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ABSTRACT. The gonadal maturation of the pleasure oySterssostrea corteziensiiring four cultivation

cycles (November 2064une 2005, N4J5; August 20Eébruary 2016, A14F16; September 2@Mécember

2016, S15D16; September 20A6gust 2017, S16A17) was studied in the southeastern Gulf of California,
Mexico. AlthoughC. corteziens exhibited the typical reproductive phases (undifferentiated or resting, initial
gametogenesis, advanced gametogenesis, maturity, spawning asggvasing), the intensity of reproduction

and the timing of the onset of the different phases of gonadelaperent varied in each cultivation cycle.
Reproductive peaks were observed in different months (N4J5 in May, A14F16 in July, S15D16 in May and
S16A17 in June) during spring and summer. Spawning correlated with temperature in the N4J5 and A14F16
cultivation cycles but it showed no correlation with chloroptaytoncentration in any of the cultivation cycles.

C. corteziensipresented an opportunistic continuous reproductive strategy with spawning occurring during
several months of the year. The modificatidithe species' reproduction pattern could contribute to the natural
settlement of larvae, increasing the natural production of this native oyster resource in the southeast of the Gulf
of California, where it has been fished intensively.
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INTRODUCTION & Soame, 2004). High temperatuif@eukemaet al,
2009), low salinity (Peteiret al, 2018), and high

Studies on reproduction in wild populations of levels of toxic compounds (Guzm#&uarciaet al,
commercially important bivalve mollusks offer 2009) disrupt several metabolic pathways involved in
valuable information for their management, conser bivalve reproduction. Different reproductive responses
vation, and exploitation (Goslin, 2015). When bivalves can be observed not ordgtween species and localities
are cultivated, indicators such as gonad formation and put also between individuals of the same species at the
growth help in determining the appropriate time for same sit¢HernandezOteroet al, 2014).
harvesting (Anibaét al, 2011). Gonadal development h | c C
phases are frequently observed throughout the T € pleasure or ortez 'oyste 'rassostrea'
cultivation cycle in bivalve species (Arellahdartinez corteziensip is a bivalve species cultivated semi
et al, 2011; Gomest al, 2014; AngelDapaet al, intensively in northwest MexicoChavezVillalba et
2015). Nevertheless, bivalve reproduction is strongly al, 2005). Endemic to this regio. corteziensiss
affected by exogenous factors such as environmental highly valued for consumption and represents an
variables that are affected by global warmiibgwrence important resource for the oyster industryrégrodue
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tive cycle has been reported for natural (Rodriguez Pesca (ISAPESCA) and planted after summer (as
Jaramilloet al, 2008; MenaAlcéantaret al, 2017) and routinely done in the region, Rodrigu@aiiroz et al,
cultivated populations (Chaveéllalba et al, 2008; 2016) and according to the capacity and production
MazonSuasteguiet al, 2011) from different sites availability of each laboratory. All the oyster seed
along the northwestern coast of the Mexican Pacific, groups (34 mm inheight shell were trasported to the
including the Gulf of CaliforniaC. corteziensivas an cultivation site, acclimated following Gali@arciaet
opportunistic reproductive strategy; they focus on al. (2001), deposited in plastic mesh sacks (2 mm mesh
nutrientrich sites where they acquire energy through opening), and finally, the sacks were placed onto
nutrient consumption, particularly lipids and carbohy Nest i er ™ t ype culture basket
drates (Racottet al, 2008). This strategy allows the oysters per tray) was tiied to 80 oysters per tray after
pleasure oyster to be reprodueliy active almost year an initial period (45 days) of field nursery. Oyster seeds
round (Hurtadeet al, 2012); that is, as a silopical reached a juvenile minimum size 619 mm inwidth,
oyster, its annual reproductive pattern is characterized so they could be placed directly in the Nestlert y p e
by an extended reproductive period and several partial culture baskets, which have a hole opening (5 mm) for
spawns (Rodriguedaramilloet al, 2017) that lead to water exchange. Cleaning and maintenance of trays,
variatiors in reproductive responses. ropes, and sacks occurred every 15 days. Table 1 shows

To our understanding, there is only one study on the the initial conditions of the cultivation cycles.
gonadal development of a natural population of the .
pleasure oyster in Sinaloa (Ceuta Lagoon System), Environmental parameters
Mexico, carried out by Rodriguelaramillo et al. Water temperare, dissolved oxygen (YSY55/12FT
(2008). Since 2004 rearchers at the Laboratorio de  Oxymeter, Ohio, USA), salinity (ATAGO, S/Mill
Malacologia at the Centro Interdisciplinario de refractometer), and pH (Hanna, HI 8314 pHmeter,
Investigacion para el Desarrollo Integral Regional USA) were recorded monthly during each cultivation
(CIIDIR)-Unidad Sinaloa, a branch of the Instituto cycle. At the same time, depth and transparency were
Politecnio Nacional, have been working on obtaining sampled with a Secchisk. A PVC tube (5 cm diameter
data on gonadal mattyiof C. corteziensigultivated and 2 L capacity) fitted with an end plunger seal was
in the San IgnacidNavachisteMacapule Lagoon used to sample the water column to determine the total
System (Sinaloa, Mexico). The present study aimed to suspended solids (TSS), particulate organic matter
analyze the relationship between environmental (POM), and chlorophyll concentration (Ck&). The
parameters with gonadal development of the pleasure gravimetric echnique (APHA, 1995) was used to
oyster of four cultivatia cycles (from 2004 to 2017) at  determine the TSS and POM, while the spectrepho

a farm located in the Macapule Lagoon, in Sinaloa, tometric method (Strickland & Parsons, 1972) was
Mexico and contrasted with previous studies (see performed to determine the Ghl
references) carried out in other locations in north

western Mexico. Besides, factors such as initial size, Qyster measurements, survival, and condition index

seed origin, andeeding month are discussed. A total of 50 oysters were taken fronetbulture system
to record the height, thickness, width, and total weight

MATERIALS AND METHODS measurements each month. Survival, expressed as a
percentage of the initial oyster density, was calculated
Study site and oysters by separating and counting the empty shells at each

The cultivation cycles (Nov 208dun 2005, Aug 2014 sampling. The dry weiglof the shells and tissues of 30
Feb 2016, Sep 20iBec 2016, and Sep 20¥dig oysters (24 h at 100°C) was used to calculate the
2017, coded as N4J5, A14F16, S15D16, and S16A17, condition index (CI) defined by Chav&illalba et al.
respectively) were carried out at ayster farm located ~ (2008): Cl = P1 x 1000 / P2, where P1 = soft tissue dry
in the La Pied25° 2¢eis tNu-a r lyovgghtde-apdiP2 = shell dry weight (g).
108°45" W) , part of t he mangrove Ssystem in t he
Macapule Lagoon (Sinaloa, Mexico). The suspended Histological analysis

longline culture system was used in all these studies The visceral mass (gonad included) of each oyster was
(RodriguezQuiroz et al, 2016). Qster seeds were di ssected, fixed in Davi ds
produced under laboratory conditions: N4J5 at Centro dehydrated through a sequence of alcohol, cleared with
de Investigaciones Bioldgicas del Noroeste (CIBNOR), HemoDe®, and embedded in Parapkgta® follo-
Al14F16 and S16Al17 at Centro Reproductor de wing Humason(1979). Sections 4 um thick were cut
Especies Marinas del Estado de Sonora (CREMES), using a rotary microtome, placed on a slide, stained
and S15D16 at Instituto Sinaloense de Awmliura y with Harris haematoxyligosin, and examined under a
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Table 1. Initial characteristics of the rearing cycles@fassostrea corteziensaltivated at La Piedradfiary, Sinaloa,

Mexico. CIBNOR: Centro de Investigaciones Bioldgicas del Noroeste; CREMES: Centro Reproductor de Especies Marinas
del Estado de Sonora, ISAPESCA: Instituto Sinaloense de Acuacultura y'Péée@nt superscripts in the initial shell
lengthdenote differences significantliP?& 0. 05) . N 4un2005, Nld~.6: 2Uy Q04HEeb 2016, S15D16: Sep
2015Dec, S16A17: Sep 201/ug 2017.

Source of seed Amount of Initial shell _Cultivation Mont_h
seed stock length (mm) time (months) of sowing
N4J5 CIBNOR 5000 4.13+0.67 7 November
Al14F16 CREMES 5000 3.87+0.48 19 August
S15D16ISAPESCA 4000 3.62 +0.58 17 September
S16A17CREMES 5000 3.81+0.39 12 September

light microscope. The gonad preparations were 0.6 +0.2 m, TSS 39.6 + 13.3 mgLPOM 10.2 + 3.3
assigned a development stage using categoriesmg L, and Chla5.9 + 3.4 mg

previously reported for Crassostrea corteziensis There were differences (F = 9.4%> 0.0001) in the
(CuevasGuevara & MartineSuerrero,  1979;  njtia| oyster size of the four culture cycles (Table 1),
Baqueiroet al, 1992; Chavewillalba et al, 2008) as but the final growth and CI dtrassostrea corteziensis
follows for female/male, respectively: previtello  \yere not significantly differetR< 0. 05) for
genesis/early gametogenesis, vitellogenesis/late game ¢jtivation cycle (Table 3). The highest shell height (80
togenesis, mature, spawning, pepawning, and  mm) and the gegest total weight (55.4 g) were
repose or undifferentiated. Monthly variations in the yacorded for the N4J5 cultivation cycle. The mean Cl
sex ratio were determined by examinitige slides was 34.2. Survival ranged from 95% obtained for the
under an optical microscope (40x). N4J5 group to 4% from S16A17 and was significantly
. different for the S16A17 growth cycl® & 0.03).

Statistical analyses . L

o Six gonadal dewepment stages were distinguished
All data were analyzed separately for each cultivation ¢, o tivation cycles N4J5 and A14F16 (reposel
cycle, and only the initial oyster size was compared ngiferentiated, previtellogenesis/early gametoge
between the four culture cycles. Normality and pegis vitellogenesis/late vitellogenesis, mature, spaw
homoscedasticity were confirmedius gt he Li }inly lafdfpdsgpdwning) (Table 4). At the same time,
and Bartlett’s tests (So lfi'\/%iwer§‘pob§\9e8 Ifo% 515818 undifferentfald P V A
was used to assess the environmental parameters.gametogenesis, mature, spawning, and-gpawning)
KruskatWallis andposthocMann-Whitney-Wilcoxon and S16A17 (undifferentiated, early gametogenesis,
tests were used to detect differences in oyster |ate gametogenesis, mature, and spawning) (Table 5).
biometrics, survival, and Cl. Percentagata were first The phases of reproduction @&. corteziensis
subjected to arcsine transformation before the statistical cultivateg in La Rdra pestu ary, Sin a.I 0a. Mexico. at
analyses. The correlations between water temperature,d”_rerent single culture cycles indicate that spawning

Chl-a, and spawning were assessed for each rearing was recorded from February (S16A17) to October
cycle. Sex ratio differences were tested using- Chi (AL4F16) (Fig. 1). The frequencies of the gonadal

square testsxf) with Yat es’ continu ldévélo m%rﬂgbt{asee§f r' e Tour farming cycles are
(Bhujel, 2008). The_significant_ level was set uPat shownp Fig. 2. Al N4J5 individua?s yWere
0.05, and Statgraphics Centurion for Windows (ver. 16) undifferentiated during the first three months. Late

was used to perform all statistical analyses. gametogenesis was observed from the fourth month
(February 2005) onward. Maturation, spawning and
RESULTS postspawning stages coincided during the last two
months. By May and June, apprmetely 20% of the
No differences ® > 0.05) were found in the  Oysters were in spawning condition (Fig. 2a). Oysters
environmental pameters among the cultivation cycles Were harvested in July 2005. Spawning and tempe
in the La PiedreEstuary, Sinaloa, Mexico (Table 2). rature were correlated (r = 0.8B,= 0.01). In this
The mean values for the four cultivation cycles were: cultivation cycle, 4% were hermaphroditic oysters.
temperature 26.5 + 3.7°C, DO 5.6 + 0.9 my &alinity Thegametogenic development Gf corteziensiin
32.4+£1.9,pH 7.6 £8,depth 1.5 £ 0.3 m, transparency the A14F16 cycle started in Febru#915 (Fig. 2b)



384 Latin American Journal of Aquatic Research

Table 2.Mean + standard deviation, minimum, and maximum limits of the environmental parameters at La Piedra Estuary,
Sinaloa, Mexico, for the four singleltumation cycles. N4J5: November 200dine 2005, A14F16: August 20E&bruary

2016, S15D16: September 20D&cember 2016, S16A17: September 28igust 2017. ND: undetermined. Minimum

and maximum limits are indicated in parentheses.

N4J5 Al14F16 S15D16 S16A17

Temperature (°C) 25547 27.2+04 26.0x4.7 27551
(19.032.0) (18.833.0) (19.1-32.2) (20.033.3)
Dissolved oxygen (mgh 6.3+16 52+x05 53+x08 58=*1.0
(5.1-7.8) (3.86.4) (4.1-6.4) (5.1:7.5)
Salinity 32.1+2.2 31.3+0.7 328+27 33.6%22
(28.034.8) (24.538.5) (28.038.0) (30.037.0)
pH 83+0.2 77+x02 74+02 7.1%£09
(8.1-8.6) (7.1-8.6) (7.1-7.9) (4.88.0)
Depth (m) 18+06 1400 1504 1.5+0.4
(0.50.8) (0.7-2.2) (1.02.2) (0.92.0)
Transparency (m) 05+04 05+00 06+0.2 07%03
(0.21.5) (0.20.9) (0.21.2) (0.31.3)
Total suspended solids (mgL ND 43.0+18.3 36.7+9.6 39.3+12.1

(23.783.2) (25.052.2) (22.7-61.6)

Particulate organic matter (mg'L ND 10.7+5.0 9.1+25 108+24
(2.820.0) (6.1-13.3) (6.813.8)
Chlorophylta (mg n®) ND 73+33 45+33 6.0+37
(3.414.2) (1.2-13.0) (2.013.0)

Table 3.Mean + standard deviation of height, thickness, and width of the shell, total body weight, survival, and condition
index ofCrassostrea corteziendmrmed at La Piedra Estuary, Sinaloa, Mexico, for the four single cultivation cycles. N4J5:
November 2004une 2005, A14F16: August 20E¢bruary 2016, S15D16: September 2@Eeember 2016, 15A17:
September 20B8ugust 2017. ND: undeterminetMonth of cultivation in reaching the maximum siZ®linimum and
maximum limits." Different superscripts in the samaw denotesignificant differencesRs 0. 05) .

N4J5 Al4F16 S15D16 S16A17
Shell height (mm) 70-80 73.3+9.1 719+76 615+11.2
(month )  (month 1) (month 11") (month 11"
P< 0. ((P< 0.1 (P< 0.1 (P< 0)

Shell thicknesgmm) ND 48.8+4.2 50.1+4.7 46.0x75
P< 0.1 (P< 0.1 (P< 0.1

Shell width (mm) ND 25.6+3.3 244+41 21445
P< 0.1 (P< 0.1 (P< 0.1

Total weight (g) 55.4+1.1 43.6+11.0 52.6+10.0 50.6+124
P< O0.CMP< O.1(P< 0.1 (P< 0.1

Survival (%) 95.3+ 3. ND 942+1.8 64.6+8.3
Cl ND 326+14.8 322%+80 37.9+145

(21.548.6F (20.448.7) (13.969.5)
P< 0.1 (P< 0.1 (P< O.

with larger specimens (seven montid oysters, ~70 phase.C. corteziensidn vitellogenesis phases (either
mm shell height) that were sampled during 13 months previtellogenic or vitellogenic) were found most of the
of cultivation. Undifferentiated individuals were year; meanwhile, mature oysters were detected from
observed in autumwinter 2016, indicating a resting  May to September 2015. Spawning started in May and



Gonadal maturity o€rassostrea corteziensis 385

Table 4. Description of gonad developmental stage€mafssostrea corteziendiar the N4J5: November 20Q%ine 2005,
and A14F16 cultivation cycles (Herize® and ParaplasXtra®, microscopic observation 40 X).

Gonadal stage Description

Repose/Undifferentiate Femalesléft photq: empty follicles with residual oocytes that can be g
reabsorbed or remain until next maturation can be observed; abun
connective tissue and phagocytic activity are found. Maigist( ;
phot9: abundant connective tissue with residse cells near the
tubules can be founé@hagocytic activity. Empty gonoducts.

Previtellogenesis Females Iéft photq: vesicular gametogenictivity is observed in the ', ]
connective tissue in the form of islets, as well as some immature oc

Early gametognesis attached to the wall of the follicle and few mature oocytes in
gonoduct. Malesright photQ: spermatogonias and spermatocytes w g3 Saa 8
differentiated inthe periphery and adhered to the follicles. The latte gt 945
seen near the lumen in the acinudssicular connective tissue remai
abundant.

Vitellogenesis Femalesléft photQ: there are abundant sex cells arranged in the lu
of large and anastomosed follicles. The follicular walls are t
Late gametognesis Although it is still possible to differentiate oogonia, large peaped
oocytes predominate in the acini. Malegiit photg: the canective &
tissue is reduced. The spermatocytes thicken the lumen of the fo | %
and the spermatoz@ae arranged near the gonoduct.

Mature Femalesléft photQ: the oocytes are large, round or polygonal, and r
been detached from the follicular wallhey contain abundant ar
granular cytoplasm. The interfollicular connective tissue is reduce

tails orientel towards the lumen. A small number of spermatogonia
spermatocytes are observed; the seminiferous tubules are grav
without space between them.

Spawning Females Igft photg: the follicles are ruptured, and postviteloge! & w \.oa\
oocytes are release@alving spaces in the gonad. Partial spawning ‘.o[e ‘P
be observed. Malesight photQ: the broken follicles are observed, a | ’°° g U =
the spermatozoids are released into the gonoduct. The gonad 'Q‘l«@ 0 "“@9\

_ empty spaces. ' 0‘& u \k.

Postspawning Femalesléft photg: the expulsiorof the mcytes ceases. Large emp |
spaces in the gonad with remains aafcytes are appreciated. Th ,-i
follicles are broken with phagocytic activity on their walls. Maléght s &
photg: the expulsion of the sperm ceases. Large empty spaces 4 .
gonad with emains of sperm are appreciated. The follicles are bl’(
with phagcytic activity on their walls.

lasted six months (October) with a peak in July. November, but a reproductive peak occurred in April
Spawning was correlated with water temperature (r = May. Gonadal development from June to December
083P< 0.001) bwir=01dP=®70) h &bk Icharacterized by at least 20% mEwned
Chl-a and water temperature were not correlated (r = oysters. Excep for April 2015, undifferentiated
0.31,P=0.20) The sex proportion (F:M = 0.75:1) was individuals were observed in all sampling months. In

significantly different from the expected ratig® (= this case, spawning was not correlated with water
133.45,df=9P< 0. 00 1) . tidbnreycle,imd s tempdraturevna Chd (r = 0.42,P=0.09 and r = @6,
hermaphrodite specimens were identified. P = 0.82, respectively). There was no correlation

For the S15D16 farming cycle (Fig. 2c), oysters between Chh and water temperature (r = 0.08,=
were in gametogenesis from the second sampling 0-76). In this farming, the observed sex ratio (F:M =
month (September 2015) onward, and this gonadal 1:1. 42) was significantly different from the expected

stage was continuously present until April 2016. Then, Proportion & = 123.32, df = 15P < 0. 001) .
gonadal maturation was observed in March and April. 9onads of 2.5% of the oysters analyzed displayed both

Spawned specimens were detected from April to ©ocyte and sperm cells.
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Table 5. Description of gonad developmental stagesCofssostrea corteziensier the S15D16; September 2015
December 2016, and S16Al1Beptember 201Bugust 2017 cultivation cycles (Henie® and Paraplasktra®,
microscopic observation 10x, and 40x).

S15D16
Gonadal stage Description
Undifferentiated Empty follicles with residual

S16A17
Description
Since follicles are in

Gonadal stage
Undifferentiated

Y A
sexual cells arebserved; Ko HAGLR X’
abundant connective tissue anc

R XS
A?i A (», L. 4 1
phagocytic activity are found. “.‘ ﬁ}‘{ BoaRe

8l 'k
'\‘(' s ﬂ“‘" "\H'

formation, sex cells are not
differentiated yet; abundan
connective tissue is
observedThere is not

N gonadal development. L 5

Gametogenesis Females (above): intense Early gamebgenesis Females (above): SN T
vesicular gametogenic activity connective tissue is getting = ;i'-'a %3 ‘}

(islets) is observed; the thinner due to the presence o el -

connective tissue is reduced; of islets; oocytes are i & S

Mature

small oocytes are attached to
the wall of the follicle, and
bigger peaishape oocytes are
arranged near the gonoduct. Tt
follicular walls are hin.

Males (below): spermatogonias
and primary spermatocytes are
abundant and differentiated in
the periphery of the follicles.
Spermatids and matured
spermatocytes are seen near tt
lumen in the follicleThe
connective tissue is reduced.

Late gametoenesis

Females (above): oocytes are
rounded or polygonal, and hav¢
been detached from the
follicular wall. They contain
granular cytoplasm. The
interfollicular connective tissue
is reduced by the growth of
follicles. Males (below): the
gonadic tissue has reached its
maximum development;
follicles are large and distendec
Interfollicle walls are not
distinguished.

attached to the follicular
wall; matured oocytes are
few but bigger to the
primary oocytes and
oriented to the gonoduct.
Males (below): sex cells of
different sizes
(spermatogonia and
spermatocytes) are locatec
near to the lumen of the
acinus or adhered to the
follicles. Vesicular
connective tissue remains
abundant.

Females (above): follicles
increase in size due to the
abundant sex cells; large
pearshaped oocytes
predominate in the acini.
Males (below): the
vesicular activity (islets)
increase, reducing the
connective tissue. Also, the
thick of the lumen of the
islet is reduced.
Spermatozoa are arranged
near the gonoduct.
Females (above): the
connective tisse has been

reduced by the presence o |

numerous and big follicles
with large, round or

polygonal oocytes detache

from the follicular wall.
Oocytes contain granular
cytoplasm. Males (below):
the follicles are large and
anastomosed. Spermatids
and spermatozd cells are
located towards the lumen
of the follicles.
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continuation
S15D16 S16A17
Gonadal stage Description Gonadal stage Description
Spawning Females (above): empty space | Spawning Females (above): the ST
within the gonad indicate that ! number of oocytes was P

follicles are ruptured, and
oocytes were released. Partial
spawning was observed.
Males (below): broken
connective tissue is
distinguished since sex cells
were released to the gonoduct.

Postspawning Females (above): residual ;
tissues and degraded cells can |
be observed; phagocytes are
found in the follicles; the
connective tissue increases.
Males (below): the connective
tissuegrows again, and the
gonadic tissue is degraded.
Residual sex cells are found in
the broken follicles where the
phagocytic activity is observed
on their walls.

reduced by spawning. The [ =, ‘&0 o
connective tissue and ;
follicles are ruptured.

Spaces in the gonad are

observed. Males (below): 1 /i ad o
follicles are broken, and o SRy T
spaces are denoted within ’k{ “ ,",/.%%lu
the gonad. Sex cells are a0 Pl
releasd, but few ol T
Ay

spermatozoids remain in
the follicles.

The S16A17 cultivation cycle presented at least two
gonadal developmental stages in each month (Fig. 2d).
The first sampling month (September 2016) showed
oysters in undifferentiated, early gametogenesis, late
gametogenesis,
specimens (10%) were registered in October, but the
release of gametes occurred from January to August
2017, with more than 50% of spawned oysters observed
in May-June. Similar to the S15D16 growing cycle, no
correlation was found between spawning and wate
temperature (r = 0.3%,= 0.26), spawning and Ghl(r
=0.47,P=0.12), and Chl and water temperature (r =
0.51,P = 0.08). There were more females than males
(F:M = 1.75:1) throughout the samplingg € 86.26,
df =11,P <0.001). The histologicalnalysis of gonads
revealed that 2% of oysters from this growing cycle
were hermaphrodites.

DISCUSSION

The reproductive strategy in natural and cultivated
populations of bivalves is strongly determined by the
specific environmental variables at latituddéisey
inhabit (AldanaArandaet al, 2003; EnriqueDiaz et

zones (Rodriguedaramillo et al, 2017), or due to
environmental changes in the region caused by climatic
phenomena (Garclaominguezt al, 2011).

In this study, the capacity and production availa

doility of oyster seed of each laboratory strongly

determined the seeding month, but as routinely in the
region to avoid exposure of juveniles at high
temperature (RodrigueQuirozet al, 2016), seeding in
the four cultivation cycles was done after summer
(August to November). Although the oysters in this
study exhibited the typical reproductive phases, there
were significant differences in the reproduction
intensity and the timing of the onset of gonadal
development, which is in agreement with results
repated by Chavewillalba et al. (2003) and
EnriquezDiazet al.(2009) growingCrassostrea gigas

in several marine areas of France. In the present study,
the spawning ofC. corteziensiscultivated in the
southeastern Gulf of California began between January
(S16A17) and May (N4J5). Chawillalba et al.
(2008) and Mazo6tsuasteguet al.(2011) observed the
first spawning in April and August, respectively, in
cultivations located at latitudes farther north in the Gulf
of California. Barber & Blake (2006) m#on that, in

al., 2009). However, the reproductive tactics of any particular, water temperature and nutrients are the
species can change because its geographic distributionvariables exerting the strongest influence on mollusk
covers a wide range, as is the case of bivalves that live reproduction. The range of water temperature reported
in temperate (AngeDapaet al, 2015) and sufropical by ChavezVillalba et al.(2008) of 1533°C, is wider
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Figure 1. Phases of reproduction 6fassostrea corteziensisiltivated in La Piedra estuary, Sinaloa, Mexico, at different single culture cycles. N4J5: Nev

Jun 2005, A14F16: Aug 201Beb 2016, S15D16: Sep 20D&c, S16A17: Sep 201Aug 2017. *Evaludabn of gonadal phases in the cultivation cycle A14F

started on February 2015.
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than that recorded by Maz@uasteguiet al. (2011)
(22.432.2°C) as well as for the cultivation cycles in our
study (18.833.3°C). DupratBertazzi & Garcia
Dominguez (2005), Enriqudziaz et al. (2009) and
AldanaAranda et al. (2014) note that spawning in
different species of oysters (the rock oystotissa
hyotis the Japanese oyst€r gigas and the eastern
oyster C. virginica, respectively) are associated with
high water temperatures, in agreement with conclusions
presented by Mazé8uasteguet al.(2011) but differs
from the results reported by Chavéilalba et al.
(2008) and the cultivation cycles reported here. In our
study, spawning was registered for the first time during
the months when the water temperature was increasing,
and reproductive peaks were observed during different
summer months (A14F16 in July, S15D16 in May and
S16A17 in June) (Table 6).

The temperaturdata obtained were compared with
the National Oceanic and Atmospheric Administration
(NOAA) database to assess the presence of positive (El
Nifio Southern Oscillation, ENSQO) or negative (La
Nifia weather phenomena) anomalies during the
productive cycles thanight influenceC. corteziensis
gonadal development. According to the values of the
Oceanic Nifio Index (ONI), a weak ENSO was
registered from November 2014 to May 2016 followed
by two normal months (June and July); then, a-low
intensity La Nifia of the lowepisode occurred from
August to December 2016 (CPC, 2018). The
reproductive process of the pleasure oyster between
2014 and 207 presented a distinct seasonal pattern
with maximum spawning peaks in May and June.
However, the spawning intensity was lowenem the
La Nifia phenomenon occurred; that is, during the
S16A17 culture cycle, indicating that low water
temperatures at the beginning of spawning could delay
the reproductive activity of the pleasure oyster, as also
concluded by MagafA&arrascoet al. (2018) for C.
virginica.

During the three most extended cultivation cycles,
the Chta concentration ranged from 1.1 to 14.2 mg m
However, it did not show a typical seasonal pattern.
This range was lower than that reported Qlyavez
Villalba et al.(2008) (~628.5 mg ) at latitudes north
of our cultivation site, but similar to that recorded by
RodriguezJaramilloet al.(2008) (~315 mg n?) in the
lagoon system in Ceuta, Sinaldathe S16A17 cycle,
the Chia peak was obseed before spawning.
Meanwhile, the highest Cld was obtained during
spawning for A14F16, and four months after spawning
for S15D16. Besides, the higher &hialues did not
coincide with the summer of each year, in contrast to
the results reported by @vezVillalba et al.(2008). It
is characteristic of some species of mollusks that before
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spawning, organisms store food reserve components virginica oysters is high but substantially declines once
that are used in gonadal growth and development it reaches 50 mm shell length. Coinciding with the
(RodriguezAstudillo et al, 2005 Dridi et al, 2007; observations in this study, in whichmall pleasure
AldanaArandaet al, 2014), which is a distinguishing  oysters grew faster during the first culture months,
characteristic of bivalves with a conservative and reproduced and finally, the growth rate declined and
seasonal reproductive strategin our study, C. stabilized given similar final sizes and weights at the
corteziensispawning evaluated from 2014 to 2017 was end of each cultivation year in La Pitahaya Estuary.
detected between six to nine months per year and no Earlier studies culturin@. gigas(RodriguezQuiroz et
correlated with the Cha, indicating an opportunistic al., 2016; VillanuevaFonsecaet al, 2017) andC.
breeding strategy; this coincides with observations corteziensigGongoraGomezet al, 2018) in the same
made by Rodriguedaramilloet al. (2008) and Mena estuary reported a similarly rapid growth rate pattern at
Alcantaret al.(2017) for the same species. the first culture months, suggesting that more than
On the other hand, it is important to consider not Oyster seed size, the estuary environmental conditions
only the quantity but also the quality of nutrients. As Strongly affect oyster growth.
for filtering organisms, oysters ingest phytoplankton The oysters in cultivation cycles N4J8L4F16, and
(Hurtado et al, 2012) and seston not related to S15D16 had a shell height of-BD mm between thé"s
chlorophyll (particles rich in organic matter) (Chavez  and 17" cultivation months, which is very similar to
Villalba et al, 2005). The nutritional varig provided ChéavezVillalba et al. (2005, 2008) report of a shell
by these inputs ful fill sheightof71.3mm atlB montipslaredafapprogmately st e
metabolic requirements (reproduction, growbiffe- 80 mm at 15 months when cutitingC. corteziensig
rences in food availability and quality during our different locations in the Gulf of California. The
farming cycles compared with those reported in other maximum shell height in S16A17 was attained in the
studies could explain the variati in the results during 11™ month (61.5 mm)The genetic and seed sources
the gametogenic cycle. The other physical, chemical could partially explain the difference in growth
and biological parameters presented adequate rangeqGutiérrezet al, 2018); havever, the oysters used in
for oyster cultivation in the region (Rodriguez  A14F16 were from the same laboratory, which suggests
Jaramilloet al, 2008; Chavewillalba, 2014). that environmental parameters exerted a greater

Oyster seed used in the four cultivation cycles were influence onC. corteziensigrowth, as suggested by
produced under controlled conditions at each labora Hugheset al. (2017) forC. virginica Previously, we
tory (CREMES, CIBNOR, ISAPESCA), whidmply noted t_hat the low war temperatures regl_stered at the
broodstock management and food production (micro beginning of that cultivation cycle could influence the |
algae), among other standard technological proceduresP | easur e oyster’'s reproduct]
(Ramos et al, 2013). Nevertheless, some specific Iower vaI_uesobtalned for survival and shell height.
aspects not available for the farmers (broodstock origin ChavezVillalba et al. (2005) concluded that low
and genetics, microalgae species and concentrations,teémperatures inhibit C. ~corteziensis development,
culture conditions) may have been different among Which is similar to our results.
them varying seed quality also. The similar resul As in all bivalves,C. corteziensiseproduction is
obtained in the four cultivation cycles suggest that the defined by the sequence of gonadal development
growth and reproductive performanceXfcorteziensis phases; however, several distinct -classifications
were not affected by the seed produced in the different systems are used to identihese phases in this species
laboratories. (Table 6) (Cuevasuevara & Martinefsuerrero,

The effect of different initial size grades of oysters 1979; Georg&Zamora et al, 2003; Osuna, 2006).
on final growthand size is well documented (Foltz & Indeed, several classifications separate the description
Chatry, 1986; Masoat al, 1998). For instance, Hand ~ Of Some gonadal phases by sex (Baqueiral, 1992;
et al. (1999) concluded that the initial size grade of Sevilla, 1993; ChawVilalba et al, 2008). In
diploid and triploid rock oyster Saccostrea organisms with an opportunistic reproductive strategy
commercialishad a significant effect on final mean With partial spawning and reproduction peaks
whole weight ad shell height for both ploidy types, ~throughout the year, the determination of gonadal
which does not match the present study. Although development stages is dlfflcult_ under microscopic
significant differences were found between the initial Observation because up tovdi phases can be
sizes ofC. corteziensisn the four culture cycles, the  differentiated in one sampling month, as occurred with
final size and weight of oysters were similar regardless S16A17.
of the duration of the cultivation time. Kraeutral. Sexual reversion among bivalves is related to size
(2007) mention that the growth rate of youy (Lee et al, 2012) and age (Deslo#aoli & Héral,
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1988). The sex change has been reported for severalApril, just before spawning and with the best condition
oyster species (Mann, 1979; Gosling, 2004), including index, palatability, and market price. Fourth, the

C. corteziensigChavezVillalba et al, 2008). The sex spawning intensity was lower during the S16A17
ratios observed in our four cultivation cycles showed a culture cycle, indicating that low water temperatures at
higher proportion of males than femslecoinciding the beginning of spawning could delay oyster
with results published by Mazébuasteguiet al. reproductive activity. Finally, under hatchery condi
(2011), but differ from those of Chaw¥illalba et al. tions, oyster broodstock can be induced to mature
(2008), Rodriguedaramilloet al. (2008) and Mena sexually and to spawn outside their natural reproductive
Alcantar et al. (2017) for the same oyster species. season, so the oyster seed can be produced and sown at
BaqueireCardenas (1991) describ€d corteziensias different times of the year, which could entethe

a hermaphroditic protandric species, being the first reproductive period of cultivate@. corteziensisIf

males when they are small and females when they grow there are several spawning events per year, the
larger, which also was observed in our study. The cultivation of the species from hatchery seed could
presence of hermaphroditic oysters in three of the four increase the production of larvae and their natural
cultivation cycles is @ommon condition reported for  settlement in the wild for more months iryear, thus
protandric species (Chawllalba et al, 2008) likeC. contributing to the recovery of the oyster resource in a
corteziensisLangeReynoscet al. (2006) mention that region of Mexico, where it has been heavily exploited.
the appearance of hermaphrodites coincides with the
stage of sexual transition @ gigas that is, when they
are young or smallThe proportion of hermaphrodites

in our rearing cycles were greater than those reported
for other species of oysters suctCashizophorad0.8
1.3%) (Lenz & Boehs, 2011) ai@ virginica (0.83%)
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