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Abstract
Maynard-Smith’s game-theoretical framework suggests that
conflicts should be resolved through an exchange of agonistic
displays which can be as effective as physical attack in secur-
ing contested resources. Hence, participants use signaling tac-
tics that are governed by game-theoretical competition rules to
maximize their benefit from the interaction. In rock hyraxes,
males initiate singing in response to conspecific male songs,
possibly to self-advertise and to facilitate comparison of per-
formance by receivers. We hypothesized that hyrax counter-
singing strategy can be explained by resident-intruder model
and its outcome is determined by the identity and ability of the
participants. Natural hyrax singing events and playback-
induced events were classified according to the participants’
residence status—resident or bachelor (i.e., non-resident). As
predicted by the resident-intruder model, resident listeners
tended to reply to conspecific males at high rates (≈40 %),
while bachelors showed low reply rates (17 %) to resident

initiators. Unexpectedly, the lowest-ranking bachelors showed
a tendency to reply to the highest-ranking residents. One pos-
sible explanation for this counter-intuitive behavior might be
that weaker individuals exploit a situation in which it is
unremunerated for a stronger opponent to retaliate (i.e.,
Napoleon strategy) and seize a self-advertisement opportunity
in front of a large audience attending to the high-ranking
males’ signal. Overall, we show that male hyraxes employ
different counter-singing tactics depending on the residence
and rank differences between the participants. This choice of
competition tactics can be based on opponents’ individual
recognition or/and on direct decoding of opponents’ traits
encoded in the song.

Significance statement
In nature, conflicts are usually resolved through signaling
rather than by actual fighting. Rock hyrax males often partic-
ipate in vocal competitions, possibly to reduce the need for

Communicated by C. Voigt

Electronic supplementary material The online version of this article
(doi:10.1007/s00265-016-2222-z) contains supplementary material,
which is available to authorized users.

* Vlad Demartsev
demartsev@gmail.com

Amiyaal Ilany
amiyaal@gmail.com

Adi Barocas
abarocas@uwyo.edu

Einat Bar Ziv
einat.bar.ziv@gmail.com

Inbar Schnitzer
inbar1612@gmail.com

Lee Koren
Lee.Koren@biu.ac.il

Eli Geffen
geffene@post.tau.ac.il

1 Department of Zoology, Tel Aviv University, 69978 Tel Aviv, Israel

2 The Mina and Everard Goodman Faculty of Life Sciences, Bar-Ilan
University, 52900 Ramat-Gan, Israel

3 Department of Zoology and Physiology and Program in Ecology,
University of Wyoming, Laramie, WY 82071, USA

Behav Ecol Sociobiol (2016) 70:2185–2193
DOI 10.1007/s00265-016-2222-z

http://orcid.org/0000-0002-1456-9789
http://dx.doi.org/10.1007/s00265-016-2222-z
http://crossmark.crossref.org/dialog/?doi=10.1007/s00265-016-2222-z&domain=pdf


physical confrontations. During our study on the dynamics of
male hyrax vocal competition, we discovered that hyraxes
employ mixed counter-singing strategy dependent on the res-
idence status and social rank differences between the partici-
pants. A paradoxical BNapoleon-complex^ tactic was ob-
served in interactions between males, when low ranking bach-
elors were found to interact and challenge the highest-ranking
residents. On the other hand, residents were found to interact
with opponents regardless of residency and/or rank. On top of
the cognitive abilities required to individually recognize an
opponent and possibly decode its vocal signals, our results
suggest that male hyraxes compare own individual traits to
those of the opponent in a mutual signal assessment
interaction.

Keywords Counter-singing . Vocal competition . Napoleon
strategy . Resident-intruder model

Introduction

In any signaling contest, two types of information are impor-
tant to the receivers: the signaler’s willingness to escalate
(aggressiveness) and its ability to win a fight (i.e., resource-
holding potential, RHP (Hurd 2006; Searcy and Beecher
2009)). According to the resident-intruder model (Maynard-
Smith and Parker 1976; Kokko et al. 2006), individuals that
monopolize resources (residents) are expected to be more ag-
gressive in defending their assets (Svensson et al. 2012), be-
cause of the motivational asymmetry between them and in-
truder individuals (Maynard-Smith and Parker 1976; Yack
et al. 2014). Residents gain a higher pay-off for successfully
defending their resource due to the time and energy invested
in establishing and defending the resource in the past
(Bergman et al. 2010), and they consequentially suffer a great-
er loss than intruders if failing to do so. This makes residents’
tactics predictably aggressive and sometimes creates a Bprior-
ownership^ effect, a situation in which other individuals re-
spect ownership and residents are seldom contested (Grafen
1987; Russ et al. 2010).

In contrast, intruders have a choice between Bchallenge^
and Bdo not challenge^ tactics in confrontation with a resident
male. They are expected to carefully assess their opponent
before making a decision on how to proceed in a potentially
costly contest (Lindstrom 2001; Morrell et al. 2005) and are
more likely to escalate against a weaker resident whom they
have higher chances to beat (Aragon et al. 2006).

Another issue that is often considered in management of
competition strategy is the familiarity with the opponent. The
Bdear enemy^ effect (Getty 1987) predicts lesser aggression
towards neighbors than towards strangers or neighbors
appearing in an unexpected locations (Bolyard and Rowland
2000). The differences in aggression levels are due to higher

potential losses to individuals establishing their ground in a
completely new area (Getty 1987) and due to the need to learn
about the new opponent (Getty 1989). However, behaviors
opposite to Bdear enemy^ were reported in several species
(Schradin et al. 2010), and Temeles (1994) suggested that
local individuals’ behavior is determined by the relative levels
of threat presented by neighbors and strangers.

Male-to-male vocal displays have been recognized as a
competition category in numerous mammalian species (e.g.,
baboons (Papio cynocephalus ursinus) (Fischer et al. 2004),
red deer (Cervus elaphus) (Reby et al. 2005), and arctic foxes
(Alopex lagopus) (Frommolt et al. 2003)). Males compete
with one another mostly for resources (food, mates, or territo-
ry) (Shuster and Wade 2003) and, as in other competition
types, vocal displays require strategic decisions based on op-
ponent assessment and prediction of its behavioral response
(Jennings et al. 2012). For example, male red deer alter their
vocalization according to the challenger’s call in order to em-
phasize their own quality and physical ability (Behr et al.
2009), andmale baboonsmight retreat from vocal competition
when outranked by a stronger opponent (Kitchen et al. 2003).

In this study, we used the highly social and vocal rock
hyrax (Procavia capensis) as a model system to investigate
the role of counter singing. Our aim was to determine if coun-
ter singing dynamics in hyrax society is associated with dif-
ferent social tactics and whether it could be explained by the
resident-intruder model. Hyraxes live in groups consisting
mainly of one adult, resident male, a 5–20 females and their
offspring (Barocas et al. 2011; Koren and Geffen 2011).
Group-born males disperse when they reach sexual maturity.
They often remain in the same area as bachelors (i.e., non-
resident males), but do not stably associate with any group
(Barocas et al. 2011), and their hierarchal rank is set according
to the outcome of agonistic interactions with neighboring
males (Koren et al. 2008). In general, hyrax males are not
territorial and do not monopolize food resources. During the
mating season, the bachelor males can be seen courting and
mating with females from different groups, despite the resi-
dent males’ aggression towards them. However, only resident
males were observed mate guarding older and experienced
females (Bar Ziv et al. 2016). Thus, we suggest that from
the residents’ point of view, bachelors are considered intruders
that challenge ownership of the group resource, which is a
better access to quality females (Bar Ziv et al. 2016).

Acoustic communication is a major information transfer
channel in the rock hyrax (Fourie 1977). Adult males produce
elaborate and complex songs that, while being energetically
cheap (Ilany et al. 2013), bear individual signatures (Koren
and Geffen 2011) as well as transfer honest information about
body weight, size, hormonal levels, and social rank of the
singer (Koren and Geffen 2009). Male hyraxes tend to sing
in response to other male songs, possibly to announce their
presence and advertise their abilities to the audience (Ilany
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et al. 2011) as a part of intrasexual competition (Koren and
Geffen 2009).

Hyrax males can be aggressive towards each other, and
close encounters between them may result in chases or fights
that can lead to injuries or death (Barocas et al. 2011). On the
other hand, counter-singing sessions are performed while the
opponents are spatially separated and usually end without any
physical contact. Counter-singing displays are not random
events of simultaneous singing since songs performed in
counter-singing sessions were found to be more elaborate in
comparison to songs performed without an audience
(Demartsev et al. 2014). Thus, we suggest that hyrax-
counter singing is most likely a mutual signaling between
males, which enables them to advertise relative social and
physical traits (Koren and Geffen 2009) without the need for
actual fighting.

Following this assumption, we hypothesized that hyrax
counter-singing strategies should depend on the participants’
identity, familiarity, and individual traits such as body weight,
residency status, social rank, and tenure on site. Due to the
clear and stable division of hyrax males into residents and
bachelors (i.e., non-residents/intruders), we predicted that
their counter-singing tactics would be consistent with the
resident-intruder model and show a strong ownership effect,
in which resident males are seldom challenged and always
defend their resources. We anticipated that bachelors would
evade counter-singing against much heavier and stronger res-
idents to avoid the possibility of a costly physical confronta-
tion. Finally, we hypothesized that, if hyrax males can assess
competitors’ quality from attending to their songs, the reply
pattern observed during singing events induced by the play-
backs of hyrax songs will be similar to the pattern observed in
natural counter-singing events.

Materials and methods

Field protocol

Our study is part of a long-term project conducted at the Ein
Gedi Nature Reserve, Israel (31° 28′N, 35° 24′ E) since 1999.
At two study sites, we monitored several mixed-sex hyrax
groups and bachelor males observed in defined areas. Field
procedures followed previously published protocols (Koren
et al. 2008; Demartsev et al. 2014).

Briefly, throughout 15 field seasons (March to August;
2000–2014), we conducted field observation sessions during
hyraxmorning activity hours. Hyraxes were trapped using live
box traps (Tomahawk Live Trap Co, Tomahawk, WI, USA)
baited with cabbage and kohlrabi. Trapped animals were anes-
thetized by intramuscular injection of ketamine hydrochloride
(0.1 ml/kg), weighed, measured, and individually marked
with an electronic subcutaneous transponder (DataMars SA),

ear tags, and/or a lightweight-tagged collar (5 g). Following
anesthesia recovery (at least 120 min), the animals were re-
leased at the location of capture. Recaptures were released
immediately after weighing. All animals were handled in
shaded places to prevent overheating. Over the course of the
study, more than 400 hyraxes were individually marked and
no adverse effects by the transponders or the collars were
observed.

Vocalization and behavioral recording

Hyrax activities were observed daily using 10X42 binoculars
(Monarch, Nikon) and a telescope with up to X75 zoom mag-
nification (Fieldscope ED82, Nikon). It was not possible to
record behavioral data blindly because our study involved ob-
servation and identification of marked animals in the field. On
each observation day, all movements, social interactions, feed-
ing events, and vocalizations of a focal social group and of the
bachelor males in its vicinity were recorded (Barocas et al.
2011). When singing was observed, the singer’s identity and
singing context were noted, and the singing individual was
defined as initiator. All hyrax males that were visible and iden-
tifiable during the singing session were noted and defined as
listeners. If no vocal response to the initiation song was noted,
event was classified as Bno reply.^ The interaction was defined
as counter-singing and classified as Breply^ if a singing re-
sponse, by at least one hyrax male, was observed during or
within 2.5 min after the initiation of a singing session
(Demartsev et al. 2014). The first male that replied to the initi-
ator’s singing was defined as a responder; all additional replies
beyond the first one were disregarded in this analysis. Singing
events were selected for analysis according to the following
criteria: (1) the initiator was visually identified; (2) at least one
additional male was observed and identified in the area during
the singing session; (3) we had body weight and/or social rank
records for both participants in the relevant field season.

Male group membership was defined by generating asso-
ciation based on social networks as described in Barocas et al.
(2011). Bachelors were defined as adult males that are not
steadily associated with any of the mixed-sex social groups,
whereas residents were defined as adult males that are regu-
larly observed as part of a mixed-sex social group, shared
sleeping dens and seen interacting with group females beyond
mating context.

Social rank

All agonistic interactions between identified individuals were
recorded following our previously published protocol (Koren
et al. 2008). Only interactions that involved clear agonistic
display by one individual and resulted in an evasive action
being taken by the recipient were considered in the social
hierarchy analysis. A matrix of encounters was prepared for
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each research site using all pair-wise agonistic interactions
observed during each field season. Social hierarchy was de-
termined using the David’s score procedure (Gammell et al.
2003). Social rank scores were normally distributed.

For analysis of body weight effect on the outcome of fight-
ing, we used 138 male-male agonistic interactions. The inter-
actions were classified according to the participants’ residency
status combination (bachelor/bachelor or resident/bachelor).
We have not observed any resident/resident interactions. For
each interaction class (e.g., resident/ bachelor), the win/lose
ratio of the heavier males was calculated and tested against the
win/lose ratio expected by random.

Playback experiments

Long-range vocalizations were recorded from a distance of 10–
50 m with a Sennheiser ME 67 shotgun microphone (frequency
response 50–20,000 Hz ±2.5 dB) powered by a Sennheiser K6
module, covered with a Sennheiser MZW70-1 blimp wind-
screen (Sennheiser Electronic GmbH & Co. K. G., Wedemark,
Germany). The microphone was hand-held using an MZS20-1
shock-mount with a pistol grip. Vocalizations were recorded in
mono (Tascam HD-P2 digital audio recorder; TASCAM
Corporation, Montebello, CA, USA), with a sampling frequen-
cy of 48 kHz and a sampling width of 24 bits (Ilany et al. 2011).

Eleven previously recorded songs from 11 different adult
males (Table S1b) were played (average 9.09 ± 0.87 play-
backs per song) via a FoxPro Scorpion X1B speaker using a
TX200 remote control (FOXPRO Inc., Lewistown, PA,
USA). The speaker was placed before dawn in a concealed
spot in an area frequently visited by the focal hyraxes. After a
male hyrax was observed and identified within a 5–30-m ra-
dius of the speaker, one of the songs was played. All songs
selected for playback experiments were 1.5–2 min in length,
which is the average hyrax song duration. The volume of
playbacks was normalized to natural SPL using a graphic
sound meter built into a Tascam HD-P2 audio recorder.
Natural intensity levels of hyrax songs (about 80 dB) were
measured in a previous study by attaching miniaturized audio
recorders to individual males (Ilany et al. 2013).

Playback tracks were evenly rotated throughout playback
sessions. To control for individual recognition of the song per-
former, we included both local (recorded at the experiment site)
and foreign (recorded at minimal distance of 3 km from the
experiment site) songs in each experimental playback set. No
male received a playback of his own recording. To avoid de-
sensitization and to minimize disturbance to hyrax daily rou-
tine, we restricted the number of performed playbacks to two
per day with a minimum interval of 30 min between consecu-
tive trials. We recorded behavioral responses of all visible indi-
viduals found in ~40m radius around the speaker, 5 min before,
during, and continuously for 5 more min after each trial.

Statistical analysis

We tested the effect of five potentially important variables on
reply rate (ratio of reply to total singing events, Fig. 1). (1) The
difference in body weight between the initiator and the
responder/listener (ΔBW). Body weight usually serves as a good
RHP indicator and was previously found to be correlated with
male song features (Koren and Geffen 2009). (2) The difference
in social rank (i.e., David’s score) between initiator and
responder/listener (ΔSR). (3) Male tenure (MT), expressed as
the number of years the initiator and responder/listener shared
the same locality. (4)Male residency status combination (MRSC),
expressed as one of four possibilities of the initiator and
responder/listener in a given singing event (Bachelor-Bachelor,
Resident-Resident, Bachelor-Resident, Resident-Bachelor). (5)
Whether the singing event took place during or out of the annual
mating season. Mating season was determined between the first
and the last mating attempt observed in a given year.

In the analysis of the playback data, we excluded social
rank because this measure cannot be evaluated for males that
never interact, a situation that occurs when strangers were
used as the initiators in playbacks. Furthermore, for the play-
back data analysis, we added an additional binary nominal
term called acquaintance (Acq), which defines whether the
playback was from a local male (i.e., possibly known to the
listener/responder) or a stranger (i.e., a male outside the gorge
occupied by the listener/responder).

We used a logistic regression under the framework of the
generalized estimating equations (GEE) to test for the effect of
the above four variables on the probability of reply to the song
of the initiator. GEE is an extension of generalized linear
models (GLM) for correlated data (i.e., mixed model). We
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Fig. 1 Frequency distribution of reply to male rock hyrax natural songs
by dyad type. The residency state of the initiator and the male responded
or present nearby are indicated by the top and bottom lines, respectively,
and by abbreviation. Sample size is indicated above bars. Horizontal
lines denote significant differences (P = 0.02) in reply frequency
between dyad types (GEE, sequential Bonferroni correction)
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set initiator and listener identities as a random effect in the
GEE analyses. The GEE approach results in estimates of mod-
el parameters that are robust regardless of correlation structure
between observations (repeatedmeasures within the male sub-
jects). We selected the robust estimator (sandwich estimator)
because it consistently estimates the covariance even if the
working correlation matrix is misspecified. The Wald χ2 met-
ric was used for testing the significance of each effect.
Multiple comparisons were conducted using the sequential
Bonferroni correction. GEE model fitting was performed
using SPSS (version 22, SPSS Inc.).

Results

Agonistic matches

To test whether body weight affects the probability of winning a
physical conflict, we examined the outcome of 34 agonistic
matches between resident and bachelor males and 104 matches
between two bachelor males. Resident males won all matches
against solitary males even though in 20 cases (59 %) the bach-
elor male was heavier. This winning rate was significantly
higher than expected from body weight differences between
the competitors (binomial probability, P < 0.0001). In contrast,
62.5 % of matches between bachelor males were won by the
heavier male, a winning rate that is significantly higher than
expected by random (P = 0.003). Although male social rank
increased with bodyweight (r2 = 0.681,F1,102 = 8.3, P = 0.005),
we observed heavy males that were socially low ranked.

Counter-singing

To examine the factors that drive acoustic competition and
counter-singing tactics in hyraxes, 261 natural singing events
were separated into four dyad types based on the participant’s
residency status combination and classified as Breply^ or Bno
reply^ according to listeners’ response (Fig. 1 and Table S1a).
The distribution of singing events within Resident/Bachelor
(RB) and Bachelor/Resident (BR) dyads shows a significant
difference in the reply frequency between them (GEE; sequen-
tial Bonferroni correction; n = 114; P = 0.02; Fig. 1). Given
the rarity of the Resident/Resident (RR) dyad in our observa-
tions (about 5 %, Fig. 1), we repeated the above analysis
without the RR category. This setup showed that the BR reply
rate is significantly higher than RB (GEE; sequential
Bonferroni correction; n = 251; P = 0.01) and tended to be
higher than Bachelor/Bachelor (BB) (P = 0.07).

Determinants of reply probability

To further understand male hyrax counter-singing, we evalu-
ated the effects of mating season, tenure on site, residency,

relative body weight, and relative social rank (David’s score)
between the initiator and listener, on singing reply probability
(Table 1). Mating season, body weight, and tenure did not
have any significant effect on listeners’ reply rate.

As mentioned above, the probability that a bachelor
initiator would receive a reply from a resident listener
(BR) was significantly higher (46 %) than vice versa
(RB; 19 %; Fig. 1, Table 1). This trend was intensified
when the difference in social rank between the initiator
and responder/listener was incorporated (Fig. 2, Fig. S1).
The reply marginal mean of RB was significantly differ-
ent from those observed for RR (P = 0.037), BB (<0.001),
and BR (<0.001). The RB dyad was the only combination
that showed a significant rise in reply rate as a function of
increase in social rank difference between initiator and
listener (model β = 1.1 ± 0.2, Wald χ2 = 38.6,
P < 0.001; Fig. 2). Bachelor listeners tended to reply at
a higher rate to resident initiators that were at the highest
social rank relative to their own (Fig. 2). Social rank did

Table 1 Testing for model effects on the probability of reply to a male
song

Natural Playbacks

Model Parameters Wald χ2 df P Wald χ2 df P

1 Season 0.8 1 0.373 1.0 1 0.326

2 MRSC 9.1 3 0.028 0.5 3 0.914

3 MRSC 23.5 3 <0.001

ΔSR 0.2 1 0.688

MRSC * ΔSR 35.2 3 <0.001

4 MRSC 7.2 3 0.067 1.2 3 0.755

ΔBW 1.8 1 0.180 0.1 1 0.751

MRSC * ΔBW 0.9 3 0.820 4.2 3 0.245

5 MRSC 9.2 3 0.026

MT 0.8 1 0.366

MRSC * MT 3.2 3 0.364

6 Acq 4.3 1 0.038

7 Acq 4.2 1 0.041

ΔBW 2.6 1 0.110

Acq * ΔBW 1.0 1 0.753

Natural: observed counter-singing events. Playbacks: experimental
events in which songs were played to male hyraxes. ΔBW denotes the
difference in body weight and ΔSR the difference in social rank (i.e.,
David’s score) between initiator and responder/listener. MT denotes the
number of years initiator and responder/listener share the same locality
(i.e., tenure on site). Male residency status combinations (MRSC) are one
of four possible combinations of initiator and responder/listener in a given
singing event (i.e., Bachelor-Bachelor, Resident-Resident, Bachelor-
Resident, Resident-Bachelor). Acq denotes whether the playback is from
a local male (i.e., possibly known to the listener/responder) or a stranger
(i.e., a male outside the gorge occupied by the listener/responder). Season
denotes whether the singing event took place during or out of the mating
season. Significant effects are denoted in bold
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not affect the reply rate in the other counter-singing dyads
(P ≥ 0.365 in all other dyads). The above difference was
evident by the significant interaction between residency
status and social rank difference (P < 0.001; Table 1).

Playback experiments

A set of 100 playback experiments, conducted in our
research area between the years 2008 and 2014, was
analyzed similarly to natural singing events and catego-
rized according to the four residency status dyads
(Table S1b). The number of experiments in each dyad
type was as follows: RR—10 (5 males), RB—11 (8
males), BR—35 (8 males), BB—44 (21 males).
Twenty-three percent (23 %) of the playback experi-
ments resulted in a singing response by a target male.
Playback reply rates were similar to rates of natural
singing events used in the analysis (27 %) and to the
general observed reply rates for hyrax singing (25 %)
(Ilany et al. 2011). We evaluated the effect of mating
season, body weight difference between initiator and
listener, and acquaintance. The only significant effect
we detected was for acquaintance (Acq, Table 1).
Males tended to reply at a higher rate to familiar indi-
viduals (30 %) relative to strangers (17 %, P < 0.038,
n = 100). Residency seemed to have no effect on reply
rates in playback experiments.

Discussion

Determinants of reply probability

Our analysis of natural counter-singing patterns showed that a
male hyrax’ choice of a counter-singing tactic is dependent on
both relative residency status and social rank of the partici-
pants. Other tested factors (relative body size, tenure on site,
and season) had no effect on reply rate variation.

In BR and RR dyads, resident males employed a straight-
forward Balways defend^-like tactic and maintained high re-
ply rates, regardless of their own and their opponent’s rank.
Signaling tactics of bachelor males in the presence of a resi-
dent male (RB dyad) follow a different pattern, as bachelors
have a higher tendency to reply to resident initiators of a
higher relative rank. BB dyads interactions showed no signif-
icant dependency on any of the tested parameters, neither
contesters’ relative body weight nor their social rank affected
the listener reply rates, which was nearly equal to the popula-
tion average.

Our results from the playback experiments did not repro-
duce the results from natural singing events. We could not
statistically differentiate between the four singing dyads and
participants’ body weight, and residency had no effect on the
listeners’ reply rate. The failure to reproduce natural counter-
singing tactics in playback experiments could be due to the
considerably smaller sample size and to the generally lower
reply rates to songs of unfamiliar males used in the playback
experiments. Male hyraxes replied more readily to familiar
males than to strangers in contradiction to the Bdear enemy^
effect (Getty 1987). We believe that male hyrax relative toler-
ance towards unfamiliar individuals could be explained by the
fact that strangers, randomly passing through the area, are
perceived as a relatively low threat. Therefore, according to
Temeles (1994), they should be more tolerated by local males
in comparison to established neighborly competition. Another
option is that reliable evaluation of an unfamiliar male re-
quires familiarization with its signal. In this case, an individual
may avoid challenging a stranger at first encounter since it
could be risky due to possible mis-assessment (Ydenberg
et al. 1988). In both cases, we would expect the reply levels
to rise if the stranger remains in the area and local males
perceive its presence as a higher threat and familiarize them-
selves with his signal.

Resident males reply tactics

In our previous work, we showed that male songs convey
the singers’ social rank (Koren and Geffen 2009), which in
our case is based on the outcome of physical confrontations
with other males. Our current results show that, in fights
between bachelor males, heavier males have a higher win-
ning probability. However, in a physical confrontation
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Fig. 2 The probability of replying to a male hyrax natural song as a
function of the interaction between Δ social rank (the difference in
social rank between the singer and the listener/responder) and residency
status combination. The four functions represent the residency state of the
initial singer and the male responded or nearby stander. BB denotes
bachelor initiator to bachelor listener, RR denotes resident initiator to
resident listener, RB denotes resident initiator to bachelor listener, and
BR denotes bachelor initiator to resident listener. Shaded areas
represent 95 % confidence intervals for the counter singing dyad that
showed a significant trend. Parameters were estimated using GEE
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between bachelor and resident males, resident usually wins
regardless of the differences in body weight. Taken togeth-
er, these matching trends suggest that ownership-based mo-
tivational asymmetry (Maynard-Smith and Parker 1976)
affects the outcome of the interactions.

Our results on hyrax counter-singing tactics in BR dyads fit
this paradigm and are in line with the resident-intruder model.
Residents gain a higher pay-off when winning an aggressive
interaction and are expected to always defend against any
intruder (Bergman et al. 2010). Therefore, high rates of reply
in BR and RR dyads (>40 %, Fig. 1), independent of the
difference in the opponent’s social rank (Fig. 2) and conse-
quently its RHP, were expected. A similar strategy has been
reported in males of a scincid lizard (Niveoscincus
microlepidotus) (Olsson and Shine 2000) and in the tawny
dragon (Ctenophorus decresii) (Umbers et al. 2012), where
residency was found to predict fighting initiation.

Bachelor males reply tactics

Bachelor males’ reply rates in RB dyads suggest a tendency to
respect ownership as residents were replied to in only in 19 %
of singing events (Fig. 1). However, when social rank was
considered, the results did not fit our initial predictions, as
we expected bachelors to avoid counter-singing with high-
ranking residents. It might be disadvantageous to signal an
inferior ability to a highly motivated and potentially aggres-
sive resident as well as to other potential male and female
audience (Morrell et al. 2005; Svensson et al. 2012).
However, bachelor males seem to employ a counter-intuitive
singing strategy of challenging residents of a higher social
rank (Fig. 2). Such puzzling behavior has been previously
described in group-living cichlid fish (Neolamprologus
pulcher) (Reddon et al. 2013), green anole lizard (Anolis
carolinensis) (Jenssen et al. 2005), and velvet swimming crab
(Necora puber) (Smith et al. 1994). If the behavior observed
here indeed constitutes a deliberate tactic, it can become stable
under one of two game-theoretical models; The BNapoleon
strategy^ suggested by Morrell et al. (2005) or the
BDesperado effect^ described by Grafen (1987). Thus, we
discuss both models below.

Under the Napoleon strategy, weaker individuals could ex-
ploit stronger opponents’ tolerance towards subordinate contes-
tants (Miyai et al. 2011) and profit from signaling against them.
This strategy can become stable if resources are of relatively
low value or are freely available. Since the payoff fromwinning
cheap resources is small, stronger individual can benefit from
retreating without aggression (Morrell et al. 2005) or at least
from delaying the escalation of the conflict as much as possible
(Just and Morris 2003). Another prerequisite of Napoleon strat-
egy is the existence of cheap and honest signals (Morrell et al.
2005). Multiple repeated interactions between individuals

facilitate acquaintance and can eliminate the need for exagger-
ated and costly display (Michod and Hasson 1990).

In hyraxes, receiver attention is apparently difficult to attract
and males often exploit audience alertness in order to increase
their signaling efficiency (Ilany et al. 2011). Signaling by a high
quality, resident male might draw greater conspecific attention,
so a subsequent signal by weaker male might enjoy a larger
audience of listeners than it could reach independently. In ad-
dition, as previously suggested by Lotem (1998), an individ-
ual’s success in a competition depends on an integration of
quality and motivation. As low ranking bachelors may have
difficulty in concealing their inferiority in a stable population,
their tactics may be to emphasize persistence and motivation in
an attempt to compensate for quality. A similar strategy has
been reported in black grouse (Tetrao tetrix), where lifetime
attendance in male–male competitions was considered an at-
tractive trait even for low-quality males (Kokko et al. 1999).

An alternative explanation for the bachelor tendency to chal-
lenge high-ranking residents could be the Desperado effect.
This model predicts lower quality males to be aggressive to-
wards stronger opponents as a desperate attempt to obtain ac-
cess to essential resources (Grafen 1987). Aweaker individual
who constantly avoids conflicts against stronger opponents
may find itself deprived of crucial resources needed for survival
or reproduction. Thus, they are forced into a desperate,
Bnothing to lose^ conflicts, disregarding RHP asymmetries
and despite the danger of injury or death (Grafen 1987; Elias
et al. 2010). This can be a winning tactic, as Bdaring^ to escalate
is sometimes enough to overcome a disadvantage in fighting
abilities (Barlow et al. 1986). The high value of the contested
resource plays a key role in the desperado effect model, imply-
ing that it might not fit into the context of our system. In our
study site, food and shelter are abundantly available all year
round and females are not being strictly monopolized, as all
males are observed copulating, regardless of rank and residency
(Bar Ziv et al. 2016). In contrast, the Napoleon strategy pre-
requisites low resource value and thus offers a better explana-
tion to the bachelor male signaling strategy in a BR dyad.

However, given the fact that at this point we cannot show a
direct gain of resources following counter-singing interactions
and can only hypothesize on its likelihood, there is a third
explanation to be considered. We can speculate that resident-
bachelor counter-singing is not a challenge but actually an
appeasing signal. A weak bachelor intentionally signals its
inferiority to avoid being attacked or chased away by a stron-
ger resident. Similar phenomenon was suggested in black kite
(Milvus migrans) (Blas et al. 2013) and demonstrated in ring-
necked pheasant (Phasianus colchicussuggest) (Mateos and
Carranza 1997). Although we cannot rule out this possibility,
an appeasing signal is commonly used at close proximity,
whereas counter-singing by male hyraxes is mostly per-
formed from a larger distance (often >50 m). In addition,
a weaker individual with appeasing intentions would
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perform a dumbed-down signal to stress its inferiority,
while in our case it is the opposite. Songs performed in
counter-singing sessions are longer and more complex
(Demartsev et al. 2014). Therefore, at this stage, the
counter-singing interaction seems to fit better as an
intended tournament and not an appeasing attempt.

However, at this point, we still cannot fully confirm the
Napoleon strategy as the only explanation to our results. In
order to achieve definite conclusions regarding the function of
resident-bachelor counter singing patterns, the payoff to the
participants should be further investigated. In addition, mon-
itoring the life-long changes in counter-singing tactics would
help better evaluation of social rank differences effect, as well
as the relative importance of alternative factors (e.g., familiar-
ity, relatedness, context, etc.).

In BB singing dyads, we could not identify a rank dependent
counter-singing strategy among males. Possibly, since there are
no clear resource limitations for male hyrax in Ein Gedi, and
little if any ownership-based asymmetry exists between bache-
lors, BB interactions could be subject to different competition
rules then BR and RB dyads. Factors like relatedness (Innocent
et al. 2011), hormonal levels (Adkins-Regan 2005), personality
(Dirienzo and Hedrick 2014), and social environment (Sih et al.
2009) may drive BB counter-singing tactics.

Concluding remarks

Collectively, our current results add to the previous
body of work on male hyrax singing and reveal a set
of tactics behind hyrax male-male counter-singing. This
mixed signaling strategy exhibited by male hyrax is in-
dicative of their cognitive ability to receive information
regarding their opponents’ traits, by personal identifica-
tion of the signaler and possibly by direct decoding of
its song. In addition, male hyraxes seem to assess their
own rank and residency relative to that of their oppo-
nent and to behave accordingly. However, our current
results show only a general strategic frame of male hy-
rax vocal contests. Additional factors such as previous
encounters, eavesdropping, and audience composition
may also have an impact and potentially reveal a much
finer scale of tactical choices made in male hyrax coun-
ter-singing. Hence, further research is needed in order to
better understand the extent and the rates that hyraxes
can perceive information from conspecific vocal signals.
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