
Citation: Jennings, D.J.; Gammell,

M.P. Fluctuating Asymmetry of

Fallow Deer Antlers Is Associated

with Weapon Damage but Not

Tactical Behaviour during Fights.

Symmetry 2023, 15, 829. https://

doi.org/10.3390/sym15040829

Academic Editors: Roberta

Chirichella, Francisco Ceacero and

John H. Graham

Received: 19 January 2023

Revised: 10 March 2023

Accepted: 21 March 2023

Published: 29 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

symmetryS S

Article

Fluctuating Asymmetry of Fallow Deer Antlers Is Associated
with Weapon Damage but Not Tactical Behaviour during Fights
Dómhnall J. Jennings 1,* and Martin P. Gammell 2

1 School of Biological Sciences, Queen’s University Belfast, Belfast BT9 7BL, UK
2 School of Science and Computing, Atlantic Technological University, H91 T8NW Galway, Ireland
* Correspondence: d.jennings@qub.ac.uk

Abstract: The horns and antlers borne by the males of many species of ungulate are considered to be
both badges of quality, and armaments for use during intraspecific combat. Underpinning arguments
concerning their dual utility is the idea that these structures should be costly to produce in order
that the signal value of the structure is maintained. In agreement with such theorising is the belief
that fluctuating asymmetry (FA), small deviations from symmetry around a mean of zero, measures
individual quality as it represents the ability of the individual to withstand stress. We investigated
whether the antlers of fallow deer indicated something of the quality of the bearer by assessing
whether the degree of antler FA was associated with breakage (i.e., badge of quality) or with tactical
investment in fighting (i.e., armament). We show the anticipated relationship between FA and antler
damage, however, there was no relationship between FA and contest tactics. The present study,
therefore, shows partial support for the idea that the magnitude of fluctuating asymmetry expressed
by weaponry is related to individual quality.
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1. Introduction

Selection argues that a variety of showy adornments have evolved, principally in
males, that serve different functions: on the one hand, they serve as display ornaments
to attract females, while on the other, these structures can act as weapons of display and
attack against rivals during fights [1]. In the latter instance, the idea that weapons act
as visual signals of individual quality, i.e., a badge of quality, whilst also serving as an
effective means of physically overpowering opponents has been incorporated into models
of contest behaviour (e.g., [2]). Such theorising argues that rivals actively assess the quality
of potential opponents by estimating differences in quality through mutual displays [3],
with the caveat that such signals are expensive to produce and maintain to ensure signal
honesty [4,5]. There is some evidence that traits used in such displays are honest [1,6], and
a number of studies have shown how the display and offensive features of weapons are
associated with forms of opponent assessment during agonistic encounters (e.g., [7–10]).

However, the question as to what features of a trait, or traits, communicate the quality
of an individual is not straightforward. There is evidence, at least in terms of weaponry,
of a positive association between size and individual quality (e.g., [11–14]). Nevertheless,
where weaponry is composed of bilateral structures there is the possibility that structural
features other than size could be important, because the development of both sides is
dependent on the same genome. Fluctuating asymmetry (FA) is one of several different
forms of bilateral symmetry, and is characterised by a normal distribution of the size of
left and right structures around a mean of zero and may represent such a feature [15]. In
order to link FA to individual quality, it has been suggested that the ability of individuals
to withstand environmental, or genetic stress, will be evident in the degree of symmetry
expressed by the structures [16–19]. To evaluate this proposition with respect to ungulate

Symmetry 2023, 15, 829. https://doi.org/10.3390/sym15040829 https://www.mdpi.com/journal/symmetry

https://doi.org/10.3390/sym15040829
https://doi.org/10.3390/sym15040829
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/symmetry
https://www.mdpi.com
https://orcid.org/0000-0001-5369-3574
https://orcid.org/0000-0001-9663-8989
https://doi.org/10.3390/sym15040829
https://www.mdpi.com/journal/symmetry
https://www.mdpi.com/article/10.3390/sym15040829?type=check_update&version=2


Symmetry 2023, 15, 829 2 of 11

weaponry, research has focused on the extent to which antlers and horns deviate from
perfect symmetry; for example, it has been shown that antler symmetry is associated with
parasite load [20], while increases in population density have been shown to increase antler
asymmetry ([21], see Lens et al., 2002 [22] for a review). However, several studies have
challenged this argument, showing that symmetry does not necessarily correlate with
quality (e.g., [23–26]). Thus, with respect to the weapons borne by ungulates, the evidence
relating symmetry to quality is inconsistent.

In common with most other members of the cervid family, male fallow deer cast and
regrow their antlers annually; these structures are notable by their distinct form, usually
consisting of two frontal tines on the antler beam with an upper palmate section that ends
with a series of spellers ([27], see Figure 1). A key feature of antler production is the cost
they exert on the individual during growth [28], with estimates that production requires
from a 16% increase in energy requirements in caribou [29] up to 33% in the (extinct) Irish
deer [30]. The production cost, in terms of mineral requirements, is such that dietary intake
alone is not sufficient to enable growth, and additional nutrients need to be sequestered
from the skeleton [31]. Consequently, the chemical composition of the antler is not uniform
along its length, indicating that individuals can experience physiological exhaustion during
the growth phase [32]. In behavioural terms, dominance status is associated with antler
growth (e.g., [33]), and there is evidence that growth rate is correlated with changes in
dominance rank during different stages of production [34]. Given that the degree of FA
expressed by bilateral structures is linked to individual quality, it is possible that weaker
individuals either reach their investment limit earlier in production, or they have a lower
overall investment capacity than stronger individuals do. If this is the case, these differences
could be manifested by differences in antler strength; therefore, we test the hypothesis that
quality, as expressed by antler FA, is associated with probability that an individual will
experience antler damage.

Fallow deer primarily use their antlers as weapons during intraspecific combat
(e.g., [14,35–38]), and one consequence of repeatedly clashing antlers is the heightened
potential of experiencing breakage [39,40]. A key feature of antler damage suggests that
it determines whether individuals will aggressively engage each other [41,42]. Moreover,
acquired damage also affects tactical behaviour during fights where it is associated with
a reduction in attacking actions [43]. The question as to whether symmetry confers ad-
vantages during fights is unclear; for example, in the maritime earwig those individuals
expressing greater directional asymmetry of the forceps are more likely to win fights [44].
Conversely, symmetry may provide a mechanical advantage during fights against asymmet-
rical opponents [45], while other studies show no evidence that symmetry impacts contest
behaviour (e.g., [46]). In terms of theory, models of contest behaviour assume that an
individual’s ability to invest in fighting is indexed to its quality (e.g., [47,48]). Nevertheless,
our understanding of whether developmental asymmetry, as opposed to those asymmetries
acquired through damage is associated with tactical behaviour, is limited to the question
of whether an individual will yield. Indeed, as far as we are aware, with one exception,
there have been no studies that have investigated the relationship between symmetry and
tactical behaviour during ungulate contests [36]. In the fallow deer, winners tend to use a
higher proportion of attacking actions than losers (i.e., jump clashes and backward pushes),
whilst losers tend to retreat more frequently [49,50]; thus, we expect that symmetry will be
associated with individual investment in attacking and retreating actions during fights.
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colour and the unique conformation of the antlers, all mature males in the population 
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Figure 1. A fallow deer antler showing the four measurements taken (mm) for the composite scores
for antler fluctuating asymmetry and size.

2. Methods
2.1. Study Site and Population

This study was conducted on the fallow deer population resident at Phoenix Park,
Dublin (Ireland). The park is an enclosed 707 ha site of mixed grass and woodlands with
most of this area available to the deer. During the annual fawning period in June, new-
born fawns are located and marked with ear tags that bore a unique colour and number,
measured, weighed, and sexed before being released. Using a combination of ear tag, coat
colour and the unique conformation of the antlers, all mature males in the population could
be identified.

2.2. Data Collection

We used all-event sampling to collect data on fighting between males during Septem-
ber and October [51], and used this to estimate the total number of fights each male engaged
in. We also recorded fights on video and extracted information about fight structure and
tactics using the Observer video analysis system (Noldus Information Technology, Wa-
geningen, The Netherlands). From these fights, we extracted information concerning
fight duration, the number of attacking actions (backward pushes and jump clashes) and
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number of defensive actions (retreats, [35]) made during fights for the focal individual
(N = 31, [49,50]). Because fight duration is highly variable, we estimated the numbers
of contest actions per minute [49]. Males could participate in multiple fights; therefore,
we averaged each contest measure and then calculated the number of tactical actions per
minute prior to data analysis [43].

2.3. Antler Collection and Measurement

Antlers that were cast in April of each year were collected and kept in dry storage for
a year prior to measurement (N = 54 antler pairs from different males, 17 males provided
antlers for two or more years). Before casting, we ensured that there was accurate attribu-
tion of the antlers to individual males by making a photographic record of the antlers and
bearers’ identity. Antlers are produced by apical growth and the rate and investment in
antler growth is likely indexed to individual quality during production (e.g., [32,33]); there-
fore, when calculating the degree of symmetry expressed by the structure, measurements
should be taken at different locations along the antler. Consequently, we took four mea-
surements from the antler pairs (N = 75, Figure 1). We initially screened the data to test for
measurement error (me%) by selecting ten pairs of antlers at random, and measuring each
of the traits four times on each antler over a two month period [37]. We corrected for small
sample size to assess the percentage measurement error expressed by the paired antlers [52].
Following Palmer (1994 [53]), a two-way ANOVA showed that between sides variation
was significantly greater than the measurement error for all traits (coronet circumference:
me% = 4.73; F (9,60) = 39.8, p < 0.001; brow tine length: me% = 12.9; F (9,60) = 493.8, p < 0.001;
beam circumference: me% = 6.71; F (9,60) = 40.14, p < 0.001; antler length: me% = 5.17;
F (9,60) = 503.8, p < 0.001). There was an average measurement error across the four traits of
7.4%, broadly comparable with studies employing advanced photogrammetric methods to
measure antler traits (e.g., [54,55]). We then tested for directional asymmetry using paired
t-tests and results indicated that three measurements taken showed FA (brow tine length:
t = −0.78, p = 0.44; beam circumference: t = −1.27, p = 0.44; curved antler length: t = 1.38,
p = 0.17), and one measurement, coronet circumference, showed directional asymmetry
(t = 2.48, p = 0.02; mean right/left = 184.8 mm/183.2 mm). From the traits that indicated
FA, we estimated symmetry as the absolute difference between the two antlers (brow tine
length: mean FA = 18.23 mm, s.d. = 18.88; beam width: mean FA = 3.28 mm, s.d. = 3.33;
antler length: mean FA = 30.08 mm, s.d. = 28.52, [15]), and calculated a composite score
for antler FA by standardising the scores (see Statistical Analyses section below for further
details), and then calculating the average the standardised score [56]. Finally, we estimated
the amount of DA (R-L) expressed for the fourth antler trait, coronet circumference (mean
DA = 3.83 mm, s.d. = 3.63).

2.4. Statistical Analyses

We analysed all data using the R statistical platform (v 4.2.1) using a Bayesian frame-
work with the posterior generated by MCMC sampled through the brms package (v 2.34).
Variables relating to antler symmetry, and to fight parameters were calculated as described
above; in addition, we included the total number of fights and individual age as covariates,
with individual identity as a random intercept [57]. We ran an initial GLMM to investigate
the relationship between age and with the two measures of antler symmetry entered as
predictor variables. We then ran a multiple logistic regression model to assess the relation-
ship between antler breakage and two measures of symmetry: a composite measure of
three antler traits for FA, and a single trait for DA (see above). Because antlers are costly
structures to produce, several other variables could be associated with damage; therefore,
we also included the number of fights each individual was recorded as participating in,
and the age of the individual. We ran two additional multivariate GLMM to assess the
relationship between antler symmetry (FA and DA) as the dependent variables and four
different contest parameters: the duration contestants maintained antler contact, and three
variables relating to the focal male’s tactics (offensive: backward pushes and jump clashes;
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defensive: retreats, [43,49]. We initially included contestant age as an additional covariate;
however, there was no association between age and symmetry in either model; therefore,
we removed age to reduce overparameterisation of the models.

Continuous variables were log transformed and mean centred prior to analyses [58],
and each model was run over three independent chains with dispersed initial values.
The initial model burnin was run over 5000 iterations with a posterior length of each
chain of 400,000 iterations and a thinning interval set at 50 to reduce autocorrelation. We
visually inspected the posterior distributions to ensure adequate mixing, and used the
Gelman-Rubin statistic to confirm that convergence was satisfactory [59]. We accepted that
a covariate had a meaningful relationship with a predictor variable if less than 5% of the
posterior chain crossed zero (Px, [60]), and if the mean of the regressor co-efficient was not
very low (i.e., less than 0.02, [61]).

3. Results

Relationship between antler damage and antler symmetry. A preliminary GLMM
investigated the relationship between age and the two measures of antler symmetry (FA and
DA (raw data: mean = 1.59 mm, s.d. = 5.55)); there was a very weak negative relationship
between the posterior distributions for the two symmetry measures (r = −0.10), and the
analysis indicated that age was positively associated with FA (mean = 0.36, s.d. = 0.16, 95%
CI = 0.05, 0.67, Px = 1.03%) but not with DA (mean = 0.02, s.d. = 0.11, 95% CI = −0.19, 0.23,
Px = 43.26%, R2 = 0.63). A logistic regression investigated the relationship between antler
damage and the two symmetry predictors, number of fights each individual engaged in
and their age. The relationship between the posterior distribution of the fixed effects was
either weak or very weak: the strongest correlation was between FA and number of fights,
r = 0.46, and weakest correlation was between DA and age, r = 0.01). The model indicated
that there was a positive association between antler damage and a composite measure of
FA (mean = 3.25, s.d. = 1.77; 95% CI = 0.62, 7.48; Px = 0.72%) and the number of fights
engaged in (mean = 2.28, s.d. = 1.49, 95% CI = 0.26, 6.01; Px = 1.08%, Figure 2). There was
no meaningful effect of DA (mean = 0.82, s.d. = 1.07; 95% CI = −0.94, 3.33; Px = 20.08%), or
age (mean = −0.53, s.d. = 1.12, 95% CI = −2.88, 1.68; Px = 70.05%). Therefore, fluctuating
asymmetry and fighting were associated with higher probability of structural damage than
either directional asymmetry or individual age.

Relationship between contest tactics and symmetry. We investigated the relationship
between the contest actions of individuals in relation to the degree of antler symmetry;
thus, we ran two multivariate models to assess the association between FA and DA in
relation to fighting tactics. Our results showed no association between either measure of
antler symmetry and four contest parameters (see Tables 1 and 2). Therefore, the level
of symmetry expressed by the weapons of fallow deer has no influence on the tactical
investment in fighting by the bearer.

Table 1. Posterior statistics for the model assessing the association between antler FA and contest
tactics showing the mean effect sizes with their standard deviations, lower and upper 95% credible
intervals (model R2 = 0.22), and the percentage of the posterior chain that crossed zero (Px).

Parameter Mean s.d. 95% CI %Px

Intercept 20.76 2.11 16.55, 24.95
Duration −1.13 2.18 −5.39, 3.18 70.19
Backward

pushes −0.15 2.87 −5.41, 5.78 47.90

Jump clashes −0.66 2.81 −6.21, 4.83 59.39
Retreats −1.99 2.20 −6.23, 2.39 81.66
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Table 2. Posterior statistics for the model assessing the association between antler DA and contest
tactics showing the mean effect sizes with their standard deviations, lower and upper 95% credible
intervals (model R2 = 0.31), and the percentage of the posterior chain that crossed zero (Px).

Parameter Mean s.d. 95% CI %Px

Intercept 1.76 0.84 0.11, 3.43
Duration −0.85 0.92 −2.68, 0.94 81.93
Backward

pushes −0.76 1.23 −3.14, 1.67 74.20

Jump clashes 0.76 1.19 −3.15, 1.60 75.15
Retreats 0.98 0.89 −0.76, 2.74 13.46
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Figure 2. The mean distribution and 95% credible intervals (CI) showing the association between
antler damage and two measures of antler symmetry, number of fights and age (model R2 = 0.69). The
black circle represents the mean value of the posterior distribution for the parameters. The intercept
is excluded from the figure (mean = −1.38, s.d. = 1.17, 95% CI = −4.12, 0.60).

4. Discussion

Perhaps due to the pervasive nature of symmetric structures in the natural world,
the study of the extent to which individuals depart from perfect symmetry has generated
considerable interest. One form of symmetry in particular, fluctuating asymmetry, has
received considerable attention by students of animal behaviour as it potentially yields
insights into developmental instability (e.g., [18,62,63]). Critically, this instability is thought
to mirror the quality of the individual [64] and is indexed to the ability of the organism
to withstand genetic and environmental stress [16]. Thus, high-quality individuals are
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predicted to produce large, highly symmetric structures that confer greater competitive
success during intraspecific encounters, whilst also providing females with a reliable
cue of the bearer’s genetic quality [65]. Our results show that as males aged there was a
corresponding increase in the amount of absolute FA expressed—a finding that is consistent
with some studies (e.g., [25,66]), but not others (e.g., [26,54]). We note that other studies
that have employed a relative measure of asymmetry have shown a negative relationship
between FA and age (e.g., [67,68]). Moreover, the antlers of fallow deer also show directional
asymmetry with age [26], and DA has been reported to have considerable influence over
how antlers are used during fights [26,36]. The purpose of this study was to investigate
whether FA was associated with individual quality; we initially tested whether there was
an association between symmetry and antler damage. We then examined whether there
was an association between symmetry and tactical actions during fights. Overall, we show
partial support for the idea that FA represents an index of individual quality.

Sexually selected traits are expected to represent something of the quality of the in-
dividual bearing them [1]. Whilst there are several proposed functions for horns and
antlers, these structures are predominantly viewed as traits that can be used by females
when selecting a mate, as signals of fighting ability, and as weapons during intrasexual
contests [7,69]. These latter two ideas have been formally expressed by models of contest
behaviour that stress information gathering as a strategic requirement [2,3], and several
studies have shown that this is the case. For example, difference in antler size predicts
whether roe deer will escalate to fighting [10], while third-party males use discrepancy in
antler size between fighting opponents to decide whether to intervene in contests [70]. A
key feature of the signal value of these structures involves the cost of production with indi-
viduals experiencing physiological exhaustion during the growth phase [28,32]. Moreover,
because growth rate is dependent on individual quality [34], we reasoned that individuals
that can afford greater investment costs should produce more symmetric, better quality,
weapons (i.e., less likely to suffer damage). Thus, we hypothesised that quality is a measure
of both the durability and symmetry of the armaments borne by males. Our results show
that this was the case; as FA increased, there was an increase in the probability that the
bearer would experience a break to one antler. However, we note that the relationship be-
tween individual quality and antler damage is complex. For example, we show that antler
damage is positively associated with fighting [40,71]—a costly behaviour underpinned by
individual quality [72]; moreover, there is a positive association between antler damage
and social dominance [14]. Taken together, these results suggest that FA should negatively
correlate with antler damage, the opposite to what we predicted and found. Further work
on understanding weapon damage in relation to various correlates of individual quality
is clearly needed in order to disentangle this complex relationship. Neither DA, nor the
age of the bearer, showed a meaningful association with antler damage which might have
been expected given how individuals use their antler during fights [36], and the greater
investment by older individuals in antler growth (e.g., [73,74]).

The behaviour of individuals during fights is, at least theoretically, linked both to
the ability of the individual to invest in fighting, and to the value of the resource under
dispute ([75]; see also [76] and chapters within]). Models of contest behaviour allow that
contestants can differ in their tactical action rates because they are expected to exert costs
on the signalling individual (e.g., [2,47]); therefore, high quality individuals are expected to
repeat contest actions at higher rates than lower-quality individuals. In agreement with
these theoretical assumptions, numerous studies have shown that contest winners signal at
higher rates than losers do [3,49,50,77–79]. Moreover, limited evidence from deer contests
on antler use suggests that there is a tendency to use the more developed right antler
during fights [36]. Contest outcome has also been associated with symmetry although
studies have tended to vary in the level of support they show [45,80]. Therefore, rather than
focus on outcome, we hypothesised that symmetry would be correlated with contest action
rates; specifically, we predicted that the magnitude of symmetry expressed would show
a negative relationship with attacking actions and a positive relationship with retreating
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actions [49,50]. This was not the case, and our results showed no association between
attacking or retreating actions and FA or DA.

There are a number of potential explanations as to why this might be the case. It is
possible that the lack of a meaningful effect is a consequence of low statistical power due to
measurement error [15]; however, we note that measurement error for these antlers was
smaller than between sides variation which would suggest that this is not the case (also [37]).
Conversely, directional symmetry rather than FA of the antlers could play an important role
in how males display their quality or engage their antlers during fights [26,36]; however,
we found no evidence that DA was associated with antler damage or contest action rates.
Nevertheless, FA is associated with antler breakage, and damage does have a significant
impact on fight actions [43]. So it may be that the effects of FA on contest action rates
are indirectly associated with fighting. In addition, we note that resource value critically
influences tactical behaviour [78]; most fights occur during the annual rut where the
presence and abundance of oestrus females has significant effects on how males invest in
contests [38], see also [8,35,81]. Because the interaction between behavioural actions during
contests and structural symmetry have been relatively neglected topics, we suggest that
further research will be required to disentangle the potential explanatory effects concerning
the importance of FA in relation to contest behaviour.

In conclusion, this study investigated the relationship between FA and individual
quality by focusing on antlers as badges of status and as weapons [6]: thus, we examined
both weapon durability and tactical behaviours used during contests to address this
question. So far as we are aware, these assumed correlates of individual quality have
not previously been studied in relation to weapon symmetry (but see [36]), and we show
that antler damage but not tactical actions are associated with FA in the predicted direction.
Moreover, there was no evidence that DA was associated with either damage or tactical
actions [36]. The usefulness of FA as an explanatory factor in sexual selection and fitness
(e.g., [82,83]), has been criticised on grounds of the generality of the effect (see [84] for a
review, also [85]). Nevertheless, beyond the search for associations between FA and trait size
for example, there are questions within the field of animal behaviour that require further
investigation. We addressed two such possibilities here and suggest that investigation of
the role of FA in animal behaviour remains a promising avenue of research.
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