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A gnathiid species (Crustacea: Isopoda; one of the most common ectoparasites of coral reef

fishes) from the Great Barrier Reef, Australia, was allowed to choose among fishes from three

different families to feed on (using two species of fishes per family). Gnathiids showed a strong

preference for labrids, rarely feeding on pomacentrids or apogonids. In a separate experiment,

gnathiid host preference did not vary among three labrid fish species. Gnathiids that fed on

labrids had higher survival than those that fed on apogonids. Male gnathiids that fed on labrids

also moulted to the adult stage more quickly. This suggests that host specialization and local

adaptation might be occurring between these ectoparasites and their host fishes at the host fish

family level. # 2007 The Authors

Journal compilation # 2007 The Fisheries Society of the British Isles
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INTRODUCTION

Coral reef fishes are parasitized by a wide range of ectoparasites (Rohde, 1993)
that can have significant detrimental effects on their growth, survival and
reproduction (Cusack & Cone, 1986; Adlard & Lester, 1994). Gnathiid isopods
are the main food item of many obligate cleaner fishes in marine cleaning sym-
bioses (Côté, 2000; Grutter, 2002). They attach to the skin and gills with pierc-
ing mouthparts and use a muscular oesophagus and grooved paragnath to feed
on blood and plasma (Monod, 1926). Gnathiids can inflame and destroy muco-
sal tissue (Honma & Chiba, 1991), lower blood volume (Jones & Grutter,
2005), and kill captive fishes (Paperna & Por, 1977; Mugridge & Stallybrass,
1983).
Despite an extensive descriptive study of their biology early in the last cen-

tury (Monod, 1926), little progress has been made in understanding aspects of
their basic biology such as taxonomy and host specificity. Only 12 species from
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the Great Barrier Reef (GBR), and nearby Queensland coast have been
described (Holdich & Harrison, 1980), although identification of more species
from this area is currently underway (N. Smit, pers. comm.). These species de-
scriptions are based on the morphology of adult males, which do not feed
(Monod, 1926; Cohen & Poore, 1994). Adult males are found only in benthos
and cannot be matched easily with the ectoparasitic juvenile stages, which are
remarkably similar across taxa (Grutter et al., 2000; Smit & Davies, 2004).
The three highly mobile juvenile stages, c. 1–3 mm long, feed briefly on their

host and then return to the benthos to moult to the next stage (Monod, 1926;
Grutter, 2003). Because the juveniles are difficult to identify to species, little is
known about their host specificity. Thus it is unclear if fishes in a given area
are parasitized by a few gnathiid taxa that are host generalists, or many taxa
that are host specialists. Gnathiids have been found on 70% of 56 species of
reef fishes surveyed on the GBR (Grutter & Poulin, 1998), and turnover rates
on host fishes were rapid (12–24 h) (Grutter, 1999, 2003; Grutter & Hendrikz,
1999). Among large (>20 cm total length, LT) wild reef fishes, gnathiids regu-
larly occur on some fish families (e.g. Labridae and Acanthuridae) but not on
others (e.g. Serranidae, Haemulidae and Lutjanidae) (Smit et al., 2006). The
thick-lipped wrasse, Hemigymnus melapterus (Bloch), is the only fish on the
GBR whose gnathiid parasites have been well documented. When caught dur-
ing the day near Lizard Island, it consistently hosted two undescribed gnathiid
species (Gnathia sp. A and sp. B) (Smit et al., 2006), but not any of the other
undescribed Gnathia spp. that occur there (A. S. Grutter, unpubl. data). This
suggested that some gnathiids may specialize on particular host fish taxa.
Parasite specialization is influenced by the abundance and predictability of

hosts (Thompson, 1994; Combes, 1997; McCoy et al., 2001; Tripet et al.,
2002). Coral reefs are highly productive ecosystems, with many potential host
fishes usually present at any time on even very small reefs (Sale, 2002). Reef
fishes on the GBR differ in many characteristics that may affect their suscep-
tibility to gnathiid parasitism [e.g. feeding guilds, social behaviour and time of
the day or night that they are active (Randall et al., 1997)]. Therefore, there
may be natural selection on gnathiid preferences for hosts that differ in any
of these characteristics if they offer fitness benefits to the gnathiids.
The objective of this study was to determine if there was evidence for host

preference and host specialization in a gnathiid species. If gnathiids prefer to
feed on some hosts and also have higher success after feeding on them, there
may be some degree of host specialization. Evidence for host specialization
would suggest the potential for local adaptation and coevolution between gna-
thiids and host fishes. Although this might be expected in many host–parasite
interactions, this system is unusual because the host fishes and parasites are
part of a complex cleaning mutualism involving cleaner fishes that eat gnathiids
from the bodies of co-operating host fishes, the client fishes (Côté, 2000). The
bluestreak cleaner wrasse Labroides dimidiatus (Valenciennes), a common
cleaner wrasse in the Indo-Pacific and Red Sea, has significant effects on diver-
sity of reef fishes and abundance through its role in reducing gnathiid loads on
reef fishes (Bshary, 2003; Grutter et al., 2003). Cleaner fishes, host fishes and
parasites are each likely to be influenced by selective pressures from the other
members of the cleaning symbiosis. If gnathiids prefer some hosts to others,
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this may influence interactions among the partner fishes; for example, cleaner
fishes may prefer to clean heavily infested client species, resulting in selection
on clients to compete for access to cleaner fishes.
Understanding the host specificity of gnathiids is an important step in eval-

uating the ecological and evolutionary relationships of all of the members of
this cleaning symbiosis. Host specificity or specialization can take place at sev-
eral levels, from the breadth of a parasite’s choice of spatial position on a host
to differences in parasite success on different host fishes. In this study, host spe-
cialization was considered to be a parasite having higher success in a correlate
of fitness (e.g. survival to the adult stage) after feeding on different hosts.
Gnathiids of an undescribed species (Gnathia sp. A) were allowed to interact

in aquaria with potential host fishes from three different families, and which
family they fed on at the end of a set period of time was scored as their pre-
ferred host. Gnathiid success (measured as survival and number of days for
males to moult to the adult stage) was then evaluated after feeding on hosts
from a preferred and a non-preferred fish family.

MATERIALS AND METHODS

PARASITE DESCRIPTION AND STUDY SITE

This research was conducted at the Lizard Island Research Station on the GBR,
Australia, in April and November 2003. The gnathiids used were descended from indi-
viduals isolated in captivity after collection from a wild host labrid, H. melapterus, in
November 2001. This population of gnathiids was held with H. melapterus at the
Research Station until April 2003 (i.e. 17 months later). Moulting to the non-feeding
adult stage after a last blood meal takes c. 8 days for males and 12 days for females
in this species. Females carry 15–30 fertilized eggs for another 12–16 days, which hatch
as fully formed 1st instars. The life cycle takes c. 6 weeks from hatching until death:
females die after giving birth, and males a short time later (unpubl. obs.). These captive
gnathiids were morphologically and genetically similar to wild diurnal gnathiids found
on reefs near Lizard Island (unpubl. obs.). Unfed third stage juveniles were used
because they were largest and thus most easily seen, and because of the need to control
for potential differences in feeding behaviour among different stages. Each gnathiid was
used once in the experiments.

HOST FISH COLLECTION

Host fishes were caught by divers using hand- and barrier-nets. The fishes belonged
to three families found in large numbers on coral reefs: Apogonidae (cardinalfish), noc-
turnal planktivores; Pomacentridae (damselfish), diurnal and largely herbivores or
planktivores; Labridae (wrasses), diurnal carnivores (Randall et al., 1997). All fishes
were captured from the same area, and were given a 2 min freshwater bath to kill exter-
nal parasites (Kinne, 1984) before being held in outdoor 60 l flow-through seawater
tanks for at least 2 days prior to testing. Fishes were fed minced shrimp or commercial
fish flakes. All host fishes were used once (except for the family no-choice experiment,
see below), and were released afterwards.

GNATHIID INFECTION

Three host preference experiments were conducted in which the protocols differed
slightly. The following methods, however, were common to all three experiments: for
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each trial, gnathiids were captured haphazardly from the culture tank and placed in an
opaque aquarium containing 8 l of sea water and a plastic tube (5 � 10 cm) to provide
shelter for the host fishes. Only third stage gnathiids in the culture are readily visible to
humans, and these are easily captured with a small pipette. After 2 min, the host fishes
were added to the experimental aquaria using a hand-net. After 30 or 60 min in the
aquarium with the gnathiids, each fish was moved by hand to a smaller individual con-
tainer (500 ml) full of sea water for 5 min. The fish was then gently scraped and rinsed
with sea water from a squirt bottle, and engorged gnathiids in the fluids were collected
with a pipette. The water used was filtered with a 62 mm mesh to ensure that all gna-
thiids were accounted for. Trials were conducted between 0700 and 1400 hours.

Family no-choice experiment
To ensure that no physiological or mechanical barriers were present that would pre-

vent gnathiid attachment and feeding on a particular host fish family, an experiment
was conducted to determine if gnathiids would feed on host fishes from each family.
One gnathiid and one host fish were held together for 1 h. Ten trials for each host fam-
ily were conducted, where each family was represented by two species (sample sizes in
parentheses): Pomacentridae, Dascyllus reticulatus (Richardson) (5) and Dascyllus arua-
nus (L.) (5); Labridae, H. melapterus (4) and Thalassoma lunare (L.) (6); Apogonidae,
Apogon novemfasciatus Cuvier (4) and Cheilodipterus quinquelineatus (Cuvier) (6). These
fish hosts had been used (but not fed on) in the family choice experiment (below).

Family choice experiment
To determine if gnathiids had preferences for different host families, trials were con-

ducted in which three gnathiids were allowed to choose among three host fishes in an
aquarium. This experimental design was chosen to best represent the possible foraging
options of a gnathiid in a natural reef environment. Three gnathiids were used in each
trial instead of one because preliminary tests showed that not every gnathiid fed when
exposed to fishes. This experiment was conducted in April 2003 (n ¼ 20) and repeated
in November 2003 (n ¼ 13) to increase the sample sizes of each of the host fish families.
Most teleost gnathiids from the GBR become engorged in <60 min when held with
captive host fishes (Grutter & Hendrikz, 1999; Grutter, 2003). For trials conducted
in November, the time that gnathiids were kept with host fishes was reduced from
60 to 30 min because gnathiids fed more quickly than in trials conducted in April (this
may be a natural seasonal variation in gnathiid feeding behaviour). Host choice by gna-
thiids was scored as ‘0’ if no gnathiids fed on that host fish. A score of 1–3 defined the
number of engorged gnathiids found on a host fish or in the water in a host’s container
at the end of a trial. The gnathiids were tested with host fishes in a randomized com-
bination of six species from three families (Table I). The following host fish species

TABLE I. Combinations of the host fish species used for each host fish family (Labridae,
Pomacentridae, Apogonidae) in the 33 family choice experiment trials

# Labrid host % fed Pomacentrid host % fed Apogonid host % fed

20 Thalassoma lunare 74�1 Dascyllus aruanus 22�2 Apogon
novemfasciatus

3�7

8 Thalassoma lunare 90 Dascyllus reticulatus 10 Cheilodipterus
quinquelineatus

0

5 Hemigymnus
melapterus

85�7 Dascyllus reticulatus 14�3 Cheilodipterus
quinquelineatus

0

#, the total number of trials conducted of each combination; % fed, the percentage of times that

a gnathiid fed on that host fish species of all the gnathiids that fed in the trials conducted of that

combination.
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from each family were used (sample sizes in parentheses): Labridae, H. melapterus (5)
and T. lunare (28); Pomacentridae, D. aruanus (20) and D. reticulatus (13); Apogonidae,
A. novemfasciatus (20) and C. quinquelineatus (13).

Wrasse species choice experiment
To determine if the gnathiids held in captivity with the host fish H. melapterus would

prefer this species to other species in the wrasse family, 30 min trials were conducted in
which one gnathiid was allowed to choose between two wrasses. Since the objective was to
determine whether gnathiids would prefer the host fish species with which they had prior
exposure, one of the host fish was always H. melapterus (mean � S.D. total length, LT ¼
10�2 � 2�7 cm, n ¼ 20). The other host was either Halichoeres melanurus (Bleeker) (mean
� S.D. LT ¼ 9�6 � 1�2 cm, n ¼ 9) or T. lunare (mean � S.D. LT ¼ 11�7 � 2�5 cm, n ¼ 11).

Host specialization experiment
To determine if some correlates of gnathiid fitness would differ if they had fed on

host fishes from a preferred host family v. a non-preferred family, a final experiment
was conducted to measure gnathiid survivorship and number of days until moulting
to the adult. Two hundred third stage gnathiids were held for 2 h during 9–12 December
2003 with H. melapterus (Labridae) (n ¼ 5) and 200 with C. quinquelineatus (Apogoni-
dae) (n ¼ 5). All 10 host fishes were captured the previous day and were not used in
previous experiments. Engorged gnathiids were collected and held in groups of five
in 70 ml vials filled with sea water and kept at a constant temperature of 25° C.
Moulted exoskeletons and other debris were removed daily and fresh sea water was
added to the vial as needed. Gnathiids were examined with a dissecting microscope
daily until they moulted to the adult, when they were preserved in 80% ethanol and
the total length (from telson to gnathopods) was measured for a haphazardly chosen
sample of males from each group.

STATISTICAL ANALYSIS

Statistical analyses were performed using JMP version 5.1 (SAS, 2002). The data
from the family choice experiment trials conducted in April and November were pooled
because there were no differences in gnathiid feeding preference either within a host
family or among host families in the two months (w2 goodness of fit, d.f. ¼ 1, P >
0�05). The data were also pooled for both host fish species used within a family because
there were no differences in gnathiid feeding preference among fish species (w2, Poma-
centridae: d.f. ¼ 1, P > 0�05; Labridae: d.f. ¼ 1, P > 0�05; Apogonidae: d.f. ¼ 1, P >
0�05). The results from two other experiments, family no-choice and wrasse species
choice (see below), corroborated that gnathiids showed no preference for particular spe-
cies within a host fish family. A nominal logistic regression model was used to deter-
mine if host fish family or host fish LT were significant predictors of whether or not
a gnathiid fed on a host. Host LT was included in the model because it is not known
if it affects gnathiid host preference.

RESULTS

FAMILY NO-CHOICE EXPERIMENT

Gnathiids fed on host fishes from each of the three families when tested with
no other potential host fishes in the aquaria: 70% of the gnathiids tested with
wrasse hosts fed on them, 60% fed on the damselfish hosts and 40% fed on the
apogonids. Each species of host fish in a family was fed on at least twice in the
10 trials for that family.
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FAMILY CHOICE EXPERIMENT

Only 44% of the 99 gnathiids tested in the experiment (n ¼ 33) were en-
gorged at the end of a trial. In 70% of trials, only one of the three gnathiids
had fed on a host fish. There were no cases where all three gnathiids had fed.
In 10 trials (30%), two of the three gnathiids were engorged. In four of these
cases, two gnathiids fed on the same host fish individual (which was always the
wrasse). In two trials, no gnathiids were engorged, and these were excluded
from the analysis. Gnathiids were sometimes missing when a trial ended; in
four trials (12%), one of the three gnathiids was missing, and it was assumed
that one of the host fishes ate them. This is not unusual in laboratory tests with
gnathiids and planktivorous fishes (especially pomacentrids) (unpubl. obs.).
Thirty-five per cent of gnathiids tested fed on hosts from the labrid family,

while <10% fed on the other two families combined (8% on pomacentrids
and 1% on apogonids). This preference for wrasses was significant (likelihood
ratio w2, d.f. ¼ 6, P < 0�001; Wald effect test, d.f. ¼ 4, P < 0�01). Host fish LT

had no effect on gnathiid preference (Wald effect test, d.f. ¼ 2, P > 0�05). The
LT of all the host fishes used was (mean � S.D.): Labridae (12�6 � 1�8 cm);
Pomacentridae (7�0 � 1�1 cm); Apogonidae (9�4 � 1�3 cm).

WRASSE SPECIES CHOICE EXPERIMENT

Only trials in which one gnathiid fed on a host fish were included in the anal-
ysis (there were three trials where two gnathiids fed and one where none fed;
all four were excluded). Gnathiids showed no preference for the species of
wrasse with which they were familiar, H. melapterus: H. melapterus v. H. mela-
nurus (w2, n ¼ 9, P > 0�05); H. melapterus v. T. lunare (w2, n ¼ 11, P > 0�05).
The effect of host fish size on gnathiid preference was tested with a logistic
regression of host fish LT v. the number of gnathiids that fed on the fish. There
was no significant effect when each fish species was plotted separately: H. mel-
apterus (r2 ¼ 0�04, n ¼ 20, P > 0�05); H. melanurus (r2 ¼ 0�02, n ¼ 9, P > 0�05);
T. lunare (r2 ¼ 0�08, n ¼ 11, P > 0�05), so the data for all three species were
combined for a single test (r2 ¼ 0�02, n ¼ 40, P > 0�05).

HOST SPECIALIZATION EXPERIMENT

Only 20% of the 200 gnathiids that were held with apogonid hosts fed on
them. In contrast, 59�5% of gnathiids held with labrid hosts fed on them.
Twenty-five of the 40 gnathiids that fed on apogonid hosts survived to become
adult (60%), compared to 93/119 (78%) that had fed on labrids (Pearson w2,
n ¼ 159, P ¼ 0�0503). After removing from the dataset one female gnathiid
that moulted but died within minutes (all others survived for at least 2 days),
this difference was statistically significant (Pearson w2, n ¼ 158, P < 0�05).
Of the 93 juveniles that fed on labrid hosts and survived to become adult, 61

were males and 32 were females. Of the 25 juveniles that fed on apogonids, 22
males moulted. Since only three females moulted in this group, no comparisons
were made between females that fed on different hosts due to the unbalanced
sample sizes.
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Male gnathiids that fed on labrids moulted an average of 8�03 � 0�60 days
(mean � S.D.) after feeding compared to 8�68 � 0�77 days for those that fed on
apogonids (t-test, n ¼ 81, P < 0�001). There was no significant difference in
adult male size (t-test, n ¼ 19, P > 0�05) between gnathiids that fed on labrids
(n ¼ 8, mean � S.D. ¼ 3�13 � 0�14 mm) and those that fed on apogonids (n ¼
11, mean � S.D. ¼ 3�07 � 0�09 mm).

DISCUSSION

The experiment in which gnathiids had no choice of host fishes demonstrated
that they were capable of feeding on all of the host species used, making
unlikely the possibility of mechanical or physiological barriers that prevented
feeding on non-preferred host fish families. The experiment that tested for gna-
thiid preference among labrid species revealed no preference for the species
with which gnathiids were held prior to the experiments, showing that host
specificity does not occur at the host species level.
At the host family level, however, gnathiids clearly preferred wrasses to the

two other fish families. One explanation for this pattern is that the gnathiids
used to initiate the laboratory culture were wrasse specialists, and the prefer-
ence that they showed was present prior to isolation with this host in culture.
In this situation, host preference in gnathiids may be genetically determined,
resulting in lineages of gnathiids that specialize on particular families of host
fishes. Most examples of genetically determined host preferences come from
phytophagous insects (Emelianov et al., 1995; Via, 1999; Groman & Pellmyr,
2000), but there are some examples of terrestrial ectoparasites (ticks) with eco-
logical similarities to gnathiids where sympatric host races that prefer different
seabird hosts are genetically distinct (McCoy et al., 2001).
Alternatively, these gnathiids could be generalists that regularly feed on the

wrasse H. melapterus (from which they were captured to establish the culture).
Host preference could have then either evolved in captivity, or else gnathiid
feeding behaviour may be plastic (e.g. allowing for changes in phenotype to
specialize on hosts that are commonly encountered in an area). A final possi-
bility, however, is that wrasses are simply superior hosts, and that gnathiids
always prefer them to other fishes. It is common for generalist parasites to
show preferences for certain hosts (Tripet & Richner, 1997; Johnson et al.,
2002) (but of course this depends upon how ‘generalist’ is defined).
A potentially confounding factor in the experimental design was that gna-

thiids might choose the first host fish that they encounter. For example, wrasses
typically swam or remained stationary near the bottom of an aquarium during
a trial, and if gnathiids also stayed near the bottom, then what appears to be
preference may simply be a result of proximity. During these experiments, how-
ever, gnathiids were observed on the sides of the aquarium and at the surface
of the water. In addition, gnathiids appeared to have very good vision or other
sensory abilities (or both) as they immediately swim towards items placed in
the culture tank (unpubl. obs.), so they should have had the opportunity to
see (or otherwise sense) all of the host fishes in the aquarium with them. It
would also be unusual to see a difference in parasite performance after feeding
on an arbitrarily chosen host.
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Host fishes may be able to resist gnathiid parasitism by using behavioural or
physiological adaptations or both; for example, this population of gnathiids
has been shown experimentally to avoid toxic areas on the bodies of adult go-
bies (Munday et al., 2003). It is not known if fishes develop the ability to resist
gnathiid parasitism as they age, so using initial phase wrasses (i.e. younger
stages) in tests with older individuals from the other families may have resulted
in wrasses being fed upon disproportionately.
Although host fish size was correlated with host family (e.g. wrasses are

larger than damselfish), the effect of size was not a significant predictor of
gnathiid preference in the experiment that tested for gnathiid preference
among different host families. Gnathiids fed on hosts from a range of sizes
in the wrasse and damselfish families, but avoided cardinalfish, which were
intermediate in size between wrasses and damselfish. Neither was host fish
size a significant predictor of gnathiid preference within each of the three
families in this experiment when analysed separately. This was also the case
in the experiment that tested for gnathiid preference among different wrasse
species. These results suggest that gnathiids may use cues other than host size
when choosing host fishes. This contradicts findings from ecological studies
on the GBR, which show that larger fishes have higher gnathiid loads
(Grutter, 1999; Muñoz et al., 2006). The present result may be an artefact of
the laboratory test conditions (e.g. all of the three potential host fishes were
of relatively similar size and were confined in a small aquarium with the
gnathiids).
Little is known about the mechanics of how gnathiids or any other marine

isopods find their host fish (e.g. vision v. olfaction), or the basis of host fish
preferences (e.g. host size, colour and behaviour). Poulin et al. (1990) demon-
strated that parasitic copepods (Salminicola edwardswii) were attracted to mov-
ing shadows and disturbance. Salmon lice (Lepeoptheirus salmonis) respond to
chemicals from their host fish in water (Devine et al., 2000). In terrestrial ticks
and fleas, a combination of vibrations, shadows and chemical concentration
appear to aid in host recognition (Cox et al., 1998; Ostercamp et al., 1999).
Local adaptation to a host occurs when the mean fitness of a parasite is

higher on the host with which it has co-evolved than on a novel host (Gandon
et al., 1998). Resulting specialization on these hosts could lead to genetically
distinct populations of parasites if they are reproductively or geographically
isolated from other parasite populations that utilize different hosts (Jaenike,
1981; Rice, 1987). The host specialization experiment showed that gnathiid
survival was lower in the group of gnathiids that fed on apogonids (the non-
preferred host fish) than in those that fed on labrids (the preferred host).
In addition, very few females moulted to become adult after feeding on apogo-
nids, and males took longer to moult. This gnathiid species therefore appears
to prefer and to be specialized for feeding on host fishes from the wrasse fam-
ily. Although it is desirable to know if there is a direct effect on gnathiid fitness
(e.g. the number of offspring produced), there are good reasons to expect that
moulting earlier may translate into higher fitness for males. Little is known
about sexual behaviour in gnathiids, but the mating system of other marine iso-
pods such as Paracerceis sculpta involves intense competition among males for
access to females (Shuster, 1992). Breeding gnathiids are found in cavities in
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corals or sponges, where several females are usually found with one male
(Rohde, 2005). Males have greatly enlarged mandibles that may be used in in-
trasexual conflict, and they probably mate with more than one female (Monod,
1926; Upton, 1987; Rohde, 2005). When males of this species are kept together
in 250 ml vials, one male often ends up with many of its appendages missing
(A. S. Grutter, unpubl. obs.). Moulting earlier may allow males to obtain higher
reproductive success if they are able to out compete males that emerge later,
especially if the mating system is haremic and mate guarding occurs. Gnathiids
that took longer to moult after feeding on apogonids were not larger than the
gnathiids that fed on labrids. This is important because moulting at a larger
size might confer an advantage in a system where male–male competition
occurs (Shuster, 1992).
Although the host specialization experiment demonstrated that this species

of gnathiid has strong host preferences and that they have higher success after
feeding on this preferred host, an ecological definition of specialization would
require illustrating that there is variation in the degree of parasite speciali-
zation in this system. For example, most studies on the evolution of host
specialization take into account at least two hosts and two parasites.
This study has shown that one gnathiid species prefers one host fish family
(labrids) to others (apogonids), but does not show that some other gnathiid
species or race prefer to feed on (and has higher fitness on) apogonids (or
some other fish family). It would also be desirable in this case to determine
if there are gnathiids that feed and perform equally on several different fish
groups (i.e. a generalist).
When sympatric host fishes (such as the apogonids and labrids used in this

study) have different effects on parasite fitness, there should be selection on the
parasites to prefer the hosts that result in higher fitness for them. A preference
for labrid hosts could lead to genetically distinct populations of gnathiids if
they are reproductively or geographically isolated from other parasite popula-
tions that utilize different host fishes.
In general, parasites with complex life cycles that are intimately associated

with their host tend to be specialists, while those with simple, direct life cycles
occurring away from the host are less host-specific (Noble et al., 1989; Combes,
1991). It is therefore surprising to find specialization in a parasite that feeds
only briefly on its host. This may be explained partly by the high abundance
of reef fish hosts that are present at predictable times on coral reefs. Several
studies have suggested that evolution favours specialization in parasites when
hosts are abundant and predictable (Thompson, 1994; Combes, 1997; McCoy
et al., 2001; Tripet et al., 2002).
Further studies of some basic aspects of gnathiid ecology (e.g. dispersal) and

behaviour (e.g. sexual selection) in this and other gnathiid species will greatly
improve understanding of the processes affecting gnathiid evolution. It is also
important to determine how gnathiid evolution is shaped by selection pressure
from their main predators, cleaner fishes. Cleaner fishes, host fishes and para-
sites each have the potential to be influenced by selective pressures from the
other partners in the cleaning symbiosis. Understanding host specificity in gna-
thiids is an important step in evaluating the ecological and evolutionary
dynamics among host fishes and these ectoparasites.
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