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ABSTRACT: Blue spiny lobster Panulirus inflatus (Bouvier, 1895) is an economically and ecologically
important species along the Pacific coast of Mexico. Because most studies have been done on the
local level and conducted to obtain fishery biology data, little is known about population boundaries.
Previous analysis showed slight morphometric differences between lobsters along the Baja California
Peninsula coast and those from the mainland coast. To determine whether differences are conse-
quences of local variation or reproductive isolation and genetic variations, the genetic structure of
P. inflatus was determined using sequence data of mtDNA (control region, 12S gene, and 16S gene).
Genetic variability (number of haplotypes, haplotype diversity, and nucleotide diversity) for each
mtDNA fragment was similar among localities. Nonsignificant differences among localities were
revealed (control region: ®st =—-0.0027, p = 0.555; 12S gene: ®st =-0.0011, p = 0.466; 16S gene: Ost =
—0.00834, p = 0.759). Low levels of differentiation in morphology and the absence of variability of
genetic structure suggest that the blue spiny lobster represents a panmictic population with pheno-
typic plasticity. We suggest that the lack of variation in genetic structure is related to oceanographic
processes coupled with an extended larval period. Mismatch analysis suggested that the population

history is characterized by range expansion.
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INTRODUCTION

Blue spiny lobster Panulirus inflatus (Bouvier, 1895)
is endemic to the tropical and subtropical Pacific coast
of Mexico, from southern Baja California to Oaxaca,
including some areas in the Gulf of California (see
Fig. 1), where it inhabits rocky bottoms above 30 m
depth (Pérez-Gonzdlez et al. 2002). The lobster is a
valuable resource to the local fishery of many commu-
nities (Vega et al. 1996).

In spite of its economic importance, knowledge
about the biology of species is scarce. Information
on reproductive activity, size, and sex composition is
known from some studies (Briones & Lozano 1992,
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Pérez-Gonzalez et al. 1992a,b, Munoz-Garcia et al.
2000), which has led to management measures, in-
cluding closed seasons, minimum legal size, and pro-
hibition from catching egg-bearing females. More
intensive studies of population dynamics and stock
evaluation are needed to improve the management
system (Pérez-Gonzéalez et al. 2002).

Better management strategies in the exploitation of a
fishery resource should be based on the recognition of
population boundaries. If the boundary of the fishery
does not encompass a stock, adequate management
may be affected because different growth and mortal-
ity characteristics of a population are not appropriately
considered (Skillman 1989). Determination of popu-
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lation genetic structure has not been studied in blue
spiny lobster and only limited data are available about
disjunctive populations. Garcia-Rodriguez et al. (2004)
found significant differences in a multivariate morpho-
metric analysis comparing the carapace of lobsters
from the coast of the Baja California Peninsula and
the coast of continental Mexico, suggesting that
phenotypic plasticity is influenced by local differences
in environmental factors rather than reproductive iso-
lation.

Previous studies of population differences in other
lobster species were based on allozyme analyses
(Shaklee & Samollow 1984, Hateley & Sleeter 1993,
Thompson et al. 1996, Perez-Enriquez et al. 2001).
Recently, analysis of lineages based on mtDNA was
used to evaluate population structure in this group of
lobsters (Diniz et al. 2005, Triantafyllidis et al. 2005,
Garcia-Rodriguez & Perez-Enriquez 2006). Analysis of
mtDNA has been a useful tool to study the relationship
between members of populations. Different mutation
rates occurring in mtDNA allow us to explore inter-
and intraspecific genetic variations. In spiny lobster,
DNA sequencing of coding genes, such as 16S and
COI, has been used for phylogenetic reconstructions,
supporting hypotheses based on morphological data to
explain origins and radiation of the Panulirus genus
(George & Main 1967, Ptacek et al. 2001, George
2005). Sarver et al. (1998) showed that the 16S gene
clearly helped to discriminate between 2 clades of P.
argus. The control region (also known as the ‘AT-rich’
region) in invertebrates—which does not code for a
functional gene and therefore is under fewer func-
tional and structural restrictions —leads to high aver-
age substitution rates (Saccone et al. 1987, Diniz et al.
2005), and has also proved to be useful for population
genetic studies among crustaceans (Grabowski &
Stuck 1999, Chu et al. 2003, McMillen-

Jackson & Bert 2003, Grabowski et al.

morphological differences in lobsters from Baja Cali-
fornia and the mainland reflect genetic differences and
reproductive isolation or phenotypic plasticity associ-
ated with local environmental differences.

MATERIALS AND METHODS

Sampling and DNA extraction. Lobsters were
obtained from 5 local commercial fisheries in the Mex-
ican states of Baja California Sur, Sinaloa, Nayarit,
Jalisco, and Guerrero (Fig. 1) between September
2002 and May 2005. Lobsters from the Baja California
Peninsula were captured in wooden traps; at the other
locations, lobsters were collected with tangle nets or
diving. After collection, muscle tissue from each speci-
men was preserved in 70% ethanol. Total genomic
DNA was extracted by incubating muscle tissue
overnight at 37°C in TNES buffer with Proteinase K
and using a standard phenol-chloroform procedure as
described in Perez-Enriquez & Taniguchi (1999). Iso-
lated DNA was suspended in 100 pl TE buffer (10 mM
Tris-HCI, 1 mM EDTA pH 7.6) and stored at 4°C.

mtDNA amplification and sequencing. PCR was
used to amplify 2 regions of mtDNA, a partial se-
quence of the 16S gene (543 bp) and the 12S control
region (12S-CR) fragment, composed of a putative
fragment of the 12S gene and a fragment of the control
region (663 bp). In both cases, each PCR reaction was
carried out in 50 pl containing PCR buffer 1X (Invitro-
gene), 0.2 mM dNTP mix, 0.48 pM of each primer,
4.0 mM MgCl,, and 2.5 U Tagq DNA polymerase (In-
vitrogene). The 12S-CR segment was amplified using
the primer pair sTRNA (5'-CAGGGTATCTAATCCTG-
GTT; Weider et al. 1996) and PinRC1-b (5'-GATGGC-
CCATTACCGAACTA; Garcia-Rodriguez et al. 2008).

2004, Diniz et al. 2005). Diniz et al.
(2005), wusing the control region,
showed that, in spite of the small sam-
ple size, there is very high diversity and
genetic structure for P. argus concor-
dant with that found using more con-
servative DNA sequences. Their data
supports the idea that the control
region has a high potential to be used in
intraspecific variability studies in spiny
lobsters.

For the present study, we collected
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Fig. 1. Panulirus inflatus. Sampling locations along the Pacific coast of Mexico
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PCR thermal cycling involved an initial denaturation
for 2 min at 94°C, followed by 35 cycles for 1 min at
94°C, 1 min at 63°C, and 2 min at 72°C. A final cycle,
lasting 4 min, was done at 72°C. The partial sequence
of the 16S gene was amplified, using primers 16Sar-L
and 16Sbr-H (Palumbi et al. 1991). PCR thermal condi-
tions were 2 min at 94°C, 30 cycles for 1 min at 94°C,
1 min at 60°C, and 2 min at 72°C. A final extension,
lasting 4 min at 72°C, was done. Amplification prod-
ucts underwent electrophoresis on 1% agarose gels
and stained with SybrGold, along with a molecular
weight marker, to confirm amplification and expected
size. PCR products were purified and sequenced
in sense and antisense (Macrogen). Individual se-
quences were deposited in GenBank (accession nos.:
EF645361-EF645486 for 16S gene, and EF645487-
EF645597 for the 12S-CR fragment).

Data analysis. Sequences of each gene were
arranged and overlapped using Sequencher v. 4.5
(GeneCode). Because of mutation rate differences
between the control region and the 12S gene, the 12S-
CR fragment was separated into the 12S gene and the
control region for each sequence, based on the
sequence of Panulirus japonicus (GenBank accession
no. NC 004251). Subsequent analyses were carried out
with the 3 fragments separated (16S, 12S, and control
region). Each gene sequence was aligned with MEGA
v. 3.0 (Kumar et al. 2004), which uses the ClustalW
algorithm. DnaSP v. 3 software was used to obtain
unique haplotypes (Rozas et al. 2003). Haplotype and
nucleotide diversity were estimated for each location
using Arlequin v. 3.0 software (Excoffier et al. 2005). A
minimum spanning network was constructed to review
the genealogical relationship among the different hap-
lotypes, using multi-state data as it is implemented in
Network program 4.2.0.1 (available at www.fluxus-
engineering.com/sharenet.htm). A neighbor-joining
phylogram based on the Kimura-2 parameter model
(Kimura 1980) was constructed in MEGA v. 3.0 (Kumar
et al. 2004), using P. laevicauda as the outgroup for 16S
(GenBank accession no. AF337969), since it is the
phylogenetically closest species to P. inflatus. A chi-
squared test, based on Monte Carlo simulations (Roff &
Bentzen 1989), was used for 1000 iterations, using the
Monte routine in REAP (McElroy et al. 1991) to deter-
mine whether haplotype heterogeneity among popula-
tions was statistically significant. Finally, we examined
population structure by calculating genetic variation
within and among populations using analysis of mole-
cular variance (AMOVA). AMOVA was carried out by
considering all localities as a single geographic region.
Molecular pairwise ®st (analogous to Fsr) were esti-
mated to evaluate genetic differentiation between
pairs of populations. AMOVA and ®st values were
obtained using Arlequin v. 3.0 (Excoffier et al. 2005).

Mismatch distribution differences were estimated to
review historical demography. The shape of the mis-
match distribution is relevant because it may be used
to deduce whether a population is undergoing sudden
population expansion or is in equilibrium (Rogers &
Harpending 1992). In general, chaotic and multimodal
distributions suggest a population of constant size,
whereas unimodal distributions reflect a population
that has experienced a sudden demographic expan-
sion. Parameters of the model of sudden expansion (t,
0o, and 6;) and mismatch distribution differences were
estimated using Arlequin v. 3.0 (Excoffier et al. 2005).
Time of expansion was estimated according to Rogers
& Harpending (1992):

t = 1/2p

where t measures time in generations when a popula-
tion expansion begins and p is the specific fragment
mutation rate. The parameters 6, and 6; measure the
expected pairwise differences before and after the
expansion. Goodness-of-fit between the observed dis-
tribution and expected distribution under the sudden
expansion model was computed using Arlequin
(Excoffier et al. 2005).

RESULTS
Genetic diversity

We obtained 113 sequences of the 16S (543 bp) and
112 of the 12S-control region (325 and 338 bp each)
fragments. Measures of genetic variability showed
that the most variable fragment was the control
region and the least variable was the 16S gene, with
80 distinct haplotypes identified in the control region,
40 in the 12S gene, and 33 in the 16S gene. The most
frequent haplotype found in the control region
(Hap-12) occurred 10 times, in the 12S gene (Hap-2)
occurred 32 times, and in the 16S gene (Hap-5)
occurred 44 times, which indicates lower dominance
of a single haplotype in the control region compared
to 12S and 16S. Haplotype and nucleotide diversity
were also higher in the control region than in the 12S
and 16S genes (Fig. 2; Table 1), indicating that popu-
lation analysis of the blue spiny lobster was based on
different levels of genetic variability. Haplotype di-
versity was relatively high, yet similar among the
5 locations (Table 1).

Phylogeography and genetic structure

The parsimony network of the 16S gene showed that
the single most frequent haplotype (Hap-5) was simi-
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Fig. 2. Panulirus inflatus. Genetic diversity means estimated
from 3 mtDNA fragments. CR = control region. White: haplo-
type diversity; black: nucleotide diversity

larly shared among all localities (Fig. 3), which may
also be the most ancestral. Adjacent haplotypes in the
network differed by 1 or 2 mutational steps. No adja-
cent haplotype differed by >2 mutational steps. None
of the clades was associated with a particular geo-
graphic area and rare haplotypes were indifferently
connected with either of the 2 main lineages. Networks
constructed from other mtDNA fragments were consis-
tent with these observations (data not shown). None of
the common haplotypes of each mtDNA fragment was
geographically restricted, a pattern consistent with
gene flow.

Phylogeographic analysis, based on neighbor-
joining, also showed low divergence along the Pacific
coast of Mexico. None of the clades was clearly associ-
ated to a specific geographic region for the 16S frag-

Table 1. Panulirus inflatus. Genetic diversity estimated for 3
mtDNA fragments at 5 localities. BCS = Baja California Sur;
N = no. of haplotypes

Locality n N Haplotype Nucleotide
diversity diversity
Control region
BCS 20 18 0.990 +£0.019 0.026 +0.014
Sinaloa 19 19 1.000+0.017 0.028 +0.015
Nayarit 22 18 0.957+0.037 0.019+0.011
Jalisco 29 26 0993 +0.011 0.022+0.012
Guerrero 22 20 0.991+0.017 0.024 +£0.013
128
BCS 20 17 0.979+0.025 0.012 +0.007
Sinaloa 19 13 0.942+0.038 0.012 + 0.007
Nayarit 229 0.844 +£0.061 0.007 +0.005
Jalisco 29 19 0.887+0.056 0.009 +0.005
Guerrero 22 13 0.892+0.055 0.009 +0.005
16S
BCS 24 10 0.804 £0.070 0.004 +0.002
Sinaloa 18 9 0.863+0.061 0.004 +0.003
Nayarit 26 15 0.855+0.067 0.005+0.003
Jalisco 16 8 0.842+0.075 0.004 +0.002
Guerrero 29 14 0.825+0.068 0.004 +0.002

Fig. 3. Panulirus inflatus. Minimum spanning network obtai-

ned using 16S sequences. Size of circle: relative frequency of

haplotype. Transversal short lines between haplotypes: num-

ber of mutational steps between each pair haplotype. BCS =

Baja California Sur, SIN = Sinaloa, NAY = Nayarit, JAL =
Jalisco, GUE = Guerrero

ment (Fig. 4), as occurred for the 12S fragment and
control region (data not shown). Haplotype frequency
distribution of each of the 3 fragments did not indicate
a heterogeneous distribution among the 5 localities
(x* = 316.06, p = 0.787 for the control region; y* =
154.48, p = 0.570 for the 12S gene; X2 = 120.02, p =
0.816 for the 16S gene). AMOVA did not reveal a sig-
nificant genetic difference among the 5 populations, as
the percentage of variation explained by differences
among populations was extremely low and not signifi-
cantly different from 0 (®st =-0.0027, p = 0.555 for the
control region; ®st = -0.0011, p = 0.466 for the 12S
gene; Ost = —0.00834, p = 0.759 for the 16S gene). A
large proportion of the genetic variance was parti-
tioned within populations. Pairwise ®st was not signif-
icantly different between populations (Table 2). An
additional sample (n = 23) from Puerto Angel, Oaxaca
(Fig. 1) obtained in November 2002 was included in
the analysis using only 16S sequences. Results also
indicated genetic similarities throughout the distribu-
tion area (x% = 174.05, p = 0.884; ®dst = —0.0064, p =
0.691).

Demographic history
The patterns of mismatch distribution and the orders

of magnitude of the expansion model parameters were
different among the 3 mtDNA fragments (Table 3). The
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mismatch distributions were unimodal in both 16S and
12S genes, although the shape of the distribution of the
16S gene was relatively more similar among the local-
ities than that of the 12S DNA fragment. The control
region appeared somewhat multimodal in the 5 locali-
ties (Fig. 5). Nevertheless, the ‘sudden expansion
model’ fitted all mismatch distributions, except for the
control region at Sinaloa (Table 3); therefore, the
hypothesis of a sudden population expansion could not
be rejected. Apparent multimodal mismatch distribu-
tion of the control region could be indicative of a hap-
hazard representation of haplotype lineages coloniz-
ing these areas. Similar demographic histories of spiny
lobsters in this geographic area are seen from shapes
of sequences of mismatch distribution, although the
peaks of the distribution of 12S were closer to the
origin at southern locations. Parameters 6, and 0,, esti-
mated from 12S and the control region in the 2 north-
ern localities (particularly Baja California Sur), indi-
cated that the expansion is faster than in southern
localities (Nayarit, Jalisco, and Guerrero) (Table 3).
The parameter 0, showed a declining pattern from
Baja California Sur to Nayarit, becoming relatively
stable at southern locations.

DISCUSSION

Based on the differences in the number of haplo-
types and genetic diversity of the analyzed fragments,
different levels of genetic variability throughout the
mtDNA were detected in the blue spiny lobster. The
control region was the most variable fragment and 16S
the least variable. The control region is a noncoding
region that includes the signals necessary for replica-
tion of the molecule and is the most rapidly evolving
region of mtDNA (Heyer et al. 2001). Because of its
high variability, it is commonly used to compare popu-
lations. The other 2 fragments were less variable, par-
ticularly the 16S fragment. This gene is commonly
used in phylogenetic analysis because it is a relatively
well-conserved gene that allows comparisons of evolu-
tionary lineages at the species level (Ovenden et al.
1997, Ptacek et al. 2001). In spite of
the differences in genetic diversity in
the 3 fragments, results from 12S and 0.005

Since almost every individual represented a unique
haplotype, an analysis based only on sequencing in the
control region would require a very large sample size
to detect common haplotypes and associate them to
particular geographic areas.

We found similar genetic composition in the 3
mtDNA fragments among localities; genetic parame-
ters (estimated using x?, AMOVA, and pairwise ®st)
were not sufficiently different to show a clear phylo-
geographic pattern. Clades associated with particular
geographic regions were not evident from these
3 mtDNA regions. Although morphometric differences
were noticed between individuals from Baja California
Peninsula and the continent (Garcia-Rodriguez et al.
2004), they were not strong enough to suggest disjunc-
tive populations. Instead, influences of local conditions
are the most plausible reason to explain the differ-

16S also suggest that blue spiny lob-
ster maintains high genetic variability
that can be related to large population
size, allowing increases in mutations
and generating a greater number of

BCS| SIN | NAY | JAL | GUE
Hap 9 1 2
64— Hap 11 2
Hap 33 1
Hap 1 4 3 1 1 1
— Hap 19 1
— Hap 6 1
— Hap 29 1
Hap 5 10/ 6 |10 | 6 | 12
26 Hap 4 1] 1
W' Hap 23 1
— Hap 14 1
— Hap 12 1
241 Hap 21 1 |1
— Hap 26 1
— Hap 28 9
Hap 18 1
—— Hap 17 1
35 49, Hap 8 1 1 2 1
47)Hap 20 1 1
29/ L Hap 31 1
Hap 2 1 1
L Hap 32 1
25— Hap 22 1
o7 4{ Hap 16 1
6|-Hap 24 1 |1
58 — Hap 10 1
6 _|T-|ap 30 1
Hap 3 3 3 2 3 2
10— Hap 13 1
— Hap 25 1
L— Hap 27 1
— Hap 15 1 1
Hap 7 1

P. laevicauda

allelic variants. High variability in
other crustaceans has been offered as

Fig. 4. Panulirus inflatus. Neighbor-joining tree based on 16S sequences and
haplotype frequencies. BCS = Baja California Sur, SIN = Sinaloa, NAY =
Nayarit, JAL = Jalisco, GUE = Guerrero

a cause for relatively elevated muta-
tion rates (Palumbi & Benzie 1991).
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Table 2. Panulirus inflatus. Pairwise ®st (below) and corresponding p values In a study of the Caribbean spiny lob-

(above). BCS = Baja California Sur

ster Panulirus argus from the Carib-
bean and Brazil, Sarver et al. (1998)

mtDNA  Locality BCS Sinaloa Nayarit Jalisco Guerrero used the same partial sequence from
fragment 16S to distinguish 2 completely sepa-
rate populations, which are considered

Control BCS - 0.958 0.473 0.418 0.381 . . .
region Sinaloa -0.024 - 0.165  0.154  0.121 subspecies (P. argus argus in the Carib-
Nayarit —0.005 0.018 - 0.906 0.854 bean and P. argus westonii in Brazil).
Jalisco -0.002 0.017 -0.018 - 0.925 They associated genetic isolation to
Guerrero 0.002 0021 -0.017  -0.018 - oceanographic conditions (reduced sa-
128 BCS B 0.894 0.345 0.482 0288 linity and high turbidity) present near
Sinaloa —0.025 _ 0.078 0.209 0.220 the mouths of a series of rivers, as geo-
Nayarit 0.003 0.035 - 0.954 0.459 graphic barriers to larval dispersion
Jalisco -0.004 0.013  -0.025 - 0.921 and postlarval settlement. Such genetic
Guerrero 0.008 0016 -0.003  -0.019 - differentiation does not exist in the
16S BCS B 0.930 0.931 0.186 0.659 blue spiny lobster, because there are no
Sinaloa ~0.029 - 0.849 0.322 0.857 barriers along the coast of the penin-
Nayarit -0.022  -0.020 - 0.586 0.476 sula and the mainland, even though
Jalisco 0.023  0.004  -0.011 - 0.157 they are separated by 220 to 250 km of
Guerrero  -0.011 ~ -0.021  -0.003 0.022 B open sea at the mouth of the Gulf of

California. Our results are probably a

Table 3. Panulirus inflatus. Parameter of historical demography of 5 distribution consequence of 2 conditions: oceano-
localities and goodness-of-fit test for 3 mtDNA fragments. BCS = Baja California graphic currents in the Eastern Pacific

Sur, SSD = sum of squared deviations, RAG = raggedness index of Harpending

and the long larval stage of this lobster.

In other species, minuscule population

Average

BCS 5.170 0.293 52.877
Sinaloa 5.606 0.158 32.718
Nayarit 4.665 0.100 10.488
Jalisco 4.867 0.280 13.376
Guerrero  5.850 0.008 15.547

— Parameter — Goodness-of-fit-test differentiation was found in P. margi-

t i i SSD Pissp) RAG Prac) natus (Shaklee & Samollow 1984), P.
16S argus (Hateley & Sleeter 1993), P.
BCS 2.500 0.000  7.607 0.008  0.494 0.038  0.628 cygnus (Thompson et al. 1996), and P.
Sinaloa 2.587 0.000 15.894 0.005 0.573 0.035 0.585 interruptus (Garcia-Rodriguez & Perez-
Nayarit ~ 3.168 0.001  8.370 0.003 0775  0.019  0.929 Enriquez 2006). In these cases, marine
Jalisco 2.399 0.003 10.227 0.002  0.899  0.025  0.920 culati d’ the 1 | ’1 X
Guerrero  2.487 0.001 10.376 ~ 0.008 0338  0.041  0.356 circulation and the fong ldrval stage
125 were suggested as the primary basis for
BCS 3.436 0.880 48.008 0.003  0.550  0.019  0.747 the similarities.
Sinaloa  4.518 0.474 12.398 0.006 0769  0.016  0.934 Circulation in the Eastern Pacific is
Nayarit 2.461 0.000 7.423 0.010 0.436 0.037 0.644 CompleX. Two marine currents plaY an
Jalisco 2.676 0.835 11.038 0.004  0.737 0.020  0.809 . R
Guerrero  3.898 0.024 7302  0.006 0767 0021  0.924 important role in distribution of lobster
Control . larvae. The California Current flows

ontrol region . . . .

BCS 9.575 0.000 103.015 0.010  0.124 0017  0.341 south along the Baja California Penin-
Sinaloa  9.714 0.000 69.863 0.022  0.035 0.058  0.041 sula and gradually turns west to feed
Nayarit ~ 8.367 0.298 15.672 0.016  0.445  0.052  0.186 the North Equatorial Current. Its inten-
Jalisco 9.527 0.001 18.864 0.016 0289  0.018  0.579 sity changes during the year. From Jan-
Guerrero 11.166 0.000 28.964 0.018  0.156  0.019  0.640

uary to June, but mainly in spring, the
California Current flows southeast to
13°N, 105°W, then turns westward.
From July to December, the current is
very weak and has little influence on
the North Equatorial Current (Wyrtki

ences. The genetic similarities suggest high genetic
flow among lobsters along the Pacific Coast, from the
Baja California Peninsula to Oaxaca, and support the
model that morphological differences are mainly a
consequence of phenotypic plasticity.

1967, Badan 1997, Kessler 2006). The

West Mexican Current flows north-
westward, increasing its speed from June to October,
when more tropical water is transported to the Gulf of
California (Kessler 2006). The California Current and
the West Mexican Current intensify their directional
pattern, although in an opposite way, depending on
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Fig. 5. Panulirus inflatus. Mismatch distribution from each fragment mtDNA for 5 sampling sites. Bars represent observed distri-
bution and lines represent expected distribution according to the sudden expansion models. BCS = Baja California Sur

the absence or presence of El Nino Southern Oscilla-
tion (ENSO) (Kessler 2006). Oceanographic processes
that vary seasonally and yearly are clearly important in
the larval drift and partly explain genetic homogeniza-
tion of discrete blue lobster populations. Johnson
(1974) found larvae of green spiny lobster Panulirus
gracilis west of the Galapagos Islands, showing a
strong influence of the currents on dispersion and dis-
tribution. Genetic homogeneity might be strongly
related to the extended phyllosoma larval stage that
drifts for 6 to 11 mo (Johnson 1960). Mature blue spiny
lobster has at least 2 spawnings each year, so that lar-
vae are present throughout the year (Pérez-Gonzalez
et al. 1992b, Munoz-Garcia et al. 2000) and move at the
mercy of the California Current and West Mexican
Current.

In the eastern tropical Pacific Ocean, other inverte-
brates show genetic differentiation. Valles-Jimenez et
al. (2004) found a genetic structure in whiteleg shrimp
Litopenaeus vannamei that they attribute to local

oceanographic processes (major water currents, a
warm water pool, and winter winds) and the duration
of the larval stage (2 wk in the open sea before enter-
ing coastal lagoons), factors that do not fully apply to
lobster. Bernardi et al. (2003) found 2 phylogeographic
patterns for 12 fish species in the Gulf of California and
along the west coast of the Baja California Peninsula.
Eight of these species had discrete populations (Pat-
tern 1) and 4 had high genetic flow (Pattern 2). Larval
dispersion, vicariance (geographic barriers), and eco-
logical factors explained their findings.

Historical analysis suggests that expansion demo-
graphic processes have occurred along the distribution
area of blue spiny lobster. If that is the consequence of
the resurgence of small isolated populations passing
through expansion events, one should expect to see the
signature of genetic drift affecting the haplotype
frequencies, which in our case revealed no significant
differentiation across the range. The mutational-drift
equilibrium timescales for these loci can be such that
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they might not be able to detect differentiation among
subpopulations given the historical population expan-
sion. However, previous information better supports the
idea that blue spiny lobster conforms to a single panmic-
tic population that expands throughout its range.

In general, demographic history, inferred from mis-
match distribution, suggests expansion patterns that
are relatively similar among the 5 localities. However,
some differences might be inferred from the 12S frag-
ment, where northern localities (Baja California Sur
and Sinaloa) share a right-shifted unimodal mismatch
distribution that suggests that these localities may be
relatively older and the 3 southern localities share a
left-shifted unimodal mismatch distribution that may
indicate a more recent common demographic history
(Rogers & Harpending 1992). Diversity data are consis-
tent with this idea. We calculated the average ratio n/H
(nucleotide/haplotype diversity) and found lower val-
ues in the southern locations (Fig. 6), which also sug-
gests a shorter history of haplotypes. High haplotype
diversity and close genetic distance among haplotypes
is interpreted as evidence of more recent population
expansion, presumably since insufficient time has
expired to generate enough nucleotide differences
(Cassone & Boulding 2006). Moreover, the 3 southern
localities have an average parameter-of-expansion
model 0; that is lower by several orders of magnitude,
reflecting a slower population increase relative to
northern locations (Table 1).

From our results, sudden population expansion sug-
gests that mtDNA haplotype frequencies have not yet
reached equilibrium; blue spiny lobster might be colo-
nizing newly available habits. In turn, blue spiny lob-
ster is regarded as a divergence from the Panulirus
gracilis stock in the north, settling in a new habitat in
and around the Gulf of California when the Baja Cali-
fornia Peninsula initially separated from mainland
Mexico in the late Miocene (George 2005). Northern
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BCS SIN NAY JAL GUE
Fig. 6. Panulirus inflatus. Relationship between average of
nucleotide and haplotype diversity for each locality. BCS =

Baja California Sur, SIN = Sinaloa, NAY = Nayarit, JAL =
Jalisco, GUE = Guerrero

colonization facilitated expansion into new habitats
and settlement in areas as distant as the western coast
of Baja California Peninsula. The ocean current sys-
tem, existing since the Pliocene, played an important
role in the selection process for settling of blue spiny
lobster (George 2005). Later, the 4 glacial episodes of
the Pleistocene may have contributed to genetic
homogenization by forcing the contraction and permit-
ting the expansion of the species’ range, as sea level
and sea surface temperature rose and fell.

To estimate the time when range expansion oc-
curred, we used the t parameters of the model of sud-
den population expansion calculated from the 16S
gene and the divergence rate of 0.88 to 2.2% every
million years that was estimated for the 16S of marine
crustaceans (Cunningham et al. 1992, Schubart et al.
1998). Based on the long larval stage, growth rate, and
size at maturity, the generation time for Panulirus
inflatus is ~2.5 yr (M. Villalejo-Fuerte pers. comm.).
From these ‘clock’ calibrations, range expansion of the
5 locations was between 55369 and 73 078 yr. These
estimates correspond to the last glacial period, sug-
gesting that conditions at that time influenced colo-
nization of the desired habitats.

Our analysis suggests that the blue spiny lobster is a
panmictic species that can be treated as a single man-
agement unit for fishery purposes. While further stud-
ies on short-term connectivity would complement this
view, coordinated efforts should be carried out among
capture sites to focus on maintaining local stocks to
ensure long-term conservation of blue spiny lobster
and its fishery.
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