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Abstract

This study reports a year-round recruitment of spat

of four commercial bivalve species; Pteria sterna,

Euvola vogdesi, Pinctada mazatlanica and Pinna rugosa

collected in the region of Puerto Pe~nasco, north-

eastern coast of the Gulf of California. Bimonthly

recruitment of commercial bivalve spat on netlon�

collectors was evaluated for six sites from June

2007 to August 2008. To describe spat recruitment

abundances with environmental parameters, sea

surface temperature (°C) and surface chlorophyll a

concentration (mg m�3) were characterized by

means of monthly Aqua/MODIS satellite data. For

each species a repeated measures ANOVA was used to

evaluate differences in the number of spat between

months, sites and depths. Maximum sea surface

temperature was recorded in August–September

(~31.5°C) and the minimum in January–February

(~15°C), while the minimum surface chlorophyll

a was observed in June–September (mean

range = 1.5–2 mg m�3) and the maximum in

January–March (mean range = 2–5 mg m�3). Spat

recruitment showed distinct patterns; P. sterna can

be characterized as having a Winter–Spring pattern,

E. vogdesi a winter pattern, while P. mazatlanica and

P. rugosa a summer spat recruitment pattern. This

information constitutes part of the fundamental

data needed for the development of aquaculture and

conservation initiatives in the region based on wild

spat supply.

Keywords: Pteria sterna, Euvola vogdesi, Pinctada
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Introduction

In the Gulf of California, NW Mexico (Fig. 1a), there

have been several attempts to cultivate bivalve spe-

cies, which include pearl oysters, penshells and scal-

lops among the most representative bivalve species.

However, boom and bust cycles have characterized

the aquaculture production of these bivalve species.

Frequently, site selection, availability of spat and

laboratory husbandry, among others, have been

indicated as key factors undermining aquaculture

initiatives (Reynoso-Granados, Maeda-Mart�ınez,

Cardoza-Velazco & Monsalvo-Spencer 1996; F�elix-

Pico 2006; Saucedo, Ormart-Castro & Osuna-Garc�ıa

2007). Aquaculture could increase the production

of these species (Rangel-D�avalos 1990; F�elix-Pico

2006), while helping to prevent social and eco-

nomic shortcomings due to overfishing in the

region as well.

In the case of pearl oysters, there are two com-

mercial species of the Pteridae family: Pteria sterna

and Pinctada mazatlanica. Although, both species

have been fished and cultivated for over a century

(C�aceres-Mart�ınez, Ru�ız-Verdugo & Ram�ırez-Fillipini

1992; INAPESCA 2011; Diario Oficial de la Fede-

raci�on 2013), the fisheries and aquaculture policy

administration differ among species. While fishing
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P. mazatlanica requires a special permit issued by

the Secretary of the Environment and Natural

Resources, SEMARNAT, because it is listed as

threaten species (Diario Oficial de la Federaci�on

2010), requiring the setting of a quota and a man-

agement plan, P. sterna does not require a special

permit. On the other hand, in 2013 a new regula-

tion was approved for the aquaculture of both spe-

cies, thus, the cultivation of each species requires a

special permit (Diario Oficial de la Federaci�on

2013). P. sterna is cultivated under natural condi-

tions for the production of pearls and half-pearls

(mab�e) (Ruiz-Rubio, Acosta-Salm�on, Olivera,

Southgate & Rangel-D�avalos 2006). While signifi-

cant progress has been made on hatchery and hus-

bandry production of P. sterna (C�aceres-Puig,

C�aceres-Mart�ınez & Saucedo 2009), successful

attempts to cultivate P. mazatlanica under both lab-

oratory and natural conditions have been variable

(C�aceres-Mart�ınez et al. 1992; Saucedo, Bervera-

Le�on, Monteforte, Southgate & Monsalvo-Spencer

2005).

Among scallops, the concave scallop Euvola vo-

gdesi is also fished in the region along with the

catarina scallop, Argopecten ventricosus and lion’s

paw, Nodipecten subnodosus. (F�elix-Pico 2006). The

concave scallop is fished along both margins of the

Baja California Peninsula and mainland coast of

Sonora, although it represents a smaller produc-

tion than the other scallop species (F�elix-Pico

2006). There have been several studies focused on

spat collection (Ru�ız-Verdugo & C�aceres-Mart�ınez

1991; Tobias-Sanchez & C�aceres-Mart�ınez 1994)

and growth-out (Ru�ız-Verdugo & C�aceres-Mart�ınez

1994). In the case of penshells, Pinna rugosa has

been the subject of several efforts addressing the

culture of the species, covering the natural recruit-

ment of spat and their culture in both suspended

and bottom systems (Cendejas, Carvallo & Ju�arez

1985; Arizpe-Covarrubias & Felix 1986; Arizpe-

Covarrubias 1987, 1995).

Despite their relevance, the aquaculture of pearl

oysters, penshells and scallops in the Gulf of Cali-

fornia has spat production constrains, mostly

related to the availability of spat produced under

laboratory condition or wild collected. Limitations

of spat production hindered the development aqua-

culture efforts (Reynoso-Granados et al. 1996;

F�elix-Pico 2006; Saucedo et al. 2007).

We report, for the first time, the year-round

availability of spat of four commercial bivalve spe-

cies; P. sterna, P. mazatlanica, E. vogdesi and P. rug-

osa collected in the region of Puerto Pe~nasco, an

important fishing town in the north-eastern coast

of the Gulf of California (Fig. 1b). While most of

the research on bivalve species has been

(a) (b)

Figure 1 (a) The Gulf California, Mexico. (b) The study area showing spat recruitment sites (black triangles) and

subregions (dotted lines) used in the text: The NW subregion contains La Cholla and Sandy Beach. The Central sub-

region includes Las Conchas and Los Tanques. The SE subregion includes San Jorge Island and San Francisquito.
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conducted for the central and southern regions,

case studies for the east coast of the Northern Gulf

are less common. Moreover, given the contrasting

biophysical characteristics of the Gulf of California

(hereafter Gulf), results obtained for the central

and southern regions, such as breeding cycles,

spat recruitment season and growth rates, may

not be applicable to northern populations, not

even for the same species.

In this study, we provide information on opti-

mum site locations, seasonal changes, depth vari-

ability and relative abundances of these four

species of bivalves. This information can be useful

for the development of aquaculture and conserva-

tion programmes in the region, considering the

state of overfishing of several local mollusc popula-

tions (Cudney-Bueno & Rowell 2008; INAPESCA

2011) and the absence of aquaculture initiatives.

The data reported in this article expand the results

previously described by Soria, Lav�ın, Mart�ınez-

Tovar and Mac�ıas-Duarte (2013) for the scallop A.

ventricosus, as they were obtained as part of the

same research project.

Materials and methods

Spat recruitment

Detailed information about the materials and meth-

odology is provided in Soria, Lav�ın, Mart�ınez-Tovar

et al. (2013). Briefly, bimonthly settlement of com-

mercial bivalve spat on netlon� collectors

(200 9 40 cm; mesh opening = 7 9 12 mm) was

evaluated for six sites from June 2007 to August

2008 (Fig. 1b). These sites included La Cholla

(31°200N–113°380W), Sandy Beach (31°190N–
113°360W) in the NW, Las Conchas (31°160N–
113°260W) and Los Tanques (31°140N–113°19W),

San Jorge Island (31°00N–113°140W) and San

Francisquito (30°550N–113°70W). At each site,

three vertical lines with collectors tied at 1, 3, 5

and 7 m starting from the bottom were deployed.

The first set of collectors was deployed on 22 June

2007, and it was replaced with a new set every

2 months. Hereafter a month corresponds to the

cumulative recruitment of spat produced over the

2 months before the replacement date. For each

species a repeated measures ANOVA (longitudinal

study) was used to evaluate differences in the

number of spat between months, sites and depths.

To meet normality and homogeneity of variance,

a natural logarithmic transformation [i.e. ln

(x + 1)] of the numbers of spat per collector was

applied. Because the main factors (time, sites and

depths) as well as their interactions were signifi-

cant, one-way ANOVAs were performed to compare

mean spat numbers at different depths for each site

and month separately. A post hoc Tukey test was

used to compare significant differences in mean val-

ues.

Seawater parameters

To describe spat recruitment abundances with

environmental parameters, sea surface tempera-

ture (°C) and surface chlorophyll a concentration

(mg m�3) were characterized by means of monthly

Aqua/MODIS satellite data (http://oceancolor.gsfc.

nasa.gov) as described in Soria, Lav�ın, Mart�ınez-

Tovar et al. (2013). Briefly, the data resolution

was 4 9 4 km. Monthly averages were made over

the subregion marked in Fig. 1, as representative

of (1) the north-west region, (2) the central region

and (3) the south-east region. We take chlorophyll

concentration as a rough proxy of primary pro-

ductivity. Also, bottom temperature was recorded

every 4 h at each site, as well as sea surface water

salinity (g L�1), dissolved oxygen (%) and tempera-

ture (Soria, Lav�ın, Mart�ınez-Tovar et al. 2013).

Results

Seawater parameters

Overall, the maximum sea surface temperature

was recorded in August–September (~31.5°C) and
the minimum in January–February (~15°C), while

the minimum surface chlorophyll a was observed

in June–September (mean range = 1.5–2 mg m�3)

and the maximum in January–March (mean

range = 2–5 mg m�3) (Soria, Lav�ın, Mart�ınez-

Tovar et al. 2013). The summer chlorophyll mini-

mum was higher in 2008 than in 2007, while the

winter maximum was higher in 2008 than in

2007 as well (Soria, Lav�ın, Mart�ınez-Tovar et al.

2013). In summer, the NW subregion is warmer

and contains less SSChl than the Central and SE

subregions, which is due to the sallowness of the

former. For the same reason, the NW is cooler and

contains more SSChl than the other two subre-

gions in winter (Soria, Lav�ın, Mart�ınez-Tovar et al.

2013).The sea bottom temperature also followed a

marked seasonal signal (Soria, Lav�ın, Mart�ınez-

Tovar et al. 2013). Across all sites, sea bottom
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temperature reached the highest values in August

(mean range = 30.0–31.3°C) and the lowest val-

ues in January (mean range = 14.4–15.3°C).
However, during both August 2007 and 2008,

the southernmost sites of San Jorge Island and

San Francisquito showed lower bottom tempera-

ture values (mean range = 30.0–30.9°C respec-

tively) than the Central and NW subregions (mean

range = 31.1–31.3°C). Similarly, in January, NW

and Central sites showed lower bottom tempera-

ture records (mean range = 14.4–14.6°C) in com-

parison to SE sites (mean range = 14.9–15.3°C).
Overall, San Jorge Island showed warmer sea bot-

tom temperature values during cold months,

whereas during warm months it had colder tem-

perature values (Soria, Lav�ın, Mart�ınez-Tovar et al.

2013).

Spat recruitment

Spat recruitment showed distinct patterns; P.

sterna can be characterized as having a winter–

spring spat recruitment pattern (Fig. 2), whereas

E. vogdesi showed a winter pattern (Fig. 3). Con-

trastingly, P. mazatlanica and P. rugosa exhibited

summer spat recruitment patterns (Figs 4–5).

Overall, after excluding the months with null or

low spat recruitment, spat recruitment of each spe-

cies differed significantly between sampling periods

(bimonthly) considering all sites (repeated mea-

sures three-way ANOVA; P < 0.001). For each site,

spat recruitment for each species was significantly

different between sampling periods (repeated mea-

sures three-way ANOVA; P < 0.001). High standard

deviation values observed for each species in

Figs 2–5, which in some instances represent nega-

tive values, are related to significant depth differ-

ences on spat recruitment values and explain

much of the variability in the observed spat

recruitment values.

Pteria sterna

Spat recruitment of P. sterna in the study area

began in December 2007 and extended until June

2008, totalling 138 934 spat (Fig. 2). Throughout

the study period, 30% and 56% of the total spat

recruited were collected in February and June

respectively. Spat recruitment at the northernmost

sites showed a single peak in June, although with

similar values between sites (La Cholla

mean = 1225 spat collector�1, SD = 487, and

Sandy Beach mean = 1330 spat collector�1,

SD = 623) (Fig. 2). Spat recruitment showed a dif-

ferent pattern for the central and south-east sites,

with two marked peaks; one in February and

another, more vigorous, in June. For instance, Las

Conchas and Los Tanques, located in the central

region, showed similar values in February (Las

Conchas mean = 861spat collector�1, SD = 183,

and Sandy Beach mean = 638 spat collector�1,
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Figure 2 Bimonthly pearl oyster,

Pteria sterna, spat recruitment per

collector (black bars) at each

recruitment site. Vertical lines rep-

resent standard deviation.
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SD = 207) and June (La Cholla mean = 1420 spat

collector�1, SD = 1044, and Sandy Beach

mean = 1104 spat collector�1, SD = 736) (Fig. 2).

In the southern region, San Jorge Island showed

the highest spat recruitment peak in February

(mean = 1900 spat collector�1, SD = 627) and

the lowest values in June (mean = 1310 spat col-

lector�1, SD = 772). The southernmost site of San

Francisquito showed the lowest mean spat recruit-

ment values of the study area in February

(mean = 135 spat collector�1, SD = 189) and

June (mean = 261 spat collector�1, SD = 102).
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Figure 3 Bimonthly concave scal-

lop, Euvola vogdesi, spat recruit-

ment per collector (black bars) at

each recruitment site. Vertical lines

represent standard deviation.
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Figure 4 Bimonthly pearl oyster

Pinctada mazatlanica spat recruit-

ment per collector (black bars) at

each recruitment site. Vertical lines

represent standard deviation. * For

Sandy Beach there is no record

available because a full set of col-

lectors were lost for July–August

2008.

© 2014 John Wiley & Sons Ltd, Aquaculture Research, 1–12 5

Aquaculture Research, 2014, 1–12 Spat availability of bivalve species G Soria et al.



Collectors retrieved in February and June showed

a tendency of lower spat recruitment values near

the bottom than in the middle and upper depths

(Fig. 6).

Euvola vogdesi

Euvola vogdesi showed a strong spat recruitment in

February, decreasing abruptly afterwards (between

April and August), and being absent in most

recruitment sites throughout autumn (Fig. 3). In

total 7015 E. vogdesi spat were collected during

the study period. In February, mean spat per col-

lector was consistently higher in San Jorge Island

(mean = 201 spat collector�1, SD = 92) than any

other site (mean range = 13–49 spat collector�1,

SD range = 9–38) (Fig. 3). With the exemption of

San Jorge Island, spat recruitment registered for

each site showed similar abundances across

depths. In April 2008, spat recruitment in San Jor-

ge Island was higher at 3 and 5 m than near the

bottom and surface levels (Fig. 7).

Pinctada mazatlanica

Spat recruitment of P. mazatlanica showed a single

peak during August throughout the study area.

Lower values of collected spat were observed at

the beginning of October. Mean values of collected

spat were not proportional each year, showing a

significant decrease, up to 10 times lower, in

August 2008 compared to the 2007 season
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Figure 5 Bimonthly penshell,

Pinna rugosa, spat recruitment per

collector (black bars) at each

recruitment site. Vertical lines rep-

resent standard deviation. *For
Sandy Beach there is no record

available because a full set of col-

lectors were lost for July–August

2008.
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Figure 6 Mean number of wing oyster, Pteria sterna,

spat per collector at different depths 1 m (■), 3 m (□),

5 m ( ) and 7 m ( ) at each recruitment site retrieved

in (a) February and (b) June 2008. Vertical lines repre-

sent standard deviation. Different letters indicate signifi-

cant differences between depths after one-way ANOVAs

for each site and period of time (Tukeys’s P < 0.05).

LCH: La Cholla, SBE: Sandy Beach, LCN: Las Conchas,

LTA: Los Tanques, SJO: San Jorge Island and SFR: San

Francisquito.
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(Fig. 4). Although a complete set of collectors were

lost to severe weather conditions for Sandy Beach

in August 2008, a total 4130 spat were collected

during the study period. In 2007, 72% of the total

of spat collected along the study area was collected

in August, mostly at Sandy Beach. In August

2007, Sandy Beach showed the highest mean

value of collected spat (mean = 77 spat collec-

tor�1, SD = 67). An inverse relationship between

depth and mean spat abundance was observed in

most sites, with higher spat recruitment values

near de surface (Fig. 8).

Pinna rugosa

Spat recruitment of P. rugosa occurred mainly dur-

ing August in all sites with the exception of San

Jorge Island where it was higher in October 2007

(Fig. 5). In total, 36 450 penshell spat were col-

lected. For those collectors retrieved in August, the

highest mean values were observed in Sandy

Beach (mean = 893 spat collector�1, SD = 604),

whereas nearby sites of La Cholla and Las Conchas

showed lower values (less than 300 spat collec-

tor�1) (Fig. 5). Los Tanques also showed consider-

able recruitment of spat (mean = 450 spat

collector�1, SD = 328). For Las Conchas and San

Jorge Island, mean spat recruitment values

increased between 2007 and 2008; however, an

inverse relationship was observed for all the other

sites (Fig. 5). In August 2007, mean spat recruit-

ment values were similar at each depth in La

Cholla and Las Conchas, whereas in the other sites

higher spat recruitment values were observed near

the surface in 2007 and 2008 (Fig. 9).

Discussion

This work presents new data on spat recruitment

of P. sterna, E. vogdesi, P. mazatlanica and P. rugosa

for the Gulf of California, which extends the area

where spat recruitment of these commercial species
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Figure 7 Mean number of concave scallop, Euvola vo-

gdesi, spat per collector at different depths 1 m (■),

3 m (□), 5 m ( ) and 7 m ( ) at each recruitment

site retrieved in (a) February and (b) April 2008. Verti-

cal lines represent standard deviation. Different letters

indicate significant differences between depths after

one-way ANOVAs for each site and period of time

(Tukeys’s P < 0.05). LCH: La Cholla, SBE: Sandy
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can be obtained in the gulf. Previous studies docu-

menting spat recruitment of these bivalve species

on artificial collectors have been conducted in the

central and southern regions of the Gulf of Califor-

nia and the Pacific Coast of the Baja California

Peninsula (Cendejas et al. 1985; C�aceres-Mart�ınez

et al. 1992; Tobias-Sanchez & C�aceres-Mart�ınez

1994; F�elix-Pico 2006; C�aceres-Puig 2012). These

regions are characterized by distinct oceanographic

and environmental conditions (Alvarez Borrego

2010), different to those of the Northern Gulf of

California, which significantly affect spat recruit-

ment of the above species.

In the area of Puerto Pe~nasco, spat recruitment

patterns varied among species, each of them hav-

ing different patterns according to site location

and depth. In the case of P. sterna, the species

showed two spat recruitment peaks taking place in

late spring, when primary productivity was reach-

ing the lowest values of the year (~2.5 mg m�3)

and temperatures were ~25°C, and winter when

primary productivity is relatively high (mean

range = 2–5 mg m�3) and temperature is low

(~15°C). Local site differences were also observed.

For instance, the northernmost site showed one

peak in winter, whereas the central and southern

sites showed two peaks: one in winter and another

at late spring. The general pattern resembles the

winter–spring recruitment season described for the

species in La Paz, Baja California Sur (C�aceres-

Mart�ınez et al. 1992; Monteforte, Kappelman-Pi~na

& Lopez-Espinosa 1995; C�aceres-Puig 2012). In

the southern portion of the Gulf of California,

P. sterna is characterized by continuous gameto-

genesis throughout the year, with winter and

spring spawning peaks (D�ıaz & Buckle-Ram�ırez

1996; Saucedo & Monteforte 1997; Vite-Garc�ıa &

Saucedo 2008). The natural availability of spat

along the study area indicates a breeding cycle

that resembles southern populations. On the con-

trary, P. sterna populations from Guaymas (located

~200 km south of the study area) in the central

region of the Gulf may spawn in spring (March

and May) (Arizmendi-Castillo 1996), whereas in

the Pacific coast the species may spawn from Octo-

ber to April (autumn and winter) (Hern�andez-Olal-

de, Garc�ıa -Dom�ıngez, Arellano-Mart�ınez &

Ceballos-V�azquez 2007) according to environmen-

tal conditions. In La Paz, Baja California Sur, P.

sterna showed higher spat recruitment values at

higher depths (C�aceres-Puig 2012), contrary to

the recruitment pattern observed in this study.

Spat recruitment of E. vogdesi occurred over a

short period in winter (January-February), coincid-

ing in part with that of P. sterna. Low recruitment

abundances (less than 50 scallops per collector)

were observed in autumn (March–April). In con-

trast, the recruitment season described for the spe-

cies in La Paz, Baja California Sur, takes place

between January and July, with a peak in spring

(Ruiz-Verdugo & C�aceres-Mart�ınez 1990; Tobias-

Sanchez & C�aceres-Mart�ınez 1994). Mean E. vogde-

si spat recruitment value reported for the study

area is in accordance with those documented for

Bahia de La Paz (F�elix-Pico 2006). In contrast, the

overall abundance of collected spat in the study

area is one or two orders of magnitude lower than

the values described for the scallop A. ventricosus

(mean = 2555 spat collector�1) for the same sites

(Soria, Lav�ın, Mart�ınez-Tovar et al. 2013). In spite

of lower numbers of recruited E. vogdesi spat, both

scallop species showed a predominant winter
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recruitment season and maximum mean values at

the southernmost sites.

In the study area, P. mazatlanica was collected

mostly in summer, when water temperature was

high (~31°C), coupled with reduced levels of chlo-

rophyll a (mean range chlorophyll a = 1.5–

2 mg m�3), while lower values were obtained at

the beginning of autumn, when sea temperature

was decreasing and primary productivity was

increasing. This recruitment pattern suggests an

annual reproductive cycle with spawning peaks

throughout summer along the mainland coast,

similarly to the spat recruitment season in Baja

California Sur, which takes place mostly in sum-

mer (at 29–30°C) (C�aceres-Mart�ınez et al. 1992;

Bervera-Le�on 2002). However, a late spring (Sau-

cedo & Monteforte 1997; Saucedo, Racotta, Villa-

real & Monteforte 2002; Saucedo et al. 2007)

or early autumn (Garcia-Dom�ınguez, Ceballos-

V�azquez & Tripp-Quezada 1996) spat recruitment

may be expected depending on environmental con-

ditions. The species also showed predominance of

higher spat abundances near the surface along the

study area, which is consistent with patterns regis-

tered for Baja California Sur (C�aceres-Mart�ınez

et al. 1992; Bervera-Le�on 2002).

Like P. mazatlanica, the spat recruitment of

P. rugosa was limited to summer and early

autumn. Contrary to this pattern, the spat recruit-

ment season in the southern region of the Gulf of

California takes place from July to December with

a recruitment peak in autumn (Arizpe-Covarrubias

1987). This southern pattern is correlated with

histological analysis of the gonads of P. rugosa for

southern populations of Bah�ıa de La Paz and

Bah�ıa Concepci�on where ripe and spawning stages

are found predominantly at the end of the summer

(Noguera de G�omez & G�omez-Aguirre 1972; Cebal-

los-V�azquez, Arellano-Mart�ınez, Garc�ıa -Dom�ıngez

& Villalejo-Fuerte 2000).

The circulation of the Northern Gulf of Califor-

nia is seasonally reversing (Lav�ın & Marinone

2003; Alvarez Borrego 2010). There is a summer

cyclonic phase which lasts from June to September

and includes a poleward coastal current over the

mainland continental shelf that has its origin in

the southern region (Carrillo, Lav�ın & Palacios-

Hern�andez 2002; Palacios-Hern�andez, Beier, Lav�ın

& Ripa 2002; Marinone 2008; Peguero-Icaza,

S�anchez-Velasco, Lav�ın, Marinone & Beier 2011),

whereas the anticyclonic phase lasts from Novem-

ber to April (Marinone 2008). The presence of

such large-scale (hundreds of km) process could

explain the occurrence of diverse spat recruitment

patterns, and also point out to the likely origin of

larvae arriving to the study area. For instance, in

the case of P. sterna, recruited spat could include

southern or northern sources in summer and win-

ter respectively, as well as local sources. In the

case of P. mazatlanica and P. rugosa, spat recruit-

ment could be linked to both local and southern

sources (<200 km south of the study area). Based

on biophysical modelling, such connectivity pat-

tern was suggested for the rock scallop, Spondylus

(calcifer) limbatus, inhabiting the study area and

having a similar spat recruitment season to that of

P. mazatlanica and P. rugosa (Soria, Mungu�ıa-Vega,

Marinone, Moreno-B�aez, Mart�ınez-Tovar & Cud-

ney-Bueno 2012). Similarly to P. sterna, the clock-

wise current circulation throughout winter

suggests that E. vogdesi larvae may be originating

NW of the study area as well. Potential winter

sources, derived from biophysical modelling, can

include locations from the Baja California Penin-

sula (Soria, Lav�ın & Marinone 2013). Local site

conditions (e.g. sea water parameters and primary

productivity) can drive observed settlement pat-

terns for each species at each recruitment site as

well. Further research is needed to address the

sources of larvae that recruit within the study

area, which is biophysically complex system char-

acterized by seasonally reversing currents. Knowl-

edge about the potential sources will benefit the

development of proper management plans of each

commercial species.

With regards to production of pearl oysters, pen-

shells and scallops, the success obtained in spat

recruitment in this study is promising as a source

of spat to supply potential aquaculture demands,

and stock enhancement and repopulation pro-

grammes (Reynoso-Granados et al. 1996; F�elix-

Pico 2006; Saucedo et al. 2007). However, for each

species, site selection must vary by month given

the highly variable seasonality in spat recruitment

values along the study area. Overall, the lack of

recruitment observed in collectors retrieved in late

autumn (collectors deployed in October and

retrieved in December) might suggest a brief resting

period which is common for all the species reported

in this study. Further studies are needed to under-

stand the reproductive cycle of these bivalve species

for the Northern Gulf of California and the role of

environmental parameters moulding the timing of

spawning events in the region.

© 2014 John Wiley & Sons Ltd, Aquaculture Research, 1–12 9
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Aquaculture of bivalve species relies on an effi-

cient supply of spat, as well as other biological,

technical and commercial issues. In this sense, the

spat recruitment results for each species provided

in this study (e.g. site locations, season, depth

variances) constitute part of the fundamental data

needed for the development of aquaculture and

conservation initiatives (e.g. repopulation pro-

grammes through collection and sowing of spat)

in the region.
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