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ABSTRACT: The successful settlement of the African pea crab Afropinnotheres 18 

monodi in the Bay of Cadiz was analysed to get new insights into the evolution of pea 19 

crab parasite life history traits. The pea crab lives symbiotically and with high 20 

prevalence in the bivalves Cerastoderma glaucum and Mytilus galloprovincialis, and 21 

with low prevalence in Scrobicularia plana. A remarkable monopolisation of host (one 22 

crab/bivalve) occurred irrespective of host species and crab demographic categories 23 

(males, hard females, soft females), probably as an optimisation of resources in small-24 

size hosts. However, there was a clear asymmetry in host use by the different crab 25 
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categories. A 1:1 sex ratio was found in crabs harboured by C. glaucum and S. plana, 1 

with most of the female crabs being small and hard specimens, whereas crabs inhabiting 2 

M. galloprovincialis were primarily large reproductive females. Ovigerous females 3 

were found throughout the year in M. galloprovincialis and there was a strong 4 

correlation between female size and fecundity, suggesting that the females harboured by 5 

this host were the major contributors to the reproductive effort of the studied 6 

population. Conversely, most of the new crabs recruiting to the population were 7 

harboured by the remaining two host species. We hypothesise that such a generalist but 8 

asymmetrical usage of bivalve hosts by pea crabs may have clear benefits for species in 9 

geographical expansion as A. monodi, facilitating its dispersal to new locations and its 10 

successful settlement in sheltered systems, as the Bay of Cadiz. 11 

 12 
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 15 

INTRODUCTION 16 

 17 

As a result of natural cycles and human activity, boundaries of the geographic 18 

distribution of species are dynamic (Brown et al. 1996; Doney et al. 2012; Jones et al. 19 

2013). The successful settlement of species on a new location depends on a suitable 20 

mechanism of dispersal and on the ability to find appropriate habitats there (Bradbury & 21 

Snelgrove 2001). In the case of symbiotic lifestyles (in its etymological sense, i.e. 22 

including parasitism, commensalism and mutualism), this means that the invasive stage 23 

of symbionts must arrive to the new location and find there a stable population of its 24 

original host and/or of a new suitable host. A symbiont that is not host-specific is 25 
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expected to be more successful in colonising new areas than strict host specialists. 1 

Furthermore, the use of more than one host species may increase the fitness of 2 

symbiotic species: symbionts may sequentially infest different hosts in order to optimize 3 

the use of resources (De Bruyn et al. 2010). In the long term this can lead to a more 4 

complex life cycle; however, the initial and transitory step of the adaptation (facultative 5 

use of additional hosts) may favour the geographical expansion of the symbiotic guests.  6 

Partnerships in marine symbiosis often include species of different size and 7 

lifestyles: commonly, one small mobile species (symbiotic guest) associated to a more 8 

sedentary species (symbiotic host). Due to the diverse morphology and lifestyle of 9 

hosts, there is also a wide diversity of social groups among guests: in large and 10 

morphologically complex hosts, several individuals of the smaller symbiotic guest 11 

generally share the same host; whereas in hosts with small body size and/or low 12 

morphological complexity the symbiotic partner usually lives alone (De Bruyn et al. 13 

2009; Baeza & Díaz-Valdés 2011). Since the smaller symbiotic guest obtains essentially 14 

refuge and food from its larger host, the adoption of a solitary lifestyle may respond to 15 

the optimization of resources provided by small-size hosts (Baeza & Thiel 2003, 2007). 16 

However, such solitary lifestyle causes that reproductive males and/or females must 17 

temporarily leave their hosts for mating. Mating may take place inside the host of the 18 

female symbiont, or in the water column, with the consequent increase in the risk of 19 

predation on guests (Asama & Yamaoka 2009; Trottier & Jeffs 2012). Moreover, such 20 

mating-related migrations confer further complexity to the symbiont life cycle.   21 

 Among marine symbionts, pinnotherid pea crabs display a wide diversity of 22 

host-guest interactions. Pinnotherids may live as endo- or ectosymbionts of different 23 

taxonomic groups of invertebrates, mainly in the mantle cavity of molluscs, burrows of 24 

polychaetes, the integument of echinoids and the branchial sac of tunicates (Schmitt et 25 
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al. 1973; Grove & Woodin 1996; Subida et al. 2011; Baeza & Díaz-Valdés 2011; 1 

Jossart et al. 2013). As most brachyurans, pinnotherids have a complex free-living 2 

larval cycle, which represents the dispersive phase of the species (Scheltema 1986). 3 

After the settlement of megalopae, pinnotherids usually show a facultative free-living 4 

stage in both sexes (males and hard females). Thereafter, reproductive females have a 5 

last obligated symbiotic stage, during which soft females live in their host (Silas & 6 

Alagarswami 1967; Soong 1997; Becker & Türkay, 2010). In symbiotic pea crabs with 7 

a solitary lifestyle (one crab per host), males usually maximize their reproductive 8 

success by roaming among host individuals in search of receptive sedentary females 9 

(the “pure-search polygynandry of sedentary females” model proposed by Baeza & 10 

Thiel 2007). Thus, the spatio-temporal distribution of receptive females becomes crucial 11 

in determining the distribution of the remaining demographic categories (De Bruyn et 12 

al. 2009; Ocampo et al. 2012). From all the above-mentioned, pea crabs are considered 13 

an exceptionally interesting group to explore the different types of behavioural, 14 

phenotypic and genetic adaptations of symbionts, during the evolution process toward 15 

complex parasitic cycles (Grove et al. 2000; Jossart et al. 2013). Despite the increasing 16 

interest in host use and mating behaviour of pinnotherids in recent years (De Bruyn et 17 

al. 2009, 2010; Hernández et al. 2012; Ocampo et al. 2012; Jossart et al. 2013; Peiró et 18 

al. 2013), several aspects of their complex lifestyle are still unknown (Becker & Türkay 19 

2010). 20 

In the current scenario of rising seawater temperatures in southern Europe 21 

(Sanderson et al. 2011), new records and/or abundance increments of several African 22 

marine species in the Iberian Peninsula have been related to the warmer environmental 23 

conditions (Cabral et al. 2001; Subida et al. 2011). According to the very scarce 24 

information available, this could also be the case of the African pea crab 25 
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Afropinnotheres monodi Manning, 1993, which currently shows its northernmost 1 

populations in southern Europe (Subida et al. 2011). No information on hosts is 2 

available for the earliest African records, but European populations have been recorded 3 

living in the shell cavity of several bivalves (Subida et al. 2011). Thus, the arrival of A. 4 

monodi to the Gulf of Cádiz could be either due to the accidental transport of pea crabs 5 

in ships´ fouling, i.e. in mussels (Apte et al. 2000), or to the larval dispersal from the 6 

North African populations. Regardless of the mechanism behind the introduction of A. 7 

monodi in Europe, it is reasonable to assume that the northernmost populations are 8 

probably in process of adapting to the new colonized environments. Thus, the 9 

apparently fast and undoubtedly successful settlement of the pea crab A. monodi in the 10 

Bay of Cadiz offers a unique opportunity to get new insights into the evolution of pea 11 

crab symbiotic life history traits.  12 

 13 

MATERIALS AND METHODS 14 

 15 

Study site and distribution of the bivalve hosts 16 

All host individuals were collected within the Bay of Cadiz (southwestern 17 

Spain), an area that was originally part of the Guadalete river estuary but is now a 18 

marine marsh system as a consequence of sedimentary processes and dams. The Río 19 

San Pedro inlet, a sinuous seawater channel characterized by semidiurnal mesotides 20 

(tidal range 1 to 3.5 m), runs through the northeastern area of the marsh. The tidal 21 

current from the bay flows along the inlet, whereas the freshwater inflow is insignificant 22 

except during periods of heavy rain. The inlet shows a soft muddy bed at the inner zone 23 

and a muddy sand bed close to the river mouth (Figure 1).  24 
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A stable population of the clam Scrobicularia plana inhabits the intertidal mud 1 

flats of the Río San Pedro inlet, where clams burrow relatively deep into the sediment of 2 

the high tide zone. Conversely, a very high density of the cockle Cerastoderma glaucum 3 

was observed for some years in the muddy sand flats located at the mouth of the Río 4 

San Pedro inlet, where cockles may be found lightly burrowed (in the first ≈5 cm of 5 

sediment) in the mid-tidal zone; massive cockle mortality has been recorded in some 6 

summers and/or after rainy periods (Drake et al unpublished data). Crowded patches of 7 

the mussel Mytilus galloprovincialis can be found all around the Bay of Cadiz, attached 8 

to artificial hard structures, such as bridge pillars and concrete blocks used to protect 9 

harbour walls; as mussels usually settle at the middle-low tidal level, they remain 10 

emerged for shorter periods of time during each tidal cycle than clams and cockles. 11 

 12 

Collection of hosts and crabs  13 

 14 

Scrobicularia plana clams were monthly sampled for two years (June 2010 to 15 

May 2012). Although an occasional presence of the cockle Cerastoderma glaucum was 16 

recorded at the mouth of the Río San Pedro inlet during the first sampling year, a 17 

crowded population of cockles inhabited the study area from May 2011 to September 18 

2012. During this period, monthly samples of cockles were collected in the same date as 19 

clams. The remarkably low abundance of pea crab reproductive females in clams and 20 

cockles, together with the concomitant high prevalence of non-reproductive pea crabs in 21 

the latter host, led us to search for an additional bivalve host in the area. In the Bay of 22 

Cadiz, Afropinnotheres monodi has been also collected in the bivalves Chamelea 23 

gallina, Donax trunculus, Mactra stultorum, Mytilus galloprovincialis, Spisula solida 24 

and Venerupis decussatus (Drake et al unpublished data). Since reproductive females 25 
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were only found in the mussel beds of Mytilus galloprovincialis, this species was 1 

sampled monthly from June 2012 to May 2013. Mussel individuals were collected 2 

within the Bay of Cádiz from bridge pillars and concrete blocks of harbour protection; 3 

the demographic characteristics of the harboured pea crabs were similar in both 4 

sampling locations. During this last annual cycle, monthly samples of cockles were 5 

collected on the same date that mussel sampling took place, until the disappearance of 6 

the cockle population in October 2012; Scrobicularia plana clams were also 7 

occasionally sampled to corroborate that pea crab reproductive females were still 8 

extremely rare in this host. 9 

In order to facilitate the collection of the three host bivalves in their respective 10 

habitats, clams, cockles and mussels were haphazardly sampled during the low tide of 11 

spring tides (full moon). Scrobicularia plana clams were collected by hand digging on 12 

the fine muddy sediment; Cerastoderma glaucum cockles were unburied from the 13 

sediment with a drug fork and then collected by hand; finally, mussels were removed 14 

from the hard substrates using a knife. 15 

 16 

Host use pattern 17 

 18 

The collected living bivalves were quickly taken to the laboratory; no crabs were 19 

observed leaving its host during transportation. In the laboratory, the shell length (SL = 20 

maximum distance along the anterior-posterior axis of the shell) of each host bivalve 21 

was measured to the nearest 0.1 mm with a dial caliper (Tesa Cal IP65). Afterwards 22 

hosts were opened and carefully inspected for the presence of symbiotic crabs.  23 

Due to differences in shell morphology between the three studied hosts, for a 24 

same shell length the empty volume of the shell cavity, available for associated crabs, 25 
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can be very different. Thus, for each bivalve species, the empty volume of the shell 1 

cavity was estimated in a subsample of the collected individuals, as follows. After host 2 

dissection and retrieval of crabs, the soft tissues of the bivalves were placed back into 3 

the shell and each valve was filled with water. The empty volume of the shell cavity 4 

was measured as the total volume of water retained within the valves. This data was 5 

further used to construct, for each host species, the best-fitting regression models 6 

between shell length and the free volume of the shell cavity. Since volume data did not 7 

meet statistical assumptions of the parametric ANOVA test, interspecific differences in 8 

mean empty volume of host individuals harbouring A. monodi were assessed by using 9 

the non-parametric Kruskall Wallis H test. 10 

All pea crabs found within each host individual were killed by freezing at (-20 11 

ºC) and then preserved and stored in ethanol (80%) for further demographic 12 

observations. The carapace width (CW = maximum cephalothorax width) of each pea 13 

crab was measured to the nearest 0.01 mm under a stereomicroscope provided with a 14 

calibrated ocular micrometer. Crabs were sexed on the basis of the presence (male) or 15 

absence (female) of gonopods. Furthermore, each female crab was classified either as 16 

hard or soft taking into account abdomen morphology, cephalotorax consistence and 17 

shape and pleopods morphology: hard females show a flattened and quadrangular 18 

cephalothorax and swimming legs, whereas the body of soft females is mostly spherical 19 

and lacks swimming legs. Lastly, soft females carrying eggs (embryos) were classified 20 

as ovigerous females. 21 

The host use patterns of Afropinnotheres monodi were assessed by describing 22 

the characteristics of the crab population inside each host species, the seasonal and host-23 

size related structure of these populations and the mean prevalence of the pea crabs in 24 

each host species. The mean prevalence of crabs was estimated as the average 25 
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prevalence values found at each sampling date. Mean carapace width of pea crab males 1 

and females from different hosts were compared using one-way ANOVA (on log- 2 

transformed data), or the Kruskall Wallis H test when data did not meet	 statistical 3 

assumptions of the parametric test.   4 

The relationship between host size (SL) and crab size (CW) was assessed by 5 

means of a linear correlation analysis; the significance of the estimated Pearson 6 

correlation coefficient was used to measure the strength of this relationship. 7 

Additionally, the observed crab prevalence in each host size class was compared with 8 

the expected prevalence in the random Poisson distribution. Similarly, to test whether 9 

pea crabs tend to live solitarily, in pairs or aggregated in higher number inside the host, 10 

the frequency of occurrence of hosts without crabs and with different number of crabs 11 

was compared with the expected frequencies under a random distribution. For each host 12 

species, the observed sexual composition of pairs of crabs sharing a single host 13 

individual were compared with the expected frequencies of heterosexual and 14 

homosexual pairs in a random distribution. Also, the observed proportion of males to 15 

females was tested for deviation from a 1:1 sex ratio. In both cases, significant 16 

differences between the observed and the expected values were assessed using Chi-17 

square tests (Zar 2010). 18 

The fecundity of Afropinnotheres monodi was determined by counting all eggs 19 

carried by 108 ovigerous females. Eggs were extracted from the incubation chamber by 20 

immersing females during five minutes in an aqueous solution of sodium hypochlorite 21 

(10 g of active chlorine l-1) followed by a soft agitation (adapted from Góes et al. 2005). 22 

Due to the extremely low prevalence of pea crab reproductive females in clams and 23 

cockles, most ovigerous females used for estimating fecundity were retrieved from 24 

mussels; namely, only 3 females were retrieved from Scrobicularia plana and 11 from 25 
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Cerastoderma glaucum cockles, whereas the remaining 94 ovigerous females were 1 

retrieved from the mussel Mytilus galloprovincialis. The relationship between carapace 2 

width and the number of embryos per female was fit to a power model by regression 3 

analysis. Since there was a significant effect of female size on the number of embryos, 4 

seasonal and host differences in fecundity were tested with an ANCOVA (covariate: 5 

log-transformed female CW; factors: season and host species) using the Student-6 

Newman-Keuls a posteriori test.  7 

Although a 5% significance level (P = 0.05) was considered for all statistical 8 

tests, in the multiple correlation analyses between host and crab sizes, the Bonferroni 9 

correction was used to avoid a spurious increase of significant correlations; in this case, 10 

a P of 0.005 was considered equivalent to a corrected P of 0.05 (Zar 2010). 11 

 12 

RESULTS 13 

 14 

Crab populations in different hosts 15 

 16 

A total of 1557 pea crabs were collected during this study, distributed as 17 

follows: 225 in 9441 Scrobicularia plana, 920 in 2661 Cerastoderma glaucum and 412 18 

in 868 Mytilus galloprovincialis. The mean prevalence of the pea crab was remarkably 19 

higher in mussels (45.9%) and cockles (41.1%) than in clams (4.1%). No megalopae of 20 

Afropinnotheres monodi were found in the three studied hosts. The youngest stage 21 

observed, the first crab (first stage after larval metamorphosis with CW ≤ 1mm), was 22 

occasionally found in cockles (Table 1). The remaining ontogenetic stages of the pea 23 

crab were present in the three studied hosts, but their proportion and mean size differed 24 

between hosts (Table 1 and Figure 2). Namely, the proportion of soft females was 25 
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extremely low among the female crabs retrieved from Scrobicularia plana (13.3%) and 1 

Cerastoderma glaucum (13.1%) but extremely high in those retrieved from Mytilus 2 

galloprovincialis (97.4%). Moreover, the maximal size and hence the mean size of soft 3 

females were also significantly higher in crabs inhabiting mussels (F = 190.3, P < 0.01). 4 

Contrastingly, hard females represented almost 50% of the pea crabs retrieved from 5 

clams and cockles and were seldom found inside mussels; differences in the size of hard 6 

females retrieved in different hosts were moderated (F = 2.0, P > 0.05). The sex ratio of 7 

pea crabs collected in Scrobicularia plana (0.81) and Cerastoderma glaucum (1.07) did 8 

not significantly differ from 1:1 (χ2 = 2.6 and 1.07, respectively, P > 0.05), but a 9 

significantly higher number of females was observed in crabs obtained from Mytilus 10 

galloprovincialis (sex ratio = 0.14; χ 2 = 224.5, P < 0.01) (Figure 2). Besides, the 11 

maximal size and hence the mean size of males were significantly higher in crabs 12 

retrieved from mussels (H = 80.6, P < 0,01). 13 

The above-mentioned differences in the proportion of ontogenetic stages among 14 

hosts occurred all year round, although moderate seasonal changes could be observed 15 

(Figure 3). Minimal seasonal changes were observed for the pea crab population 16 

inhabiting cockles. Pea crab population in clams displayed monthly changes in the sex 17 

ratio lacking a clear seasonal pattern. Despite ovigerous crab females could be found all 18 

year round inside mussels, their proportion in autumn (October to December) was 19 

relatively low compared with the rest of the year. The occasional record of ovigerous 20 

females inside clams (April and June) and cockles (July and August) occurred during 21 

the period of higher reproductive activity (higher number of ovigerous females in 22 

mussels) of the pea crab (Figure 3).      23 

 24 
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Interactions between crabs 1 

 2 

The number of pea crabs per host varied between 0 and 1 in clams and between 3 

0 and 2 in mussels and cockles. Namely, 100% of the clams, 99.5 % of the mussels and 4 

96.6% of the cockles harboured a single crab. Thus, crab distribution among hosts did 5 

not display a random pattern: there were more bivalves harbouring one crab and fewer 6 

bivalves without crabs or harbouring more than one crab, than those expected by chance 7 

alone. Nevertheless, the observed departure from a random pattern was statistically 8 

significant (χ2 test, P < 0.01) only for the two host species with high prevalence of the 9 

pea crabs: mussels and cockles (Figure 4). 10 

A total of 31 Cerastoderma glaucum harboured pairs of crabs, from which 17 11 

(54.8%) were heterosexual pairs (15 with one hard female and one male and 2 with one 12 

soft female and one male) and 14 were homosexual pairs (10 with two males and 4 with 13 

two hard females). In mussels, of the 5 pairs of crabs sharing the same host individual, 4 14 

were heterosexual (with one soft female and one male) and a single one was 15 

homosexual with one soft and one hard female. Taking into account the different sex 16 

ratio observed in both hosts (Figure 2), in cockles the sexual composition of the crab 17 

pairs did not differ significantly from that expected by chance alone (χ
2 = 2.0; P > 0.05); 18 

whereas in mussels there were fewer female-female pairs than expected by chance alone 19 

(χ
2
 = 10.1; P < 0.05). However, due to the extremely low number of crab pairs found in 20 

mussels, the latter should be considered with caution. 21 

  22 

Host size effects  23 

 24 
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The frequency distributions of crabs in host size classes were relatively similar 1 

for the three bivalves, with a mean host size of 26.8 mm in Cerastoderma glaucum, 27.3 2 

mm in Mytilus galloprovincialis and 29.8 mm in Scrobicularia plana (Figure 5). 3 

Contrastingly, the corresponding empty volume of the shell cavity was significantly 4 

different among hosts: 3.3 ml in Cerastoderma glaucum, 7.4 ml in Mytilus 5 

galloprovincialis and 2.2 ml in Scrobicularia plana (H = 649.3, P < 0.01). Furthermore, 6 

100% of the clams and 92.2% of the cockles harbouring crabs were individuals with an 7 

empty volume in the shell cavity lower than 5 ml, whereas only 20.8% of mussels 8 

followed this pattern (Figure 6). 9 

Host size did not significantly affect the prevalence of crabs in Scrobicularia 10 

plana, with a higher number of crabs collected in the most frequent size classes. On the 11 

contrary, a smaller crab prevalence than expected from a random distribution was 12 

observed in the smallest individuals of Cerastoderma glaucum and Mytilus 13 

galloprovincialis; however such host size-related bias was only statistically significant 14 

in cockles (Table 1 and Figure 5).   15 

Regardless of the host species, no clear host size-related distribution pattern of 16 

males and hard females of Afropinnotheres monodi was observed, although soft females 17 

were more frequent in larger host individuals. Nevertheless, when restricting the 18 

analysis to crabs collected inside bivalves with similar empty volume in the shell cavity 19 

(volume < 5ml), the estimated sex ratio of crabs retrieved from mussels proved to be 20 

significantly different from 1:1, with a higher prevalence of females (Figure 6). 21 

The size of soft females, showed a highly significant positive correlation with 22 

mussel size and a moderate positive correlation with cockle size. No significant 23 

relationship was observed between host size and the size of hard female crabs, 24 
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regardless of the host species. A moderate positive correlation was also found for host 1 

size and the size of males retrieved from cockles and mussels (Table 1 and Figure 6). 2 

The fecundity of Afropinnotheres monodi increased significantly with female 3 

size regardless of host species (ANCOVA, F1,101 = 283.2, P < 0.01) (Figure 7). After 4 

removing the effect of female size, fecundity did not differ significantly between 5 

seasons (ANCOVA, F3,101 = 2.4, P > 0.05), but the host effect was significant 6 

(ANCOVA, F2,101 = 19.0, P<0.01), due to the lower number of eggs per female in crabs 7 

retrieved from clams (Student-Newman-Keuls test; P < 0.01).       8 

 9 

 10 

DISCUSSION 11 

 12 

From the three European species of pinnotherids currently accepted (Becker & 13 

Türkay 2010), Pinnotheres petunculi Hesse, 1872, Pinnotheres pisum (Linnaeus, 1767) 14 

and Nepinnotheres pinnotheres (Linnaeus, 1758), only the latter two species have been 15 

occasionally collected in the Gulf of Cadiz (Zariquiey Álvarez 1968; González-Gordillo 16 

et al. 2001; González-Gordillo et al. 2003a; López de la Rosa et al. 2002). But beside 17 

these European species, one small free-living specimen identified as Afropinnotheres 18 

sp., was collected in the Bay of Cadiz in 1995 (López de la Rosa et al. 2002) and, more 19 

recently, the presence of adults of Afropinnotheres monodi was reported in three 20 

different bivalve hosts from the Gulf of Cadiz (Subida et al. 2011). A revision of larval 21 

pinnotherid specimens previously collected in the Río San Pedro inlet (July 1991 to 22 

June 1992; June 1998 to August 1998) and in the Guadalete estuary (in spring-summer 23 

of 2006 and 2007) demonstrated that zoeae and megalopae of this African pea crab were 24 

being misidentified as N. pinnotheres (Drake et al. 1998; González-Gordillo et al. 25 
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2003b; Olaguer-Feliú et al. 2010). In fact, neither P. pisum nor N. pinnotheres were 1 

collected during the present study, which indicates that A. monodi is currently the 2 

dominant symbiotic pinnotherid in intertidal bivalve populations of the Bay of Cadiz. 3 

The expansion of the distribution range of African marine species into colder European 4 

waters is expected in the current scenario of rising seawater temperatures. Several other 5 

African crabs have their northward limit of distribution in the Gulf of Cadiz or in the 6 

Portuguese coast (Drake et al. 1998; García Raso & Manjón-Cabeza 1996). However, 7 

since at least one of the hosts of A. monodi is a fouling organism (i.e. mussel), its arrival 8 

to the European coasts could have occurred by its accidental transport in ships´ fouling 9 

(Apte et al. 2000). Regardless of the pathway through which species coming from 10 

warmer latitudes are introduced in northern habitats, the reproductive cycles of their 11 

northernmost populations are usually determined by temperature. Namely, the breeding 12 

periods of these species in the Gulf of Cadiz are usually shorter (falling in the warmest 13 

months) than in their African populations (González-Gordillo et al. 1990; Rodríguez et 14 

al. 1997). However, larval stages (Drake et al. 1998) and ovigerous females of A. 15 

monodi (this study) were found all year round in the studied area, in contrast with the 16 

shorter (mainly in summer) reproductive activity of N. pinnotheres and P. pisum 17 

(Zariquiey Álvarez 1968; Becker 2010). Furthermore, the autumnal decrease of the 18 

reproductive activity of A. monodi observed in the studied area could disappear in the 19 

near future if the seawater temperature of the Mediterranean area keeps increasing 20 

(Sanderson et al. 2011). Likewise, A. monodi has an extended development, with five 21 

larval stages (Marco-Herrero et al. in prep), large enough to facilitate dispersal and 22 

colonization of new areas (Abelló et al. 2003). Taken together, all these features may 23 

have contributed to the quick and successful settlement of A. monodi in the Gulf of 24 

Cadiz, possibly to the detriment of N. pinnotheres and P. pisum populations. 25 
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Both males and females of Afropinnotheres monodi tend to live alone inside 1 

their host. Two hypotheses have been proposed to explain why the one crab per host 2 

relationship is recurrent among other pea crab species: 1) the crab releases a chemical 3 

cue that discourages conspecific guests from entering the same host; 2) a prior resident 4 

crab might show aggressive behaviour toward a posterior invading one (Bell 1984; 5 

Haines et al. 1994; Soong 1997; Takeda et al. 1997). Despite that some species of pea 6 

crabs seem to show chemoreception (Stevens 1990; Ambrosio & Brooks 2011), when 7 

A. monodi individuals were retrieved from their hosts and immediately placed together 8 

in an aquarium in presence of living hosts, multiple infestation by crabs was more 9 

frequent than in field observations (Drake et al. unpublished data). This finding suggests 10 

that A. monodi crabs cannot detect the presence of conspecifics in the host, or, in some 11 

circumstances (i.e. more guests than available hosts) the presence of conspecifics is not 12 

a limiting factor. In addition, in the few pairs of crabs observed inside the studied hosts, 13 

heterosexual pairs were not more frequent than expected by chance alone. Thus, mating 14 

in this species might take place outside hosts or, if occurring inside hosts, might last a 15 

very short period of time, after which males abandon the temporarily shared host 16 

(Hamel et al. 1999; Ocampo et al. 2012; Peiró et al. 2013). That is, the dominance of 17 

solitary guest crabs in this population of A. monodi suggests that the selection of the 18 

host in this species tends to be random (opportunity-related) and, consequently, the 19 

occasional pairs observed inside hosts were accidental and transitory. This host 20 

monopolisation is an efficient adaptation (more benefits than costs) to hosts with small 21 

body size and/or low morphological complexity (Baeza & Thiel 2003, 2007; Hernández 22 

et al. 2012), as the host bivalves in this study. In fact, mussels, the host that harboured 23 

mainly soft females, showed fewer female-female pairs than expected by chance. As 24 

males and hard females have significantly smaller body size (Figures 2 and 6) and 25 
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stronger swimming capacity than soft females, they may roam among host in search of 1 

empty hosts (both sexes) or receptive females (only males). In contrast, soft females 2 

seem to be totally adapted to a symbiotic lifestyle and never leave the host (De Bruyn et 3 

al. 2009; Becker et al. 2011, 2012). Thus, from the point of view of costs and benefits, 4 

host monopolization could be more relevant for reproductive females than for the 5 

remaining demographic categories when host resources (space, food and oxygen) are 6 

limiting (Baeza et al. 2002; Narvarte & Saiz 2004; Baeza & Thiel 2007; De Bruyn et al. 7 

2009). 8 

Like the rest of pea crabs recorded in European coasts (Becker & Türkay 2010), 9 

Afropinnotheres monodi is not host-specific (Subida et al. 2011) and has been found in a 10 

high number of bivalve species, resembling the pattern shown by Pinnotheres pisum. 11 

Indeed, in the Bay of Cadiz symbiotic males and females of this African species were 12 

found throughout the year inside the three studied hosts. However, there were clear 13 

differences in the global (total number of crabs) and specific (by demographic 14 

categories) prevalence of A. monodi in each host (Table 1 and Figure 2). Results of 15 

laboratory experiments, which aimed to assess host preferences in other species of pea 16 

crabs, did not always match the host preferences predicted from field observations of 17 

the same species (Ocampo et al. 2012; De Bruyn et al. 2010). Therefore, if we assume 18 

that in the field the A. monodi distribution on the different hosts was random, the 19 

prevalence in each host should be proportional to the corresponding host accessibility 20 

and availability. From the three studied hosts, Scrobicularia plana clams are the host 21 

showing less accessibility to crab guests since they bury deeply in the sediment (more 22 

difficult to be reached by crabs) of the higher intertidal zone (more time emerged). In 23 

fact S. plana was the host in which A. monodi showed the lowest prevalence. However, 24 

the varying habitat characteristics of the three hosts alone do not explain the 25 
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asymmetrical host usage by each demographic category observed for the studied pea 1 

crab. Under the assumption that pea crabs are optimally adapted to the environment, 2 

their current performance must be determined by costs and benefits associated to the 3 

different behaviours (Baeza & Thiel 2007). In the case of A. monodi, we hypothesize 4 

that the different host uses observed could be triggered by an ontogenetic change in the 5 

swimming behaviours and habitat preferences of crabs. That is, if megalopae of this 6 

species tend to choose the soft sediment of sheltered sand-muddy flats for their benthic 7 

settlement (Olaguer-Feliú et al. 2010), immature males and females of A. monodi could 8 

be more likely to infest benthic species inhabiting the sediment, as cockles and clams, 9 

which are small in size (low empty space in the shell cavity) but abundant and protected 10 

from predators. However, when the pea crabs grow, their swimming capability increases 11 

favouring the adoption of a temporal free roaming behaviour (De Bruyn et al. 2009; 12 

Jossart et al. 2013). Although the risk of predation is higher for pea crabs out of their 13 

hosts, to get refuge in larger hosts as mussels is a relevant benefit (increase of resources) 14 

for future ovigerous females. Assuming that males are able to distinguish between 15 

female stages (Diesel 1988; De Bruyn et al. 2009; Ambrosio & Brooks 2011), they 16 

could increase their mating opportunities by living near hosts infested with receptive 17 

females. Indeed, A. monodi males were found in the 1:1 sex ratio only on the two host 18 

species harbouring mainly hard/receptive females (clams and cockles), whereas soft 19 

females were found mainly in mussels. An analogous asymmetrical host usage by the 20 

different demographic categories has been reported for the pea crab Fabia subquadrata 21 

in the Puget Sound (Washington, USA) area (Garth & Abbot 1980). With the available 22 

information, the life history of A. monodi hypothesised herein is the most plausible to 23 

explain the results obtained in the Bay of Cádiz. However, in the absence of a fully 24 

simultaneous sampling of the studied hosts and of experimental assays demonstrating 25 
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the movement of pea crabs between hosts, the inferences concerning this aspect of the 1 

guest’s autoecology should be considered with caution. 2 

As for other pea crab species (Christensen & McDermott 1958; Soong 1997; 3 

Kane & Farley 2006; Ocampo et al. 2012), there was a strong correlation between host 4 

size and symbiotic ovigerous female size of Afropinnotheres monodi, which suggests 5 

that space availability within hosts is a relevant factor in determining the final size of 6 

this sedentary phase (soft females) of symbiotic crabs and, consequently, of its 7 

reproductive pattern. Similarly, a positive relationship between the fecundity and the 8 

body size of female pea crabs, previously reported for other species (Bell & Stancyk 9 

1983; Baeza & Thiel 2000; De Bruyn et al. 2010), has been observed for A. monodi: 10 

large ovigerous females found inside mussels have much higher fecundity than the 11 

scarce and small ovigerous females inhabiting clams and cockles (Figure 7). 12 

Nevertheless, when the body size of female crabs was taken into account, differences in 13 

size-specific fecundity were only observed between females inhabiting clams and those 14 

from the remaining two host species, suggesting that the flattened morphology of the 15 

shell of Scrobicularia plana makes this host rather unsuitable for the almost-spherical 16 

ovigerous female pea crabs. That is, the size of reproductive females that use cockles as 17 

a host is constrained by the relatively small size of this host, and crabs inhabiting clams 18 

also show a decrease of the size-specific fecundity. Thus, even if all demographic 19 

categories of A. monodi could be observed inside the three studied hosts, the 20 

reproductive effort of this crab would still correspond mainly to females inhabiting 21 

mussels. Moreover, large body size ovigerous females of A. monodi showed higher 22 

(Bell & Stancyk 1983; Hamel et al. 1999; Baeza & Thiel 2000; De Bruyn et al. 2010) or 23 

similar (Silas & Alagarswami 1967; Ocampo et al. 2012) fecundity than other pea crab 24 

species. However, the input of new recruits to the adult population occurred mainly in 25 



20 
 

clams and cockles, which convert these smaller-size hosts in a relevant step to the 1 

establishment of abundant and stable populations of A. monodi in the studied area. 2 

According to Debruyn et al. (2010), this type of asymmetrical usage of hosts by 3 

parasitic pea crabs may be comparable with the transitory stages predicted by models of 4 

evolution of complex parasite life cycles (Parker et al. 2003). Namely, the asymmetrical 5 

usage of clams, cockles and mussels by A. monodi in the Gulf of Cadiz resembles the 6 

transitional stage predicted by the “downward incorporation” of a new host into the life 7 

cycle of this pea crab. In any case, the generalist but asymmetrical usage of bivalve 8 

hosts found in A. monodi may have clear benefits for species in geographical expansion: 9 

first, the presence of all demographic categories in the three hosts can facilitate the 10 

settlement of the species in new locations; second, the asymmetrical use of different 11 

hosts can lead to the settlement of copious and stable populations in some areas, as 12 

complex estuarine habitats in the case of A. monodi, which act as a massive source of 13 

pelagic larvae with high capacity of dispersal. Thus, the use of more than one host 14 

species by symbiotic species may increase its fitness and, simultaneously, shape their 15 

life cycle and evolution (De Bruyn et al. 2010). Nevertheless, the incorrect election of 16 

the definitive host by females may become a disadvantage: after metamorphosis, 17 

reproductive females become too immobile to leave the host and/or reach and enter a 18 

new one. In fact, during the study, we have collected died mussels whose valves 19 

harboured large ovigerous females of A. monodi in unhealthy condition or even dead.  20 

Several species of pinnotherids worldwide parasitize commercially exploited 21 

bivalves (Stauber 1945; Christensen & McDermott 1958; Silas & Alagarswami 1967; 22 

Sun et al. 2006). In shellfish farms, a significant loss of production has been observed 23 

even with low levels of pea crab infection (Trottier et al. 2012). Furthermore, pea crabs 24 

may rapidly colonize bivalves from a shellfish farm, and subsequently infect nearby 25 
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shellfish farms (Trottier & Jeffs 2012). However, considering the asymmetrical use of 1 

different hosts by A. monodi, we expect that the strongest threats may be posed to 2 

shellfish farms located in sheltered waters (bays, inlets, rías, harbours, etc.), where 3 

populations of the different hosts used by this African species coexist. As the species 4 

seems to be in clear northward expansion, it may become, in the near future, a 5 

significant threat for European bivalve aquaculture. Thus, the confirmation of the 6 

hypotheses presented in this study, by experimental essays, is of high social and 7 

economic interest.   8 

In conclusion, the African pea crab Afropinnotheres monodi seems to be a 9 

symbiotic species currently in geographical expansion showing a series of features in its 10 

life cycle (wide reproductive period, high fecundity, long planktonic phase, generalist 11 

and asymmetric host use), that facilitate its quick and successful settlement in new 12 

locations. Both characteristics make this African species particularly relevant to 13 

studying the evolution of pea crab symbiotic life history traits.  14 

 15 

 16 

Aknowledgments 17 

We thank M Espigares and A Moreno for their help in field collection and sample 18 

analysis, and the three anonymous reviewers, which provided us useful suggestions for 19 

the elaboration of this final version. This research work was funded by the remnant 20 

funds of the PAI RNM108 research group. 21 

 22 

References 23 

 24 



22 
 

Abelló P, Visauta E, Bucci A, Demestre M (2003) Noves dades sobre l‘expansió 1 

delcranc Percnon gibbesi (Brachyura: Grapsidae: Plagusiinae) a la Mediterrània 2 

occidental. Boll Soc Hist Nat Balears 46:73–77. 3 

Ambrosio LJ, Brooks WR (2011) Recognition and use of ascidian hosts, and mate 4 

acquisition by the symbiotic pea crab Tunicotheres moseri (Rathbun, 1918): the role 5 

of chemical, visual and tactile cues. Symbiosis 53:53–61  6 

Apte S, Holland BS, Godwin LS, Gardner JPA (2000) Jumping ship: a stepping stone 7 

event mediating transfer of non-indigenous species via a potentially unsuitable 8 

environment. Biological Invasions 2:75-79. 9 

Asama H, Yamaoka K (2009) Life history of the pea crab, Pinnotheres sinensis, in 10 

terms of infestation in the bivalve mollusc, Septifer virgatus. Marine Biodiversity 11 

Records 2:e77 12 

Baeza JA, Thiel M (2000) Host use pattern and life history of Liopetrolisthes mitra, a 13 

crab associate of the black sea urchin Tetrapygus niger. J Mar Biol Ass UK 80:639–14 

645  15 

Baeza JA, Díaz-Valdes M (2011) The symbiotic shrimp Ascidonia flavomaculata lives 16 

solitarily in the tunicate Ascidia mentula: implications for its mating system. 17 

Invertebr Biol 130:351–361  18 

Baeza JA, Thiel M (2003) Predicting territorial behaviour in symbiotic crabs using host 19 

characteristics: a comparative study and proposal of a model. Mar Biol 142:93–100 20 

Baeza JA, Thiel M (2007) The mating system of symbiotic crustaceans: a conceptual 21 

model based on optimality and ecological constraints. In: Duffy JE, Thiel M (eds) 22 

Evolutionary ecology of social and sexual systems. Crustaceans as model organisms. 23 

Oxford University Press, Oxford, p 249–267 24 



23 
 

Baeza JA, Stotz W, Thiel M (2002) The agonistic behaviour and development of 1 

territoriality during ontogeny of the sea anemone dwelling crab Allopetrolisthes 2 

spinifrons. Mar Freshw Behav Physiol 35:189–202  3 

Becker C (2010) European pea crabs - taxonomy, morphology, and host-Ecology 4 

(Crustacea: Brachyura: Pinnotheridae). PhD thesis, Goethe-University (Frankfurt) 5 

Becker C, Türkay M (2010) Taxonomy and morphology of European pea crabs 6 

(Crustacea: Brachyura: Pinnotheridae). J Nat Hist 44:1555–1575 7 

Becker C, Brandis D, Storch V (2011) Morphology of the female reproductive system 8 

of European pea crabs (Crustacea, Decapoda, Brachyura, Pinnotheridae). J Morphol 9 

272:12-26 10 

Becker C, Türkay M, Brandis D (2012) The male copulatory system of European pea 11 

crabs (Crustacea, Brachyura, Pinnotheridae). J Morphol 273:1306-1318 12 

Bell JL (1984) Changing residence: dynamics of the symbiotic relationship between 13 

Dissodactylus mellitae rathbun (Pinnotheridae) and Mellita quinquiesperforata 14 

(Leske) (Echinodermata) J Exp Mar Biol Ecol 82:101-115 15 

Bell JL, Stancyk SE (1983) Population dynamics and reproduction of Dissodactylus 16 

mellitae (Brachyura: Pinnotheridae) on its sand dollar host Mellita 17 

quinquiesperforata (Echinodermata). Mar Ecol Prog Ser 13:141–149 18 

Bradbury IR, Snelgrove PVR (2001) Contrasting larval transport in demersal fish and 19 

benthic invertebrates: the roles of behaviour and advective processes in determining 20 

spatial pattern. Can J Fish Aquat Sci 58:811-823  21 

Brown JH, Stevens GC, Kaufman DM (1996) The geographic range: size, shape, 22 

boundaries, and internal structure. Annu Rev Ecol Syst 27:597–623 23 

Cabral HN, Costa MJ, Salgado JP (2001) Does the Tagus estuary fish community 24 

reflect environmental changes? Clim Res 18:119-126 25 



24 
 

Castañeda E, Drake P (2008) Spatio-temporal distribution of Lekanesphaera species in 1 

relation to estuarine gradients within a temperate European estuary (SW Spain) with 2 

regulated freshwater inflow. Cienc Mar 34:125-141 3 

Christensen AM, McDermott JJ (1958) Life-history and biology of the oyster crab, 4 

Pinnotheres ostreum Say.  Biol Bull Woods Hole 114:146-179 5 

De Bruyn C, Rigaud T, David B, De Ridder C (2009) Nature and consequences of the 6 

symbiotic relationship between the crab Dissodactylus primitivus and its echinoid 7 

host Meoma ventricosa. Mar Ecol Prog Ser 375:173–183 8 

De Bruyn C, David B, De Ridder C, Rigaud T (2010) Asymmetric exploitation of two 9 

echinoid host species by a parasitic pea crab and its consequences for the parasitic 10 

life cycle. Mar Ecol Prog Ser 398:183–191 11 

Diesel R (1988) Male-female association in the spider crab Inachus phalangium: the 12 

influence of female reproductive stage and size. J Crust Biol 8:63-69.  13 

Doney SC, Ruckelshaus M, Duffy JE, Barry JP, Chan F, English CA, Galindo HM, 14 

Grebmeier JM, Hollowed AB, Knowlton N, Polovina J, Rabalais NN, Sydeman WJ, 15 

Talley LD (2012) Climate change impacts on marine ecosystems. Annu Rev Mar Sci 16 

4:11–37 17 

Drake P, Arias AM, Rodríguez A (1998) Seasonal and tidal abundance patterns of 18 

decapod crustacean larvae in a shallow inlet (SW Spain). J Plankton Res 20:585-601 19 

Góes JM, Fransozo A, Fernández-Góes LC (2005) Fecundity of Eriphia gonagra 20 

(Fabritius, 1781) (Crustaces, Brachyura, Xanthidae) in the Ubatuba region, São 21 

Paulo Brazil. Nauplius 13:127-136 22 

García Raso JE, Manjón-Cabeza E (1996) New record of Liocarcinus mcleayi (Barnard, 23 

1947), new combination (Decapoda, Brachyura, Portunidae) from South Europe. 24 

Crustaceana 69:84-93 25 



25 
 

Garth JS, Abbott DP (1980) Brachyura: the true crabs. In R. H. Morris, D. P. Abbott 1 

and E. C. Haderlie, eds., Intertidal Invertebrates of California, Stanford Univ Press, 2 

Stanford, p 594-630.   3 

González-Gordillo JI,  Cuesta JA, Pablos F (1990) Adiciones al conocimiento de los 4 

crustáceos decápodos de las zonas mediolitoral e infralitoral de las costas 5 

suratlanticas andaluzas (Suroeste España). 1. Brachyura.  Cah Biol Mar 31:417-429 6 

González-Gordillo JI, Dos Santos A, Rodríguez A (2001) Checklist and annotated 7 

bibliography of decapod crustacean larvae from the Southwestern European coast 8 

(Gibraltar Strait area). Sci Mar 65:275-305  9 

González-Gordillo JI, Dos Santos A, Rodríguez A (2003a) Comparative seasonal and 10 

spatial distribution of decapod larvae assemblages in three coastal zones off the 11 

south-wetern Iberian Peninsula. Acta Oecologica 24:219-233 12 

González-Gordillo JI, Arias AM, Rodrı́guez A, Drake P (2003b) Recruitment patterns 13 

of decapod crustacean megalopae in a shallow inlet (SW Spain) related to life history 14 

strategies. Est Coast Shelf Sci 56:593–607 15 

Grove MW, Finelli CM, Wethey DS, Woodin SA (2000) The effects of symbiotic crabs 16 

on the pumping activity and growth rates of Chaetopterus variopedatus. J Exp Mar 17 

Bio Ecol 246:31-52 18 

Grove MW, Woodin SA (1996) Conspecific recognition and host choice in a pea crab, 19 

Pinnixa chaetopterana (Brachyura: Pinnotheridae). Biol Bull 190:359-366 20 

Haines CMC, Edmunds M, Pewsey AR (1994) The pea crab, Pinnotheres pisum 21 

(Linnaeus, 1767), and its association with the common mussel, Mytilus edulis 22 

(Linnaeus, 1758), in the Solent (UK). J Shellfish Res 13:5–10 23 



26 
 

Hamel JF, Ng PKL, Merrier A (1999) Life cycle of the pea crab Pinnotheres halingi sf. 1 

nov., an obligate symbiont of the sea cucumber Holothuria scabra Jaeger. Ophelia 2 

50:149-175 3 

Hernández JE, Bolaños JA, Palazón JL, Hernández G, Lira C, Baeza JA (2012) The 4 

enigmatic life history of the symbiotic crab Tunicotheres moseri (Crustacea, 5 

Brachyura, Pinnotheridae): implications for its mating system and population 6 

structure. Biol Bull 223:278–290. 7 

Jones MC, Dye SR, Fernandes JA, Frölicher TL, Pinnegar JK (2013) Predicting the 8 

Impact of Climate Change on Threatened Species in UK Waters. PLoS ONE 9 

8:e54216 10 

Jossart Q, David B, De Bruyn C, De Ridder C, Rigaud T, Wattier RA (2013) No 11 

evidence of host specialization in a parasitic pea-crab exploiting two echinoid hosts. 12 

Mar Ecol Prog Ser 475:167–176 13 

Kane K, Farley GS (2006) Body size of the endosymbiotic pea crab Tumidotheres 14 

maculatus: larger hosts hold larger crabs. Gulf and Caribbean Research 18:27–33 15 

López de la Rosa I, García Raso JE, Rodríguez A (2002) Evolution of a decapod 16 

community (Crustacea) of shallow soft bottoms with seaweeds from southern 17 

Europe. J Mar Biol Ass UK 82:85-95 18 

Narvarte MA, Saiz MN (2004) Effects of the pinnotherid crab Tumidotheres maculatus 19 

on the Tehuelche scallop Aequipecten tehuelchus in the San Matías Gulf, Argentina. 20 

Fish Res 67:207–214 21 

Ocampo EH, Nuñez JD, Cledón M, Baeza JA (2012) Host specific reproductive 22 

benefits, host selection behaviour and host use pattern of the pinnotherid crab 23 

Calyptraeotheres garthi. J Exp Mar Biol Ecol 429:36–46 24 



27 
 

Olaguer-Feliú AO, Flores AAV, Queiroga H, González-Gordillo JI (2010) Shelf and 1 

estuarine transport mechanisms affecting the supply of competent larvae in a suite of 2 

brachyuran crabs with different life histories. Mar Ecol Prog Ser 410:125–141 3 

Parker GA, Chubb JC, Ball MA, Guy N, Roberts GN (2003) Evolution of complex life 4 

cycles in helminth parasites. Nature 425:480-484 5 

Parmesan C (2006) Ecological and evolutionary responses to recent climate change. 6 

Annu Rev Ecol Evol Syst 37:637–669 7 

Peiró DF, Baeza JA, Mantelatto FL (2013) Host-use pattern and sexual dimorphism 8 

reveals the mating system of the symbiotic pea crab Austinixa aidae (Crustacea: 9 

Brachyura: Pinnotheridae). J Mar Biol Ass UK 93:715–723 10 

Prista N, Vasconcelosa RP, Costa MJ, Cabrala H (2003) The demersal fish assemblage 11 

of the coastal area adjacent to the Tagus estuary (Portugal): relationships with 12 

environmental conditions. Oceanol Acta 26:525–535 13 

Rodríguez A, Drake P, Arias AM (1997) Reproductive periods and larval abundance 14 

patterns of the crabs Panopeus africanus and Uca tangeri in a shallow inlet (SW 15 

Spain). Mar Ecol Prog Ser 149:133-142 16 

Sanderson MG, Hemming DL, Betts RA (2011) Regional temperature and precipitation 17 

changes under high-end (≥4°C) global warming. Phil Trans R Soc A 369:85–98 18 

Scheltema RS (1986) On dispersal and planktonic larvae of benthic invertebrates: an 19 

eclectic overview and summary of problems. Bull Mar Sci 39:290-322 20 

Silas EG, Alagarswami K (1967) On an instance of parasitisation by the pea-crab 21 

(Pinnotheres sp.) on the backwater clam (Meretrix casta (Chemnitz)) from India, 22 

with a review of the work on the systematics, ecology, biology and ethology of pea 23 

crabs of the genus Pinnotheres Latreille. Proc Mar Biol Ass India (symposium series 24 

2) 3:1161-1227 25 



28 
 

Schmitt WL, McCain JC, Davidson ES (1973) Decapoda I, Brachyura I, family 1 

Pinnotheridae. In: Gruner HE,Holthuis LB (eds) Crustaceorum Catalogus, 3:1-160 2 

Soong K (1997) Some life history observations on the pea crab, Pinnotheres 3 

tsingtaoensis, symbiotic with the bivalve mollusc, Sanguinolaria acuta. Crustaceana 4 

70:855–866 5 

Stauber L (1945) Pinnotheres ostreum, parasitic on the American oyster, Ostrea 6 

(Gryphaea) virginica. Biol Bull 88:269–291 7 

Stevens PM (1990) Specificity of host recognition of individuals from different host 8 

races of symbiotic pea crabs (Decapoda: Pinnotheridae). J Exp Mar Biol Ecol 9 

143:193–207 10 

Subida MD, Arias AM, Drake P, García-Raso JE, Rodríguez A, Cuesta JA (2011) On 11 

the occurrence of Afropinnotheres monodi Manning, 1993 (Decapoda: 12 

Pinnotheridae) in European waters. J Crust Biol 31:367-369 13 

Sun W, Sun S, Yuqi W, Baowen Y, Weibo S (2006) The prevalence of the pea crab, 14 

Pinnotheres sinensis, and its impact on the condition of the cultured mussel, Mytilus 15 

galloprovincialis, in Jiaonan waters (Shandong Province, China) Aquaculture 16 

253:57-63 17 

Takeda S, Tamura S, Washio M (1997) Relationship between the pea crab Pinnixa 18 

tumida and its endobenthic holothurian host Paracaudina chilensis. Mar Ecol Prog 19 

Ser 149:143-154 20 

Trottier O, Jeffs AG (2012) Biological characteristics of parasitic Nepinnotheres 21 

novaezelandiae within a Perna canaliculus farm. Dis Aquat Org 101:61-68 22 

Trottier O, Walker D, Jeffs AG (2012) Impact of the parasitic pea crab Pinnotheres 23 

novaezelandiae on aquacultured New Zealand green-lipped mussels, Perna 24 

canaliculus. Aquaculture 344/346:23–28 25 



29 
 

Udekem D'Acoz, C (1999) Inventaire et distribution des crustacés décapodes de 1 

l'Atlantique nord-oriental, de la Méditerranée et des eaux continentales adjacentes au 2 

nord de 25 N. Collection Patrimoines Naturels, 40 Muséum national d'Histoire 3 

naturelle: Paris. ISBN 2-86515-114-10. X 4 

Zar JH (2010) Biostatistical Analysis. Prentice-Hall, Englewood Cliffs, New Jersey 5 

Zariquiey Álvarez R (1968) Crustáceos decápodos ibéricos. Inv Pesq 32:1-236 6 

  7 



30 
 

 1 
 2 
Table 1. Mean prevalence of the pea crab Afropinnotheres monodi in the bivalves Scrobicularia 3 
plana, Cerastoderma glaucum and Mytilus galloprovincialis. For each host species and 4 
demographic crab category, host shell length range (shell cavity volume range), mean crab 5 
carapace width (carapace width range) and Pearson correlation coefficient between the crab 6 
carapace width (CW) and the host shell length (SL) are presented. Host shell lengths and crab 7 
carapace widths in mm; shell volume in ml. 8 

 9 

Correlation significance level: ns, P > 0.05; *, P < 0.05; **, P< 0.01 10 
 11 
 12 
 13 
 14 
 15 
  16 
  17 

  Scrobicularia plana  Cerastoderma glaucum  Mytilus galloprovincialis 

Prevalence % (nº hosts)  4.1 (9441)  41.1 (2661)  45.9 (868) 
Host shell length (Vol)       

Male  22.0‐37.5 (1.0‐4.0)  15.1‐36.4 (0.8‐7.2)  14.0‐44.3‐ (1.3‐24.5) 
Hard Female  17.1‐36.8 (0.5‐3.8)  14.1‐35.1 (0.7‐6.6)  13.1‐37.2 (1.1‐16.7) 
Soft Female  27.0‐35.5 (1.7‐3.5)  21.8‐35.2 (2.0‐6.6)  14.6‐49.8 (1.4‐35.5) 

Crab carapace width        
Male  2.93 (1.80‐3.80)  2.88 (1.35‐7.33)  4.66 (2.01‐9.83) 
Hard Female  2.88 (1.39‐4.65)  2.78 (0.65‐6.83)  3.29 (2.27‐5.50) 
Soft Female  4.41 (3.70‐5.53)  5.61 (3.77‐8.67)  9.29 (3.33‐13.67) 

CW‐SL correlation       
Male  0.13 (ns)  0.21 (*)  0.37 (*) 
Hard Female  0.21 (ns)  0.04(ns)  0.18 (ns) 
Soft Female  0.04 (ns)  0.34 (*)  0.63 (**) 
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Figure Legends 1 
 2 
Fig. 1. Sampling sites of the bivalve host populations harbouring the pea crab 3 

Afropinnotheres monodi in the Bay of Cadiz (SW Iberian Peninsula). 4 

 5 

Fig. 2. Population structure (size and demographic category), of the pea crab 6 

Afropinnotheres monodi in the three studied hosts. SF: soft female; HF: hard female; M: 7 

male. Sex ratio of pea crabs harboured by the mussel Mytilus galloprovincialis was 8 

significantly different from 1:1.  9 

 10 

Fig. 3. Seasonal pattern in the occurrence of each demographic category of the pea crab 11 

Afropinnotheres monodi in the three host species. OF: ovigerous soft female; SF: non-12 

ovigerous soft female; HF: hard female; M: male. Numbers on x-axis (in parentheses): 13 

numbers of pea crabs collected. Dates below host species names (in parentheses): 14 

sampling periods of the corresponding host. 15 

 16 

Fig. 4 Population distribution of the pea crab Afropinnotheres monodi in the three host 17 

species. Observed frequency of occurrence of crabs in Cerastoderma edule and Mytilus 18 

galloprovincialis differs significantly from the expected in a random distribution.  19 

 20 

Fig. 5 Percentage of occurrence of each demographic category of the pea crab 21 

Afropinnotheres monodi in each host size class (upper row) and frequency distribution 22 

of pea crabs in the different size classes of each host species Scrobicularia plana, 23 

Cerastoderma edule and Mytilus galloprovincialis (lower row).   24 

 25 
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Fig. 6 For each host species and pea crab demographic category, relationship between 1 

the shell length/shell volume cavity of host and the carapace width (CW) of the pea crab 2 

Afropinnotheres monodi. Below, relationship between shell length (SL) and shell 3 

volume cavity (SV) of the hosts Scrobicularia plana (square), Cerastoderma edule 4 

(triangle) and Mytilus galloprovincialis (circle). Sex ratio of Afropinnotheres monodi 5 

retrieved from small hosts (shell volume cavity<5 ml) was significantly different from 6 

1:1 in the mussel Mytilus galloprovincialis.  7 

 8 

Fig. 7. Relationship between the crab carapace width (CW) and the number of eggs 9 

(No) carried by ovigerous female of Afropinnotheres monodi retrieved from the 10 

bivalves Scrobicularia plana (square), Cerastoderma edule (triangle) and Mytilus 11 

galloprovincialis (circle). The filling colour of symbols indicates the season of host and 12 

pea crab collection (open: spring; light-grey: summer; black: autumn; dark-grey: 13 

winter). 14 

15 
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