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Abstract Self-recruitment rates are essential param-

eters in the estimation of connectivity among popula-

tions, having important consequences in marine

conservation biology. Using ten highly polymorphic

microsatellite loci, we estimate, over 3 years, the self-

recruitment in a population of Tripterygion delaisi in

the NW Mediterranean. Six previously described

source populations were used for the assignment

(Costa Brava, Columbretes, Formentera, Cabo de Pa-

los, Cabo de Gata and Tarifa). Even though this spe-

cies has a 16–21 day larval duration, a mean of

66.4 ± 1.4% of the recruits settled in their natal pop-

ulation. When refining in a more local scale the origin

of individuals self-recruited to Costa Brava, using as

source the three sampling localities that conform this

population (Cap de Creus, Tossa and Blanes), the

highest percentage (40.6 ± 8.9%) was self-assigned to

the adult source locality (Blanes) where recruits were

sampled each year. Our results suggest that a high

proportion of the larvae of T. delaisi remained close to,

or never leave, their natal spawning area. This obser-

vation can be extrapolated to other species with similar

early life-history traits and low adult mobility and can

have important implications for the conservation and

management of Mediterranean littoral fishes.

Introduction

One of the main objectives of research on fish popu-

lations is to identify the factors that determine the

number of new individuals recruited into the adult

population (Cushing 1996). The majority of shallow-

water marine species have a two-phase life cycle, in

which quite sedentary, demersal adults (no mobile

phase) produce pelagic larvae (mobile phase) (Leis

1991; Leis and Carson-Ewart 2000). These larvae dis-

perse and their settlement processes can be influenced

by different environmental factors, e.g. currents, winds,

that determine the settlement strength (Wilson and

Meekan 2001; Cowen 2002; Raventós and Macpherson

2005). For many years, it was assumed that these larvae

disperse away from the parental population operating

as an open system (Sale 1991; Caley et al. 1996). These

initial studies considered larvae as passive particles and

focused on hydrodynamic features to explain their

distribution, predicting that larvae are flushed away

from their natal locality in the predominant current

direction (Roberts 1997). However, larvae of many

fishes have been found capable to maintain strong and

sustained swimming activity, as well as to use their

sensory abilities to regulate their distribution and dis-

persion (Cowen 2002; Kingsford et al. 2002; Leis and

McCormick 2002). Accordingly, some recent studies

(e.g. Jones et al. 1999, 2005; Swearer et al. 1999) have

demonstrated that populations are not always open

and that the proportion of larvae that may return to
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their natal population (self-recruitment) is very high.

These studies, therefore, suggest that the extent of

dispersal between populations is lower than currently

assumed, affecting the connectivity among populations

and having important implications in marine conser-

vation policies.

Unfortunately, at present, the number of studies is

still scarce. Otolith marking and trace-element con-

centrations in otoliths have been used to estimate the

self-recruitment rate in different fish populations

(Jones et al. 1999; Swearer et al. 1999; Thorrold et al.

2001; Miller and Shanks 2004; Patterson et al. 2005).

Furthermore, Jones et al. (2005) using two different

methods (larval marking and parentage analyses using

microsatellites) in a population of Amphiprion

polymnus concluded that most settled juveniles had

returned to a 2-ha natal area. Knutsen et al. (2004)

using microsatellites demonstrated an extensive but

temporally variable drift of offshore cod larvae into

coastal populations.

Microsatellites are highly polymorphic nuclear loci

that have been successfully used to describe population

structuring on a wide range of geographical levels

(Appleyard et al. 2001; Rico and Turner 2002; Carlsson

et al. 2004). Therefore, microsatellites seem to be a

powerful tool to estimate population isolation and self-

recruitment levels in fishes (Knutsen et al. 2004; Jones

et al. 2005).

Tripterygion delaisi is a common littoral fish in the

Mediterranean Sea, living always in rocky habitats,

preferentially in biotopes of reduced light, between 6

and 12 m (Zander 1986). It is a short-lived species

(maximum 3 years old) and maturity reaches at the

first year of life. Adult individuals are highly territorial,

showing high levels of homing behaviour (Heymer

1977), parental care of the benthic eggs (Wirtz 1978)

and cannot swim even short distances (tens of metres)

in open water or on sandy bottoms. Larvae of T. delaisi

remain in plankton for 16–21 days (Raventós and

Macpherson 2001), although they are present almost

exclusively in coastal waters (Sabatés et al. 2003).

Tripterygion delaisi from the Western Mediterra-

nean shows genetic differentiation between most of its

populations, although presenting small FST values (FST:

0–0.066) partly due to the high microsatellite loci poly-

morphism. Furthermore, significant isolation by dis-

tance was detected, suggesting the existence of a

potential high degree of self-recruitment in each popu-

lation (Carreras-Carbonell et al. 2006). The present

study estimates, over 3 years, the self-recruitment in a

population of T. delaisi in the NW Mediterranean. This

could help to classify the population as genetically

unconnected (closed) or connected (open), with a wide

range of intermediate status depending on the percent-

age of recruits received from distant sources. Using ten

highly polymorphic microsatellites (Carreras-Carbonell

et al. 2004) we compare the new recruits of each year,

with the adult reproductive specimens from the same

locality and with adults from another seven adjacent

localities separated by tens to hundreds of kilometres.

Materials and methods

Sampling and DNA extraction

We studied post-settlement individuals (<1 month old

after settlement) of triplefin blenny (T. delaisi) from

Blanes locality (North-western Mediterranean; Spain).

A total of 112 specimens were collected during 2003

(n = 35; RBL03), 2004 (n = 47; RBL04) and 2005

(n = 30; RBL05) by SCUBA divers using hand nets.

Each year, individuals were sampled from the same

shallow rocky bay (St. Francesc—41�40.4¢N, 2�48.2¢E).

A small portion of the anal fin was removed from

living fish, which were then measured and released into

the same sample site. All fins were preserved individ-

ually in absolute ethanol at room temperature. Total

genomic DNA was extracted from fin tissue using the

Chelex 10% protocol (Estoup et al. 1996).

The triplefin recruits from Blanes were compared to

adults from eight localities in the western Mediterra-

nean collected in 2003 and previously analysed: Cap de

Creus (CC), Tossa (TO), Blanes (BL), Columbretes Is.

(CO), Formentera Is. (FO), Cabo de Palos (PA), Cabo

de Gata (GA) and Tarifa (TA). Three of these local-

ities (CC, TO and BL) presented no genetic differen-

tiation and could not be considered isolated

populations; furthermore, the existence of six popula-

tions was inferred using a Bayesian approach (Carr-

eras-Carbonell et al. 2006). In accordance to this, we

have grouped CC, TO and BL in a single population

that in the present study we will refer to as Costa Brava

(CB) (see Fig. 1).

PCR amplification and screening

We used the ten polymorphic microsatellite loci and

polymerase chain reactions conditions described in

Carreras-Carbonell et al. (2006). Amplified products

were scored using an ABI 3700 automatic sequencer

from the Scientific and Technical Services of the Uni-

versity of Barcelona. Alleles were sized by GENE-

SCAN� and GENOTYPER� software, with an

internal size marker CST Rox 70-500 (BioVentures

Inc.).
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Statistical analyses

Allele frequencies, mean allelic richness, expected (HE)

and observed (HO) heterozygosity per locus, for each

recruit year pools were calculated using GENECLASS2

program (Piry et al. 2004). The inbreeding coefficient

(FIS) in each generation was computed with GENETIX

version 4.05 (Belkhir et al. 2004) and its confidence

interval was estimated with 10,000 bootstrapping values.

Linkage disequilibrium between pairs of loci were

tested for each recruit year using GENEPOP version 3.4

(Raymond and Rousset 1995), which employs a Markov

chain method, with 5,000 iterations, following the algo-

rithm of Guo and Thompson (1992). Due to the multiple

comparisons, these results were adjusted using the

sequential Bonferroni procedure with � = 0.05 (Rice

1989).

Genetic differentiation between the three samples of

recruits of BL and the six adult source populations was

estimated using the classical FST approach (Wright 1951;

Weir and Cockerham 1984). Significance between each

comparison pair was tested using the Fisher’s exact test

implemented in GENEPOP program. These results

were adjusted for multiple tests using the sequential

Bonferroni procedure with � = 0.05 (Rice 1989).

Population assignment test

Assignment tests were carried out using GENE-

CLASS2 program (Piry et al. 2004) under the Bayesian

assignment method of Rannala and Mountain (1997)

which, according to Cornuet et al. (1999), performed

better in assigning/excluding individuals to their cor-

rect sampling populations than other likelihood-based

and distance-based methods. To detect individuals that

could not be assigned, the simulation algorithm of

Paetkau et al. (2004) was used with 105 simulations.

Individuals were considered unassigned when the

probabilities of being assigned to any population were

lower than 0.05 (Type error I) or when they showed

high probabilities of assignment to more than one

population.

The six previously differentiated populations de-

scribed above (Costa Brava, Columbretes Is., For-

mentera Is., Cabo de Palos, Cabo de Gata and Tarifa)

were used as the source populations of the recruits.

Afterwards, in order to estimate the self-recruitment in

a smaller geographical scale, only the recruits assigned

to Costa Brava population were reassigned using as

source the three localities (Cap de Creus, Tossa and

Blanes) that were grouped in this population.

Results

Genetic variability

An extensive polymorphism per generation and locus

was found among recruit samples with high mean

number of alleles (17.6 ± 1.46) and high expected

(0.855 ± 0.020) and observed (0.778 ± 0.030) hetero-

zygosities. No differences were found between the

three generations sampled in the mean number of al-

leles (Friedman ANOVA, v2 = 1.81, P > 0.4) and the

expected heterozygosity (v2 = 0.97, P > 0.6) (Table 1).

All loci were considered statistically independent since

no linkage disequilibrium between loci pairs was ob-

served, after Bonferroni correction, in any T. delaisi

generation sampled. Alleles not previously detected in

any adult locality were found in each generation: five

within 2003 recruits, two within 2004 recruits and seven

within 2005 recruits; all of them in very low frequency.

Global FIS values for the recruits of each year were

statistically significant. We observed that these depar-

tures were mainly due to loci Td08 and Td09 for the

three generations. Moreover, loci Td01 and Td02 in

2003 recruits and Td02 in 2004 recruits also showed

significant FIS values (Table 1). Loci Td08 and Td09

also presented deviations in all source populations

(Carreras-Carbonell et al. 2006) that could be ex-

plained by the presence of null-alleles in these loci.

Null-alleles appear when one allele is unamplified due

to mutations in the sequence where one of the primers

Fig. 1 Source localities of Tripterygion delaisi used in the
assignment test and number of individuals analysed in each
locality (n): Cap de Creus (CC, n = 20), Tossa (TO, n = 22),
Blanes (BL, n = 34), Columbretes Is. (CO, n = 30), Formentera
Is. (FO, n = 37), Cabo de Palos (PA, n = 30), Cabo de Gata
(GA, n = 20) and Tarifa (TA, n = 33). Data obtained from
Carreras-Carbonell et al. (2006). Costa Brava (CB) groups three
sampling locations (CC, TO and BL), see text for details
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was designed, and/or when technical problems associ-

ated with amplification and scoring arise (Hoarau et al.

2002). Technical issue could be ruled out since accurate

scoring of alleles with poor amplification was carried

out and all homozygous individuals and failed ampli-

fications for loci Td01, Td02, Td08 and Td09 were re-

amplified twice lowering the annealing temperature to

50�C.

Significant genetic differentiation was found be-

tween the three samples of recruits of Blanes and all

adult source populations, with the exception of Costa

Brava (Table 2). The distances of the recruits of the

different years were always smaller when compared to

Costa Brava; however, significant genetic differentia-

tion was found when recruits of 2003 were compared.

Nevertheless we observed strong correlations when we

compared the genetic distances between the recruits of

2003 to each source population with the genetic dis-

tances between the recruits of 2004 and 2005 to each

source population (r ‡ 0.95, P < 0.005). This would

indicate that in spite of the differences found between

years their relative distances to adult populations were

maintained through time (Table 2). Similar results

were obtained when locus Td08 and Td09, showing null

alleles, were excluded from the analyses.

Self-recruitment estimation

The assignment method of Rannala and Mountain

(1997) assigned most recruits to their expected source

population in all 3 years. Across the 3 years most re-

cruits (mean = 66.4 ± 1.4%) were assigned to Costa

Brava while an average of 11.0 ± 3.2% were assigned

to more distant populations, and an average of

22.6 ± 2.9% were unassigned (Fig. 2). A similar per-

centage of self-recruitment was obtained when loci

having null alleles were excluded (mean percentage

across 3 years = 64.4 ± 3.0%). Furthermore, the rest of

the individuals were assigned to the other source

population with similar frequencies as detected when

all loci were used, with Formentera Is. being the

greatest contributor of recruits (mean percentage

across 3 years = 12.9 ± 1.9%). The average probability

of recruits to be assigned to the first population was

high (95.9 ± 0.7%), while the average probability to be

assigned to the next most likely population was

Table 1 Summary of genetic variation at ten microsatellite loci in recruits of the year of Tripterygion delaisi from Blanes across years:
2003 (RBL03), 2004 (RBL04) and 2005 (RBL05)

Year Locus

Td01 Td02 Td04 Td05 Td06 Td07 Td08 Td09 Td10 Td11

RBL03 n 70 66 70 70 70 70 64 70 70 70
a 16 13 20 25 24 5 26 7 24 11
HE 0.893 0.763 0.926 0.953 0.924 0.668 0.956 0.701 0.919 0.809
HO 0.743 0.545 0.800 0.914 0.971 0.714 0.813 0.429 0.914 0.714
FIS 0.170* 0.288* 0.138 0.041 -0.052 –0.70 0.152* 0.393* 0.005 0.119

RBL04 n 94 94 94 92 94 94 94 94 94 94
a 12 16 20 25 31 8 29 9 27 10
HE 0.877 0.911 0.917 0.936 0.959 0.674 0.945 0.738 0.953 0.725
HO 0.872 0.787 0.915 0.978 0.915 0.702 0.745 0.362 0.894 0.681
FIS 0.005 0.137* 0.003 –0.046 0.046 –0.042 0.213* 0.513* 0.063 0.062

RBL05 n 60 56 62 60 62 60 52 58 62 58
a 12 15 20 26 21 5 22 9 30 10
HE 0.885 0.823 0.936 0.961 0.948 0.589 0.956 0.714 0.963 0.737
HO 0.900 0.893 0.839 0.933 0.935 0.467 0.692 0.552 0.968 0.759
FIS –0.017 –0.086 0.105 0.029 0.014 0.210 0.279* 0.230* –0.005 –0.030

n, number of analysed chromosomes; a, number of alleles; HE and HO, expected and observed heterozygosity, respectively, and FIS,
inbreeding coefficient and significance (*P < 0.05, after Bonferroni correction)

Table 2 Pairwise multilocus FST values between source populations and recruits of Blanes (RBL) collected yearly in 2003–2005

Costa Brava Columbretes Formentera Cabo de Palos Cabo de Gata Tarifa

RBL03 0.006* 0.037* 0.019* 0.027* 0.014* 0.043*
RBL04 0.003 0.029* 0.016* 0.018* 0.006* 0.047*
RBL05 0.002 0.028* 0.014* 0.015* 0.006* 0.045*

*P < 0.05, after Bonferroni correction
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significantly lower (3.6 ± 0.7%) (Fig. 3). No significant

differences were observed when comparing across the

different years the probability of each individual to be

assigned to the most likely population (Kruskal–Wallis

test: H = 1.37, P = 0.50). Furthermore, in order to

corroborate the results of the assignment test, we

compared the presence of shared private alleles be-

tween recruits and source populations after correcting

for the number of individuals per population. More

shared private alleles were significantly found when the

recruits were compared to Costa Brava than to all

other populations (Wilcoxon matched pairs test,

Z = 2.69, P = 0.007).

In order to refine in a more local scale the origin of the

recruits, the individuals that were assigned to Costa

Brava were reassigned to the three sampling localities

(Cap de Creus, Tossa and Blanes). Most individuals

were strongly assigned to one of these three localities

with an average probability to be assigned to the first

population of 96.8 ± 0.7, and 3.0 ± 0.7% for the next

most likely population. A small percentage of unas-

signed individuals was observed for the 2003 recruits,

being the percentage of unassigned for the other two

years much larger (Fig. 4). The highest percentage of

the recruits was usually self-assigned to Blanes with

mean percentage across three years of 40.6 ± 8.9%,

while smaller percentages were found for Tossa

(21.1 ± 4.4%) and Cap de Creus (14.2 ± 3.0%) (Fig. 4).

When loci with null alleles were excluded, the mean

percentage of assigned recruits became more similar

among the three localities (BL = 29.8.7 ± 2.8%,

TO = 21.9 ± 3.6%, CC = 22.5 ± 2.6%).

Discussion

Self-recruitment rates are essential parameters in the

estimation of connectivity among populations, having

important consequences in marine conservation

Fig. 2 Percentage of recruits of the year of T. delaisi assigned to
each source population over 3 years (2003, 2004 and 2005).
Population abbreviations as in Fig. 1. U unassigned individuals,
not included in any previously defined source population

Fig. 3 Probability of assignment (%) for each recruit to each population. Note: u unassigned individuals. Individuals were considered
unassigned when the probabilities of being assigned to any population were lower than 0.05 (Type error I) or whenever they showed
high probabilities of assignment to more than one population
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biology (Swearer et al. 2002; Thorrold et al. 2002). Self-

recruitment studies in marine fishes are scarce, and

they have used different methodologies, e.g. chemical

marking (Jones et al. 1999, 2005), otolith microstruc-

ture and/or microchemistry (Swearer et al. 1999;

Thorrold et al. 2001; Miller and Shanks 2004; Patterson

et al. 2005), and more recently adding molecular

techniques (Jones et al. 2005). Molecular markers have

demonstrated their utility in assigning the origin of

colonizers invading new areas, mainly in continental

habitats (Genton et al. 2005). Assignment tests and

paternity analyses have been used to establish the

origin of cod (Knutsen et al. 2004) and clownfish (Jones

et al. 2005) recruits, respectively, demonstrating the

utility of this methodology in the estimation of self-

recruitment rates. In the present work, assignment tests

were very robust, since similar results were obtained

with and without loci having null alleles. Nevertheless,

we used all loci to identify the origin of recruits since

increasing the number of loci seems to yield higher

statistical power when estimating the number of pop-

ulations (Carreras-Carbonell et al. 2006). The validity

of the assignment method is sensitive to the level of

population differentiation. As suggested by Cornuet

et al. (1999) a correct assignment rate can be achieved

by scoring ten microsatellites on 30–50 individuals, as

in the present case, when FST is near 0.1. The FST

values among our populations are quite small since FST

values are highly influenced by the polymorphism of

the markers (Carreras-Carbonell et al. 2006). Never-

theless our T. delaisi populations are highly genetically

differentiated; consequently it is not the FST value itself

what is relevant to achieve accuracy of the recruits’

assignment but the genetic differentiation among

populations.

In T. delaisi, self-recruitment was very high as re-

vealed by the assignment tests. During the three years

studied, the self-recruitment in the Costa Brava pop-

ulation ranged between 63.8 and 68.6%. However,

among the three years there is a mean percentage of

11.0 ± 3.2% of recruits assigned to other populations,

mainly belonging to the geographically nearest ones

(Columbretes Is. and Formentera Is.). Furthermore,

the percentage of assignment to the most likely popu-

lation was generally high (Fig. 3). Given the life span

of this species, the correct assignment test was that

comparing the recruits of 2003 with the six adult

genetically differentiated populations sampled in the

same year (Fig. 2). Nevertheless, we observed a similar

percentage of recruits assigned to each adult popula-

tion over the three years indicating certain genetic

temporal stability. Furthermore, we obtained similar

FST values when we compared the recruits of each year

to each adult population, indicating that the genetic

relationships among populations did not change over

time (Table 2).

When we used the criterion algorithm of Rannala

and Mountain (1997) and the simulation algorithm of

Peatkau et al. (2004) to detect first-generation migrants

among the source populations used in the present

work, we detected 14 individuals with a probability

below 0.01 that were assigned to a different population.

This is in agreement with the isolation by distance

observed among these western Mediterranean popu-

lations (Carreras-Carbonell et al. 2006), indicating that,

although the populations were genetically differenti-

ated, a small connexion between them could exist,

allowing the interchange of individuals (via larvae)

between populations (FST: 0.009–0.066).

When the recruits assigned to Costa Brava popula-

tion were reassigned to a finer scale using as source the

three localities that are part of this population sepa-

rately (Cap de Creus, Tossa and Blanes), we observed

that, on average, the highest proportion of the recruits

settled in their natal locality (mean percentage across

three years of 40.6 ± 8.9%, Blanes) (Fig. 4). However,

the recruit contribution of the other two localities was

also high, reinforcing the idea that these three localities

conformed a homogeneous population (Costa Brava) as

suggested in Carreras-Carbonell et al. (2006). In spite of

Fig. 4 Percentage of recruits
assigned to Costa Brava over
2003, 2004 and 2005
reassigned using the three
localities that were grouped in
this population (CC, TO and
BL)
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the absence of genetic differentiation among the three

adult populations, 57% of the assignment test of the

recruits of the year 2003 pointed to Blanes as the most

likely source population. This result suggests the pres-

ence of high self-recruitment even at smaller scales and

with low genetic differentiation. Given the life span of

the species and the low genetic differentiation between

the Costa Brava localities, these assignments should be

done within the same year and could not be correct

among years due to annual variability. Therefore, the

percentage of recruits of the year 2004 and 2005 as-

signed within the Costa Brava population should be

considered with caution in agreement with the increase

of unassigned recruits in these two years (Fig. 4).

We can conclude that the vast majority of larvae

remain close to, or never leave, their population. Our

results are in agreement with the high self-recruitment

levels obtained in other studies (Jones et al. 1999, 2005;

Swearer et al. 1999; Thorrold et al. 2001; Miller and

Shanks 2004; Patterson et al. 2005), suggesting that the

extent of dispersal between populations is lower than

currently assumed. However, extensive inter-ocean

scale dispersal has been revealed in the reef fish Naso

vlamingii, indicating that dispersion may be highly

influenced by the nature of the life cycles of species

(Klanten et al. 2006).

Self-recruitment rate and, in general, gene flow

among populations can be related with spawning

characteristics and larval and adult strategies, e.g. Ri-

ginos and Victor 2001; Planes 2002 (however, see

Shulman and Bermingham 1995). Eggs of T. delaisi are

demersal and larvae remain in plankton for 16–21 days

(Raventós and Macpherson 2001); however, these lar-

vae are present almost exclusively in waters close to

adult habitats during the spawning season (Sabatés

et al. 2003). Thus, some retention mechanisms must be

acting in these larvae during the mobile phase, since

self-recruitment results imply that a significant per-

centage of spawned larvae come back to, or never

leave, their natal population.

The inshore larval distribution of T. delaisi would

determine that these species have lower dispersal

possibilities than species with larvae situated offshore

(Shanks and Eckert 2005). These differential dispersal

capabilities could be due to stronger transport currents

offshore than inshore (Tintoré et al. 1995; Largier

2003). Furthermore, larvae from benthic eggs, as those

of T. delaisi, are larger, better swimmers, and have

more developed sensory systems than larvae from pe-

lagic eggs (Blaxter 1986). The combination of these

characteristics may make retention more likely for

larvae from benthic spawners than for larvae from

pelagic spawners. Additionally, T. delaisi have plank-

tonic larvae in spring-summer, when the wind regime

(inshore winds) (Lloret et al. 2004) prevents dispersal

of larvae promoting high self-recruitment rate. As

Shanks and Eckert (2005) pointed out, the early life

traits of many species may show an adaptation to the

local oceanography, to avoid the alongshore loss of

larvae. This promotes the settlement of larvae into

their parental habitats. Nevertheless, self-recruitment

could be also influenced by local adaptation and not

only by retention, since larvae from distant populations

may fail to settle due to habitat selection and over-

whelm the homogenizing effect of dispersal (Rocha

et al. 2005).

The high self-recruitment rate observed in T. delaisi

can be extrapolated to other species with short plank-

tonic larval duration, larvae situated inshore and low

adult mobility, e.g. Gobiesocidae, Syngnathidae

(Macpherson and Raventós 2006) and can have

important implications for the conservation and man-

agement of Mediterranean littoral fishes. Furthermore,

T. delaisi populations are genetically isolated when

large discontinuities of sand or deep-water channels

(>30 km) are present among them, preventing larval

and adult exchange (Carreras-Carbonell et al. 2006).

The results observed in the present paper and works

from other authors (see references cited above) suggest

that larval retention and current population isolation

can be more elevated than presently assumed. These

parameters are essential in the estimation of the pop-

ulation connectivity among areas, and are critical for

sizing and spacing marine protected areas (Sala et al.

2002; Cowen et al. 2006). Therefore, in order to

maintain the connectivity among marine reserves in

the western Mediterranean, the location of these pro-

tected zones may consider the degree of genetic iso-

lation among populations, and the existence of

geographic and ecological discontinuities that prevent

gene flow among areas.
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II, Montpellier (France)

Blaxter JHS (1986) Development of sense organs and behaviour
of teleost larvae with special reference to feeding and
predator avoidance. Trans Am Fish Soc 115:98–114

Caley MJ, Carr MH, Hixon MA, Hughes TP, Jones GP, Menge
BA (1996) Recruitment and the local dynamics of open
marine populations. Annu Rev Ecol Syst 27:477–500

Carlsson J, McDowell JR, Dı́az-James P (2004) Microsatellite
and mitochondrial DNA analyses of Atlantic bluefin tuna
(Thunnus thynnus thynnus) population structure in the
Mediterranean Sea. Mol Ecol DOI 10.1111/j.1365–
294X.2004.02336.x

Carreras-Carbonell J, Macpherson E, Pascual M (2004) Isolation
and characterization of microsatellite loci in Tripterygion
delaisi. Mol Ecol Notes DOI 10.1111/j.1471-8286.2004.
00688.x

Carreras-Carbonell J, Macpherson E, Pascual M (2006) Popula-
tion structure within and between subspecies of the Med-
iterranean triplefin fish Tripterygion delaisi revealed by
highly polymorphic microsatellite loci. Mol Ecol DOI
10.1111/j.1365-294X.2006.03003.x

Cornuet JM, Piry S, Luikart G, Estoup A, Solignac M (1999)
New methods employing multilocus genotypes to select or
exclude populations as origins of individuals. Genetics
153:1989–2000

Cowen RK (2002) Larval dispersal and retention and conse-
quences for population connectivity. In: Sale P (ed) Coral
reef fishes; diversity and dynamics in a complex ecosystem.
Academic, San Diego, pp 149–170

Cowen RK, Paris CB, Srinivasan A (2006) Scaling of connectiv-
ity in marine populations. Science DOI 10.1126/sci-
ence.1122039

Cushing DH (1996) Towards a science of recruitment in fish
populations. Ecology Institute, Oldendorf
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