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Pasting, a stereotypic form of anal gland scent marking, was studied in 2 cohorts (N =20) of

captive spotted hyenas (Crocuta crocuta). A significant increment in the frequency of pasting
occurred in both cohorts as the animals approached sexual maturity; however, gonadectomy
during the early juvenile age period had no significant effects on subsequent pasting frequency.
Dominant hyenas in both cohorts tended to scent-mark more frequently than subordinates
during the late subadult period. Pasting was facilitated by the immediately preceding pasting
activities of other hyenas, as has been reported to occur in nature, and olfactory investigation

was the most common behavior preceding pasting.

Spotted hyenas (Crucuta crocuta) are nocturna socia hunt-
ers, living in reaivdy gable groups (clans) that condst of
resdent femdes their cubs, and immigrant mdes (Frank,
1986a; Henschd & Skinner, 1987; Kruuk, 1972). Hyenas
scent-mark  within their home range defecating at latrines
scratching the ground (which deposits scent from the interdi-
gitd glands), and pasting (Bearder & Randal, 1978; Kruuk,
1972; Mills & Gorman, 1987). Pesting behavior involves
depositing and gland secretions, which have a strong soapy
odor, on objects in the environment, typicaly stalks of grass.
It is performed by usng a sereotyped pattern of forward
movement with tall devated, and pouch bulging above the
anus (Matthews, 1939), and the hindquarters lowered in a
semisquetting position. Both sexes scent-mark and use the
same posture while pasting.

Observations contained in this report were gathered during
the course of a developmental study of hormones and socid
behavior of spotted hyenas. This species has been chosen for
study because it exhibits aisence or reversa of many sexud
dimorphisms typicad for mammas Femde spotted hyenas
have no normd externd genitdia rather, the dlitoris is hy-
pertrophied o thet it is very Smilar to the mae penis and is
traversed by a central urogenita canal (Kruuk, 1972; Mat-
thews, 1939). It is fully erectile, and the femae mates and
gives hirth through it. Femaes aso are heavier than males
and are more aggressive (Frank, 1986a; Frank, Glickman, &
Zabd, 1989). Within a clan, adult femades dominate adult
maes during feeding at kills and in most other socid Situer
tions (Frank, 1986b; Kruuk, 1972).

Contemporary understanding of sexud differentiation (eg.,
Goy & McEwen, 1980) suggests that the preceding character-
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igics may be produced by the presence of androgens in femde
spotted hyenas during their fetd or neonatal development. In
addition, prepubertd femde hyenas diglay devated plasma
levds of androgen, relaive to those of mdes (Glickman,
Frank, Davidson, Smith, & Siiteri, 1987; Lindegue, Skinner,
& Millar, 1986). The primary androgen found in femde
plasma during this time is androstenedione, and it is of
gonada origin. Gonadal androgcns  have commonly  been
identified as organizing or activating agents of mammdian
scent marking (Yahr, 1983), especidly in those cases for which
scent marking is sexualy dimorphic. Our study was concerned
with the following developmenta-hormond questions: (a)
Does the frequency of pasting increese as the animas gp-
proach puberty?, (b) is the frequency of pesting sexudly
dimorphic?, and (c) is pasting dependent on gonada secre-
tions during prepubertd period?

In nature, males typicdly disperse a puberty (approxi-
mately 2 years of age; Frank, 19868). Femdes remain in their
native clan and acquire the socid rank of their mothers. The
dans, therefore, comprise groups of matrilines with reldive
ranking that remains sable over generations. Dominance
rank of cubs juveniles and subadults is aso very highly
correlated with materna rank, irrespective of the sex of the
cubs (Frank, 1986b; Frank et a., 1989). Since the operation
of this powerful maternd influence would have obscured our
atempts to examine the emergence of sex differences per sg,
hyenas were collected as infants and reared in peer groups,
without a maternd presence. Although this is a highly unnat-
urd dtuation, many fundamentd aspects of hyena socid
behavior emerged in our peer-reared cohorts before puberty,
including speciestypical patterns of play (Pedersen, Glick-
man, Frank, & Beach, 1990), meeting ceremonies (Krusko,
Weldele, & Glickman, 1988), and dominance relationships
(Frank et d., 1989).

In addition to the devdopmentd-hormond questions
mentioned above, we were interested in three sociad questions:
(@ Is pading correlated with dominance satus in hyenas as
in a number of other mammaian species (e.g., Ralls, 1971)?,
(b) does pagting by one hyena simulate pasting by another
hyena, as was observed in nature by Kruuk (1972)?, and (c)
in what behaviord contexts does pasting occur?
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Method

Subjects

The subjects of this study were two cohorts of hyenas collected in
Narok District, Kenya, in December-January, 1984-1985, and No-
vember-December, 1985. The animals ranged from 1 week to 2
months of age at the time of collection. The first cohort consisted of
7 females and 3 males, and the second cohort, of 5femalesand 5
males. Two females from the first cohort and 2 females and 2 males
from the second cohort were gonadectomized at 4-6 months of age
in order to permit a preliminary assessment of the effects of gonadal
hormones on their behavior.

Behavioral data were available for the hyenas when average esti-
mated ages of the two cohorts were between 12-22 and 7-22 months
of age, respectively. The observations were terminated when the
cohorts had to be divided into smaller groups because of increased
levels of aggression associated with the approach of puberty. In order
to assess developmental trends, we divided this subadult age into two
periods, early subadult (between 12 and 18 months) and late subadult
(between 19 and 22 months). This division was based on nipple
development in intact (but not gonadectomized) females and rising
gonadal steroid levelsin both sexes during the last 3 months of data
collection (Frank, 1990; Licht, 1990). In addition, the second cohort
was observed at an earlier juvenile age between 7 and 10 months.

Housing and Maintenance

Animals were housed in peer groups from the time of collection.
They were fed a diet of enriched milk until 2 months of age and then
gradually transferred to a commercia carnivore diet and lamb bones.

The hyenas were housed in 12 x 30 m indoor-outdoor enclosures
illuminated by halogen security lights for nocturnal observation. Such
lighting had no detectable effects on the behavior of the subjects.
Identification of individual hyenas was facilitated by dying patterns
on the fur of the back with commercial hair dye.

Procedure

Data were collected between 1800 and 2200 hr with a critical-
incident sampling procedure. The first cohort was observed for 61.7
hr during the early subadult and 18.7 hr during the late subadult age
period. The second cohort was observed for 25.1, 64.9, and 48.4 hr
during the juvenile, early subadult, and late subadult age periods,
respectively.

Observers recorded behaviors with a voice-activated tape recorder.
An electronic timer was used to indicate 30-s intervals. Every incident
of pasting behavior was recorded, and absolute pasting rates were
used for calculations. In addition, a set of aggressive and submissive

Tablel

Effects Of Age on the Frequency Of Pasting per Hour in
Prepubertal Spotted Hyenas

Age period
Juvenile Early subadult Late subadult
Cohort n M+ SD M+ SD M+ SD
1 10 0.080 + 0.055 0.767 + 0.459

2 10 0.052+0.050 0.121 +£ 0.080 0.531 + 0.262

Note. There are no data available for cohort 1 during the juvenile
age period.
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Figure 1. Average rates of pasting as a function of age, sex, and

gonadal status in prepubertal spotted hyenas (M + SE). (GDX =
gonadectomized.)

behaviors was recorded, as well as instances of play, meeting cere-
monies, and olfactory investigation. Aggressive behaviors included
threats (forward movement accompanied by erect ear position and
mane), bites, attempted bites, and attacks (forward movement accom-
panied by biting). Submissive behaviors included avoidance of a
threatening hyena and a varied set of species-characteristic postures
(open mouth grin with ears flattened against the head, or rapid,
repetitive movements of the head up and down or side to side)
emitted by hyenas under threat or attack. Although playful activities
were recorded as object, locomotor, or social play, they are grouped
in this article for purposes of contextual analysis. A complete descrip-
tion of hyena play can be found in Pedersen et a. (1990). Meeting
ceremonies (Krusko et a., 1988; Kruuk, 1972) are highly stereotyped
patterns of olfactory investigation, in which the subordinate hyena
typically approaches a more dominant animal, raises an inside rear
leg, and offers its anogenital region for examination by the dominant.
Finally, olfactory investigation was subdivided according to the nature
of the target, that is, other hyenas, paste deposited by a hyena, or
objects (including a latrine and the ground) in the test enclosure.

Dominance ranks were assessed by testing each cohort in a highly
competitive feeding situation, simulating what is typica of wild
hyenas (for description, see Frank et al., 1989). Rankings were based
on submission matrices, with the dominant animal in each cohort
ranked as number one (Lehner, 1979). In both cohorts, rankings were
relatively stable, particularly at the top and middle of the hierarchy
(Frank et a., 1989).

Results

Nineteen of the 20 hyenas increased the frequency of
pasting from the early subadult to the late subadult age period
that marked the beginning of puberty (Table 1). Both cohorts
demondrated significant increases in pagting with age, ts (9) =
485 and 6.11, p < .00l, for the first and second cohorts,
respectively. A 2 x 2 andyss of variance (ANOVA) with
cohort membership and age as grouping variables reveded
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Table 2

Spearman Rank Correlation Coefficients (Rho) Between
Dominance Rank and Pasting Rates in Prepubertal
Spotted Hyenas

Age period
Cohort n  Juwenile Early subadult?  Late subadult®
1 10 499 468
2 10  .082 494 .590
Note. There are no data available for cohort 1 during the juvenile

age period.
3 p < .10 for correlation coeffkients from both cohorts combined.
®p < .05 for correlation coefficients from both cohorts combined.

that there was a sgnificant effect of age, F(1, 18) = 49.00, p

< .00, but not of cohort membership, F (1, 18) = 1.15, p >

.10. Theinteraction was of only borderline significance, F(1,
18) = 3.12, p <.I0, which suggests only slight differences
between the two cohorts. The second cohort provided infor-
mation on the rates of pagting during the juvenile age period.
Although absolute rates were low for this period, pasing aso
increased significantly, t (9) = 2.34, p < .05, between the
juvenile and early subadult age (Tablel).

Data from both cohorts for the two subadult age periods
were combined for analyses of the effects of sex and gonadec-
tomy (Figure 1). A threeway ANOVA was performed with
age, sex, and gonadal datus as independent variables and
pasting frequency as the dependent messure. There was a
significant effect of age, F(1, 16) = 27.9 1, p < .001, but no
sgnificant effects of sex, F (1, 16) = 0.2 1, p > .10, or gonada
datus, F (1, 16) = 0.40, p > .10. The three-way interaction of
age, sex, and gonada detus was not sgnificant, F (1, 16) =
022 p > .10.

Rank order corrdation coefficients for dominance rank
and pagting rate are presented in Table 2. During the two
subadult age periods, rho values for both cohorts were between
05 and 0.6. When correation codfficients from the two
cohorts were combined within age periods for purposes of
datidica evduaion (McNemar, 1969, p. 158), the correlation
between dominance ranks and pading raies was sgnificant
during the late subadult age period, t (14) = 2.23, p < .05, but
only of borderline dgnificance during the early subadult
period, t (14) = 1.91, p< .I0.

Feld observations suggest that pasting may be a socidly
fecilitated behavior (Kruuk, 1972). We therefore examined
the potentid influence of pasting by one hyena on subsequent
pasting by other group members. If pasting was socidly
facilitated, we expected an increment in the frequency of
pasing by a second hyena during the interva immediately
after the initial act. Such an increment would then be followed
by a decline to the base rate of pasting during succeeding
intervals. Our analysis was redricted to the late subadult age
period when pading rates were sufficiently high to reved
socid fecilitation effects. After each ingtance of padting, the
data set was searched in four consecutive 30-s intervals for
pasting by a second hyena, with consecutive padtings by the
same anima  omitted.

Individud rates of socidly facilitated pasting were com-
puted for eech hyena. A 2 x 2 ANOVA reveded a highly

PASTING /30-SEC INTERVAL

dgnificant effect of time intervd after pagting by an initid
actor, F (3, 18) = 10.29, p <.0001, which indicates a substan-
tid socid facilitation effect (Figure 2). There was dso a
magindly dgnificant effect of ocohort membership: Hyenas
in the first cohort exhibited more socidly facilitaed pasting
than did those in the second cohort, F (1, 18) = 4.14, p < .06.
The interaction was not datidicdly dgnificant, F(3, 18) =
0.99, p > .10,

In order to compare pagting rates obtained during the pesk
intervas of socidly fadilitated pasting with the overdl “basg’
rates presented in Table 1 and Figure 1, it is necessary to
express both vdues in the same units. Because the grestest
socid facilitation effect occurred during the firg two 30-s
intervas (Figure 2), we combined these rates to obtain the
vaues of socidly fadilitated pasting per minute of observation.
These vaues were 0.36 and 0.20 padtings per minute for the
first and second cohorts, respectively. The overdl base rate
values (Table 1 and Figure 1) were divided by 60 to obtain
frequencies per minute. Cdculated in this manner, base rate
vaues (which include dl ingtances of socidly facilitated past-
ing) indicate the frequency of pagting per minute that is
expected by random sampling. These vaues were approxi-
mately 0.013 for the firgt cohort and 0.009 for the second
cohort during the late subadult age period. Rates of socidly
facilitated pasting, therefore, exceeded base rates by greater
than 20 times.

Consigtent with the preceding observation, the proportion
of pagings that occurred in bouts was higher than the pro-
portion of solo pagtings. (A pasting bout was defined as an
initid pasting by one anima followed by subsequent pastings
by other animas within 2 min of each other.) During the late
subadult age period, 89% of padtings in the first cohort (N =
143) and 74% of padings in the second cohort (N = 255)
were instances of pagting that occurred in bouts.

To determine the context of scent marking, we conducted
a retrospective search of the data set, using the combined
information from early and late subadult periods. We exam-
ined behaviors of hyenas during each 1-min intervad imme
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Figure 2. cial facilitation of pasting in two cohorts of subadult
spotted hyenas (M + SE).
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diately preceding pagting and found that olfactory investiga-
tion of other animas and of fresh paste marks was the most
common behavior. Preceding behaviors could not be identi-
fied in 14.0% and 23.1% of dl instances of pagting in the first
(N = 193) and second (N = 333) cohorts, respectively. For
the remaining cases, behaviors were divided into the seven
most common categories. These seven categories accounted
for 87.4% of known preceding behaviors in the first cohort
and 90.6% in the second cohort. The seven categories com-

prised: (&) siffing or being sniffed by other animds (b)
sniffing one's own or ancther anima’s paste marks, (¢) sniffing

the ground, the latrine area, or other objects, (d) pasting, (€)
involvement in aggressve or submissve interection, (f) par-
ticipation in object, locomotor, or socid play, and (g) partic-
ipation in a meeting ceremony (Kruuk, 1972, p. 226). Olfac-
tory interactions with other animds, sniffing paste marks,
and the act of pasting represented 71.5 % of preceding behav-

iors in the first cohort and 72.5% in the second cohort (Table
3). For each of these behaviors, the frequency with which they
preceded pasting significantly exceeded the expected (i.e,
bass) frequency during 1-min intevas during which the
animas were identified as active in the data st (Table 3).
Although playful and aggressive behaviors were reatively
common activities of hyenas during this age period, these
behaviors were less likely to precede pagting than was expected
by chance, as was sniffing directed at areas or objects not
marked with fresh paste (Table 3). The results were very
smilar in both cohorts. Participation in meeting ceremonies
before pasting occurred a a frequency which was not sgnifi-
catly different from chance.

Discussion

Our results show a sgnificant increese in raes of pagting
behavior with age as the hyenas approached puberty but no
sex difference in the frequency of padting. The absence of a
sx difference in the frequency of scent marking during the
prepuberta period is in accord with Mills and Gorman's
(1987) observations in nature.

Increased scent marking associated with the onset of pu-
berty is a common pattern in mammas (Yahr, 1983) and has

generdly been linked to an increese in gonadd activity. For
example, in Mongolian gerbils (Meriones unguiculatus), ver-
tral gland scent marking by males increases as they approach
sexuad maturity, and gonadectomy markedly reduces the rates
of marking (Thiessen & Yahr, 1977). At the conclusion of
our observations, there was evidence of increased gonada
activity in both mde and femde hyenas. Mdes were ap-
proaching sexud maturity, and even though femaes were
more than one year from true reproductive maturity, they
showed indicaions of sustained ovarian ectivity associated
with puberty. For example, nipple diameter nearly doubled
in intact femdes between the early and late subadult age
periods, whereas ovariectomized femades exhibited minima
nipple development (Frank, 1990). However, the gonadecto-
mized hyenas scent-marked as frequently as intact subjects.
Our results suggest that the increment in scent marking ob-
served in prepubertal hyenas is not due to activationd effects
of gonadal hormones, dthough the very smdl number of
experimental subjects provides a very week tet of any mod-
ulatory influence of androgens.

Larger sample szes may have revedled more subtle effects
of gonadectomy. In addition, effects of gonadectomy may be
expressed only in cetain socid gtuations. For example, in
the saddle back tamarin (Saguinus fuscicollis), prepuberta
cadration reduced marking activity in adults, but the reduc-
tion was specific to socid encounters with intruders and was
absent during tests with novel objects (Epple, 1981). Detailed
tests of pasgting in different socid Stuations may uncover
smilar, more complex influences of gonada deroids in
hyenas.

Fndly, hormond manipulations on the captive hyenas
occurred after the time when organizationa effects of andro-
gens on scent marking are commonly anticipated (Yéahr,
1983). It is possible that pasting behavior is influenced by pre-
or perinatal androgenic secretions in both femae and mae
hyenas (Glickman et d., 1987) but detecting such effects will
require intervention a the gppropriate sendtive period.

Pasting behavior in captive peer-reared hyenas was similar
to that observed in nature in that there was powerful socid
fecilitation of paging. In addition, olfectory invedigetion of
and by other hyenas and odlfactory investigation of paste marks

Table 3
Behavioral Context of Pasting
Cohort | Cohort 2
Base rat Rate before pasti Base rat Rate before pasti Z score for
ase rate e before pasting ase rate e before pasting combined
Behavior M+ SD M+ SD M+ SD M+ SD cohorts
Socid  sniff 3122 + 2.64 43.10 + 13.69 2707 + 2.59 41.14 + 19.23 2.875
Sniff  object 2047 + 271 10.38 + 7.74 16.11 + 2.06 6.45 + 7.59 3.621*%*
Sniff  paste 0.78 £0.33 2221 + 1528 0.52+0.20 1891 + 9.79 3.823**
Paste o 0.70 + 0.40 6.17 + 558 102 + 037 1249 + 1184 2.876*
Aggression or submission 28.13 + 3.19 9.29 + 9.87 17.73 + 2.94 10.77 + 10.33 3.323+*
1185 + 1.98 272 + 3.89 44.84 = 8.60 7.30 + 6.56 3.920%*
Meeting ceremony 327 = 0.77 6.18 + 10.26 513 £0.73 332 £ 277 0.709

Note. Base rate isthe mean vaue of the number of 1-min intervals in which a subject emitted the behavior divided by the number of intervals
in which the subject was active. Rate before pasting is the mean value of the number of 1-min intervals in which a subject emitted the behavior
before pasting divided by the number of instances of pasting by the subject in which a preceding behavior was identified.

¥ p < .05, Wilcoxon's matched-pairs signed-ranks test.

¥ p <01 Wilcoxon's matched-pairs signed-ranks test.
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were the most common precursors of pasting. Kruuk (1972)

noted that pagting in hyenas was “very much dimulaed by
the presence of secretion from other hyenas, as soon as a
hyena smells the paste on a grass stak, he will wak up to it,

iff it daborately, and then paste his own on top” (p. 222).
Mills and Gorman (1987, p. 494, Figure 10) aso described

bouts of intense, socidly facilitated pesting at territoria bor-
ders. As captive hyenas approached puberty, they were dgnif-
icantly more likdy to pagte in bouts (severd animds pasting
ater eech other) than individudly.

Scent marking in wolves (Canis lupus) has been associated
with aggressve behavior (Peters & Mech, 1975). However,
there was no evidence of an associaion between immediately
preceding aggression and pasting in hvenas, depite the rea
tivey high frequencies of aggressve and submissive behaviors
in our sample. Various types of odfactory invettigation were
the primary antecedents of pesting among the hyenas. This is
in accord with many reports on wolves (Asa, Sed, Plotka,
Ledlier, & Mech, 1986; Peters & Mech, 1975; Rothman &
Mech, 1979). Although our observations of socidly facilitated
pasting in neutral or prosocid contexts are compatible with
field reports of territoriad marking, any inferences are severdy
limited by the rddivdy smdl size of our endosures and the
absence of data on the locus of marking within those enclo-
Sures.

We have found a modest postive correlation between dom-
inance rank and frequency of scent marking in both cohorts.
This finding is consstent with smilar reports in wolves (Lock-
wood, 1976; Peters & Mech, 1975) European badgers (Meles
meles;, Gorman, Kruuk, & Letch, 1984), and a variety of
other mammds (Rdls, 1971). In Mills and Gorman's (1987)
fiedd study of spotted hyenas, they concluded that there was
no corrdation between marking and dominance in adults.
However, their conclusion was based on a generad comparison
between adult maes and femdes, which ignores rankings
within the intrasexua hierarchies characterigic of hyenas in
nature. It is conceivable that the positive correlation between
dominance rank and frequency of pasting observed in our
study will disappear when our animas reach sexud maurity.
Alternately, it is possble that a postive correation between
dominance rank and pasting will be found in nature, if
frequency of padting is corrdated with the ordind ranks of
hyenas within the femde and mde hierarchies.
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