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Chemical communication plays an important role in kin selection and mate choice in mammals. The
covariance of odor-genes of rodents has been documented and kinship odor has been proposed and
termed, yet little is known of the relationship between genetic relatedness and chemical composition of
kinship odors. Giant pandas (Ailuropoda melanoleuca) rely substantially on chemical communication
to mediate their social interactions. To examine the relationship between genetic relatedness and
compounds in the urine/anogenital gland secretions, we compared the similarities between genetic
relatedness and the chemical profiles of anogenital gland secretions and urine via lineage construction
and GC-MS (gas chromatography and mass spectrometry). We found that information about kinship
odors was present only in the urine of male adults in the mating season but absent in the non-mating
season. Adult females and all sub-adults did not have such kinship odors in either mating or
non-mating season. Therefore, kinship odor in the panda was contingent on age, sex, and season. This
is the first report about the condition-dependent expression of kinship odor, which may have a sig-
nificant implication in the practice of panda conservation in relation to chemical communication and
sexual selection.
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Most mammals use chemical signals to communicate a
wide range of information in their social interactions.
Chemical communication is particularly important in
rodents, carnivores, and ungulates, which have highly
sensitive olfactory systems''. The coevolutionary proc-
ess between signalers and receivers drives chemical
signals to become diverse and specific. Many mammals
have evolved several glandular and non-glandular
sources to communicate different types of informa-
tion®?). Carnivores, in particular, use chemical commu-
nication substantially and anal (or anogenital) gland is
present in most carnivores'’), although it is still unclear
whether it is due to convergence or divergence evolution.
The gland secretion itself and its contaminating feces are
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rich sources of chemical signals. In addition, urine also

widely contains chemical information in carnivores as
well as other mammals">®.
Odors that serve to distinguish one individual from

another member of the species are determined by poly-
morphic genes!’!. Genetically related individuals show
similar odors, and kinship odor was first demonstrated to
be present in golden hamsters (Mesocricetus auratus)™

and wild beavers (Castor canadensis)[gl. Similar results
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were later found on Turkish hamsters (Mesocricetus
brandi)" and giant mole rats (Cryptomys mechowi)'").
Behavioral tests also prove that Belding's ground squir-
rels (Spermophilus beldingi) can use odors to make ac-
curate discriminations among unfamiliar kin, and a
closely related species (S. lateralis) similarly produces
kin labels and discriminates among kin"?, Although the
exact genetic mechanism for the production of kinship
odor is yet to be elucidated, several innovative studies
have demonstrated that genes and chemical secretions

13,14 L
41 The association between odor and genes

covary!
thus was termed as “odor-genes covariance” by Todrank
and Heth!"”!. These findings indicate that kinship odors
may be prevalent in mammals. Despite the fact that few
chemical analyses are currently available about the
chemical nature and composition of kinship odors, kin-
ship odors might contain multiple constituents and pos-
sibly belong to the volatile and/or semivolatile compo-
nents in the odor based on information uncovered from
the beaver' and the golden hamster™.

Despite the scarcity of genetic information, the two
behavioral functions of kinship odors are relatively well
understood. One is for maintaining an optimal breeding
system, and the other for mediating altruistic behavior!'®).
Which function is more important, however, depends on
social contingencies. In gregarious animals, both func-
tions may be important. In solitary animals, kinship
odors may be critical in finding a mate with appropriate
genetic relatedness, but its role in mediating altruistic
interactions may be minimal. In any case, fine kin rec-
ognition is often the key prerequisite for excising either
of the two functions''”'*],

The giant panda (A4iluropoda melanoleuca) is a soli-
tary animal inhabiting fragmental and mountainous ar-
eas of Sichuan, Shaanxi and Gansu provinces, China.
Relatively poor in eyesight and hearing ability, pandas
substantially use anogenital gland secretion (AGS) and
urine to regulate their social behaviors, such as territorial
advertisement, mate seeking, assessing female’s repro-

[19-21]

ductive status . Previous behavioral and chemical

assays suggest that these two sources of scent marks
contain information about individual, sex, and agepz*zﬁ].
Both wild and captive observations reveal that pandas
exhibit mate choice!”’**). Without males’ participating in
providing parental care for the offspring, females in a
polygamous system are much more choosier on mates

[29,30

than those in a monogamous system'>="\. This may be

particularly true for mono-estrous female pandas be-
cause they are receptive for only 1—3 d in the mating
season (spring estrus: from late February to early June
each year). If they are not conceived within this narrow
time window, they will miss a year of reproduction, de-
spite rare occasions of fall estrus®'. With an average
longevity of 13 years and reproductive life of 5 (for
males) or 6 (for females) years in the wild after 1 year
old™, loss of one breeding season is a substantial re-
duction (16%—20%) in their lifetime reproductive suc-
cess”®l. With such a large cost at stake, female pandas
should choose best mates that can maximize their re-
productive success. This, of course, includes genetic
compatibility with an optimal relatedness between the
mates.

Based on the above-mentioned reasoning, we specu-
late that kinship odor should be present in the panda be-
cause of its vital roles for especially females. Previous
evidence has shown that pandas predominately use scent
marks in their social 1ife“9’20], AGS and/or urine thus are
hypothesized to be the possible source(s) of kinship odor
for kin discrimination'”"'*334] By following this line,
the hypothesized kinship odor, if it does exist, would
lead us to predict that closely related individuals share
more common features than distantly related individuals
in the chemical profile of the secretion sources (AGS
and/or urine). We tested this prediction in this study by
relating the similarity in the chemical profile of urine
and AGS to the genetic relatedness between pandas.

1 Materials and methods
1.1 Animals and sample collections

The AGS samples for this study were collected from 24
captive pandas at the mating season of 2000 and 2001.
The urine samples were collected from 13 pandas at the
mating season of 2002 and 31 pandas at the non-mating
season of 2001, 2002 and 2004 at the China Research
and Conservation Center for the Giant Panda at Wolong,
Sichuan, China (Table 1). We first classified the subjects
into four sex-age groups (adult males, adult females,
sub-adult males, and sub-adult females) based on the
criteria by Wang and HuP’!. The details about animal
management and sample collection (AGS and urine) are
available elsewhere!***%),

In short, we collected AGS samples with clean tam-
pons directly rubbing on the anogenital glands of live
pandas sedated for collecting semen or artificial insemi-

2794 LIU DingZhen et al. Chinese Science Bulletin | September 2008 | vol. 53 | no. 18 | 2793-2800



Table 1 Number of subjects from which samples were collected in the
mating and non-mating seasons

Mating season Non-mating season

Subjects
AGS urine AGS urine
Adult males 5 6 (4”) 14 (17)
Adult females 6 7(3%) - 10
Sub-adult males 6 - - 6
Sub-adult females 7 - - 1
Total individuals 24 13 - 31

a) Numbers of repeatedly used animals in the non-mating season for
urine samples collection; b) numbers of repeatedly collected samples in
2001 and 2004.

nation. Some samples were also collected from new,
clean scent marks on walls, cement surfaces, or stones
during 2001. Secretions of each subject were collected
once, but we kept two glass vials for each sample. We
immediately put samples in clean vials, and sealed and
stored them at —20°C without any chemical treatment.
For the urine samples, we collected samples with clean
syringes from the cement floor between 9:00 and 14:00
h. At least two bottles were used for holding each urine
sample (5—10 mL) from one individual. Both AGS and
urine samples collection in each season lasted less than 2
weeks. Samples were immediately transferred into clean
vials with lids lined with Teflon and stored at —20°C.
Both the AGS and urine samples were packed with ice
and air-shipped to the laboratory in Beijing Normal
University (about 2-h flight) and stored at —20°C until
analysis. We could not collect AGS samples at the
non-mating season during the 3-year study period be-
cause of the strict management rules for especially adult
female pandas during pregnancy and breeding. Another
reason is that in the non-mating season, sub-adults were
mostly mixed and raised in one cage, and adult males
were released into semi-natural enclosures not accessi-
ble for us to collect scent marks. For similar reasons, we
only succeeded in obtaining adult male and female urine
samples, sub-adult male urine samples, and one
sub-adult female urine sample (excluded in our analysis
due to the small sample size). For the collection of urine
samples from sub-adults mixed in one cage/enclosure in
the non-mating season, the animals were monitored con-
tinuously from 9:00 to 14:00 h by the zoo keepers. As
urinating was observed in a particular animal, the zoo
keeper would rapidly enter the cage to collect urine
samples, and the sample site on the cement floor was
washed with water followed by cleaning with a piece of
dry swabbing cloth.

1.2 GC-MS analysis

We used GC-MS (gas chromatography combined with
mass spectrometry) to obtain information about the
chemical compounds and their abundances for the two
types of secretion from each individual. We tentatively
identified compounds by searching for the library of the
National Institute of Standards and Technology (NIST)
and characterized each component by comparing it with
the mass spectra in the library and literatures'®®!. Details
about the GC-MS analysis and the compounds from
AGS and urine are as described by our previous pa-
pers?**%. The GC-MS analyses for the urine and AGS
samples collected in 2000 through 2002 were conducted
in November of 2002, and the urine samples collected in
2004 were analyzed in November and December of
2004.

1.3 Data analysis

Since both secretions contain chemical compounds us-
able for coding information about sex, age, and repro-
ductive status®**®!, they are logically unlikely to be used
for coding information about genetic relationship, for
they lack individual variation™”. We thus excluded
these compounds from further analysis. After this, we
converted the amount of each remaining compound into
relative amount based on its proportion in the total
amount of all the compounds combined".

To quantify the difference in the multi-component
urine or AGS between two individuals, we used the
Euclidean distance as the dissimilarity index for the
chemical profile of the secretions. Meanwhile, we cal-
culated the pair-wise genetic relatedness by using the
software LINEAGE (Trial version, Cornell University)
based on the breeding histories of our subjects available
in the studbook®”\. Finally, we related the similarity in
chemical profile to that in genetic relatedness using
Spearman’s rank correlation coefficient. All analyses
were performed in SPSS 10.0 with the level of signifi-
cance set at o = 0.05.

2 Results

Twenty eight compounds left in AGS after removing
those compounds show effects of age and sex (Table 2).
Most of those compounds are fourteen or more carbo-
chain compounds with molecular weights of more than
200. They are 5 aldehydes, 7 fatty acid esters, 4 steroids
and 1 acid amide. For the urinary compounds, however,
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Table 2 Tentatively identified compounds in the anogenital gland secretion excluding the compounds of showing effects of sex and age differences

Peak No. RT (min) Tentatively identified compounds® Molecular weight Classification
4 18.54 tetradecanal 212 aldehyde
8 19.78 tetradecanoic acid, ethyl ester 256 fatty acid ester
10 20.24 hexadecanal 240 aldehyde
13 21.47 pentadecanoic acid, ethyl ester 270 fatty acid ester
15 21.95 octadecanal 268 aldehyde
16 22.63 n-hexadecanoic acid 256 saturated fatty acid
19 23.69 eicosanal 296 aldehyde
22 24.90 heptadecanoic acid, ethyl ester 298 fatty acid ester
23 25.43 docosanal 240 aldehyde
24 25.57 79,712-octadecadienoic acid 280 unsaturated fatty acid
27 26.59 octadecanoic acid, ethyl ester 312 fatty acid ester
29 28.22 9-methyl-octadecanoic acid, ethyl ester 326 fatty acid ester
30 29.25 Z9-octadecenamide 281 acid amide
32 29.75 eicosanoic acid, ethyl ester 340 fatty acid ester
33 31.16 pentacosane 352 alkane
34 3235 hexacosane 366 alkane
35 33.44 heptacosane 380 alkane
36 34.13 a steroid ? steroid
37 34.44 a steroid ? steroid
38 34.57 squalene 410 terpene
41 35.15 cholesteryl benzoate 490 steroid
42 35.30 3B-cholesta-4,6-dien-3-ol 384 steroid
43 35.56 cholesta-3,5-diene 368 steroid
47 37.80 a terpene ? terpene
49 38.21 cholesterol 386 steroid
54 39.35 cholesta-3,5-dien-7-one 382 steroid
55 39.73 campesterol 400 steroid
56 39.91 cholest-4-en-3-one 384 steroid

a) Compounds are numbered in the order of increasing GC retention time. Trace components are not listed. “?”, Represents the compound that could

not be identified.

most of them are compounds with a medium retention
time. They are 5 alcohols, 3 aldehydes, 8 alkanes, 2 acid
amides, 8 ethers, 3 fatty acid esters, 5 ketones, 9 phenols
and 2 saturated fatty acids (Table 3).

For the relation between odor and genetic relatedness,
we found no significant correlation in similarity between
the chemical profile of urine and genetic relatedness for
adult males, adult females and sub-adult males in the
non-mating season. Nor did we find any significant cor-
relation in similarity between urine or AGS and genetic
relatedness for adult females, sub-adult males, or sub-
adult females in the mating season (see Table 4 for the
detailed information about all the statistical results). The
only significant correlation was the similarity between
urinary chemical profile and genetic relatedness in adult
males in the mating season (r;= 0.851, n=15, P<0.001).

3 Discussion

Despite incompleteness in our samples, especially those
from AGS in the non-mating season (Table 1), due to

strict regulations for panda care and welfare that hin-
dered our sample collection especially for AGS™", our
results are still revealing. The positive correlation in
similarity between genetic relatedness and chemical
profile in adult males in the mating season stood out to
be highly significant. This supported the prediction
based on our hypothesis that kinship odor exists in the
giant panda. Here, for the first time, we report that kin-
ship odor may be present in a large, non-rodent mam-
malian species. Our results were, however, intriguing in
several ways: the kinship odor as we found depended on
sex, age, and season.

First, why did males, not females, have kinship in-
formation in the urine? Although both males and fe-
males exhibit mate preference!®”, observations show that
males normally engage in fights with other males for
mating with females in the wild""*?*. Females have been
observed to demonstrate mate choice and may mate with
more than one males in a mating season™). Thus, the
panda falls in the general pattern of sexual selection in
most mammals where males compete and females
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Table 3 Tentatively identified compounds in the urine of the giant panda excluding the compounds showing effects of age, sex and season

Peak No. RT (min) Tentatively identified compounds® Molecular weight classification
1 11.36 1-(1-methylethoxy)-butane 116 alkane
2 11.51 3-hydroxy-butanoic acid, ethyl ester 132 fatty acid ester
3 11.80 3,6-dimethyl-4,5-octanediol, 174 alcohol
7 12.86 butane, 2-ethoxy-butane 102 alkane
8 13.11 an ether ? ether
9 13.17 an ether ? ether
10 13.21 hexyl isopropyl ether 144 ether
11 13.33 phenylethyl alcohol 122 alcohol
12 13.86 2,4-dimethyl phenol 122 phenol
13 13.98 z3-nonen-1-ol 142 alcohol
14 14.14 4-ethyl-phenol 122 phenol
15 14.17 2,3-dimethyl phenol 122 phenol
16 14.62 1-dodecene 168 olefin
17 14.63 1-methylene-1h-indene 128 olefin
18 14.76 dodecane 170 olefin
19 15.01 2,3-dihydro benzofuran 120 furan
20 15.17 2-(1-methylethyl) phenol 136 phenol
21 15.22 an ether ? ether
22 15.27 2-(2-propenyl)-1,3-dioxolane 114 alkane
23 15.36 2-ethyl-5-methyl phenol 136 phenol
24 15.61 an ether ? ether
25 15.71 an ether ? ether
26 15.78 nonanoic acid 158 satured acid
27 15.92 an ether ? ether
28 16.06 4-ethyl-2-methoxy phenol 152 phenol
29 16.25 an ether ? ether
30 16.41 indole 117 indole
31 16.48 tridecane 184 alkane
32 16.62 2,5-diethyl phenol 150 phenol
33 16.73 2-methoxy-4-vinyl phenol 150 phenol
34 16.77 unknown ?
35 17.04 3-(1-methylbutoxy)-2-butanol 160 alcohol
36 17.14 p-mentha-1(7),8(10)-dien-9-ol 152 alcohol
38 17.46 4-hydroxy benzaldehyde 122 aldehyde
40 17.65 9-hydroxy-2-nonanone 158 ketone
41 17.70 4-propyl phenol 136 phenol
42 18.14 2-n-butyladamantane 192 alkane
43 18.28 tetradecane 198 alkane
44 18.62 2-cyclohexyl-1-(1-methyl-1h-imidazol-4-yl) ethanone 206 ketone
45 18.91 1-(3-hydroxyphenyl) ethanone 136 ketone
46 18.93 1-(2-hydroxyphenyl) ethanone 136 ketone
47 19.20 unknown ?
48 19.25 a benzothiazolecarboxaldehyde 163 aldehyde
49 19.29 a benzothiazolecarboxaldehyde 163 aldehyde
50 19.37 ethyl 4-hydroxy-dl-mandelate 196 fatty acid ester
51 19.86 1-(4-hydroxy-3-methoxyphenyl) ethanone 166 ketone
86 27.92 unknown ?
88 28.40 isopropyl palmitate 298 fatty acid ester
91 29.58 octadecanoic acid, methyl ester 298 fatty acid ester
92 29.93 octadecanoic acid 284 satured acid
93 30.13 hexadecanamide 255 amide
94 30.38 docosane 310 alkane
95 31.36 tricosane 324 alkane
96 31.92 Z9-octadecenamide 281 amide

a) Compounds are numbered in the order of increasing GC retention time. Trace components are not listed. “?”, Represents the compound that could
not be identified.
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Table 4 Spearman’s correlation coefficients (R;) for all sex-age groups tested according to different seasons

Mating season

Non-mating season

AGS urine AGS urine
Adult males 0.262 (0.464, 10) —0.851 (0.000, 15) - —0.134 (0.242, 78)
Adult females 0.000” (15) 0.222 (0.334, 21) - —0.049 (0.750, 45)

Sub-adult males —0.258 (0.353, 15)
—0.149 (0.518, 21)

0.056 (0.355, 276)

Sub-adult females

All individuals

- - 0.200 (0.475, 15)

~0.175 (0.126, 78) - 0.019 (0.706, 406)

Numbers in parentheses indicate significant values and sample size, respectively.

lated due to their unrelated genetic relationships.

choose. Because of the large cost associated with female
pandas (see Introduction), selection should be stronger
on females than on males in choosing mates with appro-
priate levels of genetic relatedness for optimal breeding.
Males, on the other hand, would attract more females if
they could provide information about their genetic
makeup (compatibility, quality, or identity) to be as-
sessed by females. Hence, information about kinship
should be selected to be advertised together with that
about sex, age, and reproductive status®***** as part of
the Gestalt information about male attractiveness.

This leads to a next question: Why did urine from
adult males, not sub-adult males, contain kinship infor-
mation? Because sub-adults do not participate in repro-
duction, they are not selected to attract mates by provid-
ing information about kinship before maturation. Addi-
tionally, late initiation of kinship odor may also protect
young males from the aggression of adult males in mate
competition and thus reduce the risk of being in-
jured®*°!. Sub-adult males is really present in the lek-
like site in the mating season, yet they are not involved
in the fighting but simply looking on"*”). In terms of odor
ontogeny, some of the relative abundances of fatty acids
were found to be significantly and positively correlated
with pandas’ age by year while some alkanes negatively

correlated with pandas’ age[%]

. They gradually gain
them as they get mature!*. Thus, the chemical profiles
of the secretions change with developmental stage in the
panda, presumably due to the fact that the genes associ-
ated with odor production are turned on as the animal
enters puberty. A wealthy of literatures shows that lu-
teinizing hormones (LH), follicle-stimulating hormone
(FSH) and prolactin (PRL) from the anterior pituitary as
well as androgen are correlated with increases in the
weight of testes and accessory sex organs resulting from

animals’ growth (see review by Asa'). A subsequent

2798
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, Sample not available for analysis. a) No correlation was calcu-

study in white rhinoceros (Ceratotherium simum simum)
further shows that androgen metabolite concentrations
increase with sexual maturity **.

Along the same line, we can answer the third question:
Why did kinship information show up only in the mating
season? If kinship information is used by males to attract
females for mating, males should produce kinship odor
during at least the mating season. Its absence in the
non-mating season may be due to the reason that panda
kinship odor is controlled by or coupled with hormones
produced or elevated only in the mating season. Indeed,
many types of pheromones are produced only in this
period in many other mammals. For example, territorial
white rhinoceros show typical seasonal fluctuations in
androgen metabolite concentrations, which in turn in-
fluence their pheromonesm]. Male specific pheromones
are also found to be testosterone-dependent and known
to evoke behavioral responses in conspeciﬁcs[43 )
Moreover, hormones affect mammalian skin glands'®.
This has been well demonstrated with male goats, in
which the primer pheromone is testosterone-dependent
in the sebaceous gland*”). For pandas, if the production
of kinship odor depends on male hormones in the mating
season, females, of course, will not produce such a
pheromone. This nicely explains why adult males failed
to show discrimination on female urine in a previous
study by Swaisgood et al.l**),

In the beaver, AGS contains information about ge-
netic relatedness’". It is surprising that such information
was missing in panda AGS, despite our effort for
searching for it. Nonetheless, if males produce kinship
odors as part of the advertisement “package” for females,
they would not need a long-lasting effect. Urine is
clearly a better place than AGS to host the kinship in-
formation for a quick effect because AGS production is
slow. If this conjecture is correct, we can predict that
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males should present urinary secretion, not AGS, to fe-
males during the mating season. Behavioral observation
shows that sexually active males scent-mark more fre-
quently with urine than those of sexually inactive
ones?!. AGS, on the contrary, has been documented to
be used in competition in especially males*®. Clearly,
AGS and urine are different in their communicative
functions. Like in mice, volatile compounds in urine are
more susceptive to genetic variation than in preputial
gland, and even a gene difference can differentiate urine
volatiles*”.

Despite the surprising finding of the existence of an
age-, sex-, and season-dependent kinship odor in the
panda, we are aware of the caveats in our study due es-
pecially to some missing data for AGS in the non-mating
season. This caveat, however, addresses further study on
the kinship odor in the AGS in the non-mating season.
The potential kinship odor exploring in the AGS in the
non-mating season will be greatly helpful for revealing
the mechanisms of pandas’ dispersal and habitat selec-
tion. Therefore, we will have to find a new, non-invasive
sampling method to circumvent the strict regulations for
obtaining more complete data to corroborate our tenta-
tive findings reported here in the future. Also, we are
aware that the male kinship odors uncovered in this
study, despite some indirect behavioral evidence, needs
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