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reproductive and non-reproductive seasons in an adjacent
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Resumen.- El verdillo Paralabrax nebulifer es un pez comercialmente importante en la costa occidental de Baja California Sur.
Para evaluar la dieta de esta especie y su variacion en funcion del sexo y su condicidn reproductiva, se capturaron 60 especimenes
durante siete muestreos estacionales utilizando trampas de agosto 2016 a agosto 2018 en un drea adyacente a Bahia Magdalena,
Baja California Sur, México. Se obtuvieron los contenidos estomacales de 50 especimenes (23 machos y 27 hembras). El sexo fue
diagnosticado por observacion directa de las génadas. De acuerdo a los indices gonadosomatico, hepatosomatico y mediante
analisis histoldgico, se corrobord la condicion reproductiva del verdillo durante agosto 2016; abril, agosto y septiembre 2017 y
agosto 2018; asi como la temporada no reproductiva de noviembre 2016 y marzo 2018. El indice de Importancia Relativa (IRI) se
utilizé para clasificar los principales componentes de la dieta, que incluyeron: tres especies de peces, siete especies de crustaceos
y una especie de molusco. Segun el IRI, la sardina Sardinops sagax y la langostilla Pleuroncodes planipes fueron las presas que mas
contribuyeron (55%) a la dieta del verdillo. El anélisis ANOSIM mostré que hubo diferencias significativas en la cantidad y tipo de
presa consumida por sexo; el andlisis SIMPER reveld que la mayoria de las especies que contribuyeron a las diferencias entre sexos,
fueron producidas por S. sagax (16,58%), Euphylax dovii (15,95%), Stenocionops ovata (12%) y P. planipes (11,82%) para hembras.
Hubo diferencias significativas en la cantidad y tipo de presa consumida por tipo de temporada reproductiva; la mayoria de las
especies que contribuyeron a las diferencias entre temporadas fueron producidas por Anchoa spp. (27,76%) y P. planipes (22,67%)
para la temporada no reproductiva, y por S. sagax (11,08%) para la temporada reproductiva. La estrategia de alimentacién del
verdillo fue la de un depredador carnivoro especialista, que durante la temporada reproductiva se alimenta principalmente de los
peces Sardinops sagax, que cubren los requerimientos nutricionales dietéticos de los lipidos AGAI (acido araquiddnico, 20:4n-6;
acido eicosapentaenoico, 20:5n-3; acido docosahexaenoico 22:6n-3), nutrientes necesarios para lograr el éxito reproductivo.

Palabras clave: Estacionalidad reproductiva, ecologia alimentaria, Clupeidae, Galatheidae

Abstract.- The barred sand bass Paralabrax nebulifer is a commercially important fish off the west coast of Baja California Sur. To
assess the diet of this species and variations as a function of sex and reproductive condition, 60 specimens were captured using traps
during seven seasonal sampling trips from August 2016 to August 2018 in an adjacent area to Magdalena Bay, Baja California Sur,
Mexico. The stomach contents of 50 specimens were obtained (23 males and 27 females). Sex was diagnosed by direct observation
of the gonads. Based on the gonadosomatic index, hepatosomatic index, and histological analyses, the reproductive season of the
barred sand bass was corroborated for August 2016, April, August, and September 2017, and August 2018, and the non-reproductive
season was corroborated for November 2016 and March 2018. The Index of Relative Importance (IRl) was used to classify the main
diet components, which comprised three fish species, seven crustacean species, and one mollusk species. According to the IRI, the
South American pilchard Sardinops sagax and the red pelagic crab Pleuroncodes planipes were the prey that contributed the most
(55%) to the barred sand bass diet. The ANOSIM showed that there were significant differences in the amount and type of prey
consumed by sex; the SIMPER analysis revealed that the species contributing the most to differences between the sexes were S.
sagax (16.58%), Euphylax dovii (15.95%), Stenocionops ovata (12%), and P. planipes (11.82%) for females. There were significant
differences in the amount and type of prey consumed between types of reproductive season; the species contributing the most
to differences between seasons were Anchoa spp. (27.76%), and P. planipes for non-reproductive season (22.67%), and S. sagax
(11.08%) for reproductive season. The feeding strategy of the barred sand bass was that of a specialist carnivorous predator that fed
mainly on the fish Sardinops sagax during the reproductive season, which supply the dietary nutritional requirements of the lipids
HUFA (arachidonic acid, 20:4n-6; eicosapentaenoic acid, 20:5n-3; docosahexaenoic acid, 22:6n-3), nutrients required to achieve
reproductive success.
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INTRODUCTION

Changes in the amplitude and phasing (i.e., phenology) of
seasonally varying processes can significantly affect the
functioning of marine ecosystems, from primary producers
to fish stocks (Beare & McKenzie 1999, Bograd et al. 2002).
In particular, at mid- to high trophic levels, the phenology
of upwelling may be linked to match and mismatch
between productivity and the life cycles of predators and
prey (Ward et al. 2006, Durant et al. 2007). These types
of oceanographic phenomena occur in the coastal zone of
Magdalena Bay (Zaytsev et al. 2003).

In fish, reproductive success must be strictly adapted
to seasonal events in the environment, whether such
fluctuations are the result of cyclical seasonal variations or
migrations during the natural life cycle of some species. In
those with seasonal reproduction, an important adaptation
refers to the spawning time, which is adjusted in such a
way that the specific feeding needs of the larvae coincide
with the seasonal availability of food (Yamahira 2004,
Jalabert 2005).

Seasonal, ontogenetic, and reproductive variations in
the diet have been recorded in various species of serranids
(Ferry et al. 1997, Mendoza-Carranza & Rosales-Casian
2000, Nakai ef al. 2001, Bocanegra-Castillo et al. 2002,
Freitas ef al. 2015, Vasiliki 2016, Rachedi ef al. 2018), but
none addresses the relationship of reproductive seasonality
and diet composition associated with changes in the oceanic
environment. On the other hand, data on the ecobiology of
each species of interest in its natural environment may be
very useful in creating adequate culture conditions, leading
to reproductive maturation and spawning (Mylonas et al.
2010).

The barred sand bass Paralabrax nebulifer (Girard, 1854)
belongs to the family Serranidae. Its distribution ranges
from Santa Cruz, California (USA), to Magdalena Bay,
Baja California Sur, Mexico, including Guadalupe Island
(Miller & Lea 1972), where it is captured at depths between
30 and 185 m (Smith-Vaniz et al. 2010, Robertson & Allen
2015). In a study off the California coast, Love et al. (1996)

found that P. nebulifer spawns from April to August, with
a peak in July and that it tends to form large reproductive
aggregations on sandy bottoms during its reproductive
season. They estimated that 50% of females mature at 23.9
cm TL at 2 to 5 years of age, while 50% of males mature
at21.9 cm TL at 2 to 4 years of age. The barred sand bass
migrates seasonally to the coast during its reproductive
season, returning towards rocky bottoms during the non-
reproductive season (Jarvis et al. 2010, Smith-Vaniz et al.
2010). The barred sand bass is an important species of high
economic value in Mexico, with catches oscillating between
4,000 and 6,000 tons per year. This species is captured year-
round, with peaks in catches between March and August in
the state of Baja California Sur (SAGARPA 2016), where
fishermen take advantage of their reproductive migration
to the coast. In a study on reproductive aggregations,
Erisman et al. (2017) found that in Punta Abreojos, Baja
California Sur, local commercial fisheries do not increase
their catch during the months of spawning activity (July and
August). In the Gulf of Ulloa on the western coast of Baja
California Sur, where 91% of the state fishing resource is
captured (SAGARPA 2016), the commercial capture of this
species has been affected by the creation of a fishing refuge
(published by the Mexican government in June 2016; DOF
2016"), which was justified by the interaction with marine
turtles. This refuge was extended for five more years in June
2018 (DOF 2018?). For this reason, it is necessary to obtain
bio-ecological information that contributes to P. nebulifer
fisheries management plan (DOF 20213).

Despite its economic importance in the state of Baja
California Sur, there are no studies on how diet influences
on reproductive seasonality of this species. The objective of
the present study was to characterize the diet composition
of the barred sand bass in an area adjacent to Magdalena
Bay, Baja California Sur, during its reproductive and non-
reproductive seasons. This will allow us to approximate
the nutritional requirements of this species, so that in the
future an inert food can be designed to achieve reproduction
in captivity and contribute to fisheries management plan.

'DOF. 2016. Acuerdo por el que establece la zona de refugio pesquero y nuevas medidas para reducir la posible interaccion de la pesca con tortugas
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MATERIALS AND METHODS

STUDY AREA

All samples were collected with help from artisanal
fishermen in August and November 2016; April, August,
and September 2017; and March and August 2018, using
wire mesh traps with 5 cm mesh width (Erisman et al.
2017). Fishing occurred exclusively in the daytime (08:00 to
13:00 h). One fisherman deployed two traps in the morning
at two different sites and retrieved those 40 min later, and
repeated this procedure as long as weather conditions
allowed. Each trap was placed at an approximately 50 m
depth in an adjacent area to Magdalena Bay, Baja California
Sur, Mexico (Fig. 1). The sea surface temperature values of
the sampling sites were obtained from the satellite image
consulted of NOAA’s CoastWatch* website, provided by
the Aqua satellite of the MODIS sensor, with a resolution
of 500 m.

SAMPLING

The barred sand bass specimens were identified (Fischer et
al. 1995b), transported to shore alive, and sacrificed with
an overdose of anesthetic (40 mg L' clove oil). The total
length (TL, + 0.5 mm), standard length (SL, + 0.5 mm), and
weight (W, = 1 g) of each specimen were recorded. Sex was

identified macroscopically: females were identified based on
the appearance of the ovaries and the presence of oocytes,
and males were identified based on large and firm testes and
milt released with gentle pressure on the abdomen (Brown-
Peterson et al. 2011. A portion of the gonad (approximately
one cubic centimeter) was also preserved with Davidson
fixative. The stomachs were extracted by cutting from
the esophagus to the pylorus; stomachs were frozen and
transported to the laboratory for analysis.

REPRODUCTION

To corroborate the reproductive or non-reproductive
condition of fish collected in the wild, at least five samples
were obtained from each of the catches when possible,
and gonad samples were processed histologically. The
samples were dehydrated and embedded in paraffin, and
3-mm transverse sections were stained with hematoxylin-
eosin (Humason 1979). The histological preparations were
analyzed under a microscope and photographs were taken
with a digital camera (CoolSNAP-Pro, Media Cybernetics)
coupled to an optical microscope (Olympus® BX41). The
histological features used to assign the reproductive phases
of female and male gonads were based on Brown-Peterson
et al. (2011); the most abundant types of oocytes and the
presence and abundance of germ cells were considered.
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Figure 1. Study area. The dark ellipse indicates the area where barred sand bass Paralabrax nebulifer were caught, an adjacent area to Magdalena
Bay, Baja California Sur, Mexico / Area de estudio. La elipse oscura indica el drea de captura del verdillo Paralabrax nebulifer en un area adyacente a

Bahia Magdalena, Baja California Sur, México

<http: //coastwatch.pfeg.noaa.gov>
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The reproductive season was determined through
the temporal variation of the frequency of the stages of
gonadal maturity, the histological analysis, and the seasonal
variation of the gonadosomatic index, hepatosomatic
index, and Fulton’s condition factor (Garcia-Diaz et al.
1997).

For each individual, the gonadosomatic index (GSI)
was calculated as:

GSI =W gonad |W fishx100
The hepatosomatic index (HSI) was calculated as:
HSI =W liver/W fishx100
and Fulton’s condition factor (K) was calculated as:
K =W fish/LP’

where W gonad is the gonad weight (g), W liver is the
liver weight (g), W fish is the fish body weight (g), and LP?
is the standard length (mm?).

The mean GSI, HIS, and K were calculated for each
seasonal sampling during the study period.

The sex ratio was evaluated with a Chi-square test at a
95% significance level based on the proportion of males
and females.

DIET

In the laboratory, prey was counted, weighed, and identified
to the lowest possible taxonomic level using specialized
identification keys (Miller & Lea 1972, Brusca 1980,
Wolff 1984, Fischer et al. 1995a, b). Data were grouped
by sex (male or female) and season (reproductive or
non-reproductive). The bait (Sardinops sagax) was
differentiated from consumed prey because the bait did not
appear complete but in pieces, as it had been previously
crushed.

The quantitative analysis of diet was based on the
frequency of occurrence (%F), number (%N), and weight
(% W) indices (Hyslop 1980), which were used to calculate
the IRI proposed by Pinkas ef al. (1971) and modified by
Hacunda (1981):

IRI = (%N + %W )*%F
This index is expressed as a percentage (Cortés 1999)

and indicates the importance of each prey item in the
predator’s diet:

%IRI, = [1 00/RI, /" IRI,)

i=1
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Diet width was calculated with Levin’s standardized
index (Hurlbert 1978), based on the absolute number of
each prey item. If the index is close to zero it indicates
a specialist feeding strategy, and if it is close to one it
indicates a generalist strategy (Krebs 1999):

NN
n-1 Py

where Bi is the niche Breadth, Y p? j is the proportion
of the j item in predator i s diet, and » is the total number
of prey items.

An analysis of similarities (one-way ANOSIM, with
999 permutations) was performed to test for differences
in diet according to sex and reproductive season (Clarke
1993). The resulting R statistic (-1 <R < 1) describes the
similarity between groups defined according to the above
factors. Values close to zero indicate no difference, and
values close to 1 or -1 indicate a significant separation
between groups. P-values were considered significant
when P < 0.05. (Clarke & Gorley 2006). Following the
ANOSIM global test, post-hoc tests were done using
a Similarity Percentage analysis (SIMPER) (Clarke &
Warwick 1994), which identified which prey types were the
most responsible for significant differences found between
samples (data of each sex or reproductive season).

Costello’s analysis (Costello 1990) modified by
Amundsen ef al. (1996) was used to interpret the feeding
strategy of the barred sand bass and to assess population
and individual patterns. The trophic level was calculated
based on the number of prey in stomach contents, using
the equation proposed by Cortés (1999):

1L, =1+(21j1:1pj *TLJ.)

where 7L, is the trophic level of each prey category /, and
p, is the proportion of each prey category in the diet. The
trophic level of each prey category was based on Cortés
(1999) and Lopez-Garcia et al. (2012).

RESuULTS

GENERAL BIOLOGICAL PARAMETERS AND REPRODUCTION

The total length shown as mean + standard error (and
range) of Paralabrax nebulifer specimens was 30.1 +3.4
(29.2-31.0) cm and weight was 377.6 £ 127.9 (345.3-410.0)
g (Table 1). The sex ratio (F:M) was 1.17:1 (Chi-square: y*=
0.102; fd= 1), which is not significantly different from 1:1.



According to the histological analyses, in August 2016,
the female gonad was at a very advanced vitellogenesis,
since it was even possible to observe the migration of the
germinal vesicle, which corresponds to the developing
phase (Fig. 2A); whereas the variety and diversity of the
spermatic cells of the male gonad corresponded to the
developing phase (Fig. 2B). In November 2016, the female
gonad contained early and late perinucleolar cells, which
corresponds to the immature phase (Fig. 2C); in the case of
males, some spermatic sinuses with sperm were observed,
as well as two melanomacrophage centers characteristic of
the regenerating phase (Fig. 2D). In April 2017, the female
gonad was observed with oocytes in the cortical alveolus
stage, which characterizes the developing phase (Fig. 2E);
while in males the presence of purple spermatozoa (Sz) was
observed, evidence that the gonad was in the developing
phase (Fig. 2F).

Table 1. Mean and standard deviation of weight (W), total length
(TL), and standard length (SL) of specimens collected during seven
sampling trips in an adjacent area to Magdalena Bay, Baja California
Sur. RS1, RS2, RS3A, RS3B, and RS4: reproductive seasons; NRS1 and
NRS2: non-reproductive seasons / Promedio y desviacion estandar
del peso (W), la longitud total (LT) y la longitud patrén (LP) de los
ejemplares muestreados en las siete capturas realizadas, en un area
adyacente a Bahia Magdalena, Baja California Sur. TR1, TR2, TR3A,
TR3B y TR4 temporadas reproductivas; TNR1 y TNR2, temporadas
no reproductivas

Capture n Season W (g) TL (cm) SL (cm)
Aug (2016) 16 RS1 438.5+229.3 30.6+6.5 25.1+45
Nov (2016) 3 NRS1 260.7 + 87.6 27.3+3.1 233+33
Apr(2017) 6 RS2 384.3+152.1 30.2+3.8 25.1+3.1
Aug (2017) 10 RS3A 352.9+72.7 29.9+2.1 249+138
Sept (2017) 12 RS3B 376.8 + 105.1 30.0+2.9 259+23
Mar (2018) 9 NRS2 413.2+146.2 31.8+£34 26.7+3.6
Aug (2018) 4 RS4 417.0+102.0 30.9+22 26.0+2.4

Figure 2. Reproductive phases of the gonads of female (left side) and male (right side) specimens of Paralabrax nebulifer off an adjacent area to
Magdalena Bay, Baja California Sur, Mexico. H & E staining. Developing phase (A-B) (August 2016); regenerating (C) and regressing (D) (November
2016); developing (E-F) (April 2017). Nucleolus (nu), nucleus (n), lipid inclusions (li), chromatin nucleolus (Cn), early perinucleolus (Ep), late
perinucleolus (Lp), cortical alveolus (Ca), vitellogenesis 1 (Vtgl), vitellogenesis 2 (Vtg2), vitellogenesis 3 (Vtg3), germ vesicle migration (Gvm),
spermatogonia (Sg), spermatocyte (Sc), spermatid (Sd), spermatozoa (Sz), lamella (L), gonadal lumen (GL), and melano-macrophage center (MMC) /
Fases reproductivas de las génadas de los ejemplares hembras (lado izquierdo) y machos (lado derecho) de Paralabrax nebulifer de un area adyacente
a Bahia Magdalena, Baja California Sur, México. Tincidn con Hy E. Fase en desarrollo (A-B) (agosto 2016); regeneracion (C) y regresion (D) (noviembre
2016); desarrollo (E-F) (abril 2017). Nucléolo (nu), nucleo (n), inclusiones lipidicas (li), nucléolo cromatina (Cn), perinucléolo temprano (Ep), perinucléolo
tardio (Lp), alvéolo cortical (Ca), vitelogénesis 1 (Vtgl), vitelogénesis 2 (Vtg2), vitelogénesis 3 (Vtg3), migracidn de la vesicula germinal (Gvm),
espermatogonia (Sg), espermatocisto (Sc), espermatide (Sd), espermatozoide (Sz), lamela (L) lumen gonadal (GL), centro melanomacréfago (MMC)
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In August 2017, oocytes at an advanced stage of
vitellogenesis (Vtg 3) were observed in the female gonad,
which characterizes the spawning capable phase (Fig. 3A);
in males the gonad had well-defined sperm tubules (ST)
and sperm, characteristic of the spawning capable phase
(Fig. 3B). In September 2017, in the female gonad, post-
ovulatory follicles (Pof) were observed in the stroma and
cells at the nucleolus chromatin stage (N) were abundant,
which indicates the end of the spawning period, however,
mature oocytes were observed in the rest of the section, so
it was characterized as the spawning capable phase (Fig.
3C); the male gonads showed residual spermatozoa, to the
extent that their own seminiferous tubules had lost their
shape due to the large amount of sperm inside them; this
was considered the spawning capable phase (Fig. 3D).

In March 2018, showed a female gonad with a
postovulatory follicle (Pof), in which a strong predominance
of immature cells was evident, but not a single one was
at the cortical alveolus stage, which indicates that the
female gonad corresponded to the regenerating phase (Fig.
3E); the male gonad showed the presence of completely
immature sex cells, as well as the presence of well-
pigmented melanomacrophage centers, corresponding to
the regenerating phase (Fig. 3F).

Figure 3. Reproductive phases of the gonads of female (left side) and male (right side) specimens of Paralabrax nebulifer off an adjacent area to
Magdalena Bay, Baja California Sur, Mexico. Spawning capable (A-B) (August 2017); regressing (C-D) (September 2017); regenerating (E-F) (March
2018). Early perinucleolus (Ep), late perinucleolus (Lp), vitellogenesis 1 (Vtg1), vitellogenesis 2 (Vtg2), vitellogenesis 3 (Vtg3), postovulatory follicle
(Pof), spermatogonia (Sg), spermatid (Sd), spermatocyte (Sc), spermatozoa (Sz), gonadal lumen (GL), melanomacrophage center (MMC), and
seminiferous tubule (ST) / Fases reproductivas de las génadas de los ejemplares hembras (lado izquierdo) y machos (lado derecho) de Paralabrax
nebulifer de un area adyacente a Bahia Magdalena, Baja California Sur, México. Capacidad de desove (A-B) (agosto 2017); regresidn (C-D) (septiembre
2017); regeneracion (E-F) (marzo 2018). Nucléolo cromatina (Cn), perinucléolo temprano (Ep), perinucléolo tardio (Lp), vitelogénesis 1 (Vtgl),
vitelogénesis 2 (Vtg2), vitelogénesis 3 (Vtg3), foliculo postovulatorio (Pof), espermatogonia (Sg), espermatocisto (Sc), espermatide (Sd), espermatozoide
(Sz), lumen gonadal (GL), centro melanomacréfago (MMC), tibulo seminifero (ST)

Ysla-Guzman et al.

Feeding habits during reproductive seasonality of Paralabrax nebulifer



The sea surface temperature (SST), gonadosomatic
index (GSI), hepatosomatic index (HIS), and Fulton’s
Condition Factor (K) are shown in Table 2. The highest
SST were found in August/September (2017), and August
(2018). The highest GSI were found in August (2016),
April/August (2017), and August (2018). The highest HIS
were found in August/November (2016) and April (2017).
The K values remained high during most of the seasonal
samplings, with the exception of April (2017).

Histological results and the gonadosomatic index,
hepatosomatic index, Fulton’s condition factor, and sea
surface temperature suggest that the reproductive season
occurs between April and September.

DIET

Three fish species, seven crustacean species, and one
mollusk species were identified. A total of 75 prey
organisms weighing 256.73 g were counted. The prey with
greatest number and weight were the fish Sardinops sagax
(16 %N, 35.9 %W), the red pelagic crab Pleuroncodes
planipes (14.7 %N, 15.2 %W), and the fish Anchoa spp.
(14.7 %N, 6.8 %W). According to the %IRI, the prey with
greatest relative importance in the diet were the fish S.
sagax (35.9%), the crustacean P. planipes (18.9%), and
the fish Anchoa spp. (13.6%), as well as the crustaceans
Stenocionops ovata (11.9%), Euphylax dovii (9.7%), and
Penaeus californiensis (4.9%). These preys represented
95% of the IRI as a whole (Table 3 and Fig. 4).

Table 2. Mean and standard deviation of the sea surface temperature
(SST), the gonadasomatic index (GSI), the hepatosomatic index (HSI),
and Fulton’s Condition Factor (K) of specimens collected during
seven sampling trips in an adjacent area to Magdalena Bay, Baja
California Sur, Mexico. RS1, RS2, RS3A, RS3B, and RS4: reproductive
seasons; NRS1 and NRS2: non-reproductive seasons / Promedio y
desviacion estandar de la temperatura superficial del mar (TSM), del
indice gonado-somatico (IGS), el indice hepato-somatico (IHS) y el
factor de condicion de Fulton (K) de los ejemplares muestreados en
las siete capturas realizadas, en un area adyacente a Bahia Magdalena,
Baja California Sur, México. TR1, TR2, TR3A, TR3B y TR4 temporadas
reproductivas; TNR1 y TNR2, temporadas no reproductivas

GSI

Capture n SST HSI K Season
Aug (2016) 16  23.7+0.6 38+13 30665 1.5+0.7 RSl
Nov (2016) 3 23.5+0.3 0.5+0.2 273+3.1 1.2+0.0 NRSI
Apr(2017) 6 17.7+1.0 1.1+04 302+3.8 0.8=+0.1 RS2
Aug (2017) 10 24.6+0.6 39+1.6 1.7£05 13+0.1 RS3A
Sept (2017) 12 252+0.4 undetermined undetermined 1.3+0.1 RS3B
Mar (2018) 9  18.0+0.5 05£03 14+04 1.3£03 NRS2
Aug (2018) 4 242+0.6 1.2+0.9 1.3+0.1 1.4+0.1 RS4

Nine prey types were identified in the stomachs of
the 23 barred sand bass males. The %IRI indicated that
the most important prey were the fish S. sagax (41.4%),
the crustacean E. dovii (24.3%), and the fish Anchoa spp.
(13.0%). Eleven prey types were identified in the stomachs
of the 27 barred sand bass females; the most important
were the crustacean P, planipes (44.6%), the fish S. sagax
(21.7%), and the crustacean S. ovata (14.2%) (Fig. 4).

Table 3. Prey groups in the diet composition of the barred sand bass Paralabrax nebulifer off an adjacent area to Magdalena Bay, Baja California Sur,
Mexico. Absolute and percent values of the index of relative importance (%lIRl) are given by W= weight, N= number, F= frequency, TL=trophic level
/ Grupos de peces en la composicion de la dieta del verdillo Paralabrax nebulifer de un area adyacente a Bahia Magdalena, Baja California Sur, México.
Los valores absolutos y porcentuales del indice de importancia relativa (% IIR) estan dados por W= peso, N= numero, F= frecuencia, TL= nivel tréfico

%IRI

Prey TL
W %W N %N F  %F IRI  %IRI
Malacostraca
Pleuroncodes planipes 39 152 11 147 11 220 6569 189 25
Euphylax dovii 20 78 10 133 8 160 3380 9.7 25
Stenocionops ovata 49 19.1 7 9.3 7 140 3979 115 25
Calappa convexa 1.1 0.4 1 1.3 1 2.0 3.5 0.1 25
Petrochirus californiensis 202 7.9 4 53 2 4.0 528 15 25
Penaeus californiensis 4.0 1.6 8 107 7 140 171.1 49 25
Hepatus lineatus 1.8 0.7 2 2.7 2 4.0 13.5 04 25
Cephalopoda
Lolliguncula spp. 133 05 6 8.0 4 8.0 68.1 20 32
Actinoprerygii
Sardinops sagax 92.1 359 12 160 12 24.0 12450 359 32
Anchoa spp. 174 6.8 11 147 11 220 4718 13.6 32
Caranx spp. 108 42 3 4.0 3 6.0 492 14 37
Total 256.73 100 75 100 50 3467.8 100
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Figure 4. Prey species consumed by Paralabrax nebulifer determined by the index of relative importance (%IRI). (a) General diet, (b) Females, (c)
Males, (d) reproductive season, and (e) non-reproductive season. Prey comprising 80% of the P. nebulifer diet are included. The number of samples
taken for each item was written on each column / Especies presa consumidas por Paralabrax nebulifer determinadas mediante el indice de importancia
relativa (%1IR). (a) Dieta general, (b) Hembras, (c) Machos, (d) temporada reproductiva y (e) temporada no reproductiva. Se consideraron las presas
que constituyeron el 80% de la dieta de P. nebulifer. El nimero de ejemplares tomados de cada rubro mencionado, fue escrito sobre cada columna

There were statistically significant differences between
the sexes (Chi-square: y’= 19.28, fd= 10).

A total of 38 barred sand bass stomachs (76%) were
analyzed during the reproductive season and the prey that
contributed most to the diet, according to the %IRI, were
the fish S. sagax (52.5%) and the crustaceans S. ovata
(16.8%) and E. dovii (14.7%). A total of 12 stomachs
(24%) were analyzed during the non-reproductive season
and the most important prey, according to the %IRI, were
the crustacean P. planipes (57.1%) and the fish Anchoa
spp. (40.7%) (Fig. 4).

There were significant differences between the sexes
(ANOSIM, R= 0.024; P = 0.01). The SIMPER analysis
showed that most of the differences between the sexes
(56.36%) were produced by S. sagax (16.58%), Euphylax
dovii (15.95%), Stenocionops ovata (12%), and P.
planipes (11.82%) for females. There were significant
differences between the seasons (ANOSIM, R=0.113; P
= 0.01). The SIMPER analysis showed that most of the
differences between the seasons (61.51%) were produced
by Anchoa spp. (27.76%), and P. planipes (22.67%)
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for non-reproductive season, and S. sagax (11.08%) for
reproductive season. No significant interactions were found
between the sexes and the reproductive season (ANOSIM,
R=0.031; P=0.13).

The feeding strategy of the barred sand bass was that of
a specialist predator (B,= 0.38). This behavior was seen in
males (B=0.35) and females (B = 0.26), as well as during
the reproductive season (8= 0.20), whereas during the non-
reproductive season (B = 0.52) the barred sand bass tended
to be a generalist predator. The Costello graph modified by
Amundsen et al. (1996) showed that the barred sand bass
consumed few preys, and that the abundance and frequency
of those prey were similar in the diet, so that there was not
a dominant prey (Fig. 5a). Males fed mainly on S. sagax, E.
dovii, and Anchoa spp., whereas females fed mainly on P,
planipes, S. sagax, S. ovata, and Anchoa spp. (Fig. 5b, c).
The most important prey during the reproductive season
were S. sagax, S. ovata, and E. dovii, whereas the most
important prey during the non-reproductive season were
P. planipes, Anchoa spp., and P. californiensis (Fig. 5d, e).
The trophic level of the barred sand bass was 3.8; it was 3.9
for males and 3.8 for females; 3.8 during the reproductive
season, and 3.9 during the non-reproductive season.
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Figure 5. Graph of the feeding strategy obtained using Costello’s method. Prey-specific abundance (%N) and percent frequency of occurrence
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DiscussioN

The size of the P. nebulifer specimens captured during the
present study corresponded to adult specimens, according
to the size at first maturation recorded for the California
coast (Love et al. 1996; Baca-Hovey et al. 2002), due to
the selectivity of the fishing gear used.

According to results obtained using the gonadosomatic
index, hepatosomatic index, Fulton’s condition factor,
and macroscopic and histological analyses of the gonads,
the reproductive season occurred in August 2016, April,
August and September 2017, and August 2018; according
to the SST, these months can be characterized as the
warm season. The non-reproductive season occurred in
November 2016 and March 2018, characterized as the
cool season. According to the developmental phases of
the gonads, the highest reproductive activity (spawning
capable phase) was observed in the warm season and
particularly in the month of August 2017. During this
reproductive seasonality, also reported from California to
Punta Abreojos (Jarvis ef al. 2010, Erisman et al. 2017), P.
nebulifer migrate from offshore waters to more productive
near-shore habitats and spawn at short intervals for a period
of two to three months. This same situation was reported

for Sciaenops ocellatus in the Western Atlantic (Fuiman
& Faulk 2013).

According to the results of the diet composition, barred
sand bass are carnivores that fed mainly on fish (Sardinops
sagax and Anchoa spp.) and crustaceans (Pleuroncodes
planipes and Stenocionops ovata) in an adjacent area to
Magdalena Bay. This contrasts with the study by Roberts
et al. (1984) in California, where the main prey were
brachyuran crabs, mysids, pelecypods, and epibenthic
fish, and with the study by Mendoza-Carranza & Rosales-
Casian (2002) in Baja California, who reported gammarid
amphipods (50.91 %IRI) and fish (16.28 %IRI) as the
main prey. This feeding pattern shows that the barred sand
bass is a predator that can feed on prey on the benthos as
well as in the water column, which places this species as
a euryphagous carnivore (Smith 1989). It is important
to note that fish and invertebrate species consumed by
specimens in this study were not the same as those reported
in previous studies and that the proportion of each prey was
different. This could be due to characteristics of the study
location; Magdalena Bay can be considered the southern
boundary of the transition zone between the subarctic and
subtropical waters of the northeastern Pacific Ocean, with
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marked seasonality (Zaytsev et al. 2014), which acts as an
ecological barrier for several species (Brusca & Wallerstein
1979, Parrish et al. 1981, Norton et al. 1985). Therefore,
these oceanographic boundaries could explain differences
found in the prey consumed by barred sand bass in its most
southern location, compared with the rest of its distribution.

Despite differences in prey consumed by barred sand
bass in different geographic locations, it should be noted
that fish are important in the diet (up to 50% of diet).
This has been confirmed by Roberts et al. (1984), who
reported that off southern California, large barred sand
bass were mainly piscivores, whereas small specimens
preferred crustaceans (Brachyura) and pelecypods, and
other organisms associated with the benthos. Serranids in
general show high trophic diversity (Gomez et al. 1999),
which suggests that the barred sand bass is able to adapt
according to the food availability in its distribution area.

There were significant differences by sex, as males
fed mainly on fish (54%) and on a lower proportion of
crustaceans (24%), whereas females showed the opposite
pattern (21% fish and 68% crustaceans). This could suggest
that there is resource partitioning between the sexes as a
function of habitat.

Seasonal variations in diet were also found, with high
consumption of fish (S. sagax 52.5 %IRI) and of the
crustaceans S. ovata (16.8 %IRI) and E. dovii (14.7 %IRI)
during the reproductive season, and consumption mainly of
the crustacean red pelagic crab during the non-reproductive
season (P. planipes, 57.1 %IRI). In a study by Mendoza-
Carranza & Rosales-Casian (2002), seasonal variations in
the diet of the barred sand bass were observed; the species
fed mainly on fish and gammarids in the summer (46.2
%IRI, 40.0 %IRI, respectively), while in winter gammarids
became the preferred diet (88.4 %IRI) and the proportion
of fish consumed was reduced (5.1 %IRI). A similar result
was found in the congeneric species spotted sand bass
Paralabrax maculatofasciatus in Bahia de Los Angeles,
Baja California, in the Gulf of California (Ferry et al.
1997), where crustaceans were the preferred prey during
the spring (cool season) and fish remains, ophiuroids, and
brachyuran crabs were the main food components during
the fall (warm season). These results contrast with what
were reported by Mendoza-Carranza & Rosales-Casian
(2000) for the spotted sand bass on the Pacific coast in
Punta Banda Estuary, Baja California and Ojo de Liebre
Lagoon, Baja California Sur (Bocanegra-Castillo et al.
2002), where crustaceans were the most important prey
during summer (warm season). In Punta Banda Estuary
fishes and decapod crustaceans were the preferred prey in
winter (cool season), whereas Callinectes bellicosus and
fish, gammarids, and mollusks were the most important
food components in November (cool season) in Ojo de
Liebre Lagoon.
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These similarities and differences in the diet that occur
between serranid species or even in the same species in
different locations can be explained by prey availability
during each season and by the opportunistic behavior
of the predator. The prey obtained in the present study
showed high %IRI values of S. sagax in the warm season
(reproductive season) and P. planipes in the cool season
(non-reproductive season), which is when this prey
reproduce and reach their greatest abundances (Aurioles-
Gamboa et al. 1994, Torres-Villegas et al. 2007).

In the Magdalena Bay zone, during warm season when
P, nebulifer undertake their reproductive migration towards
the coastal zone, the coastal upwelling events increases off
April to June (Zaitsev et al. 2003) and causes the match
and mismatch between the reproductive process and the
opportunity of the predators to have new prey at their
disposal to obtain adequate nutrition for the reproductive
process (Yamahira 2004, Ward et al. 2006, Durant et al.
2007). According to McKinzie (2014), the barred sand bass
population is associated with different substrates depending
on the reproductive condition. During the reproductive
season, their migration is associated with sandy bottoms
and carries out large movements in the water column, a
situation that favors the capture of fish, while during the
non-reproductive season it is associated with sandy-reef
bottoms, so that it coincides with the abundance of the
benthic resource Pleuroncodes planipes.

Thus, it was found that during this season the main
food was the sardine Sardinops sagax, a small pelagic
fish that presents its highest reproductive peak during
winter (Torres-Villegas ef al. 2007); according to evidence
obtained in other eastern boundary systems, for small
pelagic fishes as sardines the warm season corresponds
to their so-called “feeding season”, characterized by lipid
storage (Silva et al. 2006), which in turn are transferred
to predatory fish (Fuiman & Faulk 2013). One of the main
contributions of stored lipids are the supply of the dietary
nutritional requirements of lipids HUFA (arachidonic acid,
20:4n-6; eicosapentaenoic acid, 20:5n-3; docosahexaenoic
acid, 22:6n-3), nutrients required to achieve reproductive
success, which are important for fertility, hatching rate, and
larval survival (Fernandez-Palacios et al. 1995, Cardona et
al. 2015). The prey P. planipes, consumed mainly during
the non-reproductive season, are rich in carotenoids,
particularly astaxanthin, which serves as a source of
antioxidants that protect the lipids HUFA (Torrisen &
Christiansen 1995), that are stored during the feeding
season. Regarding diet variations during the reproductive
process, the feeding pattern of barred sand bass is similar
to what was reported for the serranid Cephalopholis
urodeta in a study carried out in southern Japan, where
fish (50% W) were abundant in the diet of mature fish,
and the proportion of Galatheidae consumed was higher in
February than during the other months (Nakai ez al. 2001).



The trophic level found for barred sand bass in this
study was 3.8, which places it as a tertiary consumer
(Cortés 1999) feeding on prey at the second level of the
trophic chain, such as crustaceans (P. planipes, Penaeus
californiensis, S. ovata) and teleosts (S. sagax and Anchoa
spp.). This is similar to what has been reported for Serranus
cabrilla (3.9, Rachedi et al. 2018) and Serranus scriba
(3.8, Vasiliki 2016). According to the food group table
reported by Vasiliki (2016), trophic level values between
3.7 and 4.0 obtained with TROPH correspond to carnivores
with a preference for decapods. The other species in the
genus would be considered carnivores with a preference
for fish, with trophic level values between 4.0 and 4.5
(Vasiliki 2016), P. maculatofasciatus (4.2) and Paralabrax
auroguttatus (4.2) (Aurioles-Gamboa et al. 2013).

In conclusion, the barred sand bass is a third-order
opportunistic carnivore with the feeding strategy of a
specialist that preys on species forming aggregations in the
pelagic and benthic zone of Magdalena Bay, and that fed
mainly on the fish Sardinops sagax during the reproductive
season, which warranting the nutritional contribution of the
lipids HUFA, nutrients required to achieve reproductive
success.
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