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ABSTRACT

RESUMEN

We studied the relation between the presence
of Perkinsus sp. with growth performance (shell
height - SH, body weight - BW), condition index, and
biochemical composition (triglycerids, proteins, lipids, and
carbohydrates) of the oyster Crassostrea gigas cultivated
in two farms from Sinaloa, Mexico. Perkinsus sp. was
detected in both farms throughout (June 2013 to June
2014). The oysters had diverse degrees of prevalence
fluctuating from 26.7 to 83.3 %. According to the Mackin’s
scale, the intensity of infection was light to very light (0.1
to 1.2). There were not significant correlations between
the prevalence with all studied parameters. Oyster survival
at both farms was not affected by the presence of the
protozoan. Intensity of Perkinsus infection was positively
correlated with the biochemical composition of oyster. The
influence of environmental parameters on the incidence
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Se estudid la relacion entre la presencia de
Perkinsus sp. con el crecimiento (altura de la concha, SH,
y peso corporal, BW), indice de condiciéon y composicién
bioquimica (triglicéridos, proteinas, lipidos y carbohidratos)
del ostion Crassostrea gigas cultivado en dos granjas del
estado de Sinaloa, México. Se detecté a Perkinsus sp.
en ambas granjas durante 13 meses (junio 2013 a junio
2014). El grado de prevalencia en los ostiones fluctué de
26.7 a 83.3 %. La intensidad de la infeccion de acuerdo a
la escala de Mackin, fue de muy ligera a ligera (0.1 t0 1.2) y
mostrd correlacién positiva con la composicion bioquimica
del ostion. No existieron correlaciones significativas entre
la prevalencia y todos los parametros estudiados. La
supervivencia del ostién en ambas granjas no fue afectada
por la presencia del protozoario. Se discute la incidencia
del parasito en C. gigas por la influencia de los parametros
ambientales. Los resultados sugieren que la presencia de
Perkinsus sp. no afect6 la salud de los ostiones en cultivo,
sin embargo, la incidencia de este patégeno en las granjas
debe ser monitoreada de forma periddica.
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the parasite in C. gigas is discussed. The overall results
suggest that the presence of Perkinsus sp. in C. gigas from
the two farms did not affect the health of the cultivated
oysters, however, periodic monitoring of this pathogen in
the farms should be continued.

KEY WORDS

Parasite occurrence, Pacific oyster, condition index,

proximal composition, Farming.

Introduction

As many parasites, the protozoa of the
genus Perkinsus is transmitted horizontally via the water
column (Andrews, 1996), thus, it has been widely reported
infecting different oysters and clams species, and in some
cases, associated with drastic mortalities of commercially
important bivalves throughout the world. For instance,
Goggin & Lester, (1995) identified the protozoan Perkinsus
olseni as the causative agent of severe mortalities of the
green-lip abalone Haliotis laevigata in Australia, meanwhile,
Park et al. (2008) confirmed the occurrence of the same
Perkinsus species in the Japanese short-neck clam
Ruditapes philippinarum. Park & Choi (2001) confirmed
the presence of Perkinsus-like parasites associated with
mass mortalities on the clam Tapes philippinarum in Korea.
Along the Atlantic coast of North America, from Canada
to the coastal lagoons of the central and southern Gulf
of Mexico, P. marinus has infected both cultivated and
natural populations of the eastern oyster Crassostrea
virginica (Ford, 1996; Soniat, 1996; Aguirre-Macedo et al.,
2007). In Brazil, Brandéo et al. (2013) found Perkinsus sp.
infecting the mangrove oyster Crassostrea rhizophorae.
Oyster production in the Pacific Northwest of Mexico relies
on the culture of Crassostrea gigas and for two decades
Perkinsus sp. have been reported in farms located in the
Gulf of California (Chavez-Villalba, 2014; Chavez-Villalba et
al., 2007, 2010; Enriquez-Espinoza et al., 2010; Villanueva-
Fonseca & Escobedo-Bonilla, 2013). The same has
occurred in other species such as the pleasure oyster C.
corteziensis (Caceres-Martinez et al., 2008) and the rock
oyster Saccostrea palmula (Caceres-Martinez et al., 2012)
in southern locations of the Mexican coastline.

The level of affection in bivalves caused by Perkinsus
is dependent on several factors such as the species
(native, non-native), latitude, environmental parameters,
host immune system, parasite activity, and stressors
as pollutants (Villalba et al., 2004), and it is commonly

PALABRAS CLAVE

Ostiéon del Pacifico, presencia de parasitos, indice de
condicién, composicién proximal, cultivo.

Introduccion

Se ha reportado ampliamente que el
protozoario del género Perkinsus, como muchos
parasitos, se transmite horizontalmente en la columna
de agua (Andrews, 1996) infectando diferentes
especies de ostiones y almejas, y en algunos casos, se
le ha asociado con mortalidades drasticas de bivalvos
importantes alrededor del
Por ejemplo, Goggin & Lester, (1995) identificaron al
protozoario Perkinsus olseni como el agente causante
de mortalidades severas del abulén de labios verdes
Haliotis laevigata en Australia, mientras que Park
et al. (2008), confirmaron la presencia de la misma
especie de Perkinsus en la almeja Japonesa de cuello
corto Ruditapes philippinarum. Park & Choi, (2001)
detectaron la existencia de paréasitos parecidos a
Perkinsus asociados a la mortalidad masiva de la
almeja Tapes philippinarum en Korea. También, P.
marinus ha infectado poblaciones naturales y cultivadas
del ostion del este Crassostrea virginica (Ford, 1996;
Soniat, 1996; Aguirre-Macedo et al., 2007) a lo largo
de la costa Atlantica de Norte América, desde Canada
hasta las lagunas costeras del centro y sur del Golfo de
México, mientras que Brandéo et al. (2013) encontraron
a Perkinsus sp. infectando el ostion de mangle
Crassostrea rhizophorae en Brasil. La produccion
ostricola en el noroeste del Pacifico Mexicano depende
del cultivo de ostion Japonés Crassostrea gigas, en
la que el protozoario Perkinsus sp. ha sido reportado
en granjas localizadas en el Golfo de California desde
hace dos décadas (Chavez-Villalba et al., 2007, 2010;
Enriquez-Espinoza et al., 2010; Villanueva-Fonseca
& Escobedo-Bonilla, 2013; Chavez-Villalba, 2014).
Situaciones similares han ocurrido en la linea de costa
al sur de México, con otras especies como el ostién de
placer C. corteziensis (Céaceres-Martinez et al., 2008)
y el ostién de piedra Saccostrea palmula (Céceres-
Martinez et al., 2012).

comercialmente mundo.

El nivel de afectacion causada por Perkinsus en bivalvos
depende de varios factores, tales como la especie (nativa,
no nativa), latitud, parametros ambientales, sistema
immune del huésped, actividad parasitaria y estresores,
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evaluated by means of the infection prevalence and
intensity (Park et al., 1999; Encomio et al., 2005; da
Silva et al., 2016). For instance, Caceres-Martinez et al.
(2008) observed low prevalence and moderate infection
of P. marinus in C. corteziensis from the central Pacific
coast of Mexico, and mention that a possible origin of
the parasite in natural populations may be associated
with introductions of infected C. virginica from the East
coast of United States of America or the Gulf of Mexico.
Meanwhile, Villanueva-Fonseca & Escobedo-Bonilla,
(2013) studied the occurrence of Perkinsus sp. in a
Pacific oyster farm from the southeastern coast of the
Gulf of California, recording moderate prevalence and
low infection intensity of parasite, which increased in
the warmest months of the culture cycle.

The level of incidence of this parasite in bivalve mollusks
can vary from an innocuous occurrence, to a severe
infection that damages the tissues. When the latter
happens, the metabolism of the bivalve is compromised
by affecting its energy flow and performance (Paynter,
1996). The reduction in the soft tissue growth (and
consequently of the condition index) and changes in the
biochemical composition of the host, are some of the
systemic effects provoked by infections of Perkinsus sp.
in oysters (Dittman et al., 2001; Encomio et al., 2005).
Then, the incidence of Perkinsus sp. in these bivalves
could deplete their net energy that should be used for
growth and reproduction.

Most of the reports on the presence of Perkinsus in
C. gigas are related to juvenile and adult specimens
collected from commercial farms (Kennedy et al., 1995;
Samain et al.,, 2007; Enriquez-Espinoza et al., 2010,
2015). Specific studies on determining the effect of
the Perkinsus sp. occurrence in C. gigas from seed to
harvest represent useful tools to better understand such
biological association. Therefore, the purpose of this
study was to assess the relation between the presence
of Perkinsus sp. with growth performance, condition
index, and biochemical composition of C. gigas oysters
cultivated in two localities from the southeastern Gulf of
California, during a single culture cycle.

Material and Methods

The study was carried out in two cultivation
sites located at the north-central shoreline of Sinaloa: El

como contaminantes (Villalba et al., 2004), y comUnmente,
es evaluado por medio de la prevalencia e intensidad de la
infeccion (Park et al., 1999; Encomio et al., 2005; da Silva
et al., 2016). Por ejemplo, Caceres-Martinez et al. (2008)
observaron una prevalencia baja e infeccion moderada de
P. marinus en una poblacion de C. corteziensis de la costa
central del Pacifico Mexicano, y asociaron la presencia
de este parasito en bancos naturales del ostién de placer,
a la posible introduccion de C. virginica infectado, traido
de la costa este de los Estados Unidos de América al
Golfo de México y diseminado después en el Pacifico
Mexicano. También, Villanueva-Fonseca & Escobedo-
Bonilla, (2013) evaluaron la presencia de Perkinsus sp. en
ostiéon del Pacifico de una granja de la costa sureste del
Golfo de California, registrando una prevalencia moderada
y baja intensidad de infeccién del parasito, los cuales, se
incrementaron en los meses mas calidos del cultivo.

El efecto de este parasito en moluscos bivalvos puede variar
desde una presencia indcua hasta una severa infeccion que
darie los tejidos. Cuando esta ultima sucede, el metabolismo
del bivalvo se compromete afectando su flujo de energia y
desempeiio (Paynter, 1996). La reduccion en el crecimiento
del tejido suave (y en consecuencia de su indice de
condicion) y los cambios en la composicion bioquimica del
huésped, son algunos de los efectos sistémicos provocados
por la infeccion de Perkinsus sp. en ostiones (Dittman et al.,
2001; Encomio et al., 2005). De esta forma, la infeccion de
Perkinsus sp. en esos bivalvos pudiera agotar la energia
destinada para su crecimiento y reproduccion.

La mayoria de los reportes acerca de la presencia
de Perkinsus en C. gigas se refieren a la colecta de
especimenes juveniles y adultos en granjas comerciales
(Kennedy et al., 1995; Samain et al., 2007; Enriquez-
Espinoza et al., 2010, 2015). Los estudios especificos que
determinan el efecto de Perkinsus sp. en C. gigas, desde
la siembra de la semilla hasta la cosecha, representa
una herramienta atil para entender mejor esta asociacion
biolégica. Por lo tanto, el objetivo de este estudio fue evaluar
la relacion entre la presencia de Perkinsus sp., con el
crecimiento, indice de condicién y composicién bioquimica
del ostién C. gigas, cultivado en dos localidades del sureste
del Golfo de California, durante un ciclo de cultivo sencillo.

Material y Métodos

El estudio fue realizado en dos sitios localizados
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Figura 1.
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Culture sites. CB = El Colorado Bay, AE = Las Aguamitas
Estuary, Sinaloa, Mexico.

Sitios de cultivo. CB = Bahia El Colorado, AE = Estero Las

Aguamitas, Sinaloa, México.

Colorado Bay (CB), (25°39-25°47°'N, and 109°16’-
109°24’'W), and Las Aguamitas Estuary (AE), (24°20’-
24°40’N, and 107°30’-107°58'W) (Figure 1).

A total of 6,000 Japanese oysters (3000 for each site,
certified as pathogen-free) were obtained from Centro
de Investigaciones Bioldgicas del Noroeste (CIBNOR),
Sonora, Mexico, and cultured in racks suspended in
a long-line system 0.15 m beneath the water surface.
Initial shell height (SL) and body weight (BW) were
6.8 £ 0.9 mm and 0.02 + 0.00 g. Young oysters were
acclimated as mentioned by Gallo-Garcia et al. (2004),
placed in a plastic mesh bags (2 mm diameter) and
then, into the racks suspended in a long-line system
(n = 500 oysters rack™'). When reached 30-40 mm SL,
oysters were grown out of the mesh (n = 42 oysters
rack™') until the end of the trial. The study started in June
2013 and finished in June 2014.

en la ribera norte-central de Sinaloa: Bahia EI Colorado
(CB), (25°39-25°47'N, y 109°16’-109°24’'W), y Estero Las
Aguamitas (AE), (24°20’-24°40’'N, y 107°30’-107°58'W)
(Figura 1).

Se obtuvo un total de 6,000 semillas del ostion Japonés (3000
para cada sitio, certificadas como “libres de patdgenos”) del Cen-
tro de Investigaciones Biolégicas del Noroeste (CIBNOR), So-
nora, Mexico, las cuales, se cultivaron en canastas suspendidas
a 0.15 m debajo de la superficie del agua, en un sistema “long-
line”. La altura de la concha (SL) y peso inicial (BW) de las semi-
llas fueron 6.8 £ 0.9 mm y 0.02 £ 0.00 g, respectivamente. Las
ostrillas fueron aclimatadas (Gallo-Garcia et al., 2004), colocadas
en bolsas de malla plastica (2 mm diametro) y después, dentro
de las canastas suspendidas en el sistema “long-line” (n = 500
ostiones canasta). Cuando los ostiones alcanzaron 30-40 mm
(SL), se colocaron en las canastas (n = 42 ostiones canasta),
fuera de las mallas plasticas, hasta el final del estudio, el cual,
inicié en junio de 2013 y finaliz6 en junio de 2014.
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Oysters (n = 390, 30 month™') were opened and soft
tissues removed from the shell. The tissue fraction (10
g) used for Perkinsus sp. diagnosis was homogenized
in a buffer solution (0.2 M phosphate buffer) and
placed in tubes containing Ray’s fluid thioglycollate
medium (RFTM) (Karolus et al., 2000). The tubes were
placed in the dark at room temperature (28 °C) for
seven days. After incubation, tissues were chopped
into small pieces, stained with Lugol’'s solution (1
ml, 4%), and the presence and number of Perkinsus
sp. hypnospores were examined by light microscopy
(100X, Leica®, DM750). The prevalence of infection
was calculated as the percentage of infected oysters in
each sampling month (Thrusfield, 1995). The intensity
of infection in oysters was classified according to
Mackin’s scale (Mackin, 1962) modified by Craig et al.
(1989) (Table 1).

Biometrics and survival

Oyster biometrics and survival were obtained
monthly. Total SL and BW of 60 specimens from each cultu-
re site were measured in situ with a vernier caliper (0.2 mm)
and a portable balance (0.00 g), respectively. The growth
rate of oyster was reported as body weight gain month™
(Rodriguez-Quiroz et al., 2016). Survival was calculated by
counting dead animals at each sampling and expressed as
a percentage of the original number of oysters (Géngora-
Gomez et al., 2012).

Condition index

Additionally,
monthly to obtain the condition index (Cl). After

30 specimens were sampled

shucking and removing of tissues, the total oyster
shell weight (g, TW) and the total fresh weight of
soft tissues (g, SW) were registered with a portable
balance (OHAUS, Scout Pro SP 2001). The shells and
soft tissues were dried by using a draft oven (100° C,
Riossa EC-41) during 24 hours. The Cl was calculated
with the formula proposed by Lucas & Beninger (1985):
Cl = (SW/TW) x 100.

Se recolectaron 30 ostiones cada mes (n = 390) para abrirlos
y remover el tejido suave de la concha. Una fraccion de 10 g
de tejido fue destinado para el diagnéstico de Perkinsus sp., el
cual, fue homogenizado en una solucién amortiguadora (0.2 M
fosfato amortiguador) y colocado en tubos conteniendo Medio
Fluido de Tioglicolato de Ray (RFTM) (Karolus et al., 2000).
Los tubos se mantuvieron en oscuridad por siete dias, a una
temperatura de incubacién de 28 °C. Después de laincubacion,
los tejidos fueron macerados en pedazos pequefios y tefiidos
con lugol (1 ml, 4 %). Finalmente, se determiné la presencia y
numero de hipnosporas de Perkinsus sp. con un microscopio
optico (100X, Leica®, DM750). La prevalencia de la infeccion
fue calculada como el porcentaje de ostiones infectados en
cada muestreo mensual (Thrusfield, 1995), mientras que para
la intensidad de la infeccion, se utilizé la clasificaciéon de la
escala de Mackin (Mackin, 1962), modificada por Craig et al.
(1989) (Tabla 1).

Biometrias y supervivencia

La altura de la concha (SL) y peso corporal (BW)
de 60 ostiones fueron obtenidos in situ cada mes, con
una regla vernier (0.2 mm) y una balanza portatil (0.00 g),
respectivamente. La tasa de crecimiento mensual se reportéd
como la ganancia en peso corporal (Rodriguez-Quiroz et
al., 2016). La supervivencia fue calculada contando los
animales muertos en cada muestreo y expresada como el
porcentaje del nimero inicial de ostiones (Gongora-Gémez
etal., 2012).

indice de condiciéon

El indice de condicién (Cl) mensual fue obtenido
de una muestra adicional de 30 ostiones, los cuales,
fueron desconchados para remover su tejido. Después,
el peso total de las conchas (g, TW) y el peso total del
tejido en fresco (g, SW) de cada ostion, se registraron
con una balanza portatil (OHAUS, Scout Pro SP 2001).
Las conchas y tejidos suaves fueron secados en un
horno (100° C, Riossa EC-41) durante 24 horas. El Cl fue
calculado con la férmula propuesta por Lucas & Beninger
(1985): Cl = (SW/TW) x 100.
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Table 1.
Degree of infection intensity in oysters according to Mackin’s scale (Mackin, 1962)
modified by Craig et al. (1989).

Tabla 1.
Grado de la intensidad de infeccidn en ostiones de acuerdo a la escala de Mackin (Mackin, 1962),
modificada por Craig et al. (1989).

Description of the

Scale Mackin’s scale # Hypnospores Tissue covered by hypnospores (%)
Negative/No infection 0 0
Very light - 0.3 1-10
Very light + 0.7 11-74
Ligth - 1.0 75-125
Ligth 1.3 > 125 but < 25
Ligth + 1.7 <25
Ligth/moderate - 2.0 25
Ligth/moderate 2.3 > 25 but much <50
Ligth/moderate + 2.7 > 25 but < 50
Moderate - 3.0 50
Moderate 3.3 > 50 but much <75
Moderate + 3.7 > 50 but <75
Moderately heavy - 4.0 75
Moderately heavy 4.3 > 75 but much less than 100
Moderately heavy + 4.7
> 75, oyster tissue still visible
Heavy 5.0 100 oyster tissue covered

Biochemical composition

At each sampling date, whole-oyster wet flesh
weight of 30 oysters was measured and soft tissue
samples were combined in 3 pools of ten animals
each. Tissue samples were individually analyzed for
protein, lipid, and carbohydrate content each month.
Due to their small size, the biochemical composition
of oysters from the three first months was determined
using a pool (n = 30). Each tissue sample was triturated
and placed in individual 2.0 ml Eppendorf microtubes,
frozen at -70 °C for 24 h, lyophilized for 24 h, and
pulverized. Finally, tissues were homogenized in 1 ml
saline solution (35 UPS). All results were expressed as
mg g, dry weight (DW).

Composicion bioquimica

Para cada sitio de cultivo se recolectaron 30 ostiones
por mes, de los cuales, se obtuvo el peso de todos los tejidos
en fresco. Después, con los tejidos en fresco de 10 ostiones,
se formaron tres grupos, cada uno representando una
réplica. De esta forma, se determinaron las concentraciones
de triglicéridos, proteinas, lipidos y carbohidratos de cada
muestra de los tejidos. Debido al pequefio tamafo de
los bivalvos en los primeros tres meses, la composicion
bioquimica fue obtenida de un grupo de 30 ostiones. Cada
muestra de tejidos fue individualmente triturada y colocada en
microtubos Eppendorf (2.0 ml), congelada a -70 °C durante 24
h, liofilizada durante 24 h y pulverizada. Finalmente, los tejidos
se homogenizaron en 1 ml de solucién salina (35 UPS). Los
resultados se expresan como mg g™, peso seco.
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Triglicerids were calculated by using the GEO-PAP
(Randox) commercial kit at 460 nm absorbance. Total
protein concentration was determined according to the
procedure of Bradford (1976) at 595 nm absorbance.
Lipids were extracted from freeze-dried oyster tissue using
the sulphophosphovanillin method (Barnes & Blackstock,
1973) and assayed at 540 nm absorbance. Carbohydrates
were analyzed using the anthrone reagent method (Roe,
1955) at at 630 nm absorbance.

Water parameters

Water parameters were sampled every month
to obtain temperature and dissolved oxygen (DO) with
an oximeter (YSI 55/12FT, Ohio, USA), salinity with a
refractometer (ATAGO, S/Mill), pH by using a pHmeter
(HANNA, HI 8314, USA), depth and transparency with
a Secchi disk, and total suspended solids (TSS) and
particulate organic matter (POM) by the gravimetric
method (APHA, 1995). Chlorophyll a (Cla) analysis was
performed after filtration with Whatman GF/F filters (0.7
um pore size) using Millipore vacuum filtration and was
determined by standard spectrophotometric methods
(Strickland & Parsons, 1972).

Data analysis

All dataset were tested for normality, and
statistical tests were chosen accordingly. Comparison
of means by one-way analysis of variance (ANOVA)
and Tukey’s test was practiced at each site monthly
for the incidence of Perkinsus sp. Student’s t-test was
used to assay significant difference between means
of all variables from both culture sites. Correlations of
prevalence and intensity of Perkinsus sp. with oyster
biometrics, condition index, biochemical content, and
environmental parameters were computed at each
culture site. The Statgraphic Plus 5.0 software package
(Statistical Graphics Corp., Herndon, VA, USA) was used
to perform these analyses. Differences were considered
significant at p = 0.05.

Results and discussion

Perkinsus sp. was detected in CB and AE
throughout culturing months. The oysters sampled in both
places had diverse degrees of prevalence and intensity of
infection (Table 2).

Los triglicéridos fueron calculados usando un kit comercial
(GEO-PAP, Randox), a una absorbancia de 460 nm. La
concentracion de proteinas totales se determind con el
procedimiento de Bradford, (1976), a una absorbancia de 595
nm. Los lipidos fueron extraidos del tejido de ostiéon seco por
congelamiento usando el método sulfofosfovanillina (Barnes
& Blackstock, 1973) y ensayado a una absorbancia de 540
nm. Los carbohidratos se analizaron usando el método del
reactivo antrona (Roe, 1955), a una absorbancia de 630 nm.

Parametros del agua

Los parametros del agua fueron muestreados cada
mes. La temperatura y el oxigeno disuelto (DO) se obtuvieron
con un oximetro (YSI 55/12FT, Ohio, USA), la salinidad con
un refractometro (ATAGO, S/Mill), el pH usando un pHmetro
(HANNA, HI 8314, USA), la profundidad y la transparencia con
un disco Secchi, mientras que los sélidos suspendidos totales
(TSS) y la material organica particulada (POM) mediante el
método gravimétrico (APHA, 1995). El andlisis de la clorofila
a (Cla) fue realizado después de filtrar el agua con filtros
Whatman GF/F (0.7 ym tamafo de poro) usando filtracion
Millipore al vacio, para finalmente, determinar la concentracion
de Cla mediante los métodos espectrofotométricos estandares
(Strickland & Parsons, 1972).

Analisis de datos

Después de probar la normalidad de todos los
datos, se eligid el analisis estadistico correspondiente.
Para evaluar la presencia mensual de Perkinsus sp.,
se practico una comparacion de medias con un analisis
de varianza (ANOVA) y una prueba de Tukey para cada
sitio de cultivo. Se utilizé una prueba t de Student para
determinar las diferencias significativas entre las medias
de todas las variables comparando los dos sitios de cultivo.
Se estudiaron las correlaciones entre la prevalencia e
intensidad de Perkinsus sp. con las biometrias de los
ostiones, el indice de condicién, el contenido bioquimico
y los parametros ambientales de cada lugar. Los andlisis
estadisticos se realizaron usando el programa Statgraphic
Plus 5.0 (Statistical Graphics Corp., Herndon, VA, USA) a
un nivel de significancia de p = 0.05.

Resultados y discusion

Perkinsus sp. fue detectado en CB y AE duran-
te todos los meses de cultivo. Los ostiones muestreados en
ambos lugares presentaron diversos grados de prevalencia e
intensidad de infeccién (Tabla 2).
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Table 2.
Prevalence and intensity of Perkinsus sp. infection in the oyster Crassostrea gigas cultivated in The Colorado
Bay (CB) and Las Aguamitas Estuary (AE), Sinaloa, Mexico

Table 2.
Prevalencia e intensidad de infecciéon de Perkinsus sp. en el ostion Crassostrea gigas cultivado en la Bahia EIl
Colorado (CB) y el estero Las Aguamitas (AE), Sinaloa, México

2013-2104 Prevalence (%) Intensity (Mackin’s scale*)
CB AE CB AE
July
56.7 53.3 0.32 0.5°
(17)8 (16) (0.1) 0.1)
August 80 63.3 0.42 0.9°
(24) (19) (0.1) 0.1)
September 60 50 1.2° 0.52
(18) (15) 0.2) (0.1)
October 36.7 46.7 0.5° 0.42
(11) (14) (0.1) 0.1)
November 56.7 43.3 0.52 0.22
(17) (13) (0.1) 0.1)
December 60 80 0.42 0.62
(18) (24) (0.1) 0.1)
January 70 60 0.42 0.32
(21) (18) (0.1) 0.1)
February 43.3 46.7 0.22 0.32
(13) (14) (0.04) 0.1)
March 43.3 56.7 0.42 0.32
(13) (17) (0.1) (0.1)
April 26.7 46.7 0.12 0.22
(11) (14) (0.04) (0.1)
May 83.3 73.3 0.6° 0.3°
(25) (22) (0.1) (0.1)
June 46.7 40 0.22 0.22
(14) (12) (0.04) 0.1)
Mean 55.3 55 0.4 0.4
(16.58) (16.5) 0.1) 0.1)

*Mackin (1962) modified by Craig et al. (1989). SMean (+ standard error). Different superscripts between sites per month, mean significant
differences (p<0.05).

*Mackin (1962) modificado por Craig et al. (1989). SMedia (+ error estandar). Diferentes letras entre lugares por mes denotan diferencias
significativas (p<0.05).
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Prevalence of the parasite in CB fluctuated from 26.7 +
8.0 % found in April, to 83.3 + 25.0 % obtained in May,
meanwhile, the lowest and highest prevalence values
in AE were registered in June 2014 (40.0 £ 12.0 %) and
December 2013 (80.0 + 24.0 %), respectively. The intensity
of infection in CB varied from 0.1 £ 0.04 in April, to 1.2 £ 0.2
found in September. For the AE farm, the lowest intensity
(0.2 £ 0.1) was obtained in June and the highest value
(0.9 £ 0.1) in August. There were no significant differences
comparing prevalence (t = 0.07, p = 0.94) and incidence of
parasite (t = 0.32, p = 0.75) in both culture sites.

Since Perkinsus-like organisms have been described
parasitizing, and in some cases, causing massive
mortalities in a large number of wild (Choi et al., 2002;
Casas et al., 2004) and cultivated mollusks from around
the world (Aguirre-Macedo et al., 2007; da Silva et al.,
2016) and that many factors (internal and external) are
involved in the parasite-host interaction, the study on
the occurrence of Perkinsus sp. with host physiological
condition and ambient parameters represents a valuable
contribution to properly evaluate the effects of this
parasite in cultivated bivalves.

Although Perkinsus sp. was detected at both CB and
AE farms, the overall growth and physiological results
obtained in this experiment suggest that the C. gigas
strain possessed resistance to the pathogen. This
because any drastic reduction in the oyster survival
was observed, coinciding with Villanueva-Fonseca
& Escobedo-Bonilla, (2013) working with C. gigas in
the Gulf of California and with Encomio et al. (2005)
comparing Perkinsosis-resistance oyster stocks from
the Gulf of Mexico. In addition to high survival, resistant
populations may maintain low-to-moderate prevalence
and intensities of infections (Villalba et al., 2004), as
was observed in this study. Perkinsus sp. incidence was
determined from the first culture month, which indicated
that oyster could have acquired the parasite by direct
contact with the water, where wild and cultivated
bivalves populations possibly already infected could
be found. For instance, Gongora-Gémez et al. (2016)
reported wild specimens of the pen shell Atrina maura
infected with Perkinsus sp. close to one of the studied
farm located at the north coast of Sinaloa. Meanwhile,
Villanueva-Fonseca & Escobedo-Bonilla (2013)
detected the parasite in C. gigas cultivated in one of
the experimental farms from this study. It suggests
that although the oyster seed used in this work was

La prevalencia del parasito en CB fluctué desde 26.7 +
8.0% en abril, hasta 83.3 + 25.0 % en mayo, mientras que
los valores mas bajos y altos de prevalencia en AE fueron
registrados en junio 2014 (40.0 + 12.0 %) y diciembre 2013
(80.0 = 24.0 %), respectivamente. La intensidad de la
infeccion en CB varié desde 0.1 + 0.04 en abril, hasta 1.2 +
0.2 en septiembre. En el caso de la granja AE, la intensidad
mas baja (0.2 + 0.1) fue obtenida en junio y el valor mas
alto (0.9 £ 0.1) en agosto. No hubo diferencias significativas
comparando la prevalencia (t = 0.07, p = 0.94) e intensidad
del parasito (t = 0.32, p = 0.75) entre ambos sitios.

Por el hecho de que organismos parecidos a Perkinsus se
han descrito parasitando, y en algunos casos, causando
mortalidades masivas en moluscos silvestres (Choi et al.,
2002; Casas et al., 2004) y cultivados en el mundo (Aguirre-
Macedo et al., 2007; da Silva et al., 2016), y que varios factores
(internos y externos) estan involucrados en la interaccién
parasito-huésped, los estudios acerca de la presencia de
Perkinsus sp. con relacién a la condicion fisiologica del
huésped y a los parametros ambientales, representan
valiosas contribuciones para evaluar de manera adecuada,
los efectos de este parasito en los bivalvos cultivados.

A pesar de que Perkinsus sp. se detectdé en ambas granjas,
los resultados obtenidos para el crecimiento y fisiologia en
este estudio sugieren que C. gigas mostré resistencia al
patégeno, ya que no se observé una reduccién drastica en
la supervivencia del ostion, lo cual, coincidié con Villanueva-
Fonseca & Escobedo-Bonilla, (2013), quienes trabajaron
con C. gigas en el Golfo de California, y con Encomio
et al. (2005), al comparar la resistencia a la perkinsosis
de varios grupos de ostiones en el Golfo de México. Las
poblaciones de ostiones resistentes, no solo presentan
alta supervivencia, sino que ademas, pueden mantener la
prevalencia e intensidad de la infeccién en niveles de bajos
a moderados (Villalba et al., 2004), tal como se observé en
este estudio. La presencia de Perkinsus sp. desde el primer
mes de cultivo indica que los ostiones habrian adquirido el
parasito por contacto directo con el agua, donde ya pudieran
encontrarse poblaciones de bivalvos silvestres y cultivados
previamente infectados. Por ejemplo, Gongora-Gémez et al.
(2016) reportaron especimenes silvestres del callo de hacha
Atrina maura infectados con Perkinsus sp., cerca de uno de
los sitios de cultivo localizado en la costa norte de Sinaloa.
También, Villanueva-Fonseca & Escobedo-Bonilla (2013)
detectaron el parasito en C. gigas cultivado en uno de los
lugares de este estudio. Lo anterior sugiere que a pesar de la
garantia “libre de patégenos” certificada por el laboratorio del
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guaranteed pathogen-free by the CIBNOR lab, Sonora,
the prevalence results pointed out that the parasite was
already present in the farm locations.

In this study, the range of prevalence found in the CB (26.6-
83.3 %) and AE (40-73.3 %) farms were higher than those
reported by Villanueva-Fonseca & Escobedo-Bonilla (2013)
and Enriquez-Ezpinoza et al. (2015) in C. gigas (3-40 %
and 3-60 %, respectively) by Caceres-Martinez et al. (2008)
in C. corteziensis (1-6 %), and by Céaceres-Martinez et al.
(2012) in Sacosstrea palmula (7-20%). Nevertheless, our
values are comparable with found by Luz & Boehs (2016)
in C. rhizophorae (50-88 %), but lower than those obtained
by Huicab-Pech et al. (2012) in C. virginica (70-100 %). For
the intensity of infection, our results at both sites showed
a very light to light range (0.2-1.2), which was lower than
those aforementioned studies.

Perkinsus sp.
survival and CI

incidence and biometrics,

Shell heights continuously increased over time until
the ninth culture month in both locations. In March, oysters
from CB and AE reached 101.6 £ 6.5 and 96.1 + 9.1 mm in
SH, respectively, and there were no differences (t = 1.25, p
= 0.24) between the farms. Prevalence displayed negative
correlation values with SH for oysters cultivated in CB (r =
-0.25, p = 0.22) and AE (r =-0.00, p = 0.52), but no relation
was detected between these parameters (Fig. 2). Body
weights (t = 2.55, p = 0.03) and survivals (t = -4.64, p =
0.00) varied significantly at both farms. Weight values at
the end of cultivation were 117 and 101 g for CB and AE,
respectively. Prevalence of Perkinsus sp. and oyster BW
were no correlated at both sites (CB r = -0.29, p = 0.28; AE

=-0.05, p = 0.52) (Figura 2).

Survival higher than 90 % was recorded in oysters from CB
and AE after 13 cultivation months. Survival did not showed
significantly correlation with the prevalence of the parasite
at CB (r =-0.06, p = 0.45) nor at AE (r = 0.09, p = 0.42).

Condition index of C. gigas cultivated at CBand AE dis-
played two (September = 72.1 and April = 60.9) and three
peaks (September = 59.5, November = 64.0, and May =
54.1), respectively. However, Cl were similar at both farms
(t=0.19, p = 0.85). Prevalence of Perkinsus at both loca-
tions were no correlated with the Cl (CB r =-0.18, p = 0.58;
AEr=-0.11, p = 0.52).

CIBNOR, Sonora, para las ostrillas usadas en este trabajo,
los resultados obtenidos para la prevalencia indican que el
parasito ya esta presente en los sitios de cultivo.

El intervalo de prevalencia encontrado en CB (26.6-83.3
%) y AE (40-73.3 %) fue mas elevado que el reportado
por Villanueva-Fonseca & Escobedo-Bonilla (2013) y En-
riquez-Ezpinoza et al. (2015) en C. gigas (3-40 % y 3-60
%, respectivamente), al igual que para C. corteziensis (1-6
%, Caceres-Martinez et al., 2008) y Sacosstrea palmula (7-
20 %, Caceres-Martinez et al., 2012). Sin embargo, nues-
tros valores son comparables con los obtenidos por Luz &
Boehs, (2016) para C. rhizophorae (50-88 %), pero mas
bajos que los encontrados por Huicab-Pech et al. (2012) en
C. virginica (70-100 %). En el caso de la intensidad de la
infeccion, el intervalo obtenido (0.2-1.2, muy ligero a ligero)
fue mas bajo que el reportado para los estudios anterior-
mente mencionados.

Presencia de Perkinsus sp. con biometrias,
supervivenciay Cl

La altura de la concha de los ostiones en los dos
sitios se incrementoé continuamente hasta el noveno mes
de cultivo, alcanzando en marzo, una talla de 101.6 *
6.5 mm en CB y 96.1 £ 9.1 mm en AE, sin presentar di-
ferencias significativas (t = 1.25, p = 0.24). No se obser-
vé correlacion entre la prevalencia y SL de los ostiones
cultivados en CB (r =-0.25, p = 0.22) y AE (r =-0.00, p =
0.52) (Fig. 2). El peso corporal de los ostiones (t = 2.55,
p = 0.03) y la supervivencia (t = -4.64, p = 0.00) varié
significativamente entre los sitios. El peso final de C. gi-
gas fue de 117 y 101 g para CB y AE, respectivamente.
Al igual que la SL, la prevalencia de Perkinsus sp. no se
correlacioné con el BW (CB r = -0.29, p = 0.28; AE r =
-0.05, p = 0.52) (Figura 2).

La supervivencia fue superior a 90 % en ambos lugares
después de 13 meses de cultivo y no se correlaciondé con
la prevalencia del parasito (CB: r = -0.06, p = 0.45; AE: r =
0.09, p = 0.42).

El indice de condicién de C. gigas en CB y AE mostré dos
(septiembre = 72.1 y abril = 60.9) y tres picos (septiembre
= 59.5, noviembre = 64.0, y mayo = 54.1), respectivemen-
te. Sin embargo, el Cl fue similar en ambos sitios (=0.19,
p=0.85). La prevalencia de Perkinsus no se correlacioné
con el Cl en las dos granjas (CB r=-0.18, p = 0.58; AE r =
-0.11, p = 0.52).
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Figure 2. Oyster shell height (mm) and total weight (g) and prevalence (%) of Perkinsus sp. in Crassostrea gigas
cultivated at El Colorado Bay (CB) and Las Aguamitas Estuary (AE), Sinaloa, Mexico.

Figura 2. Altura de la concha (mm) y peso total (g) del ostion versus prevalencia (%) de Perkinsus sp. en Crassostrea
gigas cultivado en la bahia El Colorado (CB) y el estero Las Aguamitas (AE), Sinaloa, México.

Previous experiences cultivating C. gigas in the
southeastern of the Gulf of California (Géngora-Gémez
et al., 2012; Rodriguez-Quiroz et al., 2016) indicate
that commercial size of the Japanese oyster is reached
between 7 and 8 months, which coincide with this work in
both culture sites. The rapid SH growth of the oyster seeds
suggests that the progeny from the CIBNOR broodstock
may be a useful aquaculture strain, particularly in oyster
farms from the southeastern Gulf of California, where
Perkinsus spp. has been detected (Villanueva-Fonseca
& Escobedo-Bonilla, 2013; Géngora-Goémez et al., 2016).
The higher condition index values obtained in this study
during the first months in oysters from both farms, may

Existen reportes previos en el sureste del Golfo de California
(Géngora-Goémez et al., 2012; Rodriguez-Quiroz et al., 2016)
indicando que el ostién Japonés alcanza su talla commercial
entre 7y 8 meses de cultivo, lo cual, coincidié con los resultados
de este trabajo. Debido al rapido crecimiento mostrado por las
semillas provenientes del CIBNOR, podria considerarse que
dicha linea de ostion es apropiada, particularmente, para las
granjas ostricolas del sureste del Golfo de California, donde
Perkinsus spp. ya ha sido detectado (Villanueva-Fonseca &
Escobedo-Bonilla, 2013; Géngora-Gémez et al., 2016). Los
valores altos de Cl obtenidos durante los primeros meses en
ambos sitios pudieran ser atribuidos al incremento continuo
registrado para SH y BW (Encomio et al., 2005), los cuales,
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be attributed to the continuous increase in both SH and
BW (Encomio et al., 2005), which was related to the food
availability. At the same time, the Cl was correlated with
food sources and nutrient content of oysters suggesting
nutrient utilization for somatic and shell growth. However,
there is not clear evidence that Perkinsus sp. presence
had a significantly negative effect on Cl. It seems that
environmental influences on Cl were likely greater than
effects of the parasite, coinciding with findings by Dittman
et al. (2001) and Encomio et al. (2005).

Perkinsus sp. incidence and
biochemical composition

Triglycerids, lipids, and proteins were significantly
different (t= -3.12, p=0.01; t= -2.98, p = 0.01; t = 3.00,
p = 0.01, respectively) at the two culture sites showing
the higher values in September for CB (81.7, 288.7 and
540.7 mg g, resp.), and in December (45.3 mg g for
triglycerids), September (184.8 mg g for lipids), and
February (564.1 mg g for proteins) for the oysters
cultivated at AE farm. Carbohydrates were similar
(t=1.69, p=0.12) at both locations.

Perkinsus sp. prevalence was not significantly correlated
with triglycerides (CB r = 0.26, p = 0.61; AEr=0.32, p
= 0.26), lipids (CBr =0.26, p = 0.58; AEr=0.15, p =
0.49), proteins (CB r = 0.28, p = 0.65; AEr =-0.12, p
= 0.70), nor with carbohydrates composition of oysters
at both farms (CB r = -0.10, p = 0.87; AEr =0.19, p =
0.84) (Figura 3).

The Spearman’s rank order correlations (r) for the parasite
and environmental parameters for the oysters from the CB
and AE farms indicated that incidence of Perkinsus sp. in
CB was correlated with the oyster protein (r = 0.62, p =
0.03), lipids (r=0.65, p = 0.02), and triglycerids (r = 0.67, p
= 0.02) concentrations, meanwhile, incidence of the proto-
zoan in AE was correlated with oyster survival (r=0.72, p =
0.01), but shown negative correlation with BW and SH (r =
-0.70, p=0.01 and r=-0.72, p = 0.01, respectively).

Biochemical studies with bivalves state that when
food is abundant, it is used for growth and stored
for reproduction in the form of proteins, lipids, and
carbohydrates (Ojea et al., 2004; Dridi et al., 2007). As
observed by Berthelin et al. (2000), proteins were the
major component throughout the cycle in the oysters
cultivated in CB and AE sites, and registered a peak

se relacionaron con el alimento disponible. De hecho, el CI
mostré también, correlacion con las fuentes de alimento y el
contenido de nutrientes de los ostiones indicando que estos
ultimos fueron utilizados para el crecimiento somatico y de
la concha. Sin embargo, no existe evidencia clara de que la
presencia de Perkinsus sp. tuviera un efecto negativo en el
Cl, por lo que pudiera ser que el medio ambiente haya tenido
mayor influencia que el parasito en el indice de condicién
de los ostiones, como concluyeron Dittman et al. (2001) y
Encomio et al. (2005).

Presencia de Perkinsus sp.y
composicion bioquimica del ostion
Las concentraciones de ftriglicéridos, lipidos y
proteinas del ostién fueron diferentes significativamente entre
los dos sitios (t=-3.12, p=0.01;t=-2.98, p=0.01; t=3.00, p =
0.01, respectively). Los valores mas altos en CB se obtuvieron
en septiembre (81.7, 288.7 y 540.7 mg g, respectivamente),
mientras que para los ostiones cultivados en AE, las mayores
concentraciones se registraron en diciembre (45.3 mg g’ para
triglicéridos), septiembre (184.8 mg g para lipids) y febrero
(564.1 mg g' para proteins). Los niveles de carbohidratos

fueron similares entre ambas granjas (t = 1.69, p = 0.12).

La prevalencia de Perkinsus sp. no mostro correlacién con
las concentraciones de triglicéridos (CB r = 0.26, p = 0.61;
AE r = 0.32, p = 0.26), lipidos (CB r = 0.26, p = 0.58; AE r
= 0.15, p = 0.49), proteinas (CB r = 0.28, p = 0.65; AE r =
-0.12, p = 0.70) ni carbohidratos (CB r =-0.10, p = 0.87; AE
r=0.19, p = 0.84) del ostién en ambos sitios (Figura 3).

Las correlaciones de Spearman (r) practicadas entre la
presencia del parasito y los pardmetros ambientales,
indicaron que la incidencia de Perkinsus sp. en CB estuvo
correlacionada con las concentraciones de proteinas (r =
0.62, p = 0.03), lipidos (r = 0.65, p = 0.02) y triglicéridos (r =
0.67, p = 0.02) del ostion, mientras que en AE, la presencia
del parasito se relacion6 positivamente con la supervivencia
de C. gigas (r=0.72, p = 0.01) pero negativamente con BW y
SH (r=-0.70,p=0.01yr=-0.72, p=0.01, respectivamente).

Los estudios bioquimicos con bivalvos coinciden en que cuando
el alimento disponible es abundante, las proteinas, lipidos y
carbohidratos que contienen son usados para el crecimiento
y almacenamiento para reproduccién (Ojea et al., 2004; Dridi
et al., 2007). En este trabajo y para ambos sitios, las proteinas
fueron el componente nutricional de mayor concentracién, como
concluy6 Berthelin et al. (2000), registrando junto con el Cl, un

Revista Bio Ciencias 6, e681.

12



Goéngora-Goémez et al., 2019.

—— Triglycerids --4--Lipids —b—Proteins - @ - Cartbohivdrates —#—Prevalence

600 100

Sl:lﬂ B 1 Rr}

400 +

1
&
=
{85) aouaEAsL

Nutrients (mg g-'. dw)
T
L —
o=
T

<4 40
200 |
100 120
0 0
] A S O N D J F M A M I
CB Months (2013-2014)

—B— Triglycerids --#--Lipids —d—Proteins - @ - Carbohydrates —#—Prevalence

G0 1 10D
=400 :
=b {1 60 &
= z
£ 300 &
2 140 F
2 200
e 100 20

0 : . . I
J A 5 L [} J F M A M J
AE Months (2003-2014)

Figure 3. Concentration of triglycerides, lipids, proteins, and carbohydrates (mg g, dw), and prevalence (%) of
Perkinsus sp. in Crassostrea gigas cultivated at El Colorado Bay (CB) and Las Aguamitas Estuary (AE),
Sinaloa, Mexico.

Figura 3. Concentraciones de triglicéridos, lipidos, proteinas y carbohidratos (mg g, peso seco) versus prevalencia
(%) de Perkinsus sp. en Crassostrea gigas cultivado en la bahia El Colorado (CB) y el estero Las Aguamitas
(AE), Sinaloa, México.
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during the summer-autumn months in a similar trend of
the Cl, suggesting mobilization of that nutrient source
during growth. Then, subsequent two smaller peaks of
proteins were obtained. Although at a lower level, the
similar pattern was observed for lipids increasing the
first three months when oyster gonads are developed
(Berthelin et al., 2000). Carbohydrate content can be
considered as bioindicators of environmental status
reflecting the oyster capacity to sustain exogenous
stress (Dridi et al.,, 2007) including Perkinsus sp.
incidence. Although no significant correlation was found
between the presence of parasite with the carbohydrate
level of oysters, their curves displayed coincidences for
some months suggesting a possible effect of this energy
source in the parasite. The concentration values for all
biochemical components tested suggest an adequate
amount of energy for supporting the general oyster
metabolism, including the presence of Perkinsus sp at
the prevalence and intensity levels.

Perkinsus sp. occurrence and
water parameters

With exception of depth and transparency, all
water parameters were similar at both CB and AE farms.
Temperatures were not significantly different (t = -1.88,
p = 0.09) at the two culture sites showing the maximum
values in the summer months (30.3 °C in June-July
2013 for CB, and 30.8 °C in June 2014 for AE), and
minimum in December (CB = 19.7 °C, AE = 22.5 °C). In
both farms, Perkinsus sp. prevalence was not related to
the temperature (CB r = 0.28, p = 0.68; AE r = -0.34, p
= 0.25). Salinities were not different (t = -0.59, p = 0.57)
between CB and AE, ranging from 30 to 38.6, and 30.3 to
35.6 UPS, respectively. There was no correlation between
prevalence of the parasite and salinity in both farms (CB r
=0.25,p=0.64; AEr=0.23, p = 0.67).

The concentrations of DO in CB and AE were similar (¢
= 0.40, p = 0.70) and fluctuated from 3.1 mg L' found
in autumn, to 8.1 mg L' obtained in spring. Prevalence
of parasite in CB (r = 0.16, p = 0.83) and AE (r = -0.04,
p = 0.90) was not influenced by the OD level. The pH
tendency showed similar performances between both
farms (t = 0.14, p = 0.89) ranging from 6.5 to 8.2 for CB,
and from 7.5 to 8.1 for AE. No significant correlation was
found between the prevalence of Perkinsus sp. and the
pH values in both farms (CB r = 0.08, p = 0.59; AE r =
0.19, p = 0.43).

pico durante los meses de verano-otofio. Lo anterior sugiere
que las proteinas se mobilizaron para el crecimiento del ostion.
Subsequentemente, se obtuvieron dos pequefios picos de este
nutriente. Este mismo patrén fue observado para los lipidos,
que aumentaron su nivel durante los tres primeros meses para
favorecer el desarrollo de las génadas (Berthelin et al., 2000),
aunque a menor concentracion. Dridi et al. (2007) concluyé que
el contenido de carbohidratos puede ser considerado como un
bioindicador ambiental que se refleja en la capacidad del ostion
para soportar estrés exdgeno, incluyendo como en este estudio,
la dinamica infecciosa de Perkinsus sp. Aungque no se encontrd
una correlacion entre la presencia del parasito y el contenido de
carbohidratos en el ostion, los datos muestran coincidencias en
algunos meses sugiriendo un cierto efecto de este nutriente en
Perkinsus sp. Las concentraciones de los nutrientes estudiados
indican la disponibilidad de una cantidad de energia suficiente
y adecuada para cubrir con los requerimientos metabolicos
del ostion, ademas de los niveles infecciosos de prevalencia e
intensidad de Perkinsus sp. obtenidos en este trabajo.

Presencia de Perkinsus sp. y
parametros ambientales

Con excepcién de la profundidad y transparencia
del agua, el resto de los parametros ambientales fueron
similares entre ambos sitios. La temperatura (t = -1.88,
p = 0.09) mostré el mayor gradiente en verano (30.3 °C
en junio-julio 2013 para CB, y 30.8 °C en junio 2014 para
AE), y el menor en diciembre (CB = 19.7 °C, AE = 22.5
°C). La prevalencia de Perkinsus sp. no se correlacion6
con la temperatura (CB r = 0.28, p = 0.68; AE r = -0.34, p
= 0.25) en ambas granjas. La concentracién de salinidad
fue similar entre CB y AE (t = -0.59, p = 0.57), con una
fluctuacién desde 30 hasta 38.6, y desde 30.3 hasta 35.6
UPS, respectivamente. Tampoco existié correlacion entre
este pardmetro y la prevalencia del parasito en los dos
sitios (CB r=0.25, p = 0.64; AE r =0.23, p = 0.67).

Las concentraciones de DO en CB y AE fueron
estadisticamente iguales (t = 0.40, p = 0.70), y variaron
desde 3.1 mg L en otofio, hasta 8.1 mg L' registrado en
primavera. La prevalencia del parasito en CB (r = 0.16, p =
0.83) y AE (r=-0.04, p = 0.90) no fueron influenciadas por el
nivel de OD. La tendencia del pH mostré6 comportamientos
similares entre ambas granjas (t = 0.14, P = 0.89), desde
6.5 hasta 8.2 para CB, y desde 7.5 hasta 8.1 para AE.
No se encontraron correlaciones significativas entre la
prevalencia de Perkinsus sp. y el pH en ambos sitios (CB r
=0.08, p=0.59; AEr=0.19, p = 0.43).
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Depth and transparency were different at both Colorado
Bay and Estero Las Aguamitas (¢t = -11.58, p = 0.00
and t = -3.69, p = 0.00, respectively); the higher values
were obtained for the AE farm (3.9 m depth and 1.9 m
transparency). As for the aforementioned physical and
chemical parameters, prevalence of the parasite was not
correlated with depth (CB r=0.46, p = 0.15; AEr=0.21, p
=0.39) nor transparency (CBr=0.45, p=0.12; AEr=0.47,
p =0.19) in both farms.

There were no significant differences between the
concentration of Cla (t = 0.59, p = 0.56), TSS (¢t = -1.50,
p = 0.16) and POM (t = -0.77, p = 0.46) in the CB and
AE locations; the higher values of these food sources
were observed during the winter months. Prevalence of
Perkinsus sp. was not correlated with Cla (CB r = 0.09, p =
0.79; AE r = -0.23, p = 0.82), TSS (CB r = -0.22, p = 0.44;
AEr=0.51,p=0.19), and POM (CB r =-0.21, p = 0.36; AE
r=0.69, p = 0.05) in both farms.

The presence of the genus Perkinsus is associated to
surface mean water temperatures above 25 °C (Guo &
Ford, 2017) that reaches until 30 to 32 °C in summer,
which is characteristic in the oyster farms located in
the southeastern of the Gulf of California (Rodriguez-
Quiroz et al., 2016; Villanueva-Fonseca et al., 2017). In
fact, moderate fluctuations of temperature and salinity
can be found during annual culture cycles in such
region (Gongora-Gémez et al., 2015, 2016), which was
confirmed in this work. The higher temperatures (29.7-
30.7 °C) during the first three months could also have
promoted the fast occurrence of Perkinsus sp. on both
sites, which was reflected in higher prevalence values
(between 60 to 80%) obtained from July to August
2013. This coinciding with Ragone Calvo et al. (2003)
and Villanueva-Fonseca & Escobedo-Bonilla, (2013),
whose observed the higher parasite proliferation during
the warmest culture months in C. virginica and C. gigas,
respectively. Salinities above 12 UPS are associated
with the presence of Perkinsus sp. in oysters (Ragone
& Burreson, 1993). La Peyre et al. (2006) concluded
that salinities above 15 UPS promote Perkinsus sp.
metabolic activity, which coincides with the obtained
results in both farms. Since water temperature and
salinity are considered the key environmental factors
that govern the incidence of this protozoan (Choi &
Park, 2010), there is not available punctual information
that study the relationship of this pathogen (Fernandez-
Robledo et al., 2014) for adequate comparisons.

La profundidad y la transparencia del agua en las granjas
mostraron diferencias (CB t = -11.58, p = 0.00; AE t =
-3.69, p = 0.00, respectivamente); AE obtuvo los valores
mas altos (3.9 m de profundidad y 1.9 m de transparencia).
Al igual que para los parametros fisicos y quimicos antes
mencionados, la prevalencia del parasito no mostrd
correlacionarse con la profundidad (CB r = 0.46, p = 0.15;
AE r=0.21, p = 0.39) ni con la transparencia (CB r = 0.45,
p=0.12; AEr=0.47, p = 0.19) en ambos lugares.

No se obtuvieron diferencias significativas entre la
concentracion de Cla (t= 0.59, p = 0.56), TSS (t=-1.50, p =
0.16) y POM (t=-0.77, p = 0.46) en las granjas; los valores
mas altos de estos nutrientes se presentaron en invierno.
La prevalencia de Perkinsus sp. no se correlacion6 con Cla
(CBr=0.09, p=0.79; AEr=-0.23, p=0.82), TSS (CB r =
-0.22,p=0.44;AEr=0.51,p=0.19)y POM (CB r = -0.21,
p =0.36; AEr=0.69, p = 0.05) en las dos granjas.

La presencia del género Perkinsus esta asociada a
temperaturas superficiales del agua por encima de 25 °C
(Guo & Ford, 2017) pudiendo alcanzar hasta 30- 32 °C en
verano, el cual, es un gradiente caracteristico en las granjas
localizadas en el sureste del Golfo de California (Rodriguez-
Quiroz et al.,, 2016; Villanueva-Fonseca et al., 2017). De
hecho, pueden registrarse fluctuaciones moderadas de
temperatura y salinidad durante ciclos anuales en dicha
region (Géngora-Gomez et al, 2015, 2016), como es
confirmado por los resultados de los parametros en este
trabajo. El registro de altas temperaturas de los tres primeros
meses (29.7-30.7 °C) pudieron haber promovido la rapida
presencia de Perkinsus sp. en ambos sitios, que se reflejo
en los valores de prevalencia (60-80 %) obtenidos entre
julio y agosto 2013. Lo anterior coincide con lo reportado
por Ragone Calvo et al. (2003) y Villanueva-Fonseca &
Escobedo-Bonilla, (2013), quienes registraron la proliferacion
del parasito en C. virginica y C. gigas, respectivamente,
durante los meses mas calidos. La presencia de Perkinsus
sp. en ostiones esta asociada también, a concentraciones
de salinidad por encima de 12 UPS (Ragone & Burreson,
1993). La Peyre et al. (2006) concluyeron que salinidades
mayores de 15 UPS promueven la actividad metabdlica de
Perkinsus sp., coincidiendo con los resultados obtenidos
en ambos sitios del presente estudio. La temperatura y
salinidad del agua son considerados factores clave que
controlan la incidencia de este protozoario (Choi & Park,
2010), sin embargo, no existe informacion precisa que sirva
para comparar adecuadamente la relacién de este patégeno
con ambos factores (Fernandez-Robledo et al., 2014).

Revista Bio Ciencias 6, €681.

15



Perkinsus sp. in cultivated oyster./Perkinsus sp. en ostras cultivadas.

revista

With regard to food quantity and quality, the nutrient
levels found in C. gigas suggest that the energy content
was enough to fulfill oyster physiological requirements
even with the presence of the parasite at the incidences
found in both farms. Lucas & Beninger (1985) and
Oliver et al. (1998) mention that the quantity of food may
improve the oyster physiological condition reinforcing
its immunology. Still, both food aspects (quality and
quantity) should be studied in relation to the presence
of Perkinsus in wild and cultivated bivalve populations.

Conclusions

The Pacific oyster cultivated at the north-
central shoreline of Sinaloa showed a low susceptibility
to Perkinsus sp. The overall results suggest that
the occurrence of Perkinsus sp. in C. gigas was due
to the previous presence of the parasite in the farm
locations. Similarly, the low rates of Perkinsus sp.
incidence in the oyster studied at both farms indicate
that the presence of this pathogen would not threaten
the aquaculture industry within the study area. Finally, it
is recommended to integrate other techniques such as
PCR and histology to better evaluate and understand
the effect of this parasite on oyster performance and
continue with monitoring of this parasite.
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