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ABSTRACT: Purple sea urchin Strongylocentrotus purpuratus is fished from British Columbia,
Canada to Punta Baja, Mexico. The North American population has been divided into northern and
southern fishery stocks at the break of Point Conception, but little is known about its southernmost
distribution along the Mexican Pacific coast of the Baja California peninsula. In this study purple sea
urchin populations in six sites along the Baja California peninsula were analyzed using mitochondrial
deoxyribonucleic acid restriction fragment length polymorphism (mtDNA RFLP). A homogeneous
distribution of three common haplotypes among all sites was observed. A significant FST value,
however, indicated genetic structure mainly due to the haplotype array in San Miguel, Isla Todos
Santos and Punta Baja sites, which were characterized by having high haplotype diversity and several
unique haplotypes. Homogeneous distribution of haplotypes along the peninsula could have been
influenced by the unidirectional California Current system, flowing north to south. Unique haplotypes
in Punta Baja and the structure found could be the result of local oceanographic features specific to
this major upwelling zone. It may be necessary to consider the Punta Baja populations individually
when managing the purple sea urchin fishery in Baja California, as they show signs of being a unique
stock.
KEY WORDS: Baja California, COI, mtDNA, population structure, purple sea urchin, RFLP,
Strongylocentrotus purpuratus.

INTRODUCTION
The purple sea urchin Strongylocentrotus purpuratus is widely distributed along the western coast of
North America, from Alaska to Baja California Sur
in Mexico,1 and is considered an important fishery
resource.2,3 The lack of management policies has
provoked a steep harvest decrease in California,
Washington and British Columbia at the end of
the twentieth century.3 The same situation applies
to the southern part of its distribution, along the
Mexican Pacific Coast, where the fishery remains
unregulated.4,5 In general, sea urchin populations are panmictic, showing weak or no genetic
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structure; larvae are planktotrophic and can spend
up to 121 days in the water column,6 providing
these species with a huge dispersal potential.
However, urchin larvae, along with the larvae of
most benthic invertebrates, require physical
advective processes, which vary in space and time,
to move onshore to adult habitats;7–10 this can
result in very different recruitment patterns
between sites and over years. These mechanisms
include wind-induced upwelling and relaxation,11,12 surface transport generated by direct
winds and current forcing,13 non-linear internal
waves7,14 and internal tidal bores.9,15 Because many
of the above physical processes vary greatly
between sites and along coasts at various different
scales, differences in recruitment,16,17 larval retention18 and population structure may result.19 The
distribution and transport of purple sea urchin
larvae has been researched for some time now, and
doi:10.1111/j.1444-2906.2008.01592.x
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while a general association of settlement with
relaxation of upwelling has been shown, patterns
have been confused by large interannual and
between-site differences that are not always
explainable.20,21 Genetic studies also show inconsistencies in population structure, complicating
fisheries management decisions. Allozyme analyses of the purple sea urchins from the coast of
California22,23 have shown panmictic populations.
However, Edmands et al.24 found population structure using allozymes and cytochrome oxidase I
(COI) DNA sequencing in purple sea urchins collected between Panther Beach, USA, and Punta
Cabras, Mexico. They also observed demographic
dissimilarity between sites on a geographic scale,
suggesting restricted gene flow in some areas in
response to local topography or oceanographic
features, which resulted in discrete subpopulations. Flowers et al.25 sequenced COI in purple sea
urchins from California, but did not find any
genetic structure. In Mexico, except in Punta
Cabras,24 the genetic identity and structure of
purple sea urchin populations has not been
studied and there is no information available to
our knowledge on larval distribution or transport.
The Baja California peninsula is dominated
by the southern end of the southward flowing
California Current (described in detail in Hickey26).
Inshore of this strong current there is much variability in local oceanographic conditions, upwelling regimes, and alternating localized currents and
internal wave regimes (i.e. the Ensenada front27 and
its biophysical implications,28 the California undercurrent,29 internal waves and larval transport30 and
general patterns26,31). Along this coast there are particular sites, such as Ensenada and Punta Eugenia,
where oceanographic features show seasonal patterns such as eddies and upwellings.32,33 In contrast,
there are other areas that are continuously dominated by more persistent strong upwelling (and the
resultant upwelling shadows down-current), such
as in Campo Kenedy34 and Punta Baja, where these
features are present all year round;35 these features
could affect larval dispersal or retention, and could
result in population structure differences at different temporal and spatial scales.36
In Mexico, S. purpuratus is the second most
important resource for the sea urchin fishery
(S. franciscanus is the first37), yet remains unregulated. The maximum harvest of S. purpuratus was
815 t in 1996 and was down to 400 t in 2002
(Palleiro-Nayar J, pers. comm., 2003). In order to
provide information to managers for fishery regulations, a first approach would be to discriminate
genetic differentiation of populations along the
coast, a parameter often used for management
decisions to approach the fisheries as suggested by
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Park and Moran38 and Thorrold et al.39 Here we
present a genetic population analysis of S. purpuratus collected from San Miguel in northern Baja
California to Bahia Tortugas in Baja California Sur.
Our main goal with this analysis was to determine
if there is a large continuous population or if there
are discrete, genetically distinct smaller subpopulations. This is critical management information
that should be considered in the light of the
increasing interest in this fishery resource.
MATERIALS AND METHODS
Purple sea urchins were collected haphazardly
from 1-m2 intertidal quadrats. Their location was
determined using a list of random numbers, and
placed parallel to the shoreline40 in six sites along
the west coast of Baja California, Mexico (Fig. 1) in

Fig. 1 Sampling sites on the western Baja California
coast of this study: SMITS is composed of SM, San
Miguel; ITS, Isla Todos Santos (31.8055°N116.7886°W, 31.9016°N-116.7280°W); CK, Campo
Kenedy (31.7022°N-116.6850°W); LCh, La Chorera
(30.4706°N-116.0475°W); PB, Punta Baja (29.9486°N115.8121°W); SC, Punta San Carlos (29.6201°N115.5089°W). Sampling sites in Baja California Sur: PEL is
composed of IN, Isla Natividad (27.8506°N-115.1709°W);
PR, Punta Rompiente (27.7255°N-114.9938°W); BT, Bahía
Tortugas (27.6627°N-114.8768°W). Boxed sites are those
sampled by Edmands et al.24
© 2008 Japanese Society of Fisheries Science
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2001 and 2002; sampling was done once for each
site. The sites are rocky shores with outcropping or
rocky points characterized by upwellings, eddies
and distinct differences in sea urchin densities
(data not shown). In each site at least five quadrats
were sampled and a random representative sample
of sea urchins was chosen from each quadrat at
each site, with a range of 16–27 organisms per site
or combined sites. Specimens were transported
either alive or preserved in 70% ethanol to the
laboratory where either the gonad(s) or the peristomeal membrane of each individual were dissected, labeled and stored at -70°C until further
DNA extraction.
DNA extraction
Total genomic DNA was obtained from 100 mg of
frozen tissue homogenized in an extraction buffer
containing 10 mM Tris, 1 mM EDTA pH 8.0,
100 mM NaCl, SDS 0.1% and 0.25 mg of proteinase
K. Tissue was digested overnight at room temperature, and DNA was purified by a modified phenol–
chloroform protocol.41 Alternatively, we used a saltmodified protocol42 for which the extraction buffer
consisted of 200 mM Tris, 25 mM EDTA, 250 mM
NaCl, 0.5% SDS, 2% CTAB, 0.1% PVPP and 0.2%
b-mercaptoethanol. Finally, DNA was precipitated
in 99% isopropanol, washed in 70% ethanol and
resuspended in Tris-EDTA (TE) at pH 8.0.
DNA quantity and quality was evaluated by
electrophoresis on 0.7% agarose gels stained
with ethidium bromide (0.5 mg/mL) and using a
UV-light spectrophotometer (Lambda 40, Perkin
Elmer, Waltham, MA, USA).
PCR amplification
Using Primer Select v3.05a software (Winstar, Inc.,
Madison, WI, USA) and the complete mitochondrial genome sequence of S. purpuratus43
(GenBank accession no. X12631), we designed a
pair of primers targeting the COI gene for the
species: EPCOILf (5′-GTTAAACGGCCGCTGTATC
TTG-3′) and EPCOILr (5′-GGTGATTCCTTCCCG
TTGAG-3′). With these primers, 126 samples were
amplified for a 2093-bp fragment which included
the amplified regions recorded by Edmands et al.24
and Flowers et al.25 PCR reactions were performed
in a final volume of 50 mL containing 22 mM
Tris-HCl pH 8.4, 55 mM KCl, 220 mM dNTPs mix,
4.95 mM MgCl2, 0.05% Tween 20, 10 mM of each
primer, 0.22 U of Taq polymerase and 30 ng of
DNA. We used a 480 thermal-cycler (Perkin Elmer)
with the following profile: 5 min at 95°C for initial
© 2008 Japanese Society of Fisheries Science
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denaturation then 30 cycles of 1 min at 95°C for
denaturation, 1 min at 60°C for annealing and
2 min at 72°C for extension. A final step of 10 min
at 72°C was added to be sure of complete extension
of the fragments.

Restriction fragment length polymorphism
(RFLP) analysis
A theoretical endonuclease digestion analysis was
performed by Mapdraw software v3.05a (Winstar
Inc.) on the mtDNA COI gene sequence reported
by Jacobs et al.43 We used a random subsample set
of 22 purple sea urchin individuals as well as two
red sea urchins S. franciscanus for endonuclease
selection. As previously reported by Edmands
et al.,24 AccII and EcoT14I endonucleases were
informative, but since we used a longer gene
domain, RsaI was also found to show polymorphism. Overnight endonuclease digestions were
performed on 600 ng of PCR product, and restriction fragments were separated by electrophoresis
on 1.8% agarose gels. The restriction band patterns
were visualized by ethidium bromide (0.5 mg/mL),
recorded on 667 black-and-white Polaroid film
and analyzed through Kodak ID image analysis
software v3.6 (Kodak, Rochester, NY, USA) to
define fragment size and identify the distinctive
haplotypes.

Data analysis
A 2093-bp fragment of mtDNA COI gene was
analyzed, and it contained the 519-bp fragment of
mtDNA COI used by Edmands et al.24 All genetic
structure and phylogenetic analyses were performed using Arlequin v2.044 and Phylip v3.645 software, respectively. A preliminary pairwise genetic
homogeneity test allowed us to pool together
nearby locations (<20 km, Fig. 1), for which no
genetic heterogeneity was detected, in order to
increase sample size. The two locations SM and ITS
were grouped together as SMITS, while IN, PR and
BT were grouped as Punta Eugenia (PE), bringing
the total number of sites to six in our analysis. The
spatial distribution of genetic diversity was analyzed by means of an analysis of molecular variance (amova) based on haplotype frequency, and
isolation by distance through Mantel’s test (genetic
vs geographic distances). A bootstrapped distance
matrix (100 resamples) was used to construct a
neighbor-joining phylogenetic consensus where
the red sea urchin S. franciscanus was considered
as an outgroup.
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RESULTS
The largest number and greatest density of sea
urchins was found in the northern sampling sites.
In order to perform a better comparison we chose
to combine the southern sampling sites because of
the low number of sea urchins found in those sites.
In total 13 haplotypes were found along the studied
distribution of 126 purple sea urchin individuals.
Three of them were common across the sites
(SpCOI-3, SpCOI-8 and SpCOI-11), while the other
10 were only present in some sites, with some as
rare or unique haplotypes (Fig. 2). Punta Baja
(PB) displayed the highest number of haplotypes
and unique haplotypes (SpCOI-1, SpCOI-6 and
SpCOI-7).
The overall mean haplotype diversity was
0.7331 ⫾ 0.072, ranging from 0.6638 ⫾ 0.0876 at
Punta Baja (PB) to 0.8162 ⫾ 0.0607 at La Chorera
(LCh), with no statistical differences found
between sampling sites because standard errors
were large (Table 1). In contrast, overall F-statistics
showed significant differences among sites
(FST = 0.023, P < 0.0010), which could be interpreted as a structured population. Pairwise FST
values shown with this result was significantly
influenced by PB and SMITS as shown in Table 1.
No significant correlation between genetic and
geographic distance was detected (Mantel’s Test
r2 = 0.004, P = 0.054, 1000 permutations).
Although bootstrap support was low, the
neighbor-joining tree seems to discriminate at
least three groups of haplotypes. The first group
comprised a single haplotype (SpCOI-4), which
was represented by only one individual found at
La Chorera (LCh), and seems to be closely related
to S. franciscanus. A second group comprised
another two haplotypes (SpCOI-12 and SpCOI-13),
again represented by only one individual each,
found at LCh, but also at the southernmost sites
(PE). Finally, the other 10 haplotypes formed a
third group, widely distributed along the study area
(Figs 2 and 3).

DISCUSSION
Panmictic populations are common for coastal
invertebrates with planktotrophic larvae,24,25,46
since such a development strategy promotes a continuous gene flow between nearby locations.47 In
the present study we found that S. purpuratus
exhibited a weak genetic structure along the west
coast of Baja California, Mexico (FST 0.0494). Three
haplotypes dominated the study area, representing
nearly 70% of the individuals at each site and thus
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homogenizing genetic diversity, as would be
expected from a panmictic metapopulation. A
similar pattern of haplotype occurrence was previously reported for California and northern Baja
California,24,25 which was suggested to be due to
active transport of larvae favored by the California
Current, which runs from north to south. Edmands
et al.24 used a 519-bp segment of mtDNA COI gene
from nine sites in California, USA and one in Baja
California, Mexico and Flowers et al.25 used a
358-bp sequence of mtDNA COI from seven sites in
California, USA for the same species. The main difference between our results and that of other
authors is that we used six sites along the Baja
California peninsula, Mexico (>500 km between
northern- and southernmost sites) that represent
the southern distribution of S. purpuratus,1 and
our data support the idea that southern populations have higher genetic diversity than northern
populations. We suggest this because mutations
arising in the south would be less likely to move
northward and more likely to move southward, as
pointed out by Edmands et al.24 While some haplotypes were common among all sites suggesting
homogeneity, significant genetic differentiation
was, however, detected between the SMITS and
PB sites, according to the pairwise comparisons.
SMITS was the northernmost site; it exhibited the
lowest number of haplotypes, and SpCOI-11 was its
most common haplotype unlike the other sites. PB
had the highest number of haplotypes and the
greatest number of unique haplotypes. This result
may be due to sample size, as genetic analysis of
marine population structures often indicates only
slight geographic differentiation in species with
high dispersal potential.19 However, the PB site and
the pooled SMITS sites had the largest number of
individuals, and still showed significant differences
in our data set. Therefore, we assume that our data
show true patterns rather than artifacts of sampling error.
Avise47 mentions that local events of ocean
dynamics can disrupt genetic homogeneity, allowing the occurrence of genetic patches even when
high gene flow is present through the range of a
species. Even in a unidirectional flow such as the
California Current, differing patterns of upwelling
and relaxation can cause regional retention,18 as a
few haplotypes of LCh, PB, SC and PE sites show.
The SMITS sites are within Todos Santos Bay (in
front of Ensenada), one on the lee side of the island
(ITS) potentially limiting the bay from connectivity
with offshore, while the other site is directly west of
the island, within the bay, on the mainland (SM);
this bay may potentially act as a retention site.
Retention has been shown in semi-enclosed environments for the sea urchin Evechinus chloroticus
© 2008 Japanese Society of Fisheries Science
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Fig. 2 mtDNA COI gene haplotype frequency distribution of the populations of Strongylocentrotus purpuratus of
the west coast of Baja California. SMITS, San Miguel and Todos Santos Island; CK, Campo Kenedy; LCh, La Chorera;
PB, Punta Baja; SC, San Carlos; PE, Natividad Island, Punto Rompiente and Bahía Tortugas. Pie charts show the
haplotydic frequencies of each site.

© 2008 Japanese Society of Fisheries Science

FST P-values showed significant differences among sites with respect to the population as a whole (FST = 0.0494, P < 0.0010) below diagonal (value ⫾ standard deviation), and
FST values above diagonal; n, sample size of each site.

0.6967 ⫾ 0.0498
0.7310 ⫾ 0.0805
0.8162 ⫾ 0.0607
0.6638 ⫾ 0.0876
0.7076 ⫾ 0.0679
0.7833 ⫾ 0.0852
25
19
17
27
22
16
0.04819
-0.02312
-0.03165
0.03437
0.00383
–
0.13587
-0.04319
-0.03638
0.02069
–
0.29199 ⫾ 0.0151
0.23277
0.01362
0.04053
–
0.22559 ⫾ 0.0147
0.15039 ⫾ 0.0101
0.08176
-0.03904
–
0.12402 ⫾ 0.0100
0.74219 ⫾ 0.0153
0.71191 ⫾ 0.0159
0.08199
–
0.80176 ⫾ 0.0097
0.26367 ⫾ 0.0181
0.86133 ⫾ 0.0105
0.58594 ⫾ 0.0164
–
0.06934 ⫾ 0.0065
0.07422 ⫾ 0.0074
0.00098 ⫾ 0.0010
0.02637 ⫾ 0.0042
0.11719 ⫾ 0.0099
SMITS
CK
LCh
PB
SC
PE

Haplotypic diversity
n
PE
SC
PB
LCh
CK
SMITS
Site

Table 1 Mitochondrial DNA COI gene haplotypic diversities for Strongylocentrotus purpuratus populations along the Pacific coast of Baja California peninsula
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where recruits settle from larvae that have originated, been retained and completed development
within a fiord, and where reduced larval exchange
provides a mechanism for the observed genetic
differentiation of this population.17 The SMITS
population, in a similar way, may be a selfrecruiting population that is genetically isolated
and haplotype-poor compared to other surrounding populations, as a result of the large bay of
Todos Santos.
South of Ensenada and north of San Quintín, the
California Current once again comes near shore in
a feature called the Ensenada front27 (north of this
area, the California Current is much further offshore). This feature could connect populations in
the southern California Bight (USA) with populations south of the Ensenada front through the connectivity of the California Current when it comes
back onshore, and at the same time leaves populations in the Ensenada region isolated from populations both in the southern California Bight and
further south of Ensenada.
In comparison with all other sampling areas,
the PB region is characterized by the occurrence
of a strong coastal southward current35 and
eddies.26,32,48 Such distinctive oceanographic features in this area allow year-round upwelling,
and high primary production (up to 8 mg/m3 of
chlorophyll-a33,48). Durazo and Baumgartner32
indicate the dominance of poleward motion associated with considerable recirculation both in the
onshore–offshore and alongshore directions. A
distinct narrow flow tending shoreward and poleward, and associated return flows, divides the
region into northern and southern areas. This
shoreward–poleward flow can be traced approximately at 27°N, cutting across the survey region to
its convergence with the coast just to the north of
30°N. This separated flow could explain the differences between the SMITS and PB sites; local
recruitment could occur at each site, so that the
unique haplotypes of PB do not reach the SMITS
sites, as flow is rarely northward. The southward
flowing California Current could bring common
haplotypes to the PB area, while at the same time
the recirculation flow associated with upwelling
shadows18,49 could create areas of retention and
self-recruitment of unique haplotypes that would
never be transported to the north because of
the strong southward-flowing California Current.
According to our results, the absence or reduction
of reproductive and larval abundance peaks of
purple sea urchin S. purpuratus 20 could not
affect the haplotydic frequency, because S. purpuratus is well represented. This is not the case for
PB, which has the greatest unique frequency but
minimal represented percentage.
© 2008 Japanese Society of Fisheries Science
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Fig. 3 Neighbor-joining tree of
mtDNA COI gene haplotypes
of Strongylocentrotus purpuratus
along the western coast of Baja
California. Numbers on branches
are bootstrap scores. Right-hand
columns show mtDNA COI gene
haplotype code; n, number
individuals of each haplotype
per site.

Supporting the above hypothesis, PB exhibits the
highest densities of purple sea urchin along Baja
California. Similarly, red sea urchin S. franciscanus
densities at PB of 5.9 inds/m2 (Palleiro-Nayar J,
pers. comm., 2003) support the most intense and
productive fishery of the species along the Baja
California west coast, contrasting with the lowest
densities at SMITS (2.6 inds/m2). PB may be an
area of accumulation of common northern haplotypes due to the unidirectional current along the
coast, while at the same time is a refuge for unique
haplotypes due to recirculation in the Vizcaino Bay,
causing self-recruitment of rare haplotypes. Again,
because this area has one of the highest sampling
numbers, we do no believe this is an artifact. In
addition, Ganz and Burton50 reported PB as a
genetically distinct location along the Baja California peninsula in a study on the copepod Trigriopus
californicus.
Near the southern limit of the species, the PE
sites showed a homogeneous haplotype frequency.
This protruding point, the largest on the entire
peninsula of Baja California, has connectivity with
the California Current through the anticyclone
eddy of San Sebastian in Vizcaino Bay.35 This eddy
© 2008 Japanese Society of Fisheries Science

brings large amounts of water from the north
through the California Current. However, in contrast to the PB area, PE would not have any recirculation current to trap and self-recruit unique
haplotypes as they occur on the open coast near a
deep shelf where the California Current comes very
close to shore. They would, therefore, have little
connection with the PB area and at the same time a
large connection with more northern sites. Our
genetic data support this hypothesis.
In agreement with the observations of Edmands
et al.24 and Flowers et al.,25 we found that overall
haplotype diversity increased southwards, with
most of the rare and unique haplotypes occurring
south of LCh. A possible explanation of this pattern
is that dispersal of local rare haplotypes is limited
to local coastal currents and eddies where local
oceanography supports self-recruitment. Therefore, larvae may only be transported between
adjacent areas, as was the case with haplotypes
SpCOI-5 (CK, LCh, PB and SC), SpCOI-10 (SMITS
and CK) and SpCOI-2 (PE and SC). However, given
the stronger and longer influence of the California
Current system on the study area, dispersal is
favored southwards, preventing the rare haplo-
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types from reaching northern areas while causing
northern haplotypes to be homogenous across the
study site.
PB seems to be a key location to maintain
genetic diversity of the entire population because it
maintains the highest haplotypic diversity, but LCh
is the site that has haplotypes that are present in
the three branches of the neighbor-joining tree
and must be particularly considered in any fishery
management scheme for the purple urchin fishery.
Just as the North American sea urchin population
has been divided into northern and southern
fishery stocks in the area of Point Conception, California, USA,3,24 we suggest a new purple sea urchin
fishery stock definition in the Baja California peninsula, considering the areas south of LCh and all
areas near PB as separate stocks.
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