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Introduction 
All mammals are well equipped with odour-producing 
skin glands that exude secretions used for marking 
objects in their environment (Mykytowycz 1972, 
Sokolov & Chernova 2001). And scent marking 
is a very important and widespread component of 
mammal communication by means of chemical 
signals or pheromones (Johnson 1973, Brown & 
MacDonald 1985, Wyatt 2003). There are several 
hypotheses that have been proposed to explain the 
function of scent marking (Gosling & Roberts 2001), 
but in general scent marks are important in the 
maintenance of territories as a form of a reliable status 
signal, advertising territory ownership; scent marking 
also may provide condition-dependent signals as to 
the quality and competitive ability of the signaller, 
which might help to reduce the costs of territorial 
defence (Gosling 1982, Roberts & Gosling 2001). 
For the most part, olfactory marks do not prevent the 
intrusion of strangers into an individual territory, but 
they do serve as a direct advertisement of a male’s 
ability to defend his territory from rivals (Gosling 

1982, Brashares & Arcese 1999). Many bovids and 
some cervids are territorial animals and use a number 
of skin glands, especially the preorbital glands, for 
marking their territories (Owen-Smith 1977, Carranza 
et al. 1990). However, since these glands are opened 
widely in male gazelles when fighting with rivals and 
courting females, they release intense odours from 
the gland sacs, and in these situations the preorbital 
gland likely plays an additional functions for this 
species. Of course, this behaviour has nothing to do 
with object marking, but it does have strong effects 
on both rivals and females (Walther et al. 1983). 
The muskox (Ovibos moschatus) is a non-territorial 
ungulate and uses his preorbital markings for threat 
displays (Gray et al. 1988). In cervids too stags open 
their preorbital glands when fighting (Bartoš 1983) or 
roaring (Butzler 1974), while the preorbital secretions 
of females are used for establishing mother-offspring 
bonds (Hatlapa 1977). The opening of the preorbital 
glands in red deer calves is thought to function as a 
signal to their mothers that they are hungry (Bartoš et 
al. 2005). 
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Preorbital glands are paired exocrine organs, which 
are typical for all Antilopinae species. These glands 
consist of a black integumental thickening formed 
around an invaginated pocket of skin; an elongated 
slit, located below and in front of each eye, exudes 
black, tarry secretions which contain pheromones 
and other semiochemical compounds (Albone 1984, 
Kingswood & Blank 1996). Even though all gazelles 
and their relatives possess preorbital glands, in reality 
only some species actually use them (Walther et al. 
1983). Males of goitered gazelle have large preorbital 
glands that stand out as prominent bulges on either 
side of the snout, the secretions of which are used 
very intensively in marking individual territories. 
Goitered gazelle females, on the other hand, like other 
Antilopinae, do not mark at all (Walther et al. 1983). 
Marking behaviours of many tropical antelopes and 
gazelles and the peculiarities of these behaviours 
have been studied quite well over time (Walther et 
al. 1983, Roberts 1998, Brashares & Arcese 1999). 
And even though the preorbital gland was described 
for goitered gazelles long ago (Pocock 1910), it was 
not until much later that there were investigations 
into the morphological and histological structure of 
these glands (Schaffer 1940, Sokolov 1982). During 
the 1950-1970s, the ecology of the goitered gazelle 
in its natural Central Asian environment was studied 
very intensively (Sludskiy 1956, Mambetzhumaev 
1970, Zhevnerov 1984), but the researchers involved 
in these studies did not show any interest in the 
function of the preorbital glands or the gazelles’ 
marking behaviours. It was not until a decade later 
that the first investigations of territorial behaviour 
in goitered gazelles, and the use of their preorbital 
glands for marking territorial borders, began (Blank 
1985, Marmazinskaya 1996), but even then, these 
studies were mainly declarative in content. So the 
focus of this paper is to give a detailed quantitative 
description of the preorbital gland marking behaviour 
of the goitered gazelle, and to define differences and 
similarities of goitered gazelle of their behaviour with 
other antelope species. 
Based on previous studies of scent marking by other 
gazelles and antelopes, we made several predictions 
for this behaviour in the goitered gazelle. The earlier 
studies established that adult males of antelopes and 
gazelles use their preorbital glands for marking their 
territories most intensively during the rutting period 
(Walther et al. 1983). So we thought that the same 
phenomenon would be true for goitered gazelles as 
well, and expected to find season, sex, age and social 
status differences in marking behaviours. Our first 

prediction: male goitered gazelles would perform 
preorbital gland marking most intensively during the 
rut in November and December (Blank 1998), less 
significantly during a “false” rut in April (Kingswood 
& Blank 1996), and least often in other months. In 
addition, since the physiological activity of preorbital 
glands depend on a male’s hormone (testosterone) 
production (Rajagopal & Archunan 2011), we also 
thought that the duration of each act of preorbital 
marking would be longer during the rutting season 
than in other months.
Since secretion marking was connected mostly with 
rutting adult males which typically were alone in 
their individual territories (Blank 1998), we made 
our second prediction: marking activities would be 
observed more often for single males and considerably 
less for males in groups. 
Walther (1984) found that preorbital glands started 
functioning in Thomson’s gazelles at the age of 1 
year, although yearlings rarely showed marking 
behaviour. In the few cases where they did show scent 
marking activity, the yearling males were imitating 
the actions of adult males rather than actually leaving 
their own scent marks. Moreover, females did not 
use their preorbital glands at all. We thought these 
findings would be true for goitered gazelles, so we 
proposed our third prediction: young males would 
mark considerably less often than adult males, while 
females would not mark at all. 
If males scent marked to maintain priority access to 
receptive females in competition with other males 
(Gosling & Roberts 2001), then we had our fourth 
prediction: rutting males should mark more often 
while courting receptive females than during other 
activities. 
During a study of territorial behaviours of oribis 
(Ourebia ourebi – Brashares & Arcese 1999) and 
klipspringers (Oreotragus oreotragus – Kruger et 
al. 2002), a territorial male was found to recognize 
neighbouring males as the greatest threat to his 
territorial ownership, especially if the neighbour has 
an additional one or two subordinate males in his 
territory. So during territorial conflicts, the territorial 
male marked his territory more intensively with his 
preorbital glands compared to when he encountered 
transient males. We supposed this also would be 
true for goitered gazelles, which became our fifth 
prediction: males would mark their territory more 
intensively during territorial conflicts with neighbours 
than with transient males.
When marking with the preorbital gland, males 
positioned their heads so that a suitable twig could 
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be inserted directly into the widely opened gland 
and rubbed back and forth to deposit the secretions 
(Walther et al. 1983). Since dry grasses were rare 
during the rutting period in November and December 
and mostly dry bushes and saxaul trees were available 
for marking, we made our sixth prediction: thinner 
twigs of bushes would be used more often for marking 
than the larger saxaul branch tops. 
And finally, Walther (1984) was convinced that all 
Antilopinae, including gazelle species, performed 
scent markings with the preorbital gland in a similar 
way. So, we posited our seventh prediction: goitered 
gazelles would demonstrate this behaviour in a similar 
manner to other gazelles and antelopes.   

Material and Methods 
Our observations were conducted over a 6-year period 
from 1981 to 1986 in the Ili Depression (southeastern 
Kazakhstan). We collected our data during the goitered 
gazelles’ rutting period in November-December, 
during their less significant “false” rut in April-May, as 
well as other months out of the rutting season (March, 
June-August, October) (Kingswood & Blank 1996, 
Blank 1998). However, since males were quite mobile 
during the months outside the rut, moving almost 
constantly in morning and evening hours (Blank 
1990), the intensity of marking behaviour was very 
rarely observed; therefore some data were absent for 
this period, such as intervals between marking acts. In 
contrast, during the “false” and “real” ruts when males 
remained in their individual territories for several 
weeks (Blank 1998), marking acts were observed 
considerably more often, so that we collected more 
abundant information for preorbital marking during 
those times. Our main method of study was through 
continued focal observations over long periods of 
time (up to 9 h) using binoculars (magnification 8×) 
and a telescope (magnification 30 × 60 ×). We mostly 
did focal animal observations, concentrating on only 
one randomly selected group of gazelles (usually the 
closest one) at a time, observing separated individual 
and recording the preorbital marking acts. All of the 
behaviours were recorded in the order in which they 
occurred and each time they occurred (all occurrence 
method). Observation posts were usually established 
on elevations and in different parts of our study 
area to avoid pseudo-replication. We measured the 
frequency of markings, the time and duration of the 
acts, and the intervals between separate acts with a 
stopwatch (seconds counter), and noted the sex (male 
or female), age (adult, sub-adult and young) and status 
of the performer (territorial or non-territorial male). 

Territorial bucks are those that stop their everyday 
movements from their night grazing pastures to 
their daytime resting places, and establish their own 
territories in which they stay during the entire rutting 
period (both the “real” rut in November-December 
and the “false” rut in April-May). Non-territorial 
males do not establish territories or stay in one area 
and instead continued with their regular everyday 
movements (Blank 1998). For the entire 6-years of 
our study, we had a total 38 of focal observations in 
March, 181 hours in April, 470 hours in May, 374 
hours in June, 173 hours in July, 59 hours in August, 
63 hours in October, 224 hours in November and 148 
hours in December. 
We classified the sex and age of each gazelle according 
to the description provided by Zhevnerov (1984): 
adult males were older than 2 years of age with horns 
1.5 times longer than the ears and the absence a black 
spot on the front of the muzzle; adult females were 
older than 2 years of age, without horns and absence 
of a black spot on the muzzle; sub-adult males were 
1-2 years of age with horns equal to or shorter than the 
ears and a black spot on the muzzle; sub-adult females 
were 1-2 years of age without horns and a black spot 
on the muzzle; and young animals were up to 1 year 
old with a body size 2-3 times smaller than an adult 
and a black sport on the front of the muzzle. 
In this paper, we will restrict the term “secretion 
marking” to cases where the animal deposited an 
odoriferous substance from the preorbital glands on 
an object in its environment by special or at least 
somewhat ritualized actions (Walther 1984). During 
focal observations it was very difficult in many cases 
to differentiate among species of dried, defoliated 
plants from a distance of several hundred meters, so 
we divided all plants into three categories – grasses, 
bushes and saxaul trees – and analyzed plants 
preferred by gazelles for marking according to these 
classifications. 
For statistical data analyses, we used an ANOVA 
test for comparing of frequency distribution during 
daytime hours and over months, since according to 
Shapiro-Wilk and Kolmogorov-Smirnov tests the 
data distribution was normal. Other indexes, such 
as scent marking durations and intervals, had a not 
normal distribution, so we used the Mann-Whitney 
U test for comparing two variables and the Kruskal-
Wallis test for comparing several variables. We also 
used the Log-linear model test for comparing portions 
of separate behavioural acts, as well as Spearman’s 
correlation and Cross-tab test for checking the 
possible correlation between two variables. In cases 
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of multiple comparisons of the same data set we 
Bonferroni-corrected the P-value to account for this. 

Results 
During the 1730 hours of our focal observations, we 
observed totally 528 cases of preorbital marking; the 
marking duration was measured in 369 cases from 
them (Table 1) and intervals between marking acts in 
251 cases. We analyzed 501 cases of group size and 
477 cases of other circumstances, in which preorbital 
marking was observed (Table 2); and we distinguished 
489 cases of marked vegetation type (grass, bush or 
saxaul trees). 
The frequency of preorbital markings significantly 
differed across months (One-way ANOVA, F = 
176.474, d.f. = 7, P < 0.001), with maximal intensity 
observed in November and December (1.0-1.15 acts/
hour, LSD Post-Hoc test, P < 0.001 for both), and 
considerably less in other months (0.03-0.29 acts/
hour in March-July; LSD Post-Hoc test, P = 0.028). 
The mean interval between separate marking acts 
fluctuated between 43.7 ± 12.3 min, n = 16 and 59.6 
± 21.5 min, n = 20 in April and May, and 33.4 ± 4.0 

min, n = 119 and 36.1 ± 4.8 min, n = 96 in November 
and December, though the median provided other 
proportions (23.0, 12.0, 16.5, 17.0, respectively) 
(Fig. 1) without statistical significance (Kruskal-
Wallis test, Chi-square = 0.742, d.f. = 3, P > 0.05). 
The duration of each marking act was longer in April, 
November and December and shorter in May and 
July (Table 1); but a real statistical difference showed 
between April and May (Mann-Whitney U test, Z = 
–2.302, P = 0.021) and May and December (Mann-
Whitney U test, Z = –3.416, P = 0.001). The intensity 
of the preorbital marking in males was different for 
males in different group sizes (Kruskal-Wallis test, 
Chi-square = 339.283, d.f. = 2, P < 0.001) and single 
males marked considerably more often than males in 
groups (Fig. 2; Mann-Whitney U test, Z = –3.820, P < 
0.001). Furthermore, male marking activity negatively 
correlated with group size (Spearman’s correlation = 
–0.760, P < 0.001). 
We found that young males started secretion marking 
with the preorbital gland at the age of one year (in 
May), but only very rarely, with just 9 such cases 
(recorded in May-July) from all marking acts observed 
during our entire study, (1.7 %, n = 528; Chi-square 
goodness of fit test, Chi-square = 492.614, d.f. = 1, 
P < 0.001); just one female marked only once and 
females never showed any interest in male markings. 
In addition, during the rut in November and 
December, goitered gazelle males marked with the 
preorbital gland secretions most often when patrolling 
their individual territories and when courting females, 
while during the “false” rut in April-May, they marked 
mostly while grazing (Table 2). Furthermore, at the 
beginning of the rut in November, males marked with 
their preorbital glands more often while patrolling 

Fig. 1. Intervals between marking acts in male goitered gazelle in 
April-May (4-5) and November-December (11-12). 

Table 1. Fluctuations in mean duration of preorbital gland marking 
(seconds) in adult males over various months.
 
Month Mean duration N SD Kruskal-Wallis test

Chi-square P

April 7.4 ± 0.9  31 5.2
18.923
df = 4 0.001

May 5.0 ± 0.5  36 3.1
July 4.8 ± 1.1  10 3.2
November 6.0 ± 0.3 160 4.2
December 7.3 ± 0.4 132 4.1

Fig. 2. Scent marking activity of single males (1 gazelle) and 
bucks in groups of intermediate (2-5 individuals) and large sizes 
(6-10 individuals) in different months. Totally, it was analyzed 501 
cases. According to Blank et al. (2012) proportion of single males 
fluctuated around 40-50 % for the whole year, increasing up to 71 
% only in November and decreasing up to 45 % in December. 
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their territories compared to when courting females, 
while at the end of the rut in December, they marked 
more often when courting females rather than when 
patrolling. Also throughout the rut, males very rarely 
made preorbital secretion markings during territorial 
conflicts (Table 2).
Male goitered gazelles usually marked shrubs that 
gazelles commonly ate, such as Eurotia ceratoides, 
Salsola arbusculaeformes, Athraphaxis, and 
Calligonum; among trees, they marked saxaul 
(Haloxylon aphyllum); and among grasses, 
Phragmites. They most often used the twigs of dry 
shrubs and semi-shrubs for secretion markings (91-
98 % cases, N = 489), while marking the tops of 
tall grasses and branch tops of saxaul trees was 
observed considerably less often (1-6 % in different 
months; Log-linear model test, Z = 3.726, P < 0.001). 
This tendency was demonstrated especially clearly 
during the rutting period (96-98 % in November and 
December, N = 379) and slightly less often (albeit not 
significantly) in other months (91-94 %, N = 120); 
this ratio showed an insignificant change (Log-linear 
model test, Z = 0.081 – 0.299, P > 0.05). 
For a goitered gazelle, the ritualized act of marking 
with its preorbital glands rarely began with sniffing 
the plant stem or twig (less than 4 %). Instead, the 
goitered gazelle male opened both preorbital glands 
and carefully lowered the preorbital region toward 
the plant stem, bringing the stem’s tip or twig into 
the widely opened gland. With quivering movements 
of the gland’s margin, he deposited some secretions 
which soon hardened in the open air. To position 
himself for scent marking, the male typically stretched 
his head upward to get his preorbital gland as high as 
possible, although he never raised his body to stand on 
just his hind legs for this purpose. During the marking 
procedure, the male’s ears stayed slightly apart with 
the ear holes oriented forward. 
The most often used marking technique was when 
a male turned his head slightly sideways toward the 

shrub branch to be marked (87.5-94.7 %, N = 410), 
while he rarely (5.3-12.5 %) turned his head in a 
position parallel to the ground (Log-linear model test, 
Z = 6.654, P < 0.001). Goitered gazelle males also 
at times opened their mouths widely when marking 
with their preorbital glands, apparently causing an 
even greater widening of the gland entrance hole. 
This pattern was observed rarely (1.1-3.7 %), and 
fluctuated insignificantly over most months (Log-
linear model test, Z = 0.864 and –0.210, P > 0.05) with 
the exception of April, when the maximum of mouth 
openings for the year were observed (12.5 %, N = 64; 
Log-linear model test, Z = 2.464, P = 0.014). These 
cases when the males turned their heads parallel to the 
ground and opened their mouths while scent marking 
were found in April-May and November-December, 
and not noted at all in other months (June-October). 
Similarly they occasionally sniffed branches before or 
after marking (less than 4 %), and sometimes marked 
a particular branch several times in succession and/
or changed from one side of the head to the other 
(3-16 %); these changes from one gland to the other 
fluctuated insignificantly over months (Log-linear 
model test, Z = 0.392 – 0.724, P > 0.05). In most 
cases, males marked only once (66-91 %; Log-linear 
model test, Z = 4.785, P < 0.001), less often twice 
(6-24 %; Log-linear model test, Z = 2.731, P = 0.006) 
and very rarely (2-11 %, N = 435) several times (up 
to 5) in a row, but these fluctuated insignificantly over 
months (Log-linear model test, P > 0.05). Proportions 
of these behaviours were the same across all months 
(Log-linear model test, Z = –0.673, P > 0.05). 
In general (62-91 %, N = 528), marking with 
preorbital glands was performed as a single separate 
act, but occasionally, it was linked to other marking 
types, such as alternating markings preorbital glands 
with urination-defecation acts (4-28 % cases, Log-
linear model test, Z = 5.413, P < 0.001) and/or acts 
of object-horning (4-10 % cases, Log-linear model 
test, Z = 2.877, P = 0.004). In addition, the proportion 

Table 2. Different behavioral patterns of goitered gazelles, which triggered scent marking with preorbital glands during the rutting period 
(November-December) and "false" rut (April-May). Numerator is absolute frequency value and denominator is proportion of this frequency 
within a month (%). 

Months Feeding Territory patrol Territorial
conflict

Chase 
males

Chase females Walk,
run

April 43/82.7 3/5.8 - 2/3.8 4/7.7  -
May 28/62.2 11/24.5 -  - 1/2.2 5/11.1
November 45/20.8 97/44.9 12/5.6 15/6.9 42/19.5 5/2.3
December 35/21.4 43/26.2 2/1.2 3/1.8 81/49.4  -
Log-linear model test Z = 3.153, P = 0.002 Z = 3.422, P = 0.001 -  - Z = 4.219, P = 0.000  -

Downloaded From: https://bioone.org/journals/Folia-Zoologica on 16 Sep 2024
Terms of Use: https://bioone.org/terms-of-use



132

of combined markings fluctuated over seasons from 
a minimum of 8.7 % in the summer months (June-
August) up to a maximum of 30.9 % and 37.5 % 
in November and December respectively, though 
without statistical significance (Log-linear model test, 
Z = –0.068 – 1.302, P > 0.05 in different months). 

Discussion
Our data supported the first hypothesis that males’ 
preorbital gland marking intensity would be 
significantly higher during the rutting season in 
November and December compared to other months. 
Additionally, the duration of each marking act was 
longer during the rut compared to the rest of the 
year. An explanation for the higher development 
of preorbital gland secretions (increase in size and 
density of sebaceous and apocrine cells of the gland) 
in territorial males during the rut – or even non-
territorial males in rut – compared to other months 
may depend on a male’s hormone (testosterone) 
production (Rajagopal & Archunan 2011) that may 
lead to an increase in the physiological excretion 
function of these glands (Marmazinskaya 1996). The 
preorbital glands swell during the rut, with the swelling 
so prominent that it could be seen from a distance 
along with the pitch-like substance that exuded from 
them (Habibi et al. 1993). We also clearly observed 
these rut related preorbital gland secretions that were 
intensively excreted from the opened foramen of the 
glands and flowed down towards the mouth; yet out of 
the rutting season, these stripes of wet secretions from 
the eyes to the mouth were not visible at all (Blank 
1992). The preorbital glands in muskox excreted 
their secretion most intensively during the rut (Gray 
et al. 1988), and in small African antelopes, such 
as klipspringer (Dunbar & Dunbar 1974, Roberts 
& Dunbar 2000), grysbok (Raphicerus melanotis – 
Novellie et al. 1984), and dik-dik (Madoqua – Kranz 
1991), a similar increase in the rate of scent marking 
also was observed for both sexes during periods 
when females were receptive to mating. Apparently, 
the adrenalin, which was available during agonistic 
situation during the rut, provoked the intensification 
of preorbital secretion (Gray et al. 1988). 
In addition to observations during the autumn (real 
rut), our results demonstrated an increase in the 
males’ preorbital marking activity during April (to the 
same degree as seen within the rutting season – Table 
1), which was the goitered gazelles’ second or “false” 
rutting period and a time when an increase in testicle 
activity was also observed (Tsapluk 1972). During 
this spring “false” rut males established individual 

territories, marked their borders, courted females 
and chased intruders. In short, they performed all 
behaviours, just as in the real autumn rut, only at this 
time of year young usually were not produced (Blank 
& Fedosenko 1983, Zhevnerov 1984, Marmazinskaya 
1996). 
The mean size of male groups in goitered gazelle 
are quite stable with the proportion of single males 
fluctuating around 50 % over the whole year, 
increasing up to 70 % only in November then 
decreasing again to 45 % in December (Blank et al. 
2012). Our data supporting the second hypothesis 
demonstrated that single males use preorbital gland 
markings considerably more often than males in 
groups, especially during the rutting period; and 
correspondingly, males in larger groups marked less 
often than males in smaller groups. Goitered gazelle 
males established individual territories only during 
the rut, most often in autumn but also to a lesser 
extent in spring (Blank & Fedosenko 1983). During 
these periods, males stayed alone in their individual 
territories most of the time (Blank et al. 2012), and 
marked their areas with their preorbital glands more 
intensively than in any other periods; bachelor males 
without territories marked less often (Marmazinskaya 
1996). Outside of the rut, many adult males gathered 
into groups, having lower hormone production 
(testosterone) and as a consequence lower agonistic 
and marking activity (Rajagopal & Archunan 2011). 
Even though they still scent-mark it was done very 
rarely (see also Blank et al. 2012). This clearly 
explains why single males marked more intensively 
than males in groups, though we observed kind of 
parity in April, which was difficult to explain. This 
difference in single versus group males was found 
to be true in territorial Thomson’s gazelle (Eudorcas 
thomsoni) males as well: males that stayed alone 
in their individual territories, marked with their 
preorbital glands more often than non-territorial and 
migrating males, which often gathered in groups 
(Walther 1978a). In addition, after examining the 
bodies of dead bachelor males, Walther (1978a) 
observed secretions inside the preorbital glands, but 
not as abundant as in territorial males. 
Our third prediction was also supported as young 
males started to mark with their preorbital glands in 
May at the age of one year, although marking was 
done very rarely. Marmazinskaya (1996) found that 
for a semi-captive population in Uzbekistan, young 
males started to mark at the age of 14-16 months 
(July-August), but only males older than 2-2.5 
years were able to make actual, effective preorbital 
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gland markings (Marmazinskaya 1996). Our data 
also supported the assertion made by Walther et al. 
(1983) that females do not scent-mark with their 
preorbital glands. We observed only one case during 
our study, when a female marked a shrub in this way; 
Marmazinskaya (1996) had only two documented 
cases from her observations in Uzbekistan of females 
marking with their preorbital glands in her semi-
captive population. 
Furthermore, we found that at the beginning of the rut 
in November, adult goitered gazelle males made their 
preorbital markings most often while patrolling their 
individual territories, indicating that this is mostly a 
maintenance function to renew previous markings. 
During almost the entire rutting period, goitered 
gazelle males spent a special time each day patrolling 
and demarcation their territories, which reached 23.9 
% of their daytime budgets, while during the “false” 
rut in April they devoted only 5.5 % of their daily time 
budget (Blank 1990). In contrast, during the “false” 
rut in April-May they marked mostly while grazing, 
spending most of their time in pastures (57 %); during 
the rut in November-December territorial males 
spent less time eating (21.2 % of their daily budget), 
devoting more time for patrolling their territories 
(Blank 1990). In general, the lifespan of scent marks is 
limited so that marks need to be periodically refreshed 
(Alberts 1992). The potency for scent secretions of a 
klipspringer was found to be no longer than 7 days, 
and since each klipspringer territory can contain 
over 1500 preorbital scent marks (Roberts & Lowen 
1997), these marks needed constant over-marking for 
continuous effectiveness (Roberts 1998). The scent 
markings of other antelopes had even shorter potency 
times, such as only 3.6-4.5 days for the gerenuk 
(Litocranius walleri) (Gosling 1981), 2.8 days for the 
Thomson’s gazelle (Gosling 1985), and 1.6-4 days for 
the suni (Neotragus moschatus) (Somers et al. 1990). 
It has been suggested that a scent-mark’s potency 
limitation is perhaps the main reason the gerenuk 
and Thomson’s gazelle have considerably smaller 
territories (Roberts & Lowen 1997) with fewer marks 
– 121 for the gerenuk (Gosling 1981) and 110 for 
Thomson’s gazelle (Walther 1978b). 
During the whole of the rut, females just crossed 
through the males’ territories, staying with a male 
for no more than 15-20 min. By the end of the rut in 
December, however, the males’ marking preferences 
changed, and they marked with their preorbital gland 
secretions most often while courting females, which 
when in estrous spent more time (up to 3 days) with the 
rutting males (Blank 1998). Thus, our data supported 

our fourth prediction that territorial males would mark 
most often during while courting receptive females 
than during other activities. Marmazinskaya (1996) 
also found that adult males in captivity started to mark 
more intensively after the appearance of an estrous 
female in the enclosure; and Habibi et al. (1993) 
observed that in captivity when male sand gazelles 
(Gazella subgutturosa marica) courted a female, their 
preorbital glands became dilated and a streak of black 
secretions flowed over the skin under their eyes. And 
klipspringer males (Roberts & Dunbar 2000) and 
Kirk’s dik-dik (Madoqua kirkii – Brotherton et al. 
1997) marked more intensively when they followed a 
marking female in estrous. 
Because territorial males demonstrated only a 
negligible amount of preorbital marking during 
territorial conflicts (mostly threat displays), our fifth 
prediction was found to be untrue. On the other hand, 
our study did find that markings with urine-feces and 
horning (fighting against plants) increased during 
conflicts between neighbours (Blank & Yang 2014). 
Unlike our goitered gazelles, Habibi et al. (1993) 
found that the preorbital glands were dilated while a 
male sand gazelle showed aggressive behaviour, and 
Walther et al. (1983) recorded that the Thomson’s 
gazelle (Walther et al. 1983) and small African 
antelopes, such as the oribi (Brashares & Arcese 
1999) and blue duiker (Cephalophus maxwelli – Ralls 
1974), increased the intensity of their preorbital gland 
marking during territorial conflicts; the klipspringer 
intensified its marking rate when it found the marks 
of other males (Roberts 1998). Small African 
antelopes have a different social structure compared 
to goitered gazelles, and live continuously in pairs or 
small mixed-sex groups with up to several males and 
females inside their territories all year round (Jarman 
1974, Rowe-Rowe et al. 1992). They also use mostly 
urination-defecation and secretion markings, and not 
horning of plants, which is a very typical behaviour 
for gazelles during conflicts (Walther et al. 1983). 
Our data did support our sixth hypothesis, with 
males preferring to mark thin twigs of shrubs and 
semi-shrubs that were similar to their own height, 
while large, tall bushes (Tamarix) and saxaul trees, 
and small grasses with short, thin stems were used 
considerably less often; the klipspringer demonstrated 
similar behaviour, preferring thin twigs to thick ones 
(Roberts 1997). Signallers put their marks in places 
where they would be easily and quickly detected by 
territory intruders (Gosling 1981), and in our study 
area, goitered gazelle males marked the most edible 
shrubs, such as Eurotia, Athrapahaxis, Salsola. 
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Marmazinskaya (1996) also found that branches after 
browsing were marked considerably more often than 
those not eaten. Analogous behaviour was found for 
the gerenuk and oribi, both of which bit off the tips 
of vegetation at head height prior to scent marking 
(Gosling 1972, 1981). 
Preorbital marks were often placed within a narrow 
vertical distribution, in spite of the fact that alternative 
marking sites were available (Gosling 1981, Roberts 
1997). This was true for the goitered gazelles in our 
study, where shrubs and semi-shrubs close to the 
male’s head height were marked, while lower grasses 
and higher saxaul trees were not. In areas with few 
apposite plants available for marking, marked plants 
were rarely found, if at all, even when the population 
density of goitered gazelles was high (Marmazinskaya 
1996). The Thomson’s gazelle (Walther et al. 1983), 
gerenuk (Gosling 1981), blackbuck (Antilope 
cervicapra – Dubost & Feer 1981) and klipspringer 
antelope (Roberts 1997) also preferred to scent-mark 
within a narrow vertical range at a height they could 
reach while standing on all four feet. 
When marking with preorbital glands, goitered 
gazelle males rejected plants with fragile, unstable 
stems and shrubs with numerous small branches 
at the tops, but readily marked the tops of hard, 
stable branches (Marmazinskaya 1996). In addition, 
signallers advertised these scent mark locations so 
that their marks will be more likely detected (Roberts 
& Gosling 2001), therefore goitered gazelles likely 
rejected the common grasses and choose the more 
conspicuous branches (dry, broken or highest) instead 
(Marmazinskaya 1996). The gerenuk (Gosling 1981) 
and klipspringer (Roberts 1997) preferred to mark 
distinctive dead trees or dry branches, as well. 
The marking procedure for Thomson’s gazelles 
described by Walther et al. (1983) is similar to the 
marking procedure observed for goitered gazelles, 
but with a few notable exceptions. First, our goitered 
gazelles rarely sniffed objects before and after marking 
and never nose-touched, licked and nibbled at them. 
Second, goitered gazelle males turned their heads 
toward the shrub branch like the Thomson’s gazelle, 
but rarely directed their cheeks to the ground. In 

contrast to Thomson’s gazelles, which live in the short, 
grassy steppes of the African savannah (Estes 1967), 
goitered gazelles inhabit deserts with a predominance 
of shrubs. As the height of the shrubs is close to the 
height of a male gazelle’s head, the goitered gazelle 
male did not need to turn his cheeks to the ground 
when marking (Blank 1992). Marmazinskaya (1996) 
also found that goitered gazelle males in Uzbekistan 
did not mark plants that were lower than 40 cm. Third, 
goitered gazelle males occasionally opened their 
mouths widely when marking, but this was not noted 
for other gazelle species (Walther et al. 1983). 
Links between preorbital marking and marking 
through urination-defecation and object-horning, 
which we observed for goitered gazelles, were also 
found in several other antelope species, particularly 
in encounters between territorial neighbours (Walther 
1984). Territorial pronghorn bucks (Antilocapra 
americana), for instance, were noted to alternatively 
mark an object with their subauricular glands and 
then butt it their “prongs”; and Topi (Damaliscus 
korrigum) and blesbucks (D. pygargus) have been 
observed to alternate object-horning with preorbital 
marking (Walther 1984).
To summarize, male goitered gazelles demonstrated 
marking behaviours that were very similar to 
marking behaviours of other gazelle species, but with 
exceptions related to seasonality and environmental 
diversity. But in spite of these variations, the goitered 
gazelles in our study area generally demonstrated 
the same patterns of preorbital marking behaviours 
as other gazelle species, together with many tropical 
antelopes. This, then, satisfied our seventh prediction.

Acknowledgements 
We thank the National Natural Science Foundation of China 
(U1303301), Chinese Academy of Sciences (CAS) for granting 
our work (Visiting Professorships for Senior International 
Scientists – 2011T1Z42), West Light Foundation (CAS – Y336171) 
for creating all conditions for writing this paper. We are very 
grateful to the Institute of Zoology, former Academy of Sciences 
of Kazakhstan, which has given us possibility for investigations 
of goitered gazelles in natural environment during 10 years. We 
thank Mrs. Patricia Johnston, who did the constant help in editing 
this manuscript.

Literature
Alberts A.C. 1992: Constraints on the design of chemical communication systems in terrestrial vertebrates. Am. Nat. 139: 62–89.
Albone E.S. 1984: Mammalian semiochemistry: the investigation of chemical signals between animals. The John Wiley and Sons Press, 

New York.
Bartoš L. 1983: Some observations on the relationship between preorbital gland opening and social interactions in red deer. Aggres. 

Behav. 9: 59–67.
Bartoš L., Víchová J. & Lancingerová J. 2005: Pre-orbital gland opening in red deer (Cervus elaphus) calves: signals of hunger? J. 

Anim. Sci. 83: 124–129.

Downloaded From: https://bioone.org/journals/Folia-Zoologica on 16 Sep 2024
Terms of Use: https://bioone.org/terms-of-use



135

Blank D.A. 1985: Peculiarities of social and reproductive behaviour of Gazella subgutturosa in the Iliisky Valley. Zool. Zh. 64: 1059–
1070. (in Russian, with English Abstract)

Blank D.A. 1990: Persian gazelle. In: Kovshar A.F. (ed.), Rare animals of desert regions. Nauka Kazakh SSR Press, Alma-Ata: 56–80. 
(in Russian)

Blank D.A. 1992: Social and reproductive behaviour of the Persian gazelle. PhD thesis, University of Tel Aviv.
Blank D.A. 1998: Mating behaviour of the Persian gazelle (Gazella subgutturosa Guldenstaedt, 1780). Mammalia 62: 499–519.
Blank D.A. & Fedosenko A.K. 1983: False rut in Persian gazelle. In: Zakharov A.A. (ed.), Proceedings of the third all-union conference 

on animal behaviour, Vol. 2. Nauka of the Academy of Sciences of the USSR, Moscow: 258–259. (in Russian) 
Blank D.A., Ruckstuhl K.E. & Yang W. 2012: Social organization in goitered gazelle (Gazella subgutturosa Guldenstaedt, 1780). Ethol. 

Ecol. Evol. 24: 306–321.
Blank D.A. & Yang W. 2014: Object-horning in goitered gazelle: agonistic or marking behaviour? Behav. Proc. 103: 165–172. 
Brashares J.S. & Arcese P. 1999: Scent marking in a territorial African antelope: I. The maintenance of borders between male oribi. 

Anim. Behav. 57: 1–10.
Brotherton P.N.M., Pemberton J.M., Komers P.E. & Malarky G. 1997: Genetic and behavioural evidence of monogamy in a mammal, 

Kirk’s dik-dik (Madoqua kirkii). Proc. R. Soc., Lond. B 264: 675–681.
Brown R.E. & MacDonald D.W. 1985: Social odours in mammals. Oxford University Press, Oxford. 
Butzler W. 1974: Kampf und Paarungsverhalten, sozial Rangordung and Aktivitatsperiodik beim Rothirsch, Beiheft. Z. Tierpsychol. 16. 

Paul Parey Verlag, Hamburg, Berlin.
Carranza J., Alvarez F. & Redondo T. 1990: Territoriality as a mating strategy in red deer. Anim. Behav. 40: 79–88.
Dubost G. & Feer F. 1981: The behaviour of the male Antilope cervicapra L., its development according to age and social rank. 

Behaviour 76: 62–127.
Dunbar R.I.M. & Dunbar E.P. 1974: Social organization and ecology of the klipspringer (Oreotragus oreotragus) in Ethiopia. Z. 

Tierpsychol. 35: 481–493. 
Estes R.D. 1967: The comparative behaviour of grants and Thomson’s gazelles. J. Mamm. 48: 189–209.
Gosling L.M. 1972: The construction of antorbital gland marking sites by male oribi (Ourebia ourebia, Zimmerman, 1783). Z. 

Tierpsychol. 30: 271–276.
Gosling L.M. 1981: Demarcation in a gerenuk territory: an economic approach. Z. Tierpsychol. 56: 305–322. 
Gosling L.M. 1982: A reassessment of the function of scent marking in territories. Z. Tierpsychol. 60: 89–118.
Gosling L.M. 1985: The even-toed ungulates: order Artiodactyla. In: Brown R.E. & MacDonald D.W. (eds.), Social odours in mammals, 

Vol. 2. Oxford University Press, Oxford: 550–618. 
Gosling L.M. & Roberts S.C. 2001: Scent-marking by male mammals: cheat-proof signals to competitors and mates. Adv. Stud. Behav. 

30: 169–217. 
Gray D.R., Flood P.F. & Rowell J.F. 1988: The structure and function of muskox preobital glands. Can. J. Zool. 67: 1134–1142.
Habibi K., Thouless C.R. & Lindsay N. 1993: Comparative behaviour of sand and mountain gazelles. J. Zool. (Lond.) 229: 41–53.
Hatlapa H.H. 1977: Zur biologischen Bedeutung des präorbital Organs beim Rotwild, Pragung, Individualgeruch, Orientierung. 

Tierartzl. Wochenschr., Berl. Munch. 90: 100–104.
Jarman P.J. 1974: The social organization on antelope in relation to their ecology. Behaviour 48: 215–267.
Johnson R.P. 1973: Scent marking in mammals. Anim. Behav. 21: 521–535.
Kingswood S.C. & Blank D.A. 1996: Gazella subgutturosa. Mamm. Spec. 518: 1–10.
Kranz K.R. 1991: Monogamy in the dikdik. Appl. Anim. Behav. Sci. 29: 87–105.
Kruger M., Bothma J. du P. & Kruger J.M. 2002: The effect of neighboring klipspringer on the scent-marking behaviour of a group of 

klipspringer in the Kruger National Park. Koedoe 45: 87–92.
Mambetzhumaev A.M. 1970: Goitered gazelle. Uzbek Academy of Sciences Press, Tashkent. (in Russian)
Marmazinskaya N.V. 1996: Territorial and marking behavior of goitered gazelle Gazella subgutturosa (Artyodactyla, Bovidae) in the 

Bukhara ecological center. Zool. Zh. 75: 1737–1751. (in Russian)
Mykytowycz R. 1972: The behavioural role of the mammalian skin glands. Naturwissenschaften 59: 133–139.
Novellie P.A., Manson J. & Bigalke R.C. 1984: Behavioural ecology and communication in the cape grysbok. South Afr. J. Zool. 19: 22–30.
Owen-Smith N. 1977: On territoriality in ungulates and an evolutionary model. Quar. Rev. Biol. 52: 1–38.
Pocock R.I. 1910: On the specialized cutaneous glands of ruminants. Proc. Zool. Soc., Lond. 1910: 840–986.
Rajagopal T. & Archunan G. 2011: Histomorphology of preorbital gland in territorial and non-territorial male blackbuck Antelope 

cervicapra, a critically endangered species. Biologia 66: 370–378. 
Ralls K. 1974: Scent marking in captive Maxwell’s duikers. In: Geist V. & Walther F.R. (eds.), The behaviour of ungulates and its 

relation to management. IUCN Publ. New Ser., Morges: 114–132.
Roberts S.C. 1997: Selection of scent-marking sites by klipspringers (Oreotragus oreotragus). J. Zool. (Lond.) 243: 555–564. 
Roberts S.C. 1998: Behavioural responses to scent marks of increasing age in klipspringer Oreotragus oreotragus. Ethology 104: 

585–592.
Roberts S.C. & Dunbar R.I.M. 2000: Female territoriality and the function of scent-marking in a monogamous antelope (Oreotragus 

oreotragus). Behav. Ecol. Soc. 47: 417–423.
Roberts S.C. & Gosling L.M. 2001: The economic consequences of advertising scent mark location on territories. In: Marchkewska-Koj 

N. et al. (eds.), Chemical signals in vertebrates 9. Kluwer Academic/Plenum Publisher, New York.
Roberts S.C. & Lowen C. 1997: Optimal patterns of scent marks in klipspringer (Oreotragus oreotragus) territories. J. Zool. (Lond.) 

243: 565–578.

Downloaded From: https://bioone.org/journals/Folia-Zoologica on 16 Sep 2024
Terms of Use: https://bioone.org/terms-of-use



136

Rowe-Rowe D.T., Everett P.S. & Perrin M.R. 1992: Group sizes of oribis in different habitats. South Afr. J. Zool. 27: 140–143.
Schaffer J. 1940: Die Hautdrüsenorgane der Säugetiere, mit besondere Berücksichtigung ihres histologischen Aufbaues und Bemerkungen 

uber die Proktodäaldrusen. Urban and Schwarzenberg, Berlin. 
Sludskiy A.A. 1956: Reproduction of Persian gazelle. Proc. Zool. Inst. Kazakh. Acad. Sci. 6: 78–108. (in Russian)
Sokolov V.E. 1982: Mammal skin. University of California Press, Berkeley.
Sokolov V.E. & Chernova O.F. 2001: The skin glands of mammals. GEOS Press, Moscow. 
Somers M., Rasa O.A.E. & Apps P.J. 1990: Marking behaviour and dominance in suni antelope (Neotragus moschatus). Z. Säugetierkd. 

55: 340–352.
Tsaplyuk O.E. 1972: Age and seasonal dynamics of sexual activity in Gazella subgutturosa Gueld. Proc. Acad. Sci. Kazakh. SSR, Biol. 

Ser. 3: 39–46. (in Russian)
Walther F.R. 1978a: Quantitative and functional variations of certain behaviour patterns in male Thomson’s gazelle of different social 

status. Behaviour 65: 212–240. 
Walther F.R. 1978b: Mapping the structure and the marking system of a territory of the Thomson’s gazelle. East Afr. Wild. J. 16: 

167–176.
Walther F.R. 1984: Communication and expression in hoofed animals. Indiana University Press, Blumenthal. 
Walther F.R., Mungall E.C. & Grau G.H. 1983: Gazelles and their relatives. Park Ridge, Noyes Publications, New Jersey. 
Wyatt T.D. 2003: Pheromones and animal behaviour: communication by smell and taste. Cambridge University Press, Cambridge. 
Zhevnerov V.V. 1984: Goitered gazelle of the Barsa-Kelmes Island. Nauka Press of the Kazakh SSR, Alma-Ata. (in Russian)

Downloaded From: https://bioone.org/journals/Folia-Zoologica on 16 Sep 2024
Terms of Use: https://bioone.org/terms-of-use


