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Abstract
Whereas most studies on overmarking in mammals analysed the rate of overmarking, that those investigate time between 
exploration of an olfactory stimulus and the response to it remain less common, with inconsistent results. We examined the 
latency in time between elimination by the sender and sniffing by the receiver, and from sniffing and overmarking, in four 
captive African equid species to explore differences among species, and among age and sex classes. We investigated these 
latency time periods in light of three potential hypotheses explaining overmarking behaviour in equids: social bonds, group 
cohesion, and intrasexual competition. Analysing 1684 events of sniffing and 719 of overmarking among 130 individu-
als, we found that (i) the time from elimination to overmarking was shorter among female friends and in parent–offspring 
dyads, proving support to the social bond hypothesis; (ii) intraspecific differences in time periods do not reflect the social 
organisation of species, thus not supporting the group cohesion hypothesis; (iii) males were more attracted to elimination of 
conspecifics than females, and female’s eliminations were inspected longer, in line with the sexual competition hypothesis 
and/or reproductive behaviour. In addition, we found that the younger foals came to sniff eliminations faster than older ones, 
and in larger groups foals devoted longer time to sniffing the elimination before overmarking. We concluded that examina-
tion of the elimination could be driven by motivations other than the decision to overmark. Whereas overmarking serves to 
express bonds to a familiar individual, the latency of overmarking reflects more reproductive interests.

Keywords Equus · Group cohesion · Intraspecific differences · Marking behaviour · Olfactory communication · Sexual 
competition · Social bonds · Zebra

Introduction

Scent plays an important role in intraspecific recognition for 
social animals across taxa: in insects (Dreier et al. 2007), 
reptiles (Font et al. 2012), birds (Leclaire et al. 2017), and 
mammals (Ralls 1971). Most mammals have a highly devel-
oped olfactory sense which they employ in social communi-
cation (Ralls 1971). Volatile chemicals with information on 
factors including sex and reproductive status are deposited 
with urine and faeces (Marneweck et al. 2017), and then 
further intraspecific communication occurs through over-
marking of these scents, i.e. applying chemical signals on 
a deposit of another individual (Ralls 1971; Johnson 1973; 
Ferkin and Pierce 2007).

Various functions of overmarking have been suggested, 
resulting in thirteen potential hypotheses (Ralls 1971; John-
son 1973; Ferkin and Pierce 2007; Tučková et al. 2018; 
Pluháček et al. 2019b). These hypotheses state that over-
marking (1) may represent intraspecific competition; (2) be a 
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form of self-advertisement; (3) indicate territorial behaviour; 
(4) be used to attract mates; (5) provide a means to increase 
foraging efficiency; (6) be a navigation guide; (7) develop 
a group cohesion scent; (8) act as a threat behaviour; (9) 
conceal scent; (10) be part of parent–offspring conflict; (11) 
act to strengthen social bonds; (12) form a means to identify 
conspecifics; and (13) simply be an artefact of laboratory 
studies. Some of these hypotheses are not mutually exclu-
sive (Ferkin and Pierce 2007). It should also be noted that 
marking behaviour is likely to have more than one function 
in any one species and different functions in different species 
(Johnson 1973). The most supported explanation remains 
intrasexual competition, especially in ungulates (Turner 
et al. 1981; Penzhorn 1984; Kimura 2000; Marneweck et al. 
2019).

When overmarking has been described, most studies 
focus on the individuals involved, i.e., who is overmarked by 
whom and the rate of overmarking among them (Brashares 
and Acrese 1999; Ferkin et al. 2001, 2004; Heymann 1998; 
Wolf et al. 2002; Wronski et al. 2013). However, some 
studies also investigated the latency of overmarking once 
a stimulus was detected (Kappeler 1998; Krueger and 
Flauger 2011) or latency from marking to sniffing the over-
mark (Jordan 2007; Jordan et al. 2011; Linklater et al. 2013; 
Marneweck et al. 2017). Many studies reported sexual differ-
ences in overmarking latency or sniffing (Blank et al. 2015; 
Black-Decima and Santana 2011; Kappeler 1998; Jordan 
2007). However, results found across species are inconsist-
ent: whereas in brown brocket deer (Mazama gouazoubira) 
males overmark with a shorter latency than females (Black-
Decima and Santana 2011), the opposite was found in meer-
kats (Suricata suricatta; Jordan 2007) and there was no dif-
ference in white rhinos (Ceratotherium simum; Marneweck 
et al. 2018). On the other hand, females of the latter species 
investigated scent marks longer than males. In ring-tailed 
lemur (Lemur catta), the eliminations (i.e., urine or faeces) 
of females are overmarked more quickly than those of males; 
however the sex of the overmarking animal does not affect 
the latency (Kappeler 1998).

Other studies reported a difference in the time of explor-
ing an elimination based on the type of elimination (Lin-
klater et al. 2013), familiarity between individuals (Black-
Decima and Santana Black-Décima and Santana 2011; 
Cinková and Policht 2015; Jordan et al. 2011), or the oestrus 
status of the female (Marneweck et al. 2017). In general, it 
is believed that longer sniffing and shorter latency of over-
marking represents higher interest in investigation of the 
elimination and higher importance of overmarking, respec-
tively (Kappeler 1998; Krueger and Flauger 2011).

Equids represent a good group for studying overmarking 
for several reasons. First, they differ from many other mam-
mals as they have no dedicated scent glands and therefore 
mark only with faeces and/or urine (Brown and Macdonald 

1985). Second, their overmarking rate is quite frequent 
(Kimura 2000; Moehlman 1985; Tučková et al. 2018). Third, 
they are congregatory with variability in their social system 
(Klingel 1975; Linklater 2013) that is reflected in differences 
in overmarking (Kimura 2000; Pluháček et al. 2020). Fourth, 
they represent a unique group of mammals where overmark-
ing is expressed in very young juveniles at an unprecedently 
high rate (Pluháček et al. 2019b, 2020). Most prior studies 
on equids favoured the intrasexual competition hypothesis 
as the main reason for overmarking (Turner et al. 1981; Pen-
zhorn 1984; Kimura 2000). However, recently we provided 
support for two different hypotheses: social bonds and group 
cohesion, and found no evidence for intrasexual competition 
(Tučková et al. 2018; Pluháček et al. 2019a, b). Additionally, 
we revealed an early expression of male sexual behaviour as 
a possible explanation of overmarking in male juveniles and 
subadults (Pluháček et al. 2019b).

In equids, most overmarking is in response to elimina-
tion of a conspecific (King and Gurnell 2007). When an 
individual encounters an elimination they either ignore it 
or sniff it. After sniffing they may further explore the scent 
through flehmen, where the odour is drawn through the 
vomeronasal organ. After exploration by sniffing and/or fle-
hmen the individual may overmark with urine or faeces, or 
subsequently ignore the stimulus (King and Gurnell 2007; 
Tučková et al. 2018; Pluháček et al. 2019a, b). Although 
some studies have investigated the time from exploring 
(sniffing) a stimulus elimination to overmarking, few have 
examined time between the elimination being deposited to a 
conspecific exploring it. Latency of time between deposit of 
a stimulus and exploration by a conspecific may be related 
to its attractiveness. As described above, overmarking in 
equids typically follows the pattern of elimination (stimu-
lus), sniffing (exploration), followed by overmarking. We 
examined the time between elimination and subsequent steps 
in this pattern during overmarking events in four captive 
African equid species to explore differences among species, 
and among age and sex classes. Specifically, we measured 
time from elimination by a conspecific to sniffing (TES), and 
time from sniffing to overmarking (TSO). We also meas-
ured overall time from elimination to overmarking (TEO), 
but as this period was correlated with TES and TSO we 
did not include it into our analyses. We examined the two 
periods (TES and TSO) in light of three potential hypoth-
eses explaining overmarking behaviour in equids: (1) social 
bonds, (2) group cohesion, and (3) intrasexual competition. 
In line with these hypotheses we predicted that latency 
should be shorter in (1) friends and mother–offspring pairs, 
(2) species with less stable group social structure (African 
wild ass [Equus africanus], Grévy’s zebra [E. grevyi]) than 
those living in stable groups (mountain zebra [E. zebra] and 
plains zebra [E. quagga]), and (3) after elimination of adult 
females and when overmarked by males. In addition, we 
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examined whether any of the time periods were affected by 
factors such as reproductive or social status, or environmen-
tal conditions.

Methods

Animals

We observed four equid species (African wild ass, Grevy’s 
zebra, plains zebra, and mountain zebra) in five zoos (Brno, 
Dvůr Králové, Liberec, Ostrava, and Ústí nad Labem) in 
the Czech Republic. In total, our observations involved 130 
individuals including 18 subadults and 43 foals maintained 
in 15 herds (Table 1). Herd size varied from 3 to 18 individu-
als and each observed herd included one to seven foals. Foals 
were defined as dependent juveniles still actively suckling 
from the mother (Pluháček et al. 2007). For definition of 
age categories see Tučková et al. (2018). All herds were 
observed in outdoor enclosures which varied in size from 
800 to 2800  m2. Enclosures were covered mostly by gravel 
with some patches of grass, concrete, sand or soil, with the 
exception of the enclosure of Grévy’s zebra at Ostrava Zoo 
and one herd of plains zebra at Dvůr Králové Zoo (#3 in 
Table 1) which were predominantly covered by grass. Food 
(grass or hay in feeders) and water was available ad libitum 
for each herd. Each enclosure was cleaned once a day in the 
morning before the start of the observation.

Observations were made over 2 years, in 2010 from 23rd 
June to 25th October and in 2011 from 18th May to 19th 
September. We performed two observation sessions per day, 

either from 08:00 to 11:00 or from 14:00 to 17:00; no group 
was observed twice in the same day. Each group in each year 
was observed five times a week during any 2 weeks per year. 
However, these 2 weeks were not consecutive. Thus, we 
performed ten observation sessions per herd per season. In 
total, we carried out 600 h of observation (200 sessions over 
121 days). In each observation session, we recorded data 
concerning elimination events (i.e., defecation and urina-
tion) within the herd using the ad libitum sampling method 
(Altmann 1974). This included recording the identity of the 
eliminator, behaviour of the eliminator prior to the elimina-
tion, identity of the individual examining the elimination 
(i.e., sniffing), and if flehmen and overmarking was observed 
we recorded details of this individual and the sequence of 
behaviours. We used the same definition of overmarking as 
described by other researchers (Turner et al. 1981; Kimura 
2000, 2001).

Since overmarking behaviour is highly affected by sub-
strate (Przewalski horses Equus przewalskii: King and Gur-
nell 2007; all three zebra species: Pluháček et al. 2019b), 
we included these environmental factors in our analyses. We 
distinguished whether eliminations occurred near the edge 
of the enclosure (within 1 m from the fence or wall), whether 
it occurred under shelter, and the type of surface where it 
was deposited (concrete, grass, gravel, sand, and soil).

Statistics

All data were analysed using the SAS System, Version 9.4 
(SAS Institute, Inc. Cary, NC). We tested factors affecting 
time from elimination by a conspecific to sniffing (TES) and 

Table 1  Details of individuals observed from four equid species at five zoos in the Czech Republic to record overmarking events

Species Zoo and group number (where there was more 
than one group of the same species in the same 
zoo)

Number of individuals observed in 
2010 (stallions, mares, subadults, and 
foals)

Number of individuals observed in 
2011 (stallions, mares, subadults, and 
foals)

E. africanus Dvůr Králové 8 (0, 4, 0, 4) 8 (0, 4, 0, 4)
Liberec 5 (0, 4, 0, 1) 8 (0, 4, 4, 0)
Ústí nad Labem 1 2 (0, 1, 0, 1) 3 (0, 2, 1, 0)
Ústí nad Labem 2 3 (0, 3, 0, 0) 2 (0, 2, 0, 0)

E. grevyi Brno 5 (1, 3, 0, 1) 4 (0, 3, 0, 1)
Dvůr Králové 16 (1, 11, 3, 1) 18 (0, 10, 1, 7)
Ostrava 5 (0, 3, 0, 2) 5 (0, 3, 0, 2)

E. quagga Brno 4 (1, 2, 1, 0) 6 (1, 2, 2, 1)
Dvůr Králové 1 11 (1, 4, 3, 3) 10 (0, 6, 0, 4)
Dvůr Králové 2 11 (1, 7, 0, 3) 10 (0, 7, 0, 3)
Dvůr Králové 3 7 (0, 7, 0, 0) 6 (0, 6, 0, 0)
Liberec 1 3 (0, 2, 0, 1) 3 (0, 2, 1, 0)
Liberec 2 8 (1, 6, 0, 1) 7 (1, 6, 0, 0)

E. zebra Dvůr Králové 14 (1, 7, 0, 6) 10 (0, 5, 1, 4)
Ústí nad Labem 9 (1, 7, 1, 0) 8 (0, 8, 0, 0)
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time from sniffing to overmarking (TSO) using multivariate 
generalised linear mixed models (GLMM, PROC MIXED, 
SAS). To approach normal distribution, all dependent vari-
ables were log transformed. To avoid the effect of outliers, 
we excluded values exceeding 180 s (n = 12) in all analyses 
of TES, and 180 s (n = 11) in all analyses of TSO.

We included the following fixed factors: type of elimina-
tion (urination/defecation), sex and age category of the elim-
inator (adult males/adult females/subadult males/subadult 
females/male foals/female foals), sex and age category of the 
animal that examined the elimination, sex of the eliminator, 
sex of the examining animal, age of the eliminator, age of the 
examining animal, species, zoo, number of animals within 
the herd (3–18), number of foals within the herd (1–7), pres-
ence of stallion in the herd (yes/no), type of surface (con-
crete, grass, gravel, sand, or soil), shelter (yes/no), outside 
temperature, whether the elimination was deposited at the 
edge of the enclosure (yes /no), whether elimination was on 
the latrine (yes/no; the latrine was a spot in the enclosure 
frequently used for elimination although cleaned by keep-
ers every day), pregnancy (yes/no), lactating (yes/no), and 
oestrus (yes/no) status of the eliminator, pregnancy (yes/
no), lactating (yes/no), and oestrus (yes/no) status of the ani-
mal examining the elimination, behaviour of the eliminator 
preceding the elimination (walking/standing/feeding/other), 
whether the examiner was a parent of the eliminator (yes/
no), whether the examiner was offspring of the eliminator 
(yes/no), and flehmen of the animal examining elimination 
(yes/no). For the oestrus, lactating, and pregnant variables 
males and foals were coded as ‘no’. In analyses limited to 
adult females we also included friendship in the model 
(friends/middle-friends/non-friends; see Tučková et  al. 
(2018) for details of this distinction). Random factors in the 
models were identity of the eliminating animal and the year 
of observation (2010/2011). We tested for intercorrelation of 
factors and found that sex and age category correlated with 
sex and age, thus these were not tested in the same model.

Since the explanation of the phenomenon might differ 
across sex and age categories, we ran GLMMs for each time 
period (TES, TESFO [time from elimination to sniffing for 
cases where followed overmarking], TSO) first for all ani-
mals, then separately for adult females, adult males, and foals 
as the exploring individual. In all models we avoided pseu-
doreplication of the same animal by entering the individual 
that examined the elimination as a subject in the ‘repeated’ 
statement. We started with a full model including all fixed 
effects. We assessed the significance of each fixed effect in 
the mixed model via F – test paying special attention to 
hypotheses predictors (age and sex category, species parent-
hood, friendship). Then we dropped non-significant fixed 
effects sequentially to identify the model with the lowest 
 AICc value (Tables A1, A2, and A3). Only the factors that 
were statistically significant are given in the results section. 
The within-group means were appropriately adjusted for the 
other effects in the model (LSMEANs statement). Differ-
ences between means were tested with t – tests; for multiple 
comparisons we used the Tukey–Kramer adjustment.

Results

We recorded 4668 eliminations and 1684 cases of reactions 
to eliminations (i.e., sniffing), with at least one case of reac-
tion from each sex and age category per species (when pre-
sent; Table 2). In 746 cases, the elimination was overmarked 
after being sniffed (Table 2).

Correlations among latency time periods

Both TES and TSO were correlated with TEO (TES: Spear-
man: r = 0.62; P = P < 0.0001; TSO: Spearman: r = 0.61; 
P < 0.0001). However, TES and TSO were not correlated 
(Spearman r = 0.08; NS).

Table 2  Number of reactions to eliminations (i.e. sniffing and/or fle-
hmen) and overmarking events in African wild ass (Equus africanus) 
and three zebra species (plains zebra, E. quagga, mountain zebra, 

E. zebra, Grévy’s zebra, E. grevyi) at 5 zoos in the Czech Republic 
according to sex and age category

Species E. africanus E. grevyi E. quagga E. zebra

Sex and age category Reactions Overmarking Reactions Overmarking Reactions Overmarking Reactions Overmarking

Adult females 192 111 202 102 211 89 89 30
Subadult females 6 0 9 4 24 5 5 3
Female foals 62 36 53 17 65 13 68 25
Adult males 0 0 45 21 149 78 53 25
Subadult males 0 0 0 0 49 11 0 0
Male foals 149 81 150 62 74 26 29 7
Total 409 228 459 206 572 222 244 90
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Time from elimination to sniffing (TES)

All individuals

The longest TES we recorded was 32 min and 30 s. Average 

TES was 28.41±78.01 s (n = 1684 events). TES was affected 
by age and sex of the animal that examined the elimina-
tion (F = 3.92; df = 6, 1510; P = 0.0007; Fig. 1), species 
(F = 3.84; df = 3, 1510; P = 0.0094; Fig. 2), lactation sta-
tus of the eliminator (F = 19.83; df = 1, 1510; P < 0.0001), 

Fig. 1  Time from elimina-
tion (defecation or urination) 
to sniffing of the elimination 
(TES) in four African equid 
species (Equus africanus, E. 
grevyi. E. quagga, E zebra) at 
five zoos in the Czech Republic 
according to the age and the 
sex of the animal that examined 
the elimination. The values 
represent LS means ± SE of 
means; n refers number of cases 
involved; significance levels 
are represented by: *P < 0.05, 
***P < 0.001

Fig. 2  Time from elimina-
tion (defecation or urination) 
to sniffing of the elimination 
(TES) in four African equid 
species (Equus africanus, E. 
grevyi. E. quagga, E zebra) at 
five zoos in the Czech Republic 
according to the species. The 
values represent LS means ± SE 
of means; n refers number of 
cases involved; significance 
levels are represented by: 
*P < 0.05, **P < 0.01
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oestrous status of the eliminator (F = 6.72; df = 1, 1510; 
P = 0.0096), parenthood (F = 5.12; df = 1, 1510; P = 0.0238), 
and zoo (F = 4.44; df = 4, 1510; P = 0.0014). Elimination 
of an oestrus or lactating female was sniffed sooner than 
that of other females, and parents were quicker to sniff their 
offspring’s eliminations than a non-parent. Grévy’s zebra 
(t = 3.32; P = 0.0031) and plains zebra (t = 2.59; P = 0.0429) 
were quicker to sniff an elimination than African wild ass. 
Male foals sniffed sooner than adult (t = 4.29; P = 0.0004) 
and subadult females (t = 3.00; P = 0.0429).

Adult females

TES of adult females was affected by parenthood (F = 5.25; 
df = 1, 612; P = 0.0223): TES was longer when a mother 

sniffed than another female. We also found an effect of 
friendship on TES (F = 7.07; df = 2, 220; P = 0.0011) 
with best friends sniffing faster than non-friends (t = 3.61; 
P = 0.0011; Fig. 3).

Adult males

TES of adult males was affected by species (F = 9.44; df = 2, 
228; P = 0.0001), latrine occurrence (F = 7.55; df = 1, 228; 
P = 0.0065), and by parenthood (F = 4.22; df = 1, 228; 
P = 0.0410). TES was longer when the male was the father, 
when the elimination was on the latrine than elsewhere, and 
in mountain zebra (t = 4.04; P = 0.0002) and Grévy’s zebra 
(t = 2.43; P = 0.0417) than in plains zebra.

Foals

TES of foals was affected by species (F = 4.78; df = 3, 590; 
P = 0.0022), oestrus status of the eliminator (F = 9.15; df = 1, 
590; P = 0.0026), the age of the foal in days (F = 7.68; df = 3, 
590; P = 0.0047, and offspring-parent dyad (F = 5.26; df = 1, 
590; P = 0.0221). The TES was shorter when the eliminating 
animal was in oestrus than when not in oestrus, and when 
it was a parent of the foal. Younger foals sniffed the elimi-
nation faster than older ones (Fig. 4). Grévy’s zebra foals 
sniffed the elimination faster than African wild ass (t = 3.41; 
P = 0.0038).

Time from elimination to sniffing for situations 
where overmarking followed only (TESFO)

When we limited the TES only to situations where over-
marking followed the sniffing (TESFO) we found that this 
time was affected by age and sex category of the animal that 
eliminated (F = 2.81; df = 5, 724; P = 0.0160), parenthood 

Fig. 3  Time from elimination (defecation or urination) to sniff-
ing of the elimination (TES) by females of four African equid spe-
cies at five zoos in the Czech Republic according to the friendship 
(Tučková et al. 2018). The values represent LS means ± SE of means; 
n refers number of cases involved; significance level is represented 
by: **P < 0.01

Fig. 4  Time from elimina-
tion (defecation or urination) 
to sniffing of the elimination 
(TES) by foals of four African 
equid species at five zoos in the 
Czech Republic according to 
the age of the foal
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(F = 7.90; df = 1, 724; P = 0.0051), offspring (F = 45.82; 
df = 1, 724; P < 0.0001), and the zoo (F = 3.05; df = 1, 724; 
P = 0.0164). TESFO was shorter when a parent inspected 
the elimination of the offspring and when offspring exam-
ined elimination of parent than when other herdmates were 
involved.

Adult females

When we analysed the TESFO by adult females only, we 
found that mothers inspected an elimination faster than 
non-mothers (F = 7.14; df = 1, 261 P = 0.0080). Friendship 
also reached the level of significance (F = 4.29; df = 2, 78; 
P = 0.0170) with faster inspection by friends than by non-
friends (t = 2.97; P = 0.0109). In addition, oestrus females 
inspected the elimination of the other female faster than non-
oestrus ones (F = 5.47; df = 2, 78; P = 0.0219).

Adult males

When we limited data to eliminations sniffed by adult 
males only, we found that the TESFO was affected by spe-
cies (F = 6.75; df = 2, 117; P = 0.0017; longer latency in 
mountain zebra than in plain zebra: t = 3.37; P = 0.0030), 
and when at the latrine (F = 5.45; df = 1, 117; P = 0.0213).

Foals

When we limited data to eliminations sniffed by foals only, 
we found that the TESFO was shorter when the eliminat-
ing animal was parent of the foal (F = 42.86; df = 1, 224; 
P < 0.0001) and when the elimination was not at the edge of 
the enclosure (F = 5.22; df = 1, 224; P = 0.0233).

Time from sniffing to overmarking (TSO)

All individuals

The longest TSO we recorded was 634 s, with the average 
lasting 20.74±24.42 s (n = 630 events). When sniffing was 
accompanied by flehmen, TSO was longer (F = 27.66; df = 1, 
514; P < 0.0001; mean with flehmen: 25.81±21.00 s [n = 78 
events], mean without flehmen 19.90±24.85  s [n = 552 
events]).

Since flehmen strongly affected TSO, we performed 
separate analyses for the TSO with and without flehmen. 
When we analysed only those events when the overmarking 
animal did perform flehmen (n = 78), the TSO was affected 
by species (F = 2.94; df = 3, 50; P = 0.0418). TSO lasted 
longer in mountain zebra than in African wild ass (t = 2.95; 
P = 0.0236).

When events without flehmen (n = 552) were tested, 
TSO was affected by surface only (F = 3.41; df = 4, 435; 

P = 0.0093). Zebras and asses overmarked eliminations 
faster on gravel than on soil (t = 3.11; P = 0.0172).

Adult females

No factor was significant in the final model for adult females.

Adult males

For males, TSO was affected by sex of the eliminating ani-
mal (F = 5.45; df = 1, 63; P = 0.0277) with longer TSO after 
sniffing elimination of females than males.

Foals

TSO increased with increasing herd size for foals (F = 5.17; 
df = 1, 167; P = 0.0242; Fig. 5).

Discussion

As far as we are aware this is the first observational study 
that examined the time periods from elimination to over-
marking in equids in detail. In addition, we analysed several 
time periods whereas other studies simply focused on the 
time from sniffing to overmarking (Marinier et al. 1988; 
Krueger and Flueger 2011; Hothersall et al. 2010; Linklater 
et al. 2013; Ghosal et al. 2012; Jezierski et al. 2015). We 
found that the time from elimination to sniffing (TES) and 
time from sniffing to overmarking (TSO) were affected by 
various factors which suggests that these times reflect dif-
ferent needs.

Social bond hypothesis

We found support for the social bond hypothesis of the 
function of overmarking as TES was shorter among female 
friends and parent–offspring pairs compared to the rest of 
the group (Tučková et al. 2018; Pluháček et al. 2019b). 
The same result was found when only cases of examina-
tion that ended by overmarking were included (TESFO). 
On the other hand, we did not find that friendship and par-
ent–offspring relationship affected TSO; similarly other 
mammals spent a shorter time inspecting the elimination 
of familiar individuals than non-familiar (Johnston et al. 
1994). Faster TES might indicate either higher attraction of 
the elimination or may be just associated with closer spa-
tial proximity. Since friendship was defined by proximity in 
scan samples (Tučková et al. 2018), and the mother closely 
accompanies the offspring (Tyler 1972), it seems that this 
explanation is parsimonious. Nevertheless, we found that 
male foals approached the elimination of other individuals 
faster than adult females which shows that attractiveness of 
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the elimination played a role as well. In addition, in captive 
Przewalski’s horses, the decision to examine the elimina-
tion and /or to overmark it was not affected by the distance 
between the two individuals involved (Boyd and Kasman 
1986). As it is not possible to disentangle proximity and 
attractiveness of the elimination of a friend, mother, or off-
spring in TES we cannot reject the social bond hypothesis.

Group cohesion hypothesis

Zebras reached the elimination to smell it (TES) faster than 
African wild ass. On the other hand, almost no interspecific 
differences were found in TSO. These differences seem to 
reflect phylogenetic differences between asses and zebras 
(Steiner and Ryder 2011; Steiner et al. 2012) rather than 
differences in social organisation and thus group stability 
of the respective species (Joubert 1972; Klingel 1969, 1975, 
1977; Ginsberg 1989). Shorter TES of plains zebra could 
reflect the fact that the individuals form compact groups 
even in the zoo environment. Since mountain zebras keep 
longer inter-individual distances than other species (Joubert 
1972), the longer latency of time from elimination to sniffing 
in mountain zebra compared to plains zebra could reflect the 
longer distance for the male to explore it. Thus, based on our 
results we did not find any association between latency of 
overmarking and the group cohesion hypothesis.

Sexual selection hypothesis

Our analyses revealed several differences in latency based 
either on the sex of the eliminator or the sex of the examin-
ing individual, in line with other studies (Black-Decima and 
Santana 2011; Hothersall et al. 2010; Krueger and Flauger 
2011; Marinier et al. 1988). Male foals came to an elimina-
tion (TES) faster than subadult and adult females. Males 

spent more time examining eliminations of females than 
males (TSO) as reported for other mammals like African ele-
phant (Meyer et al 2008). These results might indicate that 
males are more attracted to eliminations of other animals 
and that they devote more time to inspect the elimination 
than females (Hothersall et al. 2010; Marinier et al. 1988).

These results infer that examination of an elimination is 
part of sexual competition, especially among males. In our 
previous study, we found that overmarking by male foals 
might reflect early expression of sexual behaviour (Pluháček 
et al. 2019b). We would like to note that whereas the deci-
sion to overmark an elimination cannot be associated with 
intra-male sexual competition, the exploration of the elimi-
nation itself by males could be associated with their repro-
ductive behaviour (Kimura 2001; Marinier et al. 1988; Jor-
dan 2007; Jordan et al. 2011). Thus, our data suggest that 
the latency of overmarking was associated with the sexual 
competition hypothesis.

Further, we found that the time from sniffing to over-
marking by foals increased with increasing group size. 
This means that in larger groups foals devoted more time 
to inspecting an elimination before overmarking than when 
in smaller groups. We suggest that this behaviour might 
demonstrate that the foal needs to learn recognition of the 
eliminating animal and this is more difficult in a larger 
group, thus prolonging the time to overmarking. This also 
provides indirect evidence that equids need to learn rec-
ognition of other individuals from urine and faeces. Since 
foals might use overmarking of other foals to strengthen 
social bonds (Pluháček et al. 2020), longer TSO in larger 
groups could simply reflect the fact that the larger groups 
included a higher number of foals. Thus, foals may spend 
more time examining eliminations of other foals to bet-
ter detect “friends”. However, the number of foals in the 
group was not associated with TSO. Therefore, it seems 

Fig. 5  Time from sniffing an 
elimination (i.e., faeces or 
urine) to overmarking it (TSO) 
by foals of four African equid 
species according to herd size at 
five Czech zoos
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that a longer examination time of an elimination before 
overmarking by foals could be associated more with 
ontogeny of recognition than with any specific hypothesis 
explaining overmarking. This suggestion is in line with our 
other finding that foals reached elimination of another ani-
mal faster when they were younger. Younger foals might 
be more interested and more explorative of other herd-
mates’ eliminations than older foals who are more familiar 
with their odours. On the other hand, we cannot exclude 
that this result is affected by close proximity of the mother 
in young foals (Tyler 1972).

TSO was highly affected by the performance of flehmen. 
Although flehmen is often associated with overmarking 
(Turner et al. 1981; Moehlman 1985) the examination of the 
elimination via flehmen might be driven by different moti-
vation than the decision to overmark. For example, males 
might examine most eliminations of females but they do 
not need to overmark all of them; in many cases flehmen of 
the elimination was not followed by overmarking (Pluháček 
et al. in prep.). Thus, even though the latency of overmark-
ing is affected by flehmen, these two behaviours could be 
partially independent and follow different motivations.

In conclusion, our results provided partial support for 
two of the three non-exclusive hypotheses explaining over-
marking: social bonds, and especially sexual competition. 
On the other hand, we found no support for the group cohe-
sion hypothesis. In addition, it seems that examination of an 
elimination could be driven by motivations other than the 
decision to overmark. Whereas overmarking might serve to 
express affiliation to a familiar individual, the latency of 
overmarking, and especially TSO reflecting the examina-
tion of elimination, represents interest in the other animal 
mostly for reproductive reasons. Based on our results, future 
studies (both observational and experimental) on this topic 
should distinguish between interpretation of overmarking of 
an elimination and time examining the elimination.
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