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Mechanisms of host detection and host choice are important for mobile parasites or symbionts that frequently
move among host individuals. The parasitic pea crab Dissodactylus primitivus is an ectoparasite exploiting
asymmetrically two spatangoid echinoid hosts, Meoma ventricosa and Plagiobrissus grandis. The entire life
cycle takes place on M. ventricosa, while only adults colonize P. grandis, the host where female's fecundity is
the greatest. Dissodactylus primitivus frequently exhibits host-switching, a behaviour that raises the question
of host detection. To test if adult crabs are able to detect potential hosts and are attracted to the host where
their fitness is greater, crab olfactory responses were investigated using a Y-tube. We first showed that D.
primitivus are attracted by olfactory cues of M. ventricosa, versus those of a non-host echinoid species,
Clypeaster rosaceus sharing the same habitat. This attractiveness was not due to a yellowish water-soluble
substance secreted by the host. We then showed that the chemical attraction to the two hosts was different
according to the origin of the crabs. Crabs coming from M. ventricosa were more attracted to this host than to
P. grandis, a pattern compatible with an imprinting phenomenon. However, crabs collected from P. grandis
were equally attracted to both host species, as if imprinting was lost after host change. We propose that the
pattern of D. primitivus host detection could be intermediate between the behaviour of specialist and
generalist symbionts.
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1. Introduction

Most symbionts or parasites possess at least one free-living stage,
which has to locate and colonize a host individual to fulfill the
parasitic life cycle. Therefore, many parasites have evolved specific
host detection, relying on various types of stimuli usually emitted by
the host and detected by the parasites (Combes, 1991, 2001). In
numerous cases, host cues are chemical (Haas et al., 1995; Combes,
2001). Detection of chemical cues emitted by the host is fundamental
in host recognition, host specificity and host fidelity (e.g. Bell, 1984;
Patton et al., 1985; Brooks, 1991; Brooks and Rittschof, 1995; Reeves
and Brooks, 2001; Thiel et al., 2003). Optimizing the time of
recognition of the host is also important for the symbiont, because
it allows a quick choice of its host and reduces the risk of mortality
when changing host (e.g. by predation) (Vinson, 1976; VandenSpiegel
et al., 1998). Several parameters can influence the process of chemical
host recognition. In particular, the number of host species can affect
the specificity of the attraction. The host recognition specificity
decreases with an increase in number of host species (Stevens, 1990;
Poulin, 2007). However, symbionts infecting several hosts can be
individually sensitive to olfactive imprinting: they prefer the host
species on which they have already lived (Immelmann, 1975).
Usually, the transmission between hosts is a punctual and irreversible
event. For example, a larval stage infects a host where the adult phase
will take place permanently (Combes, 2001; Poulin, 2007). However,
several groups of mobile parasites are able to infect new hosts
throughout their life cycle (Boeger et al., 2005; Bandilla et al., 2008; De
Bruyn et al., 2010). This continuous transmission is a response to
different selective pressures. It allows the search for a mate, the
desertion of an overcrowded or dead host, or the avoidance of host
resistance (Bell, 1984; Boeger et al., 2005; Bandilla et al., 2008).
Detection of hosts is maintained throughout the parasite life, a
characteristic essential in the continuous host switching. This
characteristic can even be more pivotal in the sequential or
simultaneous exploitation of several hosts.

Marine crustacean parasites are good biological models for
studying the ecology and evolution of host switching: adult stages
are oftenmotile and host switching is common. Particularly, members
of the decapod family Pinnotheridae (pea crabs) have developed
symbiotic associations with a wide set of macro-invertebrate hosts
(e.g. mollusks, echinoderms). Most pea crabs usually infect their host
during early stages (larval or first crab stage), then metamorphose
and spend their adult life on the same host individual (Christensen
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and McDermott, 1958; Wells and Wells, 1961). Nevertheless, in some
species, the crabs do not occupy the same individual host for their
entire lifetime, but may exhibit a host switching behaviour and
therefore infect many different hosts (Gray et al., 1968; Bell, 1984;
Griffith, 1987; Stevens, 1990; Grove and Woodin, 1996; Baeza and
Thiel, 2007; De Bruyn et al., 2009). These switches may be motivated
by conspecific factors (aggression, competition, mating), the death
and/or disease of the host, or by predation pressure (Bell, 1984; Baeza
and Thiel, 2007). Once a crab has started the switching process, host
recognition plays a critical role in the completion of the life cycle,
allowing the selection of an appropriate new host (Gray et al., 1968;
Derby and Atema, 1980; Stevens, 1990).

Species of the Dissodactylus complex (including the genera
Dissodactylus and Clypeasterophilus) exclusively colonize irregular
echinoid hosts. These group, in particular, provide excellent oppor-
tunities to study host detection and host specificity as they contain
highly host-specific species (e.g. Clypeasterophilus rugatus on the sea
biscuit Clypeaster rosaceus) as well as generalist species, (e.g.
Dissodactylus mellitae and Dissodactylus crinitichelis) that infect
between five to seven echinoid hosts. Host chemodetection has
been described for the three species cited above (Gray et al., 1968;
Griffith, 1987; Reeves and Brooks, 2001). Clypeasterophilus rugatus
detects and recognizes specifically its host species, and its natural
preference is not changed after artificial conditioning on a non-host
species; the imprinting is stable (Reeves and Brooks, 2001). In
contrast, for the generalists D. mellitae and D. crinitichelis imprinting
can be temporary and modified by artificial conditioning (Gray et al.,
1968; Reeves and Brooks, 2001), being therefore borderline from the
definition of Immelmann (1975), who considered that imprinting is
an irreversible process. In generalist species, this behavioural
plasticity may be important if one host species becomes less suitable
than others (Reeves and Brooks, 2001).

The pea crab Dissodactylus primitivus is at an intermediate state
between specific and generalist symbionts. It is associated with two
sympatric spatangoids, Meoma ventricosa and Plagiobrissus grandis
(Telford, 1982; Griffith, 1987), and asymmetrically exploits these
hosts (De Bruyn et al., 2010). This species is a parasite that feeds on its
hosts, obtaining its food (host tissues) by clipping healthy spines and
appendices of the echinoid, and causing extensive damage (Telford,
1982; De Bruyn et al., 2009). Recruitment of juveniles and their
development occurs only on M. ventricosa. The crabs subsequently
display host switching behaviour, allowing frequent colonization of
new host individuals. Adult crabs colonize both host species, where
reproduction and spawning occur (De Bruyn et al., 2010). The fact that
females infecting P. grandis have a significantly higher fecundity
(number of eggs) than those infecting M. ventricosa stresses the
importance of host recognition byD. primitivus (De Bruyn et al., 2010).
Indeed, recognizing and specifically seeking P. grandis could be
advantageous for female crabs. In aquaria, the pea crabs D. primitivus
detect and distinguish their two host species from a non-host
echinoid species, but they do not markedly prefer one of their two
hosts (De Bruyn et al., 2010). However, the mechanisms regulating
detection in D. primitivus remain unknown, mainly because previous
experimental designs did not separate olfactory cues from visual or
tactile cues.

The aim of this study is to analyze the ability of D. primitivus to
chemically recognize its two host species at distance. We conducted
choice experiments using a Y-tube design to address the following
questions: (1) Are the crabs able to chemically detect M. ventricosa
and to distinguish it from another irregular echinoid sharing the same
habitat? In that context, we hypothesize that mucus secretions
produced by the echinoid integument could be a chemical cue for the
crabs. M. ventricosa secretes a yellowish water-soluble substance
when it is disturbed. Chesher (1969) suggested that this substance
could be repellent and/or lethal for small crustaceans. Owing this
suggestion, we tested if this secretion could attract D. primitivus or
repel it, therefore helping to limit the parasitic burden. (2) Are the
crabs able to chemically distinguish between their two host species, is
there an imprinting, and is host choice dependent on crab sex? In
complement to the nature of the choice made by each crab, we
analyzed if in the absence of host detection crabs refrain frommaking
searching movements (therefore optimizing their movements) or,
conversely, if in the absence of host detection refrain from move-
ments. We therefore analyzed the reaction time (between the
beginning of the experiment and the first movement), the choosing
time (between first movement and choice) and finally the proportion
of crabs making a choice.

2. Materials and methods

2.1. Sampling

Meoma ventricosa, Plagiobrissus grandis and their ectoparasites
Dissodactylus primitivus (adult crabs only) were collected in the
western area of Discovery Bay (north coast of Jamaica) in March 2005,
2007 and 2009 (see details in De Bruyn et al., 2009) at depths from 2
to 8 m by scuba diving. The echinoids were carefully placed into
separate bags or baskets to avoid any loss or exchange of crabs
between individual hosts. The echinoids were transferred to the
laboratory within 30 min after capture and the parasites were
immediately separated from the hosts. For transfer, the echinoids
were placed into a seawater tank. The sex and the maturity stage of
the crabs (juveniles versus adults) were differentiated as described in
De Bruyn et al. (2009). The hosts and their adult parasites were kept
alive separately in open circulating marine aquaria. Chemodetection
experiments were conducted during the next 48 h. All echinoids were
returned to the lagoon after each experimental series.

The yellowish substance was obtained by placing fiveM. ventricosa
upside down in a 40 l tank filled with seawater, a disturbance
inducing production of the pigmented substance. The water–pigment
mixture was used for chemodetection experiments. It was replaced
every two hours with a fresh preparation produced by new individuals
to avoid oxydation.

2.2. Experimental device

A Y-tube, based on the device described by Johnson (1952), was
used to study the chemical detection of echinoid species by adult
crabs (Fig. 1). The device has four modules interconnected by plastic
pipes, 4 mm in diameter, and regulated by taps. The first module
(Fig. 1, A) corresponds to the sources. It consists of two five litres
aquaria filled with seawater into which the echinoids were eventually
placed. Their outflows go separately by gravity to the second module
(Fig. 1, B) that consists of two smaller one litre tanks that act as flow
regulators. The third module (Fig. 1, C) is the glass Y tube itself placed
in a perfectly horizontal position. Its diameter (15 mm) allowed the
crabs to move freely. The Left/Right (L/R) distal branches (14 cm in
length) of the Y join the proximal branch (11 cm in length). The
downstream end of the proximal branch has a small removable blind
tube terminated by a grid into which a crab was placed at the
beginning of each experiment (Fig. 1, E). The system abuts in another
aquarium connected to a sink (Fig. 1, D). Water flow in the joint
branch, 300 ml/min, was regularly checked, fluorescein dye being
used to ensure laminar flow. Lighting was non-directional. The crab
was unable to see the olfactive source along the entire length of the
system. In order to reinforce the chemical cue when echinoids were
placed in the first module, the aquaria containing the echinoids were
filled with water coming from a 45 l tank containing three echinoids
of the same species (“marked seawater”). This also prevented the cue
to come from a single individual. During each run, water from the
same tank was gently added to the aquarium to replace the lost
volume and maintain the outflows by gravity constant. The echinoids



Fig. 1. Experimental device. A: first module corresponding to the sources, B: smaller
tanks acting as flow regulators, C: Y glass, D: aquarium to evacuate seawater,
E: movable blind tube terminated by a grid in which a crab is placed. Gravity and taps
regulate the water flow (Module A is higher than B and B is higher than C).
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used as sources were not the original hosts of the tested crabs in order
to avoid potential individual recognition. Different crabswere used for
each run. When reacting, the crab moved from the blind tube into the
proximal branch of the Y-tube up to the intersection of the distal
branches where it faced the flow coming from the provided stimuli. A
run was considered invalid if the crab did not choose one of the paired
branches after ten minutes. After each run, the Y tube and connecting
tubes were rinsed using fresh seawater. Within each series, the source
aquaria were randomly swapped.

2.3. Chemodetection of Meoma ventricosa

Five experimental series were conducted using crabs from M.
ventricosa. In a control series, we first tested the lateral neutrality of
the design by providing fresh seawater in both the L and R distal
branches (30 runs). The second series tested the attractiveness of M.
ventricosa versus seawater (65 runs). The third series compared the
attractiveness of M. ventricosa with that of a non-host echinoid,
Clypeaster rosaceus (40 runs). A control series also tested the chemical
attraction of C. rosaceus versus seawater in a fourth set of experiments
(30 runs). Finally, we tested the attractiveness of the yellowish
substance versus seawater (49 runs).

2.4. Chemical discrimination between Meoma ventricosa and
Plagiobrissus grandis

Two experimental series tested the preference betweenM. ventricosa
and P. grandis. Thefirst series involved crabs fromM. ventricosa (40 runs).
The second involved crabs from P. grandis (37 runs). In these series, the
crab sex was recorded in order to verify if males and females differed in
host recognition.

2.5. Measured parameters and analyses

In each run, we first recorded the proportion of crabs making a
choice and those making no choice (an estimate of crab motivation).
We then checked the choice made by each crab (left or right distal
branch of the tube). Comparisons of binary choices between different
experimental series and between sexes were analysed using Fisher's
exact tests. Within each experimental series, Wilcoxon signed-rank
tests were used to test if the choice of the crabs for branches (Y-tube
device) departed from random distribution (i.e. 50% in each branch).
The reaction time (the lag between the beginning of the experiment
and the instant the crab moved out of the blind tube) was also
measured, to knowwhether the perception of a host induces the crabs
to begin searching movements. Finally, the choosing time (the lag
between the arrival of the crab at the L/R junction and the moment it
entered one of the distal branches) was measured as another estimate
of crab motivation. These data were analyzed using an ANOVA, after
logarithmic transformation to homogenize variances. Statistical
analyses were made using the JMP 5.0.1.2 program (SAS Institute).

3. Results

In all seven series, only aminority of crabs (20%,N=291) stayed in
the proximal branch of the Y-tube, and therefore made no choice
(Tables 1 and 2). This proportion was not significantly different
between series (PN0.05 for all two-tailed Fisher's exact tests, after
Bonferroni's correction; details not shown).

3.1. Chemodetection of Meoma ventricosa

The first control series (water versus water) showed there was no
asymmetry of crab choice due to the experimental design (Table 1a).
In the next two series, the crabs were significantly attracted by
M. ventricosa, whether the alternative olfactory source was seawater
or the non-host Clypeaster rosaceus (Table 1b–c). In the fourth series,
the crabs did not significantly prefer C. rosaceus from seawater
(Table 1d). This is confirmed by comparing series b and c, where crabs
had a choice between M. ventricosa and seawater or C. rosaceus, and
where the choice ratios of the crabs were the same, whichever the
control (Fisher's exact test two tailed: P=0.8). In the last series, the
yellowish substance secreted byM. ventricosa had no effect (Table 1e).
The results of the water versus water, and water versus yellowish
pigment experiments did not differ (Fisher's exact test two tailed:
P=0.6). The reaction time was different between the five experi-
mental series (F4,171=4.06, P=0.004). Post-hoc comparisons
revealed that reaction time was generally longer in series where M.
ventricosa was present than in series where it was absent (Table 1).
Crabs that did not perceive the host were therefore more rapid to
move upstream. Choosing times were not significantly different
according to the crab choice (Table 1). Particularly, this time was not
shorter when crabs chose their host vs. another cue (Table 1b, c).

3.2. Discrimination between Meoma ventricosa and Plagiobrissus
grandis

The two experiments showed contrasting results. The crabs
coming from M. ventricosa had a marked preference for the host on
which they were captured (Table 2a). Conversely, the crabs coming
from P. grandis had no preference for either host species (Table 2b).
Whatever the origin of the crabs, the reaction and the choosing times
were not significantly different (F1,56=0.88, P=0.35 and
F1,56=1.06, P=0.31, respectively) (Table 2a–b). Among the crabs



Table 1
Chemical attraction of the crab Dissodactylus primitivus captured on Meoma ventricosa in Y-tube experiments.

Experimental series Crab choice (N)a Reaction time (s)b

(mean±SD)
Choosing time (s)
(mean±SD)

A B 0 A B P1 A B F ratio P2

a Seawater Seawater 9 10 11 0.83 89±30AB 81±25 56±26 F1, 19=0.05 0.82
b M. ventricosa Seawater 12 42 11 b0.0001 96±18AB 46±90 44±24 F1, 51=0.05 0.82
c M. ventricosa C. rosaceus 11 24 5 b0.0001 104±28A 42±8 96±31 F1, 27=3.31 0.08
d C. rosaceus Seawater 3 11 16 0.35 34±10B 23±11 36±8 F1, 25=4.74 0.05
e Pigment Seawater 3 19 27 0.24 34±7B 11±3 23±5 F1, 44=1.49 0.22

A and B are the two proposed signals. Reaction time and choosing time are defined in the text (Materials and methods). The probability values are: P1=does crab prefer a source?
(H0: among choosing crabs, the proportion of crabs choosing A and B is 1:1) (Wilcoxon signed rank); P2=do the choosing times differ between A and B? (H0: the choosing times are
identical) (ANOVA).

a 0 is the number of crabs making no choice (staying in the proximal branch of the Y-tube); A and B indicate the number of crabs having chosen the distal branch scented by item A
or B, respectively (0+A+B give the number of runs per experiment).

b Values followed by the same letter were non significantly different after a post-hoc Tukey HSD following the ANOVA (see text).
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that made a choice, 17 males and 15 females were coming from
M. ventricosa and 11 males and 15 females from P. grandis. Two-tailed
Fisher's exact tests failed to find significant differences among sex for
their host choice: males and females from M. ventricosa chose this
host at 73.33 and 70.59%, respectively (P=1.0), while males and
females from P. grandis chose M. ventricosa at 63.64 and 40.00%,
respectively (P=0.43). One-tailed Fisher exact tests testing the
specific hypothesis that females could prefer P. grandis, were not
significant either (P=0.71 and P=0.21 for crabs coming from
M. ventricosa and P. grandis, respectively). Therefore, our relatively
small sample size was unable of detect a significant difference in host
discrimination between sexes.

4. Discussion

Dissodactylus primitivus living on Meoma ventricosa are able to
detect chemically and prefer their main host species from other
sources, including their second host species, Plagiobrissus grandis. In
contrast, the crabs coming from P. grandis do not prefer between their
two potential hosts. These findings have several implications, first for
a better understanding of the biology of this particular association,
and to a larger extent, for understanding of the evolution of chemical
attraction in link with specificity of associations.

4.1. Implications for Dissodactylus primitivus biology

For the D. primitivus–spatangoids association, we first showed
that, in all experiments including the neutral water–water series,
D. primitivus preferred to move upstream in the proximal branch
rather than to stay downstream. This is likely to correspond to
rheotaxy where the animals move upstream. In brachyurans, this
behaviour is generally complementary of chemotaxis (Zhou and
Rebach, 1999; Grasso and Basil, 2002). For example, the symbiotic
shrimp Betaeus harfordi associated with abalone species can used the
directional component of a carrier current containing the host factor
(Ache and Davenport, 1972).

Our experiments showed that D. primitivus is able to chemically
detect its main host Meoma ventricosa from other sources, but this
detection is not related to the yellowish water-soluble substance
Table 2
Chemical attraction of the crab Dissodactylus primitivus to its two host species in Y-tube ex

Crab origin Experimental series Crab choice (N)

A B 0 A B P

a M. ventricosa M. ventricosa P. grandis 8 23 9 0
b P. grandis M. ventricosa P. grandis 11 13 13 1

The origin of crabs is indicated in the second column. A and B are the two proposed signals
producedby this echinoid. This, at least partly, challenges the suggestion
made by Chesher (1969) who assigned to the yellowish secretion of
M. ventricosa a repellent action for small fishes or crustaceans.

It has beenpreviously attested thatD. primitivus shows frequent host
switching (De Bruyn et al., 2010). The causes of the host switching are
still unknown. They are probably diverse (e.g. leaving an overexploited
host, searching for a mate, etc., see Baeza and Thiel, 2007) but are
beyond the scope of the present study. However, we can reasonably
infer that a chemical detection helps the crab to find new host, once the
host switching process has started.When crabs perceived the host, their
reaction time (i.e. the time before they begin to move upstream) was
longer than when the experimental device was free of hosts. In
opposition to our initial expectations, this does not suggest that host
detectionprompts crabs tomovemore rapidly. Instead, in the absenceof
chemical cues from potential hosts, crabs might actively seek out hosts
by shortening the time to begin searching movements. Such an answer
couldmake sense as, in the field, the absence of cuesmeans the absence
of hosts, and would lead to a hazardous situation where the crab has to
stay on the sea floor without shelter nor food. In such a situation, the
best strategy is to move and to begin a seeking activity. This result fits
themodels and observations that exploration and foraging are dynamic,
state dependent, processes in case of threat (Roitberg et al., 2010). A
corollary to this observation is thatwhen a crab is on a host, the olfactive
cue is maximum and the crab is prompted to stay, and not to move.
Therefore, themotivation to start a host switching must be very high to
overpass this proximal attraction. D. primitivus is attracted asymmet-
rically to its two hosts. The crabs captured on M. ventricosa prefer this
host to Plagiobrissus grandis while the crabs captured on P. grandis are
equally attracted to both host species. These Y-tube results could
suggest an avoidance behaviour of the D. primitivus from M. ventricosa
against P. grandis. However, this contrasts with previous aquaria
experiments, in which the two host species were simultaneously
proposed to adult crabs: the D. primitivus captured onM. ventricosa did
not significantly prefer one of the two host species (De Bruyn et al.,
2010). This difference between Y-tubes and aquaria experiments is
presumably related to the experimental design used in these previous
trials allowing crabs to detect hosts chemically, but also visually and by
direct contact. Despite the dominance of chemotactism in the host
location among symbiotic crustaceans, the other senses cannot be
periments.

Reaction time (s)
(mean±SD)

Choosing time (s)
(mean±SD)

1 A B F ratio P2

.011 53±10 21±6 35±13 F1, 30=1.29 0.26

.0 94±23 31±11 34±8 F1, 24=0.36 0.55

. Caption as in Table 1.
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neglected. For example, the symbiotic crab Allopeltrolisthes spinifrons
selects its host species according to the chemical and visual (coloration)
host factors (Baeza and Stotz, 2001, 2003). The underlying cause for this
asymmetry in host attraction according to their origin is unknown for
D. primitivus. For another symbiotic association involving a pea crab,
Derby andAtema (1980) proposed that variation in chemotaxy could be
influenced by host population density, the symbionts being primarily
attracted by the most abundant host species. At Discovery Bay, the
density of M. ventricosa is about 10 times higher than that of P. grandis
(De Bruyn et al., 2010). Therefore, a higher sensitivity to M. ventricosa
could have been selected in D. primitivus. This hypothesis should be
tested in a place where P. grandis is more abundant than M. ventricosa
(such aplace is unknown todate, however). Two alternativehypotheses
could also explain the differences observed for the D. primitivus
chemodetection. First, the chemical signal of P. grandis could be in-
complete for the crabs, leading to an apparent preference for
M. ventricosa (VandenSpiegel et al., 1998). Second, a difference in
olfactive imprinting (or enhancement of the attractiveness) could be a
possible explanation. Both larval and adult stages of D. primitivus
colonize M. ventricosa, while only adults colonize P. grandis (De Bruyn
et al., 2009, 2010). Therefore, the adult crabs found on M. ventricosa
could be more attracted by this host because of an early olfactive
imprinting. In case of colonization of P. grandis, the early olfactive
imprinting from M. ventricosa could disappear and individual crabs
would become equally attracted by the two hosts. This phenomenon,
reversible by conditioning, is not really congruent with the strict
definition of imprinting proposed by Immelmann (1975), where
the imprinting is an irreversible process. Alternatively, juveniles of
D. primitivus could display an innate ability to recognize M. ventricosa,
reinforced by the olfactive imprinting at later stages of development as
observed forother symbiotic associations (Immelmann, 1975;Arvedlund
et al., 1999). After a host change to P. grandis, there could be a conflict
between innate attraction to M. ventricosa and new olfactive imprinting
on P. grandis, leading to an absence of preference. Whatever the under-
lying cause, the fact that the two hosts equally attract the crabs living on
P. grandis suggests that the chemical attractiveness of D. primitivus is
plastic.

No difference was found in host choice between male and female
crabs. However, since females display a slightly higher fecundity on
P. grandis (DeBruynet al., 2010), active selection for greater attraction to
P. grandis could have been expected. Because this is not the case, we
assume that host switching from M. ventricosa to P. grandis is not
currently under selection. In this context, we can imagine three
scenarios explaining the slightly higher fecundity of female crabs on
P. grandis. First, when trying to infect this host, the fittest females win
the competition and settle. Alternatively, the females living on P. grandis
are less disturbed by conspecifics than on M. ventricosa and could
allocate more energy in reproduction. This is supported by higher
prevalence and mean burden on M. ventricosa than on P. grandis (De
Bruyn et al., 2009, 2010). Finally, even if the egg production is larger on
P. grandis at each clutch, the lifetime of the crab on this host would be
lesser than onM. ventricosa. Therefore, the overall lifetime reproductive
output might be equal between the two hosts, or even greater on
M. ventricosa. De Bruyn et al. (2010) hypothesized that the asymmetric
exploitation of the two hosts by D. primitivus could be an evolutionary
transition in the parasitic cycle toward a complex life-cycle (see Parker
et al., 2003, for conditions allowing the evolution of complex parasite
life-cycles). This hypothesis supposed a selection of an adult preference
for the host where female crabs are the fittest (P. grandis). The present
results exclude this hypothesis. Rather, they suggest P. grandis could be
regarded as an alternative host for D. primitivus.

4.2. Implications for understanding host specificity

The results described here also have implications for the
understanding of host specificity in marine symbioses. This study is
the first report of chemoattraction in a spatangoid–pinnotherid
symbiosis. However, chemotactic behaviour is known in other
symbioses involving crabs of the Dissodactylus complex, and the
patterns differ according to the degree of host specificity. On one side,
Dissodactylus crinitichelis and Dissodactylus mellitae are generalist
symbionts living on various host species. They have a slight chemical
preference for the hosts on which they were found in the field, but
they can switch their chemical responses from one host species to
another after acclimatisation (Gray et al., 1968; Reeves and Brooks,
2001). On the other side, Clypeasterophilus rugatus is a crab living on a
single host species, Clypeaster rosaceus, and its chemical preference is
specifically restricted to its host species (Reeves and Brooks, 2001).
With two hosts, Dissodactylus primitivus is an intermediate state
between generalists and specialists. Its chemical attractiveness, with
asymmetry between the two hosts, is more plastic than that of
specialist species. However, it is not at the level of the generalist ones:
C. rosaceus is as chemically non-attractive as seawater forD. primitivus,
and is not a host (De Bruyn et al., 2010) despite its sympatry with
Meoma ventricosa and Plagiobrissus grandis at Discovery Bay (atmicro-
geographic scale, i.e. within few centimetres). Therefore, despite close
phylogenetic proximity (Marques and Pohle, 1995), all these crabs
exhibit differences in their olfactive attractiveness and host selection,
which seems to be correlated to their pattern of specificity.
Differences in host attractivity have been already observed among
symbiotic shrimps within the genus Periclimenes (Gwaltney and
Brooks, 1994). However, only supplementary studies involving more
pinnotherid species with contrasted levels of host specificity could
firmly test the role of olfactive plasticity in the evolution of host
specificity. More broadly, comparative studies involving other
symbiotic crustacean clades may help to test this hypothesis (Sastry
and Menzel, 1962; Derby and Atema, 1980; Guo et al., 1996; Grove
and Woodin, 1996; VandenSpiegel et al., 1998).
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