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Aggressive mimics are predatory species that
resemble a ‘model’ species to gain access to food,
mating opportunities or transportation at the
expense of a signal receiver. Costs to the model
may be variable, depending on the strength of the
interaction between mimics and signal receivers.
In the Indopacific, the bluestriped fangblenny
Plagiotremus rhinorhynchos mimics juvenile
cleaner wrasse Labroides dimidiatus. Instead of
removing ectoparasites from larger coral reef
fish, fangblennies attack fish to feed on scales and
body tissue. In this study, juvenile cleaner wrasse
suffered significant costs when associated with
P. rhinorhynchos mimics in terms of reduced
cleaning activity. Furthermore, the costs incurred
by the model increased with heightened aggression
by mimics towards signal receivers. This was
apparently because of behavioural changes in
signal receivers, as cleaning stations with mimics
that attacked frequently were visited less. Variation
in the costs incurred by the model may influence
mimicry accuracy and avoidance learning by the
signal receiver and thus affect the overall success
and maintenance of the mimicry system.
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1. INTRODUCTION
Aggressive mimics are defined as predatory or parasitic
species that resemble harmless or beneficial species in
order to gain fitness benefits, including access to food,
mating opportunities or transport [1,2]. Such systems
usually involve three participants: a model, a mimic
and a dupe (or signal receiver) [1]. Theory predicts
that while aggressive mimics benefit from such an
association, models incur costs in terms of reduced fora-
ging or mating opportunities and increased energy
expenditure [2–4]. However, costs to the model are
predicted to vary depending on the strength of the inter-
action between mimics and signal receivers. This may
directly affect the success and maintenance of the mimi-
cry systems and subsequently the selective pressures
that drive its evolution; signal receivers may avoid or
attempt to discriminate between models and mimics
more strongly when the costs of being attacked or
frequency of attacks are high [3,5]. For example,
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Ophrys orchids mimic female wasps to attract males,
which then carry pollen between flowers [6–8]. Costs
to the signal receiver will depend on how much time
and energy is spent visiting mimics and transferring
pollen between plants. The amount of pollen produced
may vary between season or geographical location.
If pollen loads are high, selective pressures may drive
male wasps to be more vigilant when discriminating
between orchids and female wasps, and may also drive
them to evolve better discriminating capabilities.
There currently appears to be no empirical evidence
that has quantified variation in costs to the model in
relation to strength of interaction between mimic and
signal receiver (in terms of aggression).

Perhaps, one of the most intriguing examples of
mimicry exists on Indopacific coral reefs: juvenile
bluestreaked cleaner wrasse Labroides dimidiatus are
mimicked by the bluestriped fangblenny Plagiotremus
rhinorhynchos [1,9–11] (figure 1). Instead of removing
ectoparasites, cleaner mimics nip at passing reef fish to
remove scales, pieces of fin or body tissue [9,11]. Plagio-
tremus rhinorhynchos benefit from associating with
juvenile cleaner wrasse in terms of increased access to
reef fish victims [12]. Conversely, juvenile cleaner
wrasse incur costs of having an associated mimic in
terms of reduced foraging (cleaning) activity. Cleaner
wrasse with a mimic had 38 per cent fewer clients visiting
the cleaning station and spent 29 per cent less time
inspecting clients, compared with cleaner wrasse without
a mimic [12]. In this study, I tested how intra-specific
variation in aggression by mimic fangblennies towards
coral reef fish (in terms of number of attacks on reef
fish victims) influences the costs incurred by the cleaner
wrasse models (in terms of reduced cleaning activity), to
elucidate the mechanisms behind how aggressive mimics
impose costs on their model. If reef fish clients use the
mere presence of a mimic to avoid or cut short a cleaning
interaction once a mimic is detected, then the costs to the
model should be independent of the extent of aggression
shown by the mimic. However, if clients modify their be-
haviour in response to the aggressive levels of mimics,
then costs to the model should be correlated with
increased aggression by mimics.
2. MATERIAL AND METHODS
Fieldwork was conducted on coral reefs around Lizard Island
(148400 S, 1458280 E) and Heron Island (238260 S, 1518550 E),
Great Barrier Reef, Australia between July 2005 and February
2007. Focal observations were conducted for 20 min on SCUBA or
snorkel at depths between 2 and 15 m on 25 P. rhinorhynchos. An
observation was then conducted for 20 min on the juvenile cleaner
wrasse with which the mimic was associated. To compare cleaning
rates for juvenile cleaner wrasse with and without a mimic, a lone clea-
ner wrasse was then located on a similar section of the reef between
5 and 20 m away and a third 20 min observation was conducted.

For cleaner mimics, the following information was recorded: the
number of attacks by the mimic, defined as a dart by the fangblenny
towards the reef fish (successful attacks were recorded when visible
contact was made with the reef fish), and the number of chases
towards the mimic by other reef fish, defined as another fish species
swimming rapidly and directly at the fangblenny (and whether this
was in retaliation to a mimic attack). For cleaner wrasse, the following
information was recorded: the time spent inspecting clients, defined as
the cleaner hovering near to or touching the client while actively
searching for food items, and is correlated with the number of bites
taken on clients [13], time was recorded from when the
cleaner approached the client fish until it departed; the identity of
the client; and the number of cleaning interactions. Owing to the
variability in cleaning time between reef site and location, the differ-
ence in inspection time between cleaners with and without a mimic
This journal is q 2011 The Royal Society
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Figure 1. The model and mimic: (a) juvenile Labroides dimidiatus and (b) Plagiotremus rhinorhynchos.
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was calculated as a percentage. The location of all cleaner wrasse
and mimics were marked using flagging tape to prevent repeat obser-
vations being conducted on the same individual.
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Figure 2. The number of successful attacks by the aggressive
mimic P. rhinorhynchos towards coral reef fish (20 min21) in
relation to the difference in total time (%) cleaner wrasse

with and without an associated mimic spent inspecting
coral reef fish clients (n ¼ 25).
3. RESULTS
(a) Mimic observations

Plagiotremus rhinorhynchos successfully attacked reef
fish between 0 and 10 times per 20 min observa-
tion (mean+ s.d. ¼ 2.5+2.4). Reef fish victims
included: Pomacentridae (e.g. Abudefduf abnormalis
and Amblyglyphidodon curacao), Acanthuridae (e.g.
Acanthurus nigrofuscus), Labridae (e.g. Hemigymnus
melapterus and Cheilinus trilobatus), Scaridae (e.g. Scarus
schlegeli) and Lutjanidae (e.g. Lutjanus fulviflamma).
The number of chases towards P. rhinorhynchos from
other coral reef fish ranged from 0 to 10 (median,
interquartile range ¼ 0, 3.5), and the majority were
retaliatory chases after being attacked (40/43, 93%).

(b) Cleaner fish observations

All juvenile cleaner wrasse (with and without mimics)
spent between 152 and 576 s per 20 min (mean+
s.d. ¼ 245+134) inspecting between 5 and 38 clients
(mean+ s.d. ¼ 15.1+4.5) from 5 to 24 species
(mean+ s.d. ¼ 13.4+5.2). There was an overall
reduction in inspection time (t24 ¼ 22.20, p ¼ 0.04)
and in the total number of clients visiting cleaners
(t24 ¼ 22.03, p ¼ 0.04) for juvenile cleaner wrasse
with a mimic compared with juvenile cleaner wrasse
without a mimic. There was no difference in the total
number of species that visited juvenile cleaner wrasse
with a mimic compared with juvenile cleaner wrasse
without a mimic (t24 ¼ 21.23, p ¼ 0.12). The differ-
ence in total time spent inspecting clients by
individual juvenile cleaner wrasse with and without
cleaner mimics (cleaner with a mimic–cleaner with-
out a mimic) was negatively correlated with the
number of attacks by P. rhinorhynchos (Spearman rank
rs ¼ 23.20, n ¼ 25, p ¼ 0.05; figure 2), as was the
difference in total number of individuals visiting clea-
ners (Spearman rank rs ¼ 24.12, n ¼ 25, p ¼ 0.04).
There was no correlation between number of attacks
and the percentage difference in cleaning bout duration
(Spearman rank rs ¼ 21.50, n ¼ 25, p ¼ 0.29).
4. DISCUSSION
Juvenile cleaner wrasse incurred more costs, in terms of a
reduction in cleaning activity, when they were associated
with the cleaner mimic P. rhinorhynchos (also shown in
Biol. Lett. (2012)
[12]), and cleaning activity was reduced in relation to
the number of times that mimics attacked coral reef
fish. Aggressive mimics, therefore, appear to drive be-
havioural changes in signal receivers, in response to the
extent of aggression received. It appears that signal recei-
vers are less likely to visit a cleaning station or they are
less likely to return to the cleaning station after aggres-
sion from a mimic. There was no evidence that mimics
affect the duration of individual cleaning interactions.
Cleaner mimics very rarely attack fish being cleaned
(this study; [12]), but instead attack passing reef fish or
those in the immediate vicinity.

Aggressive behaviour exhibited by mimics may vary
due to differences in size, sex, spawning behaviour,
availability of other food sources, strength of competi-
tion between individuals and risk of predation. While
populations of mimics may exhibit both temporal and
spatial variation in each of these factors, it is perhaps
the latter three (alternative food, competition and pre-
dation pressure) that could drive geographical variation
and thus affect the success and the maintenance of the
aggressive mimicry system between populations. If
mimics are too aggressive towards signal receivers, and
models suffer from a significant reduction in foraging
costs, models may relocate to new sites, or attempt to
chase mimics away. Conversely, if mimics are not aggres-
sive enough, mimics may fail to gain access to an
adequate food source. Therefore, the maintenance of
aggressive mimicry systems may rely on a balance
between learning and forgetting in signal receivers
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[14,15]. Indeed, reef fish learn to avoid the attacks of
aggressive mimics both spatially and pre-emptively [5].

In Batesian and aggressive mimicry systems, the
predators of mimics and victims of attack, respectively,
should act as selective agents forcing mimics to accu-
rately resemble their models [16,17]. However, this
study shows that the selective pressures that drive
mimics to accurately resemble their models, and
signal receivers to discriminate between mimics and
models, can vary within a mimicry system. Mimicry
accuracy, discrimination and avoidance learning by
signal receivers may be driven by the nature of the
relationship between participants, including the
extent of aggression exhibited by the mimic, which
varies both within and between species. The status of
mimetic relationships appears to be highly dynamic
and is likely to vary both temporally and spatially.

Thank you to the staff at Lizard and Heron Island Research
Stations for logistical support, and to L. Curtis, M. Eckes,
P. Mansell and B. Cameron for their help in the field. This
research was funded by the Australian Research Council
with a grant and fellowship to K.L.C.
1 Wickler, W. 1965 Mimicry and evolution of animal com-
munication. Nature 208, 519–521. (doi:10.1038/
208519a0)

2 Wickler, W. 1968 Mimicry in plants and animals.
New York, NY: McGraw-Hill.
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