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 INTRODUCTION 
   Animal communication is the process by which one individual uses 
specially designed signals or displays to change the behavior of another 
individual. Signals often involve multiple mechanisms. Several individual 
recognition mechanisms have been proposed (Penn and Frommen, 2010; 
Holmes and Sherman, 1982; Brown and Macdonald, 1985). But here we 
focus on one: recognition may be based on olfactory signatures. 
Recognition of conspecifics is mediated through olfactory cues in many 
species. Odors provide exquisitely nuanced information about individuals, 
relatedness of individuals to one another, social status of individuals, 
reproductive state (Zhu et al, 2017). Olfactory communication is often the 
primary sensory modality for many mammals, mammalian scents are 
always mixtures of chemical compounds, while individual chemical 
signatures are communicated by many scent sources, including urine, 
feces, vaginal secretions, saliva, secretions from specialized glands or 
general body odors. Understanding olfactory functions and processes 
might is one of the most insightful fields of behavioural biology because it 
offers the opportunity to investigate the interaction of individual, including 
mate recognition, mate choice, reproductive success, mother–infant 
relationships and territorial defense (Keverne., 1999).Moreover, 
knowledge of this important aspect of endangered animals could 
substantially enhance our ability to manage the wild population and 
conservation purposes in captivity.
       In most early studies, it was clear that individuals in many 
mammalian species could discriminate between specific odor sources of 
different individual,for example, Mongolian gerbils could discriminate 
between the odors of individuals on the basis of salivary glands.(Smith and 
Block, 1990). Male golden hamsters can usedfive odors(flank gland, 
vaginalsecretion, ear glands, urine and feces) to discriminated individual 
(Johnston, 1993).In addition, odor sources also contain more detailed 
information, A habituation-dishabituation experiment indicates that black 
rhinos can discriminate the age class and sex of the signaller from odour 
cues in feces (Linklater et al., 2013), the urine of African lions contain 
sufficient information for receivers to discriminate the sex and social 
affiliation of the signaller (Gilfillan et al, 2017). 
        Chinese tree shrews, Tupaia belangeri, a squirrel-like small 
mammals, currently placed in the order Scandentia, has a wide distribution 
in south Asia, southeast Asia and southwest China (Peng et al, 
1991).Under natural conditions, they are solitary foraging, eat fruit, flowers, 
insects and small vertebrates.Tree shrews are territorial and actively 
defends their territories against intruders, males have larger homeranges 
than females, stable family groups are short-lived because they mature at 
an early age (Emmons, 2000a). Tupaia are aggressive, fights were 
observed between individuals of the males, male is dominant and they are 
not social among themselves. In the laboratory, the dominant male bit other 
males and most subordinate males died, but varied types of grooming were 
observed between two females, such as reciprocal grooming (Hasler and 

Sorenson, 1974 ). Tupaia belangeri have no evident seasonality of 
copulations or births, females following a gestation period of about 45-50 
days and give birth to one to three young (Martin, 2000).Previous many 
studies show that scent marking plays an important role in communications 
among Tupaia belangeri in captivity as well as in wild, all of which have 
specialized glands that secrete a wide array of chemical 
compounds(Kawamichi and Kawamichi, 1979; Holst and Eichmann, 
1998).Both males and females mark their surroundings with urine, skin 
gland secretions and feces(Emmons, 2000b). These results provided 
direct evidence for the existence of individual signatures on Tupaia 
belangeri.
         In our investigation, we hypothesized three sources (urine, 
faeces, skin gland) of scent that might be used by Tupaia belangeri to 
distinguish between individual conspecifics. The ability of tree shrews to 
discriminate different individuals from the three sources of scent was 
investigated by using a Habituation-discrimination experiment. The 
experimental approach to understanding tree shrews olfactory 
communication, providing a foundation for understanding communication 
processes in this species. In particular, we used controlled olfactory 
discrimination tests with temporarily captive Tupaia belangeri to ask the 
following questions. (1) Do all sources of scent produced by tree shrews 
provide information that allows individual discrimination and recognition, or 
is this information limited to a few sources? (2) In a habituation paradigm, 
do tree shrews show evidence of discriminating individually distinctive 
odours in three odor sources? 

METHODS
Scent sample Collection and experimental designs
        Tupaia belangeri, used in this study were wild-captured from the 
Haikou Nature Reserve (24°37′~24°45´ N; 102°36´~102°48′ E; altitude 2, 
100–2, 350 m, approximately 7560 ha) in Yunnan Province, China, then 
transported to the Animal Feeding Room of Yunnan Normal University. 
They were individually housed in a climate-controlled room and wire-mesh 
cage (40 × 30 × 30 cm) with bedding material, neighboring animals were 
separated physically and optically by wooden partitions. The room was 
maintained at 25 ± 1°C with a natural photoperiod, food and water were 
present adlibitum. All animal procedures were licensed under School of 
Life Science of Yunnan Normal University (13-0901-011). A total of 20 adult 
individuals were used as experimental animals(10 adult males, 10 adult 
females), and additional 12 adult males and 12 males were used as scent 
donors, all animals had no previous experience in behavioral tests.
         We placed individual Tupaia belangeri in a metabolic cage with food 
available adlibitum, once an animal urinated, its urine was collected in 12-
ml sample bottles (HM-1266A, Ningbo Hamai, Ningbo Zhejiang, China), 
and 5–10 mL of urine was collected andcoded the urine sample to prevent 

observational bias, then following the dark cycle, and stored them at -20℃. 
We discarded samples that were contaminated with faeces. 
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The ability to discriminate and recognize individuals plays a primary role in the evolution of social behaviours such as nepotism, 
altruism and mate choice. Olfactory-based recognition of individual has been identified in many mammalian species. Tree 
shrews, Tupaia belangeri, both males and females mark their surroundings with urine, feces and skin gland secretions in natural 
habitat as well as under laboratory conditions. Depending on the previous studies, it imply that olfactory communication may be 
particularly important to tree shrews, but many studies in tree shrews remains descriptive. In this study we offered animals a 
binary choice in a Y-maze, then we measured the olfactory investigation behaviour (frequency of sniffing) of Tupaia belangeri in 
three experiments designed to whether Tupaia belangeri can discriminate individual. Tree shrews showed a significant decline 
in investigation when exposed to urine and skin gland secretions from the same animal on few successive trials, when with a 
novel individual scent presented, a significant increase in sniffing time on this trial over the last habituation trial. These results 
establish that urine and skin gland secretions of Tupaia belangeri contain sufficient signatures for receivers to discriminate the 
conspecifics, while feces may play a purely physiological excretion function.
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Faece was much easier to collect than urine, we placed odour donors 
individually in a clean plastic mouse cage (20 × 20 × 20 cm) with a wire grid 
floor (0.5 × 0.5 cm) 1 cm above the bottom. The faeces scent by picking up 3 
to 5 faecal boli with clean forceps, and rubbing each boli onto the glass 
plate. Potentially contaminated faeces deposited next to urine was not 
collected .
            Finally, we collected the individual odours of skin glandsecretions 
using cotton swabs, to trap individual odours, wearing disposable nitrile 
gloves, rubbed them gently with cotton swabs on the sternal and abdominal 
glandular regions. The chemical characteristics and comparison of cotton 
swabs (Hua Chen Technology Co. Ltd., product number CY-98000T, 
China) with other similar forensic police swabs. All samples were sealed in 
storage bags then keep in the dark and frozen. 
           Sample collection was completed temporarily before the experiment 
begins. All equipment used during the study was washed with tap water and 
odourless glass ware cleaner, wiped with alcohol and allowed to air dry to 
ensure that no trace odours from previous trials remained. Disposable 
gloves were used in all instances of sample collection and during the 
experimental trials to prevent transfer of human odours.

Y-maze test
 The method of Y-maze test described by Cutrera et al (2012) 
served as the reference. We presented a animal with a binary odour choice 
in a tinplate and transparent PVC wire housing with three symmetrical arms 
(angle between each arm: about 120°; arm length: 35 cm; width: 11 cm; 
height: 8 cm). Faece samples from 18 adult individuals were balanced for 
donor sexand presented to 18 subjects (9 adult males, 9 adult females)in 
distant pens.The donor's odour cue was presented at the end of each test 

arm of the Y, the subjects could not directly contact the odour cue, but could 
explore the odours. To enhance circulation of the odours, each 
compartment we equipped with cooling fan to provide low-noise, controlled 
air flow (9 CFM; 243 litres/min) through each choice arm.We placed an 
experimental animalin the start box of the Y-maze for 10 minutes, after 
which we removed the solidbarrier, allowing the subject access to the two 
test arms of the Y-maze. As soon as the subject had entered both arms 
once, exploring each scent, and re-entered an arm for the second time, the 
trial began. We recorded the frequency of sniffing eventsof the different 
odours for a total period of 1 hour. 
                                                           Y-maze tests were performedduring daylight hours in specific room 
with a light.In addition, odour stimuli control were alternated between arms, 
for each trial by using a ceiling-mounted video monitoring, all trials were 
recorded on a computer, the olfactory investigation behaviour (number of 
sniffs) of tree shrews in Y-maze test were later analyzed.

Statistical analysis
 This behavioural sampling yielded one dependent variables for 
analysis: frequency of sniffing events. In the Y-maze, differential 
investigation for odors resources was interpreted as spontaneous 
discrimination of familiar odor versus novel odor, reflecting an animal's 
perceptual ability to discriminate individuals. We analysed all studies with a 
repeated measures MANOVA and post hoc in SPSS version 22.0. Here, we 
currently focus mainly on subjects investigated the scent of the novel 
individual on trial 5.Data were expressed as mean ± SEM,a level of P < 0.05 
was considered as significant and P < 0.01 as highly significant. 
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Fig. 2: Olfactory investigation behaviour of  skin gland secretions, the time (seconds ± SE) that Tupaia belangeri spent investigating the stimulus and clean 
control during four habituation trials with repeated samples from a donor, on the test trial, a sample of urine or skin gland secretions from another different individual
(novel), *indicate significant difference (P<0.05).

Fig. 1: Olfactory investigation behaviour of dung, the time (seconds ± SE) that Tupaia belangeri spent investigating the stimulus and clean control during four habituation
 trials with repeated samples from a donor, on the test trial, a sample of dung from another different individual (novel),NSindicate significant difference (P>0.05).
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Fig. 2: Olfactory investigation behaviour of  urine, the time (seconds ± SE) that Tupaia belangeri spent investigating the stimulus and clean 
control during four habituation trials with repeated samples from a donor, on the test trial, a sample of urine or skin gland secretions from another different individua
l (novel), *indicate significant difference (P<0.05).

RESULTS
            In three experiments, all subjects investigated the scented side of 
the scent more than the clean side for three sources, indicating that three 
scents were not aversive (Figs.1-3), suggesting clear discrimination of 
these three conspecific odour. Post hoc paired tests revealed significant 
differences between the trial 4 and the scent presentation from a novel 
individual, in addition, there was also a significant discrimination between 
the control and the novel feces presentation, providing evidence that the 
tree shrews could discriminate between individual scents on the basis of 
flank glands and urine.

DISCUSSION
             Tree shrews readily approached and investigated conspecific urine 
and skin glands secretions, after repeated trials, presentations of a fresh 
scent from the same individual they spent less time investigating it. When 
scent from a new individual was presented, tree shrews increased their 
investigation significantly to the former. This olfactory discrimination tests 
providing a evidence that tree shrews could discriminate different individual 
basd on odour of urine and skin glands. This study suggests that tree 
shrews may use olfactory signals in urine and skin glands to discriminate 
individuals. It has been shown for many mammals, such as wolf (Canis 
lupus) (Asa et al., 1985), red fox (Vulpes vulpes) (Jorgenson et al., 1978), 
mandarin voles (Microtus mandarinus) (Ren, 2006) and the panda 
(Ailuropoda melanoleuca) (Liu et al., 2008) that various breeds, the two 
sexes, and different physiological states of an individual can all be 
characterized by volatile urine components. Similar results have been 
obtained by the analysis of gland secretion (Davies et al., 2010; Bonadonna 
and Sanz-Aguilar., 2012).
        Typically Tupaia belangeri live in monogamous pairs, but lesser 
Tupaia belangeri  were the most likely to be in pairs(Collins and Tsang, 
1987). Territorial fights were documented between adults of the same 
sex,males and females will both defend their territories against 
conspecifics year round. (Fuchs and Corbach-Sohle, 2009). Under natural 
conditions, much studies have shown that bothmale and female tree 
shrews, when in familiar surroundings, vigorously attack strange 
conspecifics of the same sex (Kawamichi and Kawamichi, 1982). Many 
species respond more aggressively to unfamiliar same-sex rivals than to 
familiar or neighbouring rivals, possibly because unfamiliar individuals 
represent a greater threat to the status quo (Archer, 1988).Recognizing 
individuals from olfactory signals, or at least discriminating familiar versus 
unfamiliar rivals, may be first step for to communicatory process for tree 
shrews. 
          Some scholars suggest that the chemical constituents of urine in tree 
shrews were the main signal resources that can encode gender 
information, and social status, reproduction status. To test volatile chemical 
substances in urine of Tupaia belangeri by GC-MS, the chemical 
constituents of urine are different between males and females, males is 
distinguished by pyrazine compounds but not detected in the females, and 
a several volatile monocarboxylic acids are present at higher 
concentrations in male than in female urine. These identified volatile 
substances are considered to be used by tree shrews to identify the sex of 
an individual (Stralendorff, 1986 1987). “Formic acid, octyl ester” were 

absence regularly of non-kinship Tupaia belangeri “a-Farnesene” and“2,4-
Dithiapentane” were detected among non-kinship Tupaia belangeri, this 
finding suggests that Tupaia belangeri produce urine with individual 
chemical signatures (Zhu et al, 2018).

CONCLUSION
 In conclusion, our habituatione-dishabituation experiment 
indicates that Tupaia belangeri can discriminate individual differences in 
urine and gland secretion, olfactory communication may be particularly 
important toTupaia belangeri,and more behavioral research is needed to 
determine whether Tupaia belangeri recognize individual sex, age and 
kinship versus non-kinship using urine and gland secretions.
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