and vomeronasal system
participation in male hamsters' attraction to female vaginal secretions. Physiol.

and Behav.. 22, 77-84.

Russell, E. M. (1985). The metatherians: Order marsupialia. In D. W. Macdonald & R.

W. Brown (Eds.) Social Odours in Mammals, (pp. 45-104). Oxford: Clarendon

Press.

Russell, E. M. (1986). Observations on the behaviour of the honey possum, Tarsipes

rostratus, (Marsupialia: Tarsipedidae) in captivity. Aust. J. Zool., Suppl. Ser., 121,

1-63.

Schultze-Westrum, T. (1965). Innerartliche Verstandigung durch dufte beim Glieit-

beutler Petaurus hreviceps papuanus Thomas (Marsupialia: Phalangeridae). Z.

vergl. Physiol. 50, 151-220.

Smith, A. P. (1980). The diet and ecology of Leadbeaters Possum and the Sugar Glider.

Unpublished doctoral dissertation, Monash University, Melbourne.

SPSS Inc. (1986). 'SPSSX users manual'. 2nd ed. (SPSS Inc., Chicago.)

Thomson, J. A., & Owen, W. H., (1964). A field study of the Australian Ringtail Pos-

sum Pseudocheirus peregrinus (Marsupialia: Phalangeridae). Ecol. Monogr., 34,

27-52.

Tilley, M. W., Doolittle, J. H., & Mason, D. J. (1966). Olfactory discrimination in the

Virginia Opossum. Percept. Mot. Skills, 23, 845-846.

Tyndale-Biscoe, C. H. (1973). Life of Marsupials. Edward Arnold, London.
Wellington, J. L., Beauchamp, G. K., & Smith, A. M., Ill (1981). Stability of chemical

communicants of gender in guinea pig urine. Behav. Neural Biol., 32, 364-375.

Winter, J. W. (1977). The behaviour and social organisation of the brush-tail possum
(Trichosurus vulpecula: Kerr). Unpublished doctoral dissertation. University of

Queensland, Australia.

Wysocki, C. J., Wellington, J. L., & Beauchamp, G. K. (1980). Access of urinary non-
volatiles to the mammalian vomeronasal organ. Science, 207, 781-783.




