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Preface

This study was initialized when our teaching supervisor Frank Rosell, a specialist
within chemical communication, established collaboration with Jon Swenson and Andreas
Zedrosser in the Scandinavian Brown Bear Project. They wanted to initiate an innovative and
exiting study on chemical communication in brown bears, an unknown topic for this species.
At about the same time, Frank also established contact with the experienced scientist Dan
Blumstein from the USA. One of his special fields was yellow-bellied marmots in the Rocky
Mountains, and he also wanted help with the same topic.

Frank needed assistance for these projects, and a Master thesis was suddenly a reality
for us. We conducted our field periods in Sweden and in the Rocky Mountains, USA. During
this work we came in contact with a lot of interesting people, and we want to thank the whole
crew in both the bear project and the marmot projects for a lot of fun and good memories
during the field work. The trip to the USA became even more interesting when @yvind,
Bjgrnar and Frank came along.

After the field work, we spent almost 6 months in the lab analyzing the samples that
we had collected, and we are glad that Bjern Steen did not give us up. Further thanks to the

cake monsters at the Master lab for making the writing process more inspiring.

Kristian Ingdal Bard Andreas Lassen
Telemark University College
Bg i Telemark
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Chemical composition of perioral, orbital and anal gland secretion of
yellow-bellied marmot (Marmota flaviventris): glandular differences and

coding for sex
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CHEMICAL COMPOSITION OF PERIORAL, ORBITAL AND ANAL
GLAND SECRETION OF YELLOW-BELLIED MARMOT MARMOTA

FLAVIVENTRI$ GLANDULAR DIFFERENCES AND CODING FOR SEX

BARD ANDREAS LASSEN * and KRISTIAN INGDAL?

1Faculty of Arts and Sciences

Department of Environmental and Health Studies
Telemark University College

N-3800 Bg i Telemark, Norway

Abstract—Mammals use scent for communication, and olfactorgrination about sex is
often released through specialized scent glands. Ydilled marmots Nlarmota
flaviventris) posses three different scent glands, but little newn about the chemical
information in their gland secretion. With a combioatiof ethanol extraction and gas
chromatography and mass spectrometry, we investigated tiogahéPGS), orbital (OGS)
and anal gland secretion (AGS) from 9 females and 14 m&le$ound glandular differences
in gas chromatograms of PGS, OGS and AGS, and detected Bad221 compounds in
PGS, OGS and AGS respectively. AGS contained significambre compounds than OGS,
and marginally significant more than PGS. OGS and P@Sndt differ in number of
compounds. These results supported the hypothesis thatG&S and AGS have different
chemical functions. We did not find any sex differencegas chromatograms, in number of

compounds or in digital (presence/absence of compouand) analog coding (relative
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abundance of shared compounds) of PGS, OGS and AGS. Thea#ts do not support the
hypothesis that PGS, OGS and AGS code for sex. Howewverfound one marginal

significant AGS compound that might code for sex througticy coding.

Key Words—Yellow-bellied marmotMarmota flaviventrisglandular secretion, glandular
differences, sex differences, gas chromatography-mass@metry, digital and analog

coding.

* To whom correspondence should be addressed. E-maildiBasen@yahoo.no

INTRODUCTION

Chemical communication plays an important role in mahamasocial and
reproductive behavior and many species use olfactory signaend out information about
individual identity, social status, group membership, territmsyndaries, sex, age, kin and
reproduction state (Wyatt, 2003; Miuller-Schwarze, 2006). Tlwgeals are commonly
released through scent organs, and their functions bege well described for several
species of rodents (see Johnston, 2003). In rodentsuikeesian beaveiQastor fibej (Rosell
and Sundsdal, 2001) and house modas(musculus(Zhang et al., 2007) studies of gland
secretion revealed e.g. sex differences in chemaraposition.

The sources of odors often appear to be secretions freamdized glands (Brown and
Macdonald, 1985; Muller-Schwarze, 2006) and for all the stuspedies of genus Marmota it
has been reported two sudoriferous facial glands (Blumatel Henderson, 1996; Armitage,
2003), a perioral gland (Ouellet and Ferron, 1988) and an oglatad (Rausch and Bridgens,
1989). The perioral gland is situated bilaterally in theelowip at the oral angles, while the

orbital gland is present bilaterally in the skin of theaits between the ear and the eye. Both



glands secrete a yellowish aromatic fluid (RauschBndgens, 1989) and are used for scent
marking by rubbing the cheeks and oral angles against rocks, aodtother objects
(Armitage, 2003). Marmots also possess anal glands prasethiree papillae that may be
protruded from the anus (Rausch and Bridgens, 1989). The andbdlave a fatty secretion
with a strong odor, but their function is unknown.

Most scent related studies in Marmota have focused lomimg behavior by the two
facial glands (e.g. Hébert and Prescott, 1983; OuelletFamcbn, 1988; Taulman, 1990;
Meier, 1991; Bel et al., 1995; Blumstein and Henderson, 1996 yEvad Armitage, 1999).
The odor left by this activity seems to have multiplections like territorial marking,
dominance, burrow occupancy, individual identity, familiamvith the home range, and a
possible self-assurance role (Armitage, 2003).

Bel et al. (1999) reported that sex of the odor donor didnfloence the response of
males or females when they investigated orbital glancesen in alpine marmotévarmota
marmotg. Similar findings were reported by Meier (1991) who tégstes response of adult
woodchucks M. monay to perioral gland secretion. Blumstein and Hender§b906)
reported on the other hand that adult males in golden mafMotsaaudate aurearesponded
more vigorously to the orbital gland secretion of non-grenpales than of non-group males.
This suggests that males may be able to distinguish #hefgeotential signalers from their
orbital gland secretion. However, no studies have inya®d sex differences in response of
yellow-bellied marmotsN. flaviventrig to secretion from conspecific males and females.
Despite several scent related behavioral studies, bHarenly been carried out one chemical
study of gland secretion in the Marmota. Bel et al. (19@@pstigated the chemical
composition of orbital gland secretion in alpine masnbly gas chromatography-mass

spectrometry, and reported that the differences appeatetunrelated to gender.



It seems to be various contradictory findings in Mam@an@then it comes to sex
differences in gland secretion, and this should therdéeréenvestigated further. Especially
chemical analysis of compound composition is usefuleteeal sex related information in
scent. So far, no studies have investigated perioral, beth anal gland secretion of the
same Marmota species by chemical analysis.

In this study we investigated the chemical compositioglarid secretions in male and
female yellow-bellied marmots. We hypothesized thatopaf{PGS), orbital (OGS) and anal
gland secretion (AGS) have different chemical fuontdj and predicted that PGS, OGS and
AGS differ in gas chromatograms (GC) and in number ofpmunds. We also hypothesized
that PGS, OGS and AGS code for sex. We predicted 1G&, ®GS and AGS have sex
differences in GC, in number of compounds and in diggetsence/absence of compounds)

and analog (relative abundance of shared compounds) coding.

METHODS AND MATERIALS

Study Area and AnimaldVe conducted the study in Upper East River Valley,
Gunnison County, CO, USA from June 19 - 28, 2007. The yelleNied marmots were
trapped at eight different colonies near Rocky MountaatoBical Laboratory in Gothic (38°
57" 297 N, 106° 59" 06" E) (Table 1). The habitat variethiwiand between sites from
rolling grassy meadows to steeper talus, and the marmdta lpatchy distribution in sub-
alpine meadows and forest openings (Blumstein et al., 2066)yellow-bellied marmot is a
hibernating, diurnal rodent that lives in organized kin-groupasiely related females and an
attached male. Each individual group is territorial andslimeburrows (Armitage, 2003). The
species is widely distributed in the western North AozerFrase and Hoffmann, 1980;
Armitage, 2003).

We live-trapped marmots (femdie= 9, maleN = 14) by using Tomahawk live-traps



(Tomahawk, WI 54487, USA) set close to borrow entrancese@apped, each animal was
transferred to a canvas handling bag in which it wasdsexel aged before taking scent
samples (Table 1). The sex of the animal was determinedelguring the distance between
anus and genitals, while age class (adult/yearling) wasose body weight (Armitage et al.,
1976).

Scent Sample CollectioRGS N = 11) and OGSN = 15) were collected by rubbing
the glands with sterile, wooden Q-tips. This was ddweugh the front opening of the
handling bag. The marmot was kept steady during collectioanbyher person who gently
pressed its head and neck against the ground. To collect{R&22), we held the marmot
on its back, opened the rear opening of the handling lwhg>@osed the anus area. While one
person protruded the anal glands, another person squeezedbaed the openings of the
three papillae with a Q-tip. The anal glands weregteaned with alcohol to avoid feces from
contaminating the samples. We also collected corarapges rubbed in the fur of neck. After
collection, each Q-tip was placed in a labeled and datedl 4ass vial with teflon lined cap
(Lab Safety Supply®, WI 53547-1368, USA), and immediately plagedc®. All samples
were frozen at -20°C within 2 hr of collection, and kepizém until analysis. We used latex
gloves while collecting the samples to avoid contanonadf human odor. The samples were
air-shipped to Norway, placed on dry ice in a cooling box.dhecked the box after arrival,
and all samples were still frozen.

Chemical Sample PreparatioW/e removed the cotton with scent from the Q-tip with
a sterile needle, and put it in a small glass test Museadded 1 ml 99% ethanol and vortexed
for 15 sec. Different solvents were tried in a pre-stibdy,we used ethanol, which have been
reported to extract more OGS compounds than pentane andrombtbhane (Bel et al.,
1999). The compounds were extracted for 2 hr, before 2f®colution was pipetted into a 2

ml GC-vial. The test tube was covered with aluminunh doiring the extraction, to avoid



chemical contamination and loss of volatile compourdssamples were prepared at the
same time and analyzed within 24 hr. Prior to use, aletabpment were washed properly,
cleaned in acetone and baked for 12 hr at 200°C. This wagdaarmeid contamination of the

samples.

Chemical AnalysisWe used an auto-injection system (Agilent 7683 Seriestbre
inject 1 ul of the sample extraction into a Hewlett-PackardPH5890 Series Il gas
chromatograph. The gas chromatograph was equipped witigle saper HP liner (4 mm
inner diameter) with glass wool and a non-polar HP-5 B186 phenyl-methyl-siloxane
capillary column (30 m x 0.25 mm x 0.26n film thickness). A HP 5973 Series mass
selective detector with a split/splitless inlet wasr@mted and used in the splitless mode.
Front inlet temperature was set to 270°C. We used heliutmeasarrier gas at constant flow
of 1.0 ml/min, and purge flow to split vent was 49.8 ml/min@1nfiA. The initial oven
temperature was set to 40°C, and then increased 8°C/rBROf&, which was maintained for
5 min. Total run time was 44.0 min. We used a solvent ddlaynan for every run, to avoid
that the solvent damaged the detector. We re-analyzéd @l extractions from two males
and two females, to check that no compounds disappeared dusngetivd. No loss of
compounds was observed. We ran blank samples with étheiooe, in the middle and after
the scent samples to control for changes in retemitioe. No major changes was observed.

We tentatively identified each compound from retentioretand mass spectrum of its
GC-peak. Most of the compounds were determined by compamnstilicture with known
compounds in Wiley 275 Library, which contain about 70,000 knawnpounds. This was
done by a computer-aided compound search. Structures of tiiedkecompounds were
added in a new library, which we included in the computeckedhe new compounds could
then be recognized in different samples by comparing strgcamekretention times. All mass

spectra from the samples and the libraries were visgalnpared to make sure that the
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computer mass spectrometry suggestions were reasonable ti&nmain focus of our study
was to check if gland secretion code for informationuttsex, positive identification with
known standards was not attempted for any of the compoAnes.of each peak was found
by using the computer aided integration with threshold s&610. This value was chosen to
avoid integration of small peaks that originated fromkiaekground noise.

We compared all samples of PGS and OGS with contrgblesno make sure that the
marmot fur did not contribute with any chemical compound$e data analyses. We did not
do this for the AGS samples, since the anal glandsari contact with the marmot fur. We
removed all the peaks that originated from the solveriymn and fur, before further data
analyses.

Statistics.In order to test whether PGS, OGS and AGS differed @s,Gve used
partial least squares (PLS1) regression formerly used safatlg by Rosell and Steifetten
(2004). PLS1 is a multivariate calibration method that ubkesinformation in Y-matrix
actively to find the Y-relevant structure in X-matrixs{gnsen, 2002) (for details, see Rosell
and Steifetten, 2004). As a basis for comparison, thedamce of total ion detection was
measured for every time unit (165 time units/min) on thent&n scale of the GC. The
measured values formed a GC-matrix of X-variables (597¢ tineasurements) and Y-
variables (gland type of 48 scent samples). Use of Ri&kl appropriate for analyzing the
GC-matrix, because the X-variables were strongly 4ioterelated and the number of
variables was greater than the number of samples (@&{add, 1983). All values were scaled
by mean normalization to minimize the effect of ddasable variation in abundance between
the samples. Before we ran the model, we removedried8l time measurements because
they contained information that originated from the soty The method extracts a small
number of PLS1 components (PCs) which represent theargldatent dimensions of the

model. We used the values of validated R-square and root sge@ne error of prediction
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(RMSEP) to evaluate the results. Validated R-squal® abbut the predictive ability of the
model, and the closer to 1, the better. RMSEP is aunsagnt of the average difference
between predicted and measured response values, at thetipnedr validation stage. A
value closer to 0O, the better. The statistical safeaused was The Unscrambler 9.7 (CAMO
Software AS).

Gland secretions can according to Sun and Mailler-Schwgir288a, b) contain
information in digital and analog form. Since marmotdptay not are able to control for the
exact abundance of scent secreted, the absolute aburdaad compound is unlikely to be
used to code for sex. Therefore we investigated both adpeesence and relative abundance
for the compounds.

We digitally encoded the detected compounds by 0 (absedt)(jmesent) for PGS,
OGS and AGS from all individuals. The data formed a dlignatrix of X-variables (detected
compounds) and Y-variables (individuals) for each glandnFthis data we could find the
number of detected compounds within individuals, gender amtglaA compound was
defined to be sex specific if found in all males or fesaglAndersen and Vulpius, 1999). We
used the nonparametric Kruskal-Wallis test with Bonferrpast hoc test to check for
glandular differences in number of detected compounds inntheiduals. To check for
similarities within sex in digital coding of PGS, OG&daAGS, we performed a hierarchical
cluster analysis with squared Euclidean distance (Yuaah,e2004) on the digital matrixes.
We used cluster analysis because the digital matmtageed more variables (number of
compounds) than observations (number of individuals), &nd, tcanonical discriminant
analysis was inappropriate (Johnson and Wichern, 1992).

To check for analog coding, we calculated the relatwendance for each peak as the
percentage of the total area of the GC-peaks. Sex ehffes in relative abundance were

investigated for compounds that were shared by at leasifaless and four females. This was
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done by using a two-tailed Mann-WhitnBytest, which requires minimum four observations
of each sex (Zar, 1998). Due to low sample size, we wmelyeable to investigate analog sex
differences for six compounds in AGS and one compound in.P@& used only
nonparametric statistics since the data did not fit agsans of distributions and
homogeneity of variance for parametric analysis (SokdlRohlf, 1995). We set significant
level toP < 0.05, and defined B-value between 0.05 - 0.1 as marginal significant (see@ha
et al., 2008). Statistical analyses were conducted by &R&S for Windows (version 15.0;

SPSS Inc.) and Analyse-it® Standard Edition (Analysseitware, Ltd).

RESULTS

Glandular DifferencesOf a total of 43 different tentatively identified conypals, we
found 15 compounds in PGS & SD = 3.90 + 2.43), 22 compounds in OGSH SD = 3.00
+ 3.52) and 21 compounds in AGS £ SD = 5.72 + 2.25) (Table 2). It was a significant
difference between number of compounds in PGS, OGS ar&l (K&iskal-Wallis testH =
15.59,df = 2,P < 0.001,Npcs= 11,Nocs = 15,Nacs = 22). Bonferroni post-hoc test showed
that AGS contained more compounds than OBS (.001), and marginally significant more
than PGSR = 0.074). OGS and PGS did not differ significantly in numiferompoundsi
= 0.24). When investigating males and females separatelfound significant differences in
number of compounds between OGS, PGS and AGS in botheerfb+ 9.21,df = 2, P =
0.01,Npcs= 4,Nocs= 6,Nacs = 9) and malesH = 6.81,df = 2,P = 0.03,Npgs= 7,Nocs= 9,
Nacs = 13). Bonferroni post-hoc test revealed that AGS conatimore compounds than OGS
(malesP = 0.02, female$® = 0.003), male AGS did not contain more compounds than male
PGS (maled? = 0.67), and female AGS contained marginally significantarmmpounds
than female PGS(= 0.08). OGS and PGS did not differ in number of compounds themei

males P = 0.59) nor femaled(= 1.0).

13



A comparison of GCs by PLS1 showed differences in coriposbetween PGS,
OGS and AGS. The OGS and PGS samples were clusteoasvinbbvious groups, while the
AGS samples were more scattered (Figure 1). Despite sivarlap, the groups showed a
clear tendency of separation. Of the total variatiathiwv all GC, PC 1 explained 75% of the
X-variance and 42% of the Y-variance, while PC 2 explaik®%¥% of the X-variance and 42%
of the Y-variance. Validated R-square = 0.84, and RMSERSZ: 0.

GC Comparison of Sex Differenceés.visual examination of male and female GCs
showed no consistent qualitative sex differences ithereof the glands, i.e. it seemed to be a
great variation in the presence and absence of peakedretine individuals. Figure 2a-f
show typical GCs of PGS, OGS and AGS from adult matesfemales.

Digital Coding.In PGS we found six compounds (no. 5, 6, 10, 21, 22 and 28)ronl|
males, but no compounds were found in all of them. Congpoon 5 was present in five of
seven males. Three compounds (no. 12, 13 and 38) were onty ifodemales, but none of
these were shared by more than one individual. Six compdands, 9, 31, 33, 41 and 43)
were shared by both sexes (Table 2). We found no sexehifes in number of compounds in
PGS (Mann-Whitney test,U = 10.5,Nnajes= 7, Nfemates= 4, P = 0.50).

In OGS we found 17 of 22 compounds (no. 1, 2, 3, 4, 5, 7, 14,9121, 22, 24, 26,
28, 33, 36 and 42) in males only, but none of these were shvamedre than one individual.
One compound (no. 34) was only found in a female and foupconas (no. 8, 9, 31 and 37)
were shared by males and females (Table 2). Compound naas3the/ only compound that
was found in at least four males and four females. Wadmo sex differences in number of
compounds in OGSJ = 26.5,Nmates= 9, Niemales= 6,P = 0.95).

In AGS we found eight of 21 compounds (no. 14, 16, 17, 23, 28B3and 39) in
males only. Compound no. 35 was found in four males, whilgpoand no. 16, 23 and 26

were found in two males. One compound (no. 25) was only foufemales, but only in one
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animal. We found 12 compounds (no. 8, 9, 11, 12, 13, 15, 20, 27, 33 38d 40) that were
shared by males and females, and six of these were presainteast four males and four
females (compound no. 8, 9, 13, 31, 38 and 40) (Table 2). CompmurigiL. and 40 were
found in all the animals. We found no sex differencesumber of compounds in AGS €&
13.0Nmates= 13, Niemaies= 9, P = 0.81). The hierarchical cluster analyses revealed no obvious
separation between males and females in neitheeaflimd secretions (Figure 3a-c).

Analog Coding We found that females had a marginal significant higledative
abundance of compound no. 9 (hexadecanoic acid, ethyl @3ter$5.0,Nmajes= 8, Nfemales=
7, P =0.083) in AGS. We found no sex differences in relativengance of the other five
shared compounds in AGS (Mann-Whitngytest, all P > 0.14). The shared compound in
OGS (no. 31) did not either differ in relative abundancevéenh males and femaled &

14.0,Nma|es: 5, Nfema|e5: 6, P = 056)

DISCUSSION

This study is the first to investigate chemical compoumdscmposition of gland secretion
in yellow-bellied marmots. Our results supported the hypmhihat PGS, OGS and AGS
have different chemical functions. PGS, OGS and Af#tered in GC and in number of
compounds, as we predicted. The study did not support thehegm that PGS, OGS and
AGS code for sex, and neither of the predictions veengported. However, we found one
marginal significant AGS compound that might code forteexugh analog coding.

Glandular differences like we found in this study wer® atgported from ringtailed
lemur (Lemur cattd where three different glands were compared (Scoetadb, 2007). They
concluded that the lemur glands sent out different kinchfofrination, and we suggest the
same for PGS, OGS and AGS in yellow-bellied marnibite. PLS1 showed that AGS varied

much more in composition than PGS and OGS that hadnessglandular variation. This
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might imply that AGS has a more individual specific gmsition, or simply just contain a
broader range of compounds.

The fact that AGS also seem to contain more chdrodarapounds than PGS and OGS
can indicate that anal glands are used for some kinceot snarking, unlike what earlier has
been suggested by Armitage (1974) and Rausch and Bridgens (198@)stateel that anal
glands were not used for scent marking, but in agnakssiglays and under conditions of
stress and anger. Scent marking by AGS is on the o#imel $supported by Bopp (1954) who
found deposited AGS from alpine marmots near logs in éiftestudy colonies. Also the
woodchucks use their anal glands, and Haslett (1973) suggestéaetheleased scent might
serve as an alarm signal that inhibits the activitycarfspecifics. To better understand the
function of anal glands, AGS should be investigated durttyy behavioral and chemical
studies of a larger number of animals.

In contrast to chemical studies of for example hauseise (Zhang et al., 2007) and
steppe polecatMustela eversmann{Zhang et al., 2003), we did not find any significant sex
differences in analog coding of shared compounds in mardast Blowever, compound no. 9
had a marginal significant higher relative abundanceimate AGS, and would probably be
significant with a larger sample size. This compound gteganoic acid, ethyl ester) might
therefore be important for sex discrimination in matsn&imilar studies of scents from e.g.
giant pandaAiluropoda melanoleugaZhang et al., 2008) and white-tailed de@d@coileus
virginianug (Gassett et al., 1996) found differences in analog godby using 0.1 as
significant level. We discussed this option, but evemghathis would have given significant
differences in analog coding of AGS, we chose to heemost common level (0.05) in this
kind of chemical studies. However, our results imihigt AGS might code for sex through

analog coding.
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In contrast to Rosell and Sundsdal (2001) who found sexedeaC patterns in AGS
from Eurasian beaver, we could not recognize any visufrdifces in GCs between male
and female PGS, OGS and AGS. A visual examinationvsrtieeless a limited method for
comparing GCs. A multivariate calibration method like PL8duld probably be more
appropriate for comparing GC from each gland (Esbensen, 28ell and Steifetten
(2004) found clear sex differences in anal gland secretioBuodsian beaver and North
American beaver@. canadensjsby using PLS1. Unfortunately, our data did not fit this
regression model due to low residual validation variance.

We found relatively few compounds in the OGS comparedhat Bel et. al (1999)
found in alpine marmots. They identified 30 compoundswiesie found in at least 50% of 24
OGS samples from alpine marmots. This is in strongtrashto the one single OGS
compound that we identified in more than half of our afgmdowever, there might be great
differences in number of detected compounds in gland tgactref different species. Even
within the three species of the Hyaenidae family did Bsglet al. (1990) find differences in
number of detected compounds. They found nine compounds in bngema Hyena
brunneg, eight compounds in spotted hyer@rdcuta crocuty but only two compounds
were found in striped hyen&l( hyend. These results are in accordance with the diffexenc
within the Marmota species.

The digital encoding revealed several compounds thag way found in one gender.
However, most of them were only found in one or twaviddials, and none were present in
all the animals of a particular sex. Therefore, idificult to say whether any of these
compounds really code for sex. We would expect thatpomds that code for maleness
would be present in all the males, but this was not fomroir study. It is still possible that
different age classes have unequal sex specific compoviedding yellow-bellied marmots

have been reported to scent mark with the perioraldglabut however, this is most common
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among dominant males and females (Armitage, 1976). The auigts therefore have a
more developed scent containing more information than sftem yearlings. This is
supported by Rausch and Bridgens (1989) who reported that botal gtaind and perioral
glands did not attain full development in marmots ld®en tree years of age. We did not
separate between yearlings and adults in our analygighis should be done with a larger
sample size.

The compounds detected in only one or two individuals arkaily less likely to be
an important part of chemical communication than thbaedccur regularly. This means that
23 of 43 compounds do probably not play an important role.p@and no. 31 (cholest-5-en-
3-ol) and no. 40 (a steroid) were in contrast found in AG% all the investigated animals,
and we also found compound no. 35 (a steroid) in AGS fromdbli8 males and compound
no. 5 (ethyl laurate) in PGS from five of seven malegrif these compounds do not code
for sex, they might have an important function withwe tspecies. Our findings imply that
information about sex is not digitally coded in any of three gland secretions, and this is
supported by the lack of sex related separation betweemdheduals in the hierarchical
cluster analyses. Contrary to what we expected, wenalidind any of the compounds that
Bel et al. (1999) found by chemical analysis of OGS fr¢pma marmots.

Behavioral studies of OGS in alpine marmots (Bel ef 4899) and PGS in
woodchucks (Meier, 1991) support our findings by suggesting thatteers from these
glands do not contain information about sex. Most yikelscent marking by PGS and OGS
in yellow-bellied marmots used for other purposes. Bty Armitage (1999) reported that
marmot scent marking by PGS is a multipurpose activitly ghavides cues for young of the
year to learn safe areas in the home range, impartdigiaty with the burrow area,
communicates burrow occupancy, and functions in temitalefense. The orbital gland is

used for scent marking through cheek-rubbing by territorial malesdefend their territory
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(Armitage, 1974, 1976). This can imply that PGS and OGS fyelow-bellied marmots
code for information about family, group or individualhat than sex.

Even though no information about sex was found in PGS &8, @harmots might
send out sex related cues in other ways. The compositioraofmalian glandular secretion
can vary a lot within a species, and might code for médon about e.g. sex, age,
individuality, kin or group through a complex mixture of ohieal compounds (Albone, 1984,
Brown and Macdonald, 1985). This means that biological indtion about the scent donor
might be coded through a complex mix of compounds of varygd@ance (Albone, 1984).
This will not be detected through analog and digital codmdg, might be revealed by field
bioassays.

It is reasonable to question if we used the right soh@néxtracting compounds. We
detected far less compounds in OGS than Bel et al. (19¢8),iewe used the solvent that
they found was best for extracting OGS compounds fromelmarmots. By conducting a
more thorough pre-study of different solvents, more camgs might be detected. Bel et al.
(1999) also used scents that were taken from anaesthatiradls. This might give a chance
of getting better samples with more secretion onQkes. Another opportunity is to collect
scent from glands of recently died animals. We sudpetithe collected amount of secretion
have been too small in this study. However, scent c¢alleof PGS and OGS from live-
trapped marmots is a procedure that is formerly used foaviie studies with good results
(Blumstein and Henderson, 1996; Brady and Armitage, 1999).

This study has shown that yellow-bellied marmots haiterdnces in chemical
composition of the gland secretion. This suggests thatt6S, OGS and AGS might be used
for different purposes. We have also found that AGS tregle for sex, but this should be

investigated further be behavioral and chemical studies.
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TABLE 1. PERIORAL, ORBITAL AND ANAL GLAND SECRETIONFROM YELLOW-

BELLIED MARMOTS (N = 23) OF DIFFERENT SEX, AGE, AGE CLASS AND

REPRDUCTIVE STATUS

Individuaf SeX Age Age clas§é Status

Colony

Samples collected

PerioraDrbial Anal

No ear
4682
4340
4121
4655
4657
4691
5113
5854
4447
4964
4187
4337
4517
4754
4867
4963
5059
5167
5287
5735
5853
6000

=

TN NEEnnnEEnETn<sZ

6

R RPFRPPRPPRPRERPPPPPPNONDNNDNOWLOW®WW®WWPEOO

A

< << <K<K <<k << <K< <>>>>>>>>>>

Reproductive
Reproductive

Beaver Tallus
River

Possibly reproductivéHorse/mound

Reproductive

Possibly reproductivéMarmot meadow

Reprodutive

Horse/mound

River/ bench

Possibly reproductivdBench

Reproductive
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive
Reproductive

Town
Stonefield
River/bench
Horse/mound

Marmot meadow

Stonefield

Marmot meadow

River
River

X
X
X

X

Marmot meadow X

Marmot meadow

Bench

Marmot meadow
Marmot meadow

Bench
River/bench

& Left ear tag.

®M = male, F = female.
“Yearling < 2 kg, adult > 2 kg (Armitage et al., 1976).
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TABLE 1. TENTATIVELY IDENTFIED COMPOUNDS IN PERIORALORAL AND

ANAL GLAND SECRETION AND THEIR FREQENCIES IN MALE AD FEMALE

YELLOW-BELLIED MARMOTS, MARMOTA FLAVIVENTRIS (N = 23)

GC Retention Tentatively identified compounds Molecular Perioral gland Orbital gland Anal gland
peak time®
no. _ (min) weight  o(n=4) d(N=7) Q(N=6) J(N=9) Q(N=9) J(N=13)
1 13.608 2-phenylethanethiol 138 1
2 15.650 Benzenepropanethiol 152 1
3 17.287 Long hydrocarbonchain 198 1
4 17.397 Ethyl caprate 200 1
5 20.450 Ethyl laurate 228 5 1
6 22.828 Unknown 346 1
7 23.200 Tetradecanoic acid 256 1
8 24.216 1,2-benzenedicarboxylic acid, bis (2-methylpromgdjer 278 2 3 3 2 4 6
9 25.715 Hexadecanoid acid, ethyl ester 284 3 4 3 4 7 8
10 26.579 Manool 290 2 1
11 27.202 Unknown 311 1 1
12 27.663 Linoleic acid, ethyl ester 308 1 1 1
13 27.728 9-octadecenoic acid 310 1 6 5
14 27.997 Long hydrocarbonchain 322 1
15 28.008 Octadecanoic acid, ethyl ester 312 3 2
16 28.052 Elaidinic acid, isopropylester 324 2
17 28.528 Unknown 322 1
18 29.878 Unknown 340 1
19 29.919 Unknown 342 1
20 30.443 Phenol, 2,2"-methylenebis [6-(1,1-dimethylethyljaéthyl 340 1 2
21 31.840 A wax ester, tridecyl undecanoate 368 1 1
22 33.667 A wax ester, tridecyl pentadecanoate 396 2 1
23 33.762 A steroid 368 2
24 34.715 Unknown 366 1
25 34.728 Unknown 366 1
26 34.893 A steroid 368 1
27 34.904 A steroid 368 1 4
28 35.355 A wax ester, tetradecyl tetradecanoate 424 2 1
29 36.294 Unknown 400 2
30 36.484 Unknown 429 1
31 36.730 Cholest-5-en-3-ol 386 1 4 5 6 9 13
32 36.819 Dihydrocholesterol 388 1 2
33 36.944 A wax ester, hexadecyl tetradecanoate 452 1 2 1
34 37.464 A steroid 382 1
35 37.630 A steroid 400 4
36 37.766 A steroid 416 1
37 38.755 Unknown 424 1 3
38 38.773 A steroid 424 1 4 7
39 38.782 Unknown 424 1
40 39.025 A steroid 410 9 13
41 39.409 Unknown 468 2 1
42 39.577 Unknown 480 1
43 39.686 Unknown 468 1 3
Total number of compounds 9 12 5 21 13 20

a L
Mean value of the retention times.
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Figure legends

Figurel
Partial least square (PLS1) regression score plots ishothe position of each gas
chromatograms of yellow-bellied marmotdMarmota flaviventriy on the first two

components for perioral (N = 11), orbitalo (N = 15) and anal gland secretign(N = 22).

Figure 2

Typical gas chromatograms of perioral (a = male, bmdle), orbital (c = male, d = female)
and anal (e = male, f = female) gland secretion irtagillow bellied marmotsNlarmota
flaviventrig. The x axis is time in minutes, ang axis is abundance. Peak marked with
numbers in the chromatograms are tentatively identibesd 5, ethyl laurate; 81,2-
benzenedicarboxylic acid, bis (2-methylpropyl) eserhexadecanoic acid, ethyl ester; 10,
manool; 12, linoleic acid, ethyl ester; 13, 9-octadecenoid; 24, unknown; 25, unknown;
30, unknown; 31, cholest-5-en-3-ol; 33, a wax ester, hexatigicgtlecanoate; 34, a steroid;

35, a steroid; 36, a steroid; 37, unknown; 38, a steroid; 39pwmkand 40, a steroid.

Figure3

Dendrogram of hierarchical cluster analysis with squaredidean distancéor perioral (a),
orbital (b) and anal gland secretion (c) from yellovlibé marmots Klarmota flaviventri}.
Labels indicate the sex and individual numbers (left ehthe marmots. “M” indicates male

and “F” indicates female.
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Figure 2
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Figure 2 continued
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Figure 2 continued
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Figure3
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Figure 3 continued
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Abstract—Use of scent communication appears in most carnivares,many of them use
anal gland secretion (AGS) and feces as sources adtotly information. The scent can
contain various types of information, and sex relategs@re found in many species. Little is,
however, known whether the brown bedrqgus arcto¥ use AGS and feces in intra-specific
communication. We investigated AGS and feces from 29 feewing bears by gas
chromatography-mass spectrometry. We found 90 compouradegm 74, females = 59) in
AGS and 138 compounds (males = 96, females = 123) in fecegefuts supported the
hypothesis that AGS and feces code for information afexitThe predictions that male and
female AGS differ in gas chromatograms (GC), in amatoding and in color, were all
supported. So was also the prediction of sex differeinc€€s from feces. The predictions of
sex differences in number of detected compounds and italdagnding of AGS were not
supported. Neither were the predictions of sex diffexeno number of detected compounds
and digital and analog coding of feces. Both AGS andde&ode for sex, and might be used

by bears for sex determination and in scent marking.
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INTRODUCTION

Olfactory communication plays an important role in maahan social and
reproductive behavior, and many species use scent to semfaymation about individual
identity, reproductive status, territory boundaries and rkiations (Wyatt, 2003Mduller-
Schwarze, 2006). The odor is often released through fedes,and different kinds of scent
glands, and contains a mixture of chemical compounts varying volatility (Brown and
Macdonald, 1985; Wyatt, 2003).

Use of olfactory cues appears in most carnivores (Macdpt8B5; Halpin, 1986),
and has been investigated in several species of musielidsanids (e.g. Bowen and Cowan,
1980; Roper et al., 1986; Hutchings and White, 2000; Barja et al., Z2DO®Bmon for many
of the carnivores is that they use anal gland searéf&S) for scent marking in order to
send out olfactory information (Macdonald, 1985). The arahdg are normally situated in
the cloaca area, and the secretion is discharged thrdugts just internal to the anus
(Dunstone, 1993). The gland secretion might be deposit atepar(Asa et al., 1985;
Dunstone, 1993), but many species deposit AGS on the feass defiecating (Macdonald,
1980; Gorman and Trowbridge, 1989). The secretion can diffeolor, and Rosell and Sun
(1999) and Buesching et al. (2001) found that the color mightayivéenformation about the
donor.

Few studies have investigated AGS within large and ram@voaes, but studies of

captive giant pandasA{luropoda melanoleugahave reported that they posses large anal
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glands that secrete a waxy substance (Schaller,et95). There have been no studies of
AGS in the other seven (Breiter, 2008) bear species, @adntclear whether they posses anal
glands or not. Pocock (1921) reported that he had found yreatliced anal sacs in the
American black bearUrsus americanys but he did not find them in the brown beék. (
arctog. His findings were supported by Dyce et al. (1996jo stated that bears do not
possess anal glands. However, Landa and Tammeras (196 A@Sefrom a brown bear in a
bioassay, without describing how they obtained the sargyen though this indicates that
brown bears posses anal glands, no anatomical dexatson the structures of the glands.

Swaisgood et al. (1999) suggested that captive giant pandakeirsanal glands in
scent marking behavior. The AGS is left as social $sgwéthin the habitat, and the pandas
can determine the sex and age of the AGS donor and ndisate between different
individuals (Swaisgood et al., 1999; Yuan et al., 2004). Chenmeaktigations supported
these findings by revealing that AGS compounds coded forYaean(et al., 2004; Zhang et
al., 2008). Sex differences have also been revealed diyical studies of AGS from other
carnivores (e.g. Zhang et al., 2002; Zhang et al., 2005)t antherefore likely to find this in
brown bears as well.

Feces are also used in mammalian scent marking, dfedtedt messages are
conveyed by the odor (Macdonald, 1980). Ottdrstréd lutra) use spraints of feces to
communicate the use of key resources like food or sheltele Iberian wolvesCanis lupus
signatu3 and badgersMeles melesuse feces to mark their territory boundaries (Hutchings
and White, 2000; Barja et al., 2005). Badgers often leave tbe#s in latrines for intra-
specific communication (Buesching and Macdonald, 2001), and thavibehs also found
within bears. Yoganand et al. (in press) reported thatstbth bear Melursus ursinus)
sometimes left their feces at the base of markiegstrwhile Mealey (1980) observed that

grizzly bears (J. a. horribilis) left some feces in latrines. Kilham and Gray (2002) sugdest
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that also the American black bears use feces for sgralit olfactory messages. All these
findings imply that bear feces might contain informatused in social communication. This
is supported by Tschanz et al. (1970) who described how captwen bears could
distinguish the sex of another bear from feces. Howetves still unclear whether this was a
result of sex related compounds in fecal odor or INNBGS deposited on the feces.

Even though sex differences in fecal odor are found herotarnivores, these
differences might be caused by deposited AGS. Howaweesiigation of domestic dog€ (
familiaris) showed that feces without AGS contained informatibaut sex (Dunbar, 1977).
Barja et al. (in press) found that Iberian wolf fecestained sex and stress hormones, and it
is therefore likely to assume that also brown beae$ might contain sexual related cues.
Despite that several chemical studies have investg®GS, the knowledge about the
chemical compounds in feces is limited. So far, no stuidge® investigated the chemical
composition of feces within the Ursidae.

The main reason why little is known about olfactorynoaunication in bears is
probably that they are rare and hard to obtain frestpks from. They are difficult to
capture, and the access to study animals is low. Becétisis das only scents from captive
animals been used in former chemical studies of beags $waisgood et al., 1999, Yuan et
al., 2004; Zhang et al., 2008). This might give results thatnat representative for wild
animals (Muller-Schwarze, 2001). Our study is the firsink@stigate AGS and feces from
free ranging bears by chemical analyses.

Former chemical studies of mammalian scent have wsgtus methods for
investigating sex differences (Table 1). The methods utselt characteristics of the scent
to check for sex differences, and to date, no specieBd@msexamined by all these methods.

In this study we used five different methods to investigatedifferences in AGS and feces.
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We hypothesized that that brown bear AGS and fecesfoodex, and predicted that
AGS and feces have sex differences in gas chromatsgi@®), in number of compounds,
and in digital (absence/presence of compounds) and analtagi@ abundance of shared
compounds) coding of chemical compounds. We also predibtgdthe color of the AGS

differed between males and females.

METHODS AND MATERIALS

Study Area and Animal3he study was conducted in Dalarna and Gavleborg counties
in south-central Sweden (8, 14’E) (Figure 1). The counties are within the southern dart o
the Scandinavian brown bear population (Sahlén et al., 206 ,a bear density at ~30
bears/ 1.000 kfn(Zedrosser et al., 2006). The area is dominated by faaestthe most
common species is scots pirfdin(us sylvestris Other common species are Norway spruce
(Picea abies) birch (Betula spp.) aspen(Populus tremulajand the planted lodgepole pine
(Pinus contorta) The forestry is intensive in the area, and togeth#r wads, mires and
lakes it makes a patchy landscape.

A total of 29 free ranging bears were used in the study. Taes veere darted and
immobilized from a helicopter, using a remote drug delivestesy (Dan-Inject®) with a
combination of tiletamine/zolazepam and medetomidine (Ammand Fahlman, 2007). The
animals were sexed by checking the genitals. Age determinafidears that were not
captured as yearlings, was based on cementum annuli inglmlar tooth root (Matson et
al., 1993). The first premolar tooth in the upper jaw wasyapdl at Matson's Laboratory
(Milltown, MT, USA). Male age differed from two to 17 ysavhile female age differed from
three t0o18 years (Table 2). All animals were equipped with a glglositioning system
(GPS) collar including a global system for mobile comroation (GSM) lateral modem

(VECTRONIC Aerospace GmbH, Berlin, Germany). The cdllared a universal transverse
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mercator (UTM) position every 30 min, and these pasitivere downloaded to a database
every morning.

AGS and Feces Collectiolwe collected AGS samples from 17 bears (n\tke 5,
femaleN = 12) during two periods prior to the mating season (Aprit May 18, 2007 and
April 6 - 30, 2008). The immobilized bear was lying on the sithen we squeezed out AGS
by hand by putting a pressure on each anal pocket sepafdialgmples were put on labeled
and dated 40 ml glass vials with teflon lined cap (Lab $a%etpply®, WI 53547-1368,
USA).

We collected 17 samples of feces (mblle= 4, femaleN = 13) between June 1-12,
2007. To find feces we visited daybeds were the bears resigdine day. These daybeds
(clusters of positions between 06.00 am to 06.00 pm) werndifidd by visual cluster
analyses of UTM coordinates from the database. Thdysata were performed in a
Geographic Information System platform (ArcView® GIS 3\ walked into the daybed
locations and looked for feces within a radius of 30emsefRauset, 2006). We only collected
feces from daybed locations with only one daybed. If wandotwo or more fresh daybeds,
the feces in the area could theoretically be fronuknown bear in company with the GPS-
collared one. As a compromise between getting relatifedgh samples and avoiding
disturbance of the bears, we only collected sampbaswhre 12-30 hr old. We put the feces
in labeled and dated 500 ml glass vials with teflon lined(cap Safety Supply®, WI 53547-
1368, USA).

We always used latex gloves during collection of AGSI daces, to avoid
contamination by human scent. All AGS and feces wammadiately placed on ice after
collection. The samples were frozen at -20°C within 1@floollection, and kept frozen until
analysis. We transported the samples in a cooling ddlket laboratory in Norway, and they

all kept frozen during transport.
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AGS Color ComparisonWe used the natural color system (NCS) (Scandinavian
Colour Institute, Stockholm, Sweden) to check for sdferdince in the color of male and
female AGS (Rosell and Sun, 1999). The color of theesietr was ranked by eye into 12
categories from 1 = light to 12 = very dark (Bueschind.ef@01).

Chemical Sample PreparatioWVe performed a pre-study with different kinds of
solvents, and found that toluene-methanol 3:1 extractet coagpounds from the AGS. This
solvent was also successfully used by Rosell and Sun@tHl) for detecting compounds in
the AGS of Eurasian beavetdstor fibe). We transferred 0.1 gram of AGS into a small glass
test tube by using a sterile needle. We added 1 ml of tolnetiganol 3:1, and vortexed the
solution for 15 sec. The compounds were extracted for @ lwam temperature before we
centrifuged the sample for 3 min at 3500 rpm. We coveredléss test tube with aluminum
foil during extraction and centrifugation to avoid loss wdlatile compounds. After
centrifugation, we pipetted the particle free solutiao ia GC-vial. This solution was used in
the analyses.

We extracted compounds from feces by using solid-phase micogsn (SPME)
(Pawliszyn, 1999). This method is previously used to extranpoands in scent frorsian
elephant (Dehnhard et al., 2003). Different types of SPidé&d were tested in advance of
the study, and the 50/30um Divinylbenzene/Carboxen/Polydimethylsiloxane
(DVB/CAR/PDMS) fiber (Supelco, Inc., Bellefonte, Pennsylia, USA) extracted most
compounds. For extraction of chemical compounds in fagesyeighted 100 grams into a
250 ml glass beaker, which was covered with aluminuntdgarevent volatile compounds to
emerge. This headspace technique extracted only the votatigounds.

We used the SPME fiber in a headspace technigue, meaningeH#er was inserted
through the aluminum foil and kept in the air above #e=$ for 10 minutes. The feces were

heated up to 4C to release more volatile compounds. Prior to usdaladiratory equipment
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were washed properly, cleaned in acetone and baked for 42200 °C. This was done to
avoid contamination of the samples.

Chemical Analysisin all analyses we used a Hewlett-Packard (HP) 6890 Skgas
chromatograph equipped with a non-polar HP-5 MS 5% phenyl-msilbyane column (30.0
m long x 0.25 mm ID x 0.2%um film thickness) connected to a HP 5973 Series mass
spectrometer detector with a split/splitless inledusethe splitless mode. We used helium as
the carrier gas at a constant flow of 1.0 ml/min, amditfection port temperature was set at
270°C. Purge flow to split vent was 49.8 mI/min@1.00 min. Thgtrument was regularly
calibrated to detect possible changes in the sensitivitth@finstrument. This prevented
unstable conditions during the work.

We injected 1ul of the particle free AGS solution into the gas chabmgraph-mass
spectrometer (GC-M)y using an auto-injection system (Agilent 7683 Series Injpcide
used a HP single taper liner (4 mm inner diameter) witbsgleool, and set the solvent delay
to 5 min for every run, to avoid damaging the detectbe ifitial oven temperature was set to
55°C for 2 minutes, and than increasé€mnin to 316C, which was maintained for 5 min.
The entire run lasted for 49.50 min. The first 8 min wermirhted for further analysis
because all peaks in this interval stemmed from eitieesdlvent or the column.

For analyzing the feces, the SPME fiber with extraatedhpounds was inserted
manually into the GC-MS equipped with a HP single tdiper (0.75 mm inner diameter).
The initial oven temperature was set td@aor 5 minutes, and than increasedC/2nin to
300°C. The entire run lasted for 26.67 min. Before every the,fiber was conditioned for
one hour in the injection port to avoid contaminatafnprevious samples. We ran control
samples before, in the middle and after all the AG& faces samples to control for changes

in abundance or retention time. No major changes oleserved.
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We tentatively identified compounds by matching the r@arnime and mass spectra
of the GC peaks with structures of 70,000 known compound®ilViley 275 Library. This
was done by a computer-aided compound search. Structures aftfi@decompounds were
added in a new library, which we included in the computeckedhe new compounds could
then be recognized in different samples by comparing shesand retention time. The mass
spectra from the GC peaks and from the library wesmally compared to see if the
suggestions from the computer were reasonable. A posgieveification of the compounds
through known standards was not conducted, because thiowde focus of this study.

The area of every peak was found by a computer-aidedratien. We set the
threshold to 17.0 for the AGS and 18.0 for the feces todawmbegration of peaks which
stemmed from background noise. In order to quantify thativel abundance of each
compound, we converted the single peak area into the pegeearitéhe total peak area of the
GC.

Statistics. Scent can communicate information trough a mixed compasitf
chemicals which can be investigated by looking at GC.deraio check for sex differences in
chemical composition of AGS and feces, we compared I¥Qssing visual inspection. We
also used partial least squares (PLS1) regression forrmaedg by Rosell and Steifetten
(2004). PLS1 is a multivariate calibration method that ugesmation in Y-matrix actively
to find the Y-relevant structure in X-matrix (Esbens2002) (for details, see Rosell and
Steifetten, 2004). As a basis for comparison, the abuwedans measured for every time unit
(165 time units/min) on the retention scale of the Gl measured values formed two GC-
matrixes of X-variables (7012 time measurements in the, AB& 4388 in the feces) and Y-
variables (sex of donors of 17 AGS samples and 17 feoeplss). PLS1 was appropriate
because the X-variables were strongly intercorrelatebithe number of variables was greater

than the number of samples (Wold et al., 1983). All valwese scaled by mean

42



normalization and standard normal variate (SNV) to mirenthe effect of considerable
variation in abundance between the samples. Du@wosbmple size, we used leverage
correction to estimate the prediction residuals. Thghtrgive an optimistic result (Esbensen,
2002). The PLS1 method extracts a small number of PLS1 cwnso(PCs) which represent
the relevant latent dimensions of the model. We usedéfues of validated R-square and root
mean square error of prediction (RMSEP) to evaluatedbelts. Validated R-square tells
about the predictive ability of the model, and the clowe 1, the better. RMSEP is a
measurement of the average difference between preédicie measured response values, at
the prediction or validation stage. A value closer thébetterThe statistical software used
was The Unscrambler 9.7 (CAMO Software AS).

Olfactory information can also be sent out throughtaigand analog coding of
chemical compounds in the scent (Sun and Miuller-Schwd@@8a, b). This method is
formerly used together with analysis by gas chromatograpdss spectrometry for revealing
sex differences in composition of carnivore scent (@4ah! We used this idea of coding when
investigating sex differences in detected compounds in A@Seaes.

We encoded the tentatively identified compounds by 0 (abaadt)l (present) for all
samples, and these data formed two digital matrixesdriables (detected compounds) and
Y-variables (individuals). From the matrixes we could stigate the number of detected
compounds within individuals and sex. Sex differences inbaunof detected compounds
were analyzed by using the Mann-Whitngyest (Zar, 1998). A compound was defined to be
sex specific if found in all males or females (Anderaed Vulpius, 1999). To check for sex
difference in digital composition of male and female®\and feces, the digital matrixes was
used in a hierarchical cluster analysis with squared Eaclidestance (Yuan et al., 2004). We

used cluster analysis because the matrixes had moablearinumber of compounds) than
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observations (number of individuals), and therefore caabrdiscriminant analysis was
unsuitable (Johnson and Wichern, 1992).

We checked for sex differences in analog coding of AGEfaces by using relative
abundance of each compound in quantitative analyses. Marnndi/li test was used to
investigate the difference between the sexes. We alsbM@en-WhitneyU test to compare
the color of the AGS from males and females. Non pataentest were used in all statistics
because our data did not fit the assumption of normafilison and homogeneity of
variance for parametric analysis (Zar, 1998).

We used SPSS for Windows (version 15.0; SPSS inc. 1999| &tatstical analysis.
The significant level was set #© < 0.05, and we defined R-value between 0.05 - 0.1 as

marginal significant (see Zhang et al., 2008).

RESULTS

Anal Gland Description.The brown bear possessed two-paired anal glands, which
were located on each side of the anus (Figure 2). We meeeble to collect AGS from all
animals, as some of the anal glands seemed to be efhgtgecretion had a clayey substance
with an unpleasant smell. No obvious sex difference aeected by the human nose. The
color of the AGS differed from nearly black to light gryable 3), and the male AGS
showed a significantly darker color than the female AGI&nn-WhitneyU test,U = 7.5,
Nmale= 5, Ntemale= 11,P = 0.02).

GC ComparisonWe found no clear sex difference in chemical composibf AGS
through visual inspection of GCs of male and female brd&ars (Figure 3a and b).
However, a tendency was present. Four compounds seemeslediigher peaks in female

than in male brown bears, and one compound seemed to ke Abundance in male than
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in female brown bears. We found sex differences ifa@bes through visual inspection of the
GCs.

The comparison of male and female GCs by PLS1 showex diference in both
AGS and feces. Despite some overlap, the PLS1 sdore @f AGS (Figure 4) and feces
(Figure 5) showed a clear tendency of male and female separ®f the total variation
within the AGS GCs, PC 1 explained 39% of the X-variarmoeé 30% of the Y-variance,
while PC 2 explained 20% of the X-variance and 38% of tharfance. Validated R-square
=0.82, and RMSEP = 0.20. Of the total variation withinetes GCs PC 1 explained 11% of
the X-variance and 46% of the Y-variance, while PC [@ared 28% of the X—variance and
17% of the Y-variance. Validated R-square = 0.88, and RMS&RA4.

Digital Coding. We found 90 compounds in brown bear AGS. In general these
compounds were classified as fatty acids, hydrocarl@ms different steroids. Of the
compounds where we could determine the molecular weldiit)( 68% were above 300
MW (Table 4). We found 138 compounds in brown bear fecesc®hgwounds in the feces
were classified as alcohols, sulfur compounds, organasaesters and hydrocarbons, and
100% of the compounds that we could determine the MW ofpetasv 300 MW (Table 5).

In the AGS we found a total of 74 (+ SD = 38.00 + 8.87) different compounds in
males and 59X + SD = 29.14 + 7.78) compounds in females. There were ndifesence
in total number of detected compounds$ £ 6.5, Nmae= 4, Niemale= 7, P = 0.12). Of the
compounds identified in the AGS, no. 7, 10, 11, 16, 17, 19, 23, 280281, 33-35, 38, 40,
43, 46, 50, 53, 62, 65, 67, 72, 75, 81, 84 and 86-89 were only found in aralesympound
no. 1-4, 6, 12, 22, 29, 32, 47, 54, 66, 68, 77, 82 and 90 were onig fimufemales.
Compound no. 27, 44, 48, 51, 57, 58, 60, 70, 73, 74, 76, 80 and 85 werelshalleghales

and females (Table 4).
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In feces we found a total of 9& (+ SD = 48.50 + 12.77) different compounds in
males and 123X( + SD = 40.54 + 12.37) compounds in females, but no sex eliifer was
found U=15, Nmaie=4, Nremaie=13, P = 0.23). Of the compounds found in the feces, no. 5, 6, 9,
14, 19, 21, 24, 25, 40, 41, 56, 59, 61, 107 and 114 were only found in anadeso. 2, 13,

20, 29, 30, 34, 39, 45, 48, 49, 51, 54, 57, 60, 62-64, 71, 80, 81, 85, 88, 90, B&),9B)2-

104, 106, 111, 115, 116, 120, 121, 125, 129, 130, 132, 134, 136 and 138 were only found in

females. Compound no. 1, 69, 79, 89 and 109 were shared by almdaflemales (Table 5).
We did not find any sex specific compounds in either AB&ces. We also failed to
find any clear classification patterns between thesex&GS or feces by using hierarchical
cluster analysis (Figure 6a and b). We also found grdatidiual differences (Table 4 and 5).
Analog CodingWe found differences between male and female browrshkaahe
relative abundance of some of the shared compoundseilAGS. Female bears had a
significant higher abundance than male bears in foupoands: no. 57, 60, 73 and 80 (all
steroids) U = 2, P = 0.023;U = 3, P = 0.038;U = 1, P = 0.014;U = 0, P = 0.008,
respectively), and the male bears had a marginally gignif higher relative peak area in
compound no. 76 (a steroidy (= 4, P = 0.058) (Figure 7). There were no significant sex

differences in the relative peak area of shared compauaritls feces (alP > 0.43).

DISCUSSION
This study is the first to investigate anal glands dedchemical composition of AGS
and feces in brown bears. Our results supported the hypothas AGS and feces code for
information about sex. The predictions that male amale AGS differ in GCs, in analog
coding and in color, were all supported. So was also tiqtion of sex differences in GCs

from feces. The predictions of sex differences in bemnof detected compounds and in digital
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coding of AGS were not supported. The prediction of seer@iices in number of detected
compounds and digital and analog coding of feces werer it supported.

The anal glands of brown bears seem to be veryaind the anal sacs of the
domestic dog, where the sacs are located between #maaxand internal sphincter muscles
(Dyce et al.,, 1996). These muscles help emptying the doimethe intestine, and the
secretion drains trough a single duct to an opening near tisg@yice et al., 1996). We were
not able to collect AGS from all the brown bears dnd problem increased closer to and in
the mating season (Sven Brunberg, personal communicafibig).can imply that the anal
glands contain less secretion because of more frdgues# in the mating season. The non-
social bears are more likely to meet during this periad,raay use the AGS more rapidly to
communicate their presence. Increased marking activityhe breading season is also
reported in American black bear and giant panda. Burst andnP@l983) reported that
American black bears rubbed marking trees more frequentgimating season and Schaller
et al. (1985) stated that the giant panda increased thd A&Soduring this period.

We revealed sex differences in color of AGS, and rmateetion was in general darker
than female secretion. Sliwa (1996) found a comparablerpagen aardwolvesRroteles
cristatug. In contrast to North American beaveC.(canadens)s (Schulte et al., 1995),
aardwolves (Sliwa, 1996), Eurasian beaver (Rosell and12®99) and badger (Buesching et
al., 2001), the brown bear male and female AGS had somsapvin color, and the sex
differences were not 100% consistent. The color of AG&uld therefore not be used for sex
determination of the donor.

In contrast to Rosell and Sundsdal (2001), we could notafinydclear sex related GC
patterns in the AGS or feces through the visual inspectrhis type of comparison is
nevertheless a limited method for comparing GCs. Hewehe PLS1 analysis showed sex

differences in chemical composition of GC in both AGS &ces. This implies that sex
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might be coded through a specific mix of several compoulit®iie, 1984) where both the
presence and amount of compounds are important. Our resulaccordance to Rosell and
Steifetten (2002) who found that AGS in both Eurasian andhNemerican beaver code for
species and sex through a complex mixture of chemicgbconas.

Like in other carnivores, we found sex differences ial@m coding of brown bear
AGS (Table 1). Similar coding is also found for nine compisuim AGS of the giant panda
(Yuan et al., 2004). The major differences in the panda& \Wiearnd in four steroids, but we
can not say whether this is the same four steroida &sown bears. We suggest that the
relative abundance of these steroids plays an impadknin gender discrimination in brown
bears. However, this should be investigated further byniciad and behavioral studies.

The total number of compounds detected in the AGS is velathigh compared to
scent marking carnivores like steppe poleddudtela eversmanpi Siberian weaselM.
sibirica) and domestic dog (Table 1). Still, the total number shpound we found in the
AGS, is this quite similar to what Yuan et al. (2004) foumd\GS from giant panda (Table
1). This amount of compounds might code for a wealth @irimétion (Albone, 1984), and
implies that brown bear might use AGS in scent comoatimn. Many of the compounds we
identified in AGS were fatty acids, fatty acid-estestgroids and hydrocarbons, and this are
also found in wolvesGanis lupu¥ (Raymer et al., 1985), domestic dogs (Natynczuk et al.,
1989), giant pandas (Yuan et al., 2004) and wolveri@ego(gulo) (Wood et al., 2005). We
identified 138 compounds in the brown bear feces, and artie@sg did we found organic
acids, heptanal, phenol and nonene which are alsentresdomestic dog (Arnould et al.,
1998). Even though we used the headspace SPME-technique docangpounds from the
diet, many compounds are probably still dietary derivatiMénis makes it more difficult to
reveal sex differences in the scent (Burger, 2005¢ontrast to Eurasian beaver, we did not

find any sexual dimorphism in number of compounds in AG&s€R og Sundsdal, 2001).
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Neither did we find similar differences in feces. Thisplies that bears can not use the
number of compounds to distinguish between individualsfterdnt sex.

The digital coding of AGS and feces revealed gneditvidual differences. Especially
in feces it is likely that this is a result of diethel differences might also be a result of
different individual information in the scent. Howeyveve did not find any sex specific
compounds in AGS nor feces, but the result would haea lb&ferent if we had used the
same definition as Zhang et al. (2003) used for Siberiaisele@hey concluded thak)-2-
ethyl-3-methylthietane was a sex specific compound becausasi found in seven of 11
females and no males. According to this would compoun®@an AGS be defined as sex-
specic. However, we found it more biological rightfadow the definition of Andersen and
Vulpius (1999).

The hierarchical cluster analyses failed to show a geanping of sex in both AGS
and feces. Still, other information might be found in diggtal composition. A similar cluster
analysis of AGS from giant pandas, revealed a cleaupyng between adults and subadult
rather than sex (Liu et al., 2006). In this study, we didhave enough subadults 8 years)
to investigate grouping patterns between age classes im lveavs (Table 2).

Since the brown bears have large estimated home rémgdes = 1055k female =
217 knf) (Dahle and Swenson, 2003), they have a comprehensivéoaseant mark. These
marks would have to last for a long time in order to effective form of communication.
Compounds of low volatility are therefore useful clieahsignals for long-lasting or delayed
communication because infrequent renewal could sawhstantial energy associated with
patrol (Yuan et al., 2004)Compounds with MW > 300, the upper limit for airborne
pheromones (Wilson, 1963; Bradbury and Vehrencamp, 1888)well suitable for a large

home range. Our results showed that 68% of the compoutelsetein the AGS had a MW
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above 300. This supports that AGS might be used in lonmdasr delayed communication,
just like in the giant panda (Yuan et al., 2004).

The detected compounds in feces had a generally lowecuhareveight than what
we found in AGS. 100% of the compounds had MW < 300, but tiusoisably because the
SPME-fiber extracts mainly volatile compounds with MW 2¥5. Our findings of sex
differences in GC imply that feces have a functiooheamical communication, despite of low
MW. This is supported by Arnould et al. (1998) who found thamekiic dogs could
determine sex of donors of the feces, even if AGS neagdeposited. Additionally, Barja et
al. (in press) found thatcats that were presumed to have a marking role hadicagliy
higher levels of sex hormones than those that did T supports our findings of sex
differences in feces.

Carnivores like the minkMustela visoih (Macdonald, 1985), wolf (Asa et al., 1985),
domestic dog (Dyce et al.,, 1996) and coyd@ar(s latran3 (Tegt et al., 2004) leave feces
with deposited AGS in or at the border of their hommgeaor territories. Even though nothing
is known about how brown bears use their AGS, iliksly to assume that also they are
depositing the secretion while defecating. This means tthatfeces samples might be
contaminated with AGS. According to Macdonald (1980) and @armand Trowbridge
(1989) almost all the carnivore families use only smalun@s (tokens) of AGS when
depositing on the feces and this implies that the d@wma€getting AGS in the feces analyses
are relatively small. Especially since we only uses 1@éngrof each feces sample. Asa et al.
(1985) showed that AGS from wolves were present in less 10% of the scent marking
scats, and if bears use AGS on the same amount of feeashances of getting contaminated
feces is even smaller.

GPS data from free ranging brown bears has reveal®e steresting matters that

imply that the bears somehow can recognize each.ofeated females overlap more in
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home range than unrelated females, which indicate ¢leied are more tolerant of each other
than unrelated females (Stgen et al., 2005). Zedrossér(20@6) reported that young male
bears disperse from their natal areas to avoid sexaral mate competition with older bears.
This implies that brown bears somehow can discrimibateveen individuals. It is likely to
assume that brown bears might use scent for this purjpesdike other species such as giant
panda (Swaisgood, 1999), steppe polecat (Zhang et al., 2002pyte ¢Tegt et al., 2004).

Roth (1980) used feces as an indicator of brown bear abemdaan area, and bears
themselves could probably do the same thing. According tedéet matching hypothesis
intruders learn the odor of the home range owner ftescent marks in the area, so that they
can recognize the owner and avoid fights they are litecelgse (Wyatt, 2003). AGS and feces
might have a function like this among the bears.

This study has revealed that brown bear AGS and feas foo information about
sex, and might be used for sex determination and scemtingaThe findings might be
important for the understanding of the brown bear $dde but further chemical and

behavioral studies are needed.
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TABLE 1. RESULTS OF STUDIES OF CHEMICAL SEX DIFFERERS IN GLANDULAR SECRETION IN MAMMALS

Significantly sex differenc8s

Total no. Digital coding Analog coding

Gland of N No of & specific Q specific Cluster
Species type compounds 4 @ compounds GC compound compourahalysis & Q  Color Reference
Giant Panda AG 95 11 13 - - 0 0 No 5 4 - Yuan et al., 2004
(Ailuropoda melanoleucp
Steppe polecat AG 17° 11 10 - 0 0 - 4 3 - Zhang et al., 2003
(Mustela eversmanhi
Siberian weasel AG 14 11 11 - 0 1¢ - 1 4 - Zhangetal., 2003
(Mustela sibirica)
European otter AG 47 19 6 - - - - No 0 0 - Bradshaw et al., 1200
(Lutra lutra)
Domestic dog AG 13 6 10 - No° 0 0 - - - - Pretietal., 1976
(Canis familiaris)
Ferret AG >26 3 3 - 0 1 - 4 3 - Zhang et al., 2005

(Mustela furg
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TABLE 1. CONTINUED

Significantly sex differenc8s

Gland Totalno.of N

No of

Digital coding Analog coding

& specific Q specific Cluster

Species typ€ compounds 4 @ compounds GC compound compourahalysis & Q Color Reference

Eurasian beaver AG 163 20 20 Yes Yes 7 1 - - - Yed Rosell and Steifetten, 2004
(Castor fiber Rosell and Sun, 1999
North American beaver AG 143 9 8 - Yed - - - - - - Rosell and Steifetten, 2004
(Castor canadensis

House mouse PG 42 10 10 - - - - - 21 6 - Zhang et al., 2007
(Mus musculuy

Brown bear AG 90 4 7 No Yed 0 0 No 0 4 Yes This study

(Ursus arctog

& PG = preputial gland, AG = anal gland.
® _ = not investigated.

Investigated by headspace technique.
Found in 7 of 11 females.
Visually compared.

26 compound were selected.

Partial least squares regression.

Cc
d
e
f
*]
" Found in Rosell and Sun (1999).
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TABLE 2. INDIVIDUAL NUMBER, SEX AND AGE OF BROWN BER (URSUS

ARCTO$DONORS OF FECES AND ANAL GLAND SECRETION

Date of collection

Samples

No. Individual Feces AGS  SeX Age Fecesl =17) AGS (N =17)
1 w9101 25.04.2008 F 18 x°
2 W9301 18.04.2007 M 17 X
3 W0236 28.04.2008 F 15 x°
4 WO0012  08.06.2007 M 15

5 W0231  01.06.2007 F 15

6 W0624  08.06.2007 21.04.2007 F 12-1% X X

7 W9403  08.06.2007 04.05.2007 F 14 x¢
8 WO0004  10.06.2007 24.05.2008 F 13 X x©
9 W9903 30.04.2008 F 11 x°
10 W0424 30.04.2008 M 11 °x
11 W9806  08.06.2007 F 11

12 WO0717 18.05.2007 M >10° X
13 W0803 14.042008 M >10° X
14 WO0626  08.06.2007 03.05.2007 F 8 X X
15 WO0716  08.06.2007 F 68 X

16 WO0718  12.06.2007 M 57

17 WO0209  08.06.2007 F 6

18 WO0217  05.06.2007 03.05.2007 F 6 X X
19 WO0517 20.04.2007 F 6 X
20 WO0303  11.06.2007 F 5

21 WO0625  09.06.2007 M 4

22 WO0410  08.06.2007 F 4

23 WO0416 22.04.2007 F 4 X
24 W0415 20.04.2007 F 4 X
25 WO0503  05.06.2007 F 3

26 WO0508 29.04.2008 F 3 x°
27 WO0507  08.06.2007 F 3

28 W0612 06.04.2008 M 3 X
29 WO0619  08.06.2007 M 2

o

M = male, F = female.
Exact age of these bears could not be determinatriinggh age determination by the
premolar tooth root.
These bears were not used in analysis of total nuailm®mpounds, digital or analog

coding.

This bear was not used in the color comparison.
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TABLE 3. COLOR OF THE ANAL GLAND SECRETION OF BROWREARS

(URSUS ARCTQS
Individual Sex Age Color ColorranR ~ NCS-cod8
W9301 M 17
wWo42. M 11 - 12 S8505-Y80R
WO0612 M 3
wo2i7  F 6 - 10 S8010-Y30R
w0004 F 13 - 9  S8005-Y50R
W0803 M >10
Wo4ls  F 4 - [ 57020-¥20R
W0624 F  12-15 - 6  S7010-Y30R
WO0416 F 4 - 5 S6020-Y30R
W9903 F 11

& The colors were ranked by eye in 12 categories (frentight, to 12 = very dark).
® Natural color system (NCS), Scandinavian Colour timstiAB, P. O. Box 49022, S-100
28 Stockholm, Sweden.



TABLE 4. TENTATIVELY IDENTIFIED COMPOUNDS IN ANAL GLAND

SECRETION OF BROWN BEARYRSUS ARCTQS

GC Retention Tentatively identified compounds Moleca. of individuals
peak  time’ Male Female
no. (min) weight (N=4) (N=7)
1 11.24%  Piperidinon: - 3
2 21.68¢ Tetradecene (hydrocarbe 19¢€ 1
3 23.51! Pentadecene (hydrocarbao 21C 1
4 25.24¢ Hexadecene (hydrocarbol 224 1
5 26.65( Hexadecanoic acid (palmitic ac 25€ 2 1
6 26.96( Unidentified nitrogen compouil 29¢ 1
7 27.68¢ n-phenyl benzensulfonami 233 1
8 27.70z Unknowr - 2 2
9 28.197  Unknowr - 2 1
10 28.627 10,13-octadecadienoic acid, methyl € 294 1
11 28.73¢ Hydrocarbone cz 29€ 1
12 28.81¢ Unknowr 23€ 1
13 29.40¢ Octadecenoic acid (oleic ac 282 2 1
14 29.74¢ Octadecanoic acid (stearic ac 284 2 1
15 29.80¢ Hydrocarbone - 1 3
16 30.21¢ Hydrocarbone Cz 31C 1
17 30.37¢ Hydrocarbon - 1
18 30.69¢ Unknowr - 2 2
19 31.15¢ Unknowr 22€ 1
20 31.247 Unknowr - 2 1
21 31.28¢  Unknowr 23€ 2 6
22 31.417 Unknowr - 1
23 31.64: Unsaturated wax ester C 36€ 1
24 31.79¢ Unknowr - 1
25 32.54( Unknowr - 1 4
26 32.557  Unknowr - 1
27 32.757  Unknowr 25C 4 7
28 32.81% Unknowr - 1 1
29 32.90C Unknowr - 2
30 32.92¢ Hexanedioic acid, dioctyl es 37C 1
31 33.01! Hydrocarbone Cz 33¢€ 1
32 33.22( Unknowr - 2
33 33.32¢ Phenol, 2,2’ -methylenebis(6-(1,1-dimethylethyl)-éthyl) 34C 1
34 33.53¢  Unknowr - 1
35 34.00¢ Unknowr - 1
36 34.15: Unknowr 264 3 7
37 34.30! Unknowr 294 2 3
38 35.30C Unknowr 324 2
39 35.53f  Unknowr 462 1 3
40 36.75( Unknowr 292 2
41 37.29¢  Unknowr 32C 3 3
42 37.64< A steroic 36¢& 3 2
43 38.362 Squalen 41C 1
44 38.53 Unknowr 334 4 7
45 38.771 A steroic 36¢€ 3 2
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TABLE 4. CONTINUED

GC Retention Tentatively identified compounds

peak  timée®

Moleculo. of individuals
Male Female

no. (min) weight (N=4) (N=7)
46 38.86¢ A steroic 36€ 1

47 38.91. A steroic 36€ 1
48 39.14¢ A steroic 368 4 7
49 39.461 Hydrocarbon 364 3 4
50 39.527 Hydrocarbon 364 1

51 39.74¢ A steroic 366 4 7
52 40.15¢ A steroic - 2 2
53 40.55¢  Unknowr - 1

54 40.65¢ Hydrocarbol - 1
55 40.66¢ Unknowr - 2 2
56 40.837 Unknowr - 1 1
57 40.98¢ A steroic 38C 4 7
58 41.80¢ Cholesterc 38€ 4 7
59 42.03t  Unknowr 394 2 4
60 42.177 A steroic 384 4 7
61 42.28¢ A steroic 386 3 6
62 42.32¢ A steroic 43C 1

63 42.40¢ Unknowr - 2 6
64 42.50: A steroic 414 2 2
65 42.51¢ A steroic 414 1

66 42.66( Unknowr - 1
67 42.66( A steroic - 1

68 42.70C A steroic 382 1
69 42,73 Unknowr - 2 4
70 42.787 Ergost -5-en-o | (3 bet 40C 4 7
71 42.90¢ A steroic 412 3 2
72 43.02¢ A steroic - 1

73 43.06¢ A steroic 408 4 7
74 43.447 A steroic 428 4 7
75 43.61( Unknowr - 1

76 43.68¢ A steroic 414 4 7
77 43.81: A steroic - 1
78 43.86¢ A steroic 42€ 1 3
79 43.89¢ Lanosta-8,24-diene-3-0 | (3-beta) (Lanoste 42€ 3 4
80 44.11% A steroic 422 4 7
81 44 .42 A steroic 404 2

82 44.48¢ Unknowr - 3
83 44.82¢ Unknowr 43C 2 1
84 44,837 Unknowr - 1

85 45.12¢ Unknowr 43€ 4 7
86 45.20( A steroic - 2

87 45.817 Unknowr 47€ 1

88 46.191 A steroic 45C 1

89 46.20¢ Unknowr - 1

90 46.27¢  Unknowr 45C 4

&Mean value of the retention time.
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TABLE 5. TENTATIVELY IDENTIFIED COMPOUNDS IN FECE®F BROWN BEAR

(URSUS ARCTQS

GC Retention Tentatively identified compounds MolecUNo. of individuals

peak  time® Male  Female
no (min) weight (N=4) (N =13)
1 1.382 Ethano - 4 13

2 1.50¢  Unknowr - 1

3 1.51f Methane, thiobis (dimetylsulfid 62 1

4 1.53¢ Methylacets - 8

5 1.57Z2  Sulfur compoun 76
6 1.622 Unknowr 72
7 1.62¢ Propan-1-o -
8 1.631 Unknowr -
9 1.755  Unknowr 86
10 1.80C  Unknowr -
11 1.90C Unknowr 82
12 1.901 Ethyl acetat -
13 1.97¢ 2-methylpropan- 1-o0 74
14 1.977 Unknowr -
15 2.037 Acetic acic -
16 2.19¢ Butanal, 3-meth 86
17 2.28: Unidentified alcohc -
18 2.28( Butan-lol -
19 2.43¢  Unknowr -
20 2.522 Propanoic acid, 2-methyl-,methyl e - 1
21 2.497 Unknowr 101
22 2.531 5 carbone ketor -
23 2.55¢  Unknowr -
24 2.60¢ 1,4.heptadier 96
25 2.661 N-heptan -
26 2.867 Etyhl propanoat -
27 2.86€  Unknowr -
28 2.90¢ Propyhl acet: -
29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

NFRPNRRNRRENBRE
AONDA WORO Ol

PR NWR R

(NN

PR RRPRRRRR

3.03Z2 Methyl butanoat -
3.23¢  Sulfur compoun 94
3.23t  Unknowr -
3.30€  Unknowr -
3.41¢ Dimethyl disulfide 94
3.751  Sulfur compoun 94
3.765  Propanoic acid, 2-methyl-,ethyl es -
3.89¢ Toluene -
4.10C  Unknowr -
4.18¢ Butanoic acid, 3-metyhl, methyl es -
4,182 Unknowr -
4.40¢ Butane 2,3-dic 90
4.341  Unknowr -
4.82¢ N-octant -
4.82¢ Heptane 114
4.93¢ Etyhl butyrate (este -
5.911 Tetramethylcyclopentel 124
6.44¢< Butanoic acid, 2-metyhl, ethyl es -
6.53¢ Butanoic acid, 3-metyhl, ethyl es -
6.57¢  Unknowr -
6.60¢ 2-ethylidene-1,1.imethyl, cyclopent: 124
6.62:  Unknowr - 1

NS

B NWN
PANENMPRPLWORRPOWARP®

NN R P

NN
PRRPOWRMNR
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TABLE 5. CONTINUED

GC Retention Tentatively identified compounds MolecUNo. of individuals
peak  time® Male Female
no. (min) weight (N=4) (N =13)
51 6.867 Unknowr 11¢ 1
52 6.95¢  Unknowr - 1 1
53 6.81: Unknowr - 1 1
54 6.962 Unknowr 134 3
55 7.14¢ Isoamyl aceta 13C 1 1
56 7.20€  Unknown este 13C 1
57 7.25¢ Santen 122 2
58 7.34¢  Unknowr - 3 9
59 7.43¢ 2-heptanon 114 1
60 7.44:  Unknowr - 1
61 7.44¢  Unknown - 1
62 7.44¢  Nonent 12€ 1
63 7.39¢  Styrent 104 1
64 7.46¢ Pentanoic acid, 4-methyl, methyl e - 2
65 7.64¢  Unknowr - 2 5
66 8.02¢  Unknowr 13€ 2 3
67 8.08¢  Unknowr - 3 8
68 8.23¢  Alpha-thujen - 3 7
69 8.37¢ Alpha-pinen 4 13
70 8.65f Camphen - 4 12
71 8.67(C Unknowr - 1
72 8.74¢ Butanoic acid, 3-metyhl, propyl es - 1 2
73 8.78( Verbenen - 3 9
74 8.95¢  Unknowr - 2 6
75 9.05¢  Unknowr - 1 2
76 9.05¢ Dimethyl trisulfide 12¢€ 1 1
77 9.10¢ M-Cymene - 4 12
78 9.16¢ Unknowr - 1 1
79 9.22t Beta-pinen - 4 13
80 9.30¢€ Unknowr - 1
81 9.36: Unknowr 13¢ 1
82 9.40C Phenol - 2 1
83 9.43( Phenole variai - 2 6
84 9.51C Unknowr - 4 5
85 9.50¢ Unknowr - 5
86 9.67¢ N-decan 142 1 3
87 9.73(C  Unknowr - 1 2
88 9.73t  Phellandren 13€ 1
89 9.84¢ Delta 3 carer - 4 13
90 9.95¢ Alpha-terpinen 13€ 1
91 10.04: Cymene isome 134 3 8
92 10.08¢ Benzene, 1-metyhl-2(1-methyleth - 4 11
93 10.16: Limonene - 4 12
94 10.18¢ 1,8,-cineol - 1 2
95 10.32: Cymene isome 134 1 2
96 10.40C Cymene isome 134 3
97 10.53¢ Unknowr - 4 7
98 10.57¢ Unknowr 142 1
99 10.647 Gamma-terpiner 13€ 1 3
10C 10.65¢ Unidentified este - 1
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TABLE 5. CONTINUED

GC Retention Tentatively identified compounds MolecUNo. of individuals
peak  time® Male  Female
no. (min) weight (N=4) (N =13)
101 10.987  Unknowr - 2 7
102 11.00C Unknowr 132 1
103 11.02¢ Unknowr 15C 1
104 11.02¢ Unknowr - 4
10t 11.10¢ Terpinolen: 13€ 1 4
10€ 11.12¢ Unknowr - 4
107 11.13. Undecen 154 1

108 11.127 1-undecen 154 1 2
10¢ 11.27¢ N-undecan 15€ 4 13
11C 11.46: Unknowr - 2 4
111 11.79: Unknowr 152 1
112 11.85¢ Pinocarvec - 3 9
113 11.93: Unknowr - 2 9
114 11.93¢ Campho 152 2

11t 12.03. 5-methylundecar 17C 1
11€ 12.14: Unknowr - 4
117 12.187 Pinocarvon - 2 8
118 12.23¢ C12 hydrocarbor 17C 1 1
11¢ 12.23¢ Borneo - 2 7
12C 12.35: Isopinocampha - 3
121 12.42: Benzenemethanol, 4(1-ethylmett 15C 1
122 12.62( N-dodecane (hydrocarbol 17C 1 1
123 12.637 Myrtenol - 2 7
124 12.81: Berbenon - 3 5
12t 13.09: Thymyl methyl ethe 164 1
12€ 13.75¢ Bornylacetat - 1 3
127 13.77C Tri-decene (hydrocarbor 182 1 2
128 13.85.  Unknowr - 3 1
12¢ 13.85¢ Indole 117 1
13C 14.13t 2-hydroxy-5-methyl-methylbenzo: 16€ 1
131 14.57. Alpha-longipinen 204 1 2
132 14.82¢ Longicyclent 204 1
133 14.95¢ Beta bourboner 204 1 2
134 15.15( Unknowr 204 1
13t 15.22¢ Isolongifolent 204 1 6
13€ 15.35: Beta caryophyller 204 1
137 17.09:  Unknowr - 3 7
138 17.32( Isopropyl dodecanoe 24z 1

&Mean value of the retention time.
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Figure legends

Figurel

The study area in Dalarna and Géavleborg counties in &wed

Figure 2
The anal region of a brown bedJréus arcto} showing the anus (a) and the location of the
left (b) and right (c) opening of the anal glands, e¢ated by the wooden sticks (Foto:

Andreas Zedrosser).

Figure3

Gas chromatograms (GC) of the anal gland secretam & typical female (a) and male (b)
brown bear (rsus arctoy Females seem to have a higher abundance in compoubd,r60
73 and 80, and males seem to have a higher abundance powwinno. 76. All these
compounds are steroids. The numbers on the GC peakspamdewith compound numbers

in Table 4. Thec axis is the retention time in minutes and ylais is the abundance.

Figure4

Partial least square (PLS1) regression score plot spgdtvnposition of each gas
chromatogram of brown beddisus arctoy AGS (@ : Male N=5);V: Female N=12)) of the
two first components, PC1 and PC2. The numbers in the pdorespond with the number in

Table 2.

Figure5
Partial least square (PLS1) regression score plot spgdtvnposition of each gas

chromatogram of brown beddsus arcto} feces @ : MaleN=4);V : Female N=13)) of the
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two first components, PC1 and PC2. The numbers in the ptorespond with the number in

Table 2.

Figure 6
Dendrogram of hierarchical cluster analysis by using sguauelidean distance for male and
female brown bearUrsus arcto¥ anal gland secretion (a) and feces (b). Labels atelithe

bears sex and individual number, and “M” indicates mate“Bhindicates female.

Figure7

Sexual differences in relative abundance of compoundgdfouall males@ N = 4) and
female N =7), from the anal gland secretion of the brown jgasus arcto}. * P < 0.1

> 0.05 (marginal significance), *P < 0.05, ** P < 0.01. The numbers on the x axis

correspond with compound numbers in Table 4.
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Figure5
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Figure 6
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Figure7
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