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. RESUMEN

Al suroriente de isla Margarita se estudio la variacion anual de la clorofila a (Chl a) y la temperatura
© durante 17 afios (2002 a 2018), asi como su relacion con la pesca de sardina. Cada 15 dias

se obtuvieron muestras de agua a profundidades de 1y 20 m con botella Van Dorn (2.5 L).
Se hicieron 1324 analisis y registros de temperatura. Con base en la concentracién anual de
Chl a, se identificaron tres grupos de afios: 2002 a 2004, con Chl a entre 2.60 y 3.09 mg/m’;
2005 a 2013y 2018, con Chl a entre 0.59 y 2.28 mg/m’; y 2014 a 2017 con valores entre 3.13

Y337 mg/m’. La Chl a fue mayor a 20 m de profundidad y durante los periodos de surgencia,
excepto en 2013 y 2018. Los valores mas altos de Chl a coinciden con las mayores capturas

de sardina, y las menores concentraciones convergen con la crisis sardinera. Entre 2002 y
2004 se registraron los menores promedios de temperatura (24.65 a 25.33 °C) y ocurrieron las
maximas capturas de sardina. Desde 2005 hasta 2017, la temperatura promedio aument6 de
26.22 hasta 27.54 °C. Los valores més altos fueron en 2016 y 2017 con recuperacion modesta

- delapesca. Desde 2003-2004 y hasta 2018, la temperatura tuvo un incremento préximo a 2 °C.
Al'aumentar la temperatura a partir de 25 °C, la Chl a present6 una disminucién significativa. La
. captura de sardina tiene correlacion moderada con la concentracion de Chl ay negativa con la

temperatura. En este trabajo se mencionan posibles causas de crisis sardinera.

Palabras clave: clorofila a, temperatura, surgencia, sardina, mar Caribe.

ABSTRACT

To the southeast of Margarita Island, the annual variations in chlorophyll a (Chl. a) and temperature
- were studied for 17 years (2002 to 2018) as well as their relationship with sardine fishing. Every

15 days, water samples were obtained at depths of 1 and 20 m using Van Dorn bottles (2.5 L).
1324 analyses and temperature records were taken. Based on the annual concentration of Chl.
a, three groups of years were identified: 2002 to 2004, with Chl. a between 2.60 and 3.09 mg/m’
: 2005 to 2013 and 2018, with Chl. a between 0.59 and 2.28 mg/m’ ; and 2014 to 2017, with

. values between 3.13 and 3.37 mg/m’. Chl. a values were greater at a 20 m depth and during
- upwelling periods, exceptin 2013 and 2018. The highest values of Chl. a coincide with the largest
- sardine catches, and the lowest concentrations converge with the sardine crisis. Between 2002

and 2004, the lowest average temperatures (24.65 to 25.33 °C) were reported and the maximum
sardine catches occurred. From 2005 to 2017, the average temperature increased from 26.22
to 27.54 °C, and the highest values were reported in 2016 and 2017 with a modest recovery of
fishing. From 2003-2004 and until 2018, the temperature increased by nearly 2 °C. When the

. temperature rose from 25 °C, the Chl. a has a significant decrease. The sardine catch had a
moderate correlation with the Chl. a concentration and a negative correlation with temperature.

Possible causes of the sardine crisis are mentioned in this work.

Keywords: chlorophyll a, temperature, upwelling, sardine, Caribbean Sea.
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INTRODUCCION

La clorofila a (Chl a) se encuentra en todos los grupos de microalgas
y se sintetiza mas rapido que los otros pigmentos; su concentracion
se utiliza como indicador de la produccién primaria y también de
la abundancia de la biomasa fitoplanctonica porque es el principal
pigmento fotosintético e indispensable para la fotosintesis de las
especies autotrofas y su abundancia fluctua mas pronto que otros
pigmentos. La Chl a predomina en las diatomeas, las cuales, al
responder al enriquecimiento en elementos nutritivos con rapida
proliferacion, caracterizan los pulsos de produccidn que coinciden
con el ascenso de aguas profundas o el aporte de otros nutrientes.
Para estimar la Chl a existen diferentes métodos: por cromatografia,
por espectrofotometria, por medicion de su fluorescencia y desde
1979 con base en las imagenes satelitales del océano que
miden las radiaciones electromagnéticas reflejadas o emitidas
por la superficie del mar. Se reconoce que las concentraciones
derivadas de imagenes sobreestiman varias veces los valores
reales, especialmente en las areas costeras influenciadas por
descargas de los rios que afectan las propiedades opticas de las
aguas, como es el caso del rio Orinoco en el oriente de Venezuela;
no obstante, debe tenerse en cuenta que las estimaciones in situ
son las reales (Gomez y Acero, 2020).

En el oriente venezolano la abundancia de sardinas se relaciona
con la fertilidad marina regional que generalmente se asocia con la
surgencia de aguas por causa de los vientos Alisios que propician
el ascenso de agua subsuperficial que contiene abundantes sales
inorganicas disueltas, las cuales favorecen el crecimiento de los
productores primarios (diatomeas) que constituyen el alimento
preferencial de las sardinas adultas. Sardinella aurita es una
especie planctéfaga con una dieta en la que predominan las
diatomeas y contienen la misma composicion del fitoplancton
presente en el ambiente (Cellamare y Gémez, 2007). El presente
trabajo esté basado en muestras discretas (Winder y Cloern, 2010;
Shiy Wang, 2022) obtenidas durante 17 afios en estaciones fijas al
suroriente de isla Margarita, que constituyo el caladero de sardina
mas importante de Venezuela, por la cuantia de las capturas de
sardina entre 2002 y 2004 (Gémez, 2006), pero desde 2006 las
capturas no recuperan los volimenes obtenidos a comienzos de
siglo (Figura 1).
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INTRODUCTION

Chlorophyll a (Chl a) can be found in all microalgae groups
and is synthesized more rapidly than other pigments. Its
concentration is used as an indicator of primary production
and the abundance of phytoplankton biomass, as it is the main
photosynthetic pigment and is indispensable for photosynthesis
in autotrophic species, and its abundance fluctuates sooner
than that of other pigments. Chl a predominates in diatoms,
which respond to enrichment in nutritional elements with rapid
proliferation and characterize production pulses coinciding with
the rise of deep waters or the contribution of other nutrients.
There are different methods for estimating Chl a: chromatography,
spectrophotometry, fluorescence measurements, and, since 1979,
with the use of satellite images of the ocean, which measure the
electromagnetic radiation reflected or emitted by the surface of the
sea. ltis recognized that concentrations derived from images may
overestimate real values, especially in coastal areas influenced by
river discharges that affect the optical properties of the water, as is
the case of the Orinoco River in eastern Venezuela. Nevertheless,
it should be considered that in situ estimations are the true values
(Goémez and Acero, 2020).

In eastern Venezuela, the abundance of sardines is related to the
region’s marine fertility, which is generally associated with water
upwelling caused by trade winds. These winds promote the rise of
subsurface water containing an abundance of dissolved inorganic
salts that favor the growth of primary producers (diatoms), which
constitute preferred food for adult sardines. Sardinella aurita is
a planktivorous species, with a diet predominantly composed
of diatoms and containing the same species of phytoplankton
present in the environment (Cellamare and Goémez, 2007).
This work is based on discrete samples (Winder and Cloern,
2010; Shi and Wang, 2022) collected over 17 years from fixed
stations southeast of Margarita Island, which constituted the most
important sardine fishing ground in Venezuela, given the number
of sardines captured between 2002 and 2004 (Gémez, 2006).
However, since 2006, the catches have not recovered the volume
reported at the beginning of the century (Figure 1).
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Figura 1. Captura (ton) de sardina Sardinella aurita en el estado Nueva Esparta
(Venezuela) durante el periodo 2002 a 2018 (fuente: Museo Marino de Margarita
e Insopesca).

Considerando que las sardinas capturadas se alimentan
principalmente de fitoplancton, el presente trabajo tiene como
objetivo determinar la variacion interanual de la Chl a como una
aproximacion a la biomasa del fitoplancton (Giani et al., 2012;
Bernardi et al., 2013; Robles Jarero y Pérez Pefia, 2021; Keerthi
etal., 2022), teniendo como variable los cambios en la temperatura
del agua como un factor que incide en su abundancia. Es posible
que variaciones en la Chl a puedan ayudar a explicar la casi
desaparicién de la sardina en Margarita. Algunos pescadores,
bidlogos y administradores pesqueros plantean que el incremento
de la temperatura, como uno de los factores del calentamiento
global, podria afectar la abundancia de sardina, que no se aproxima
a la costa donde se captura.

AREA DE ESTUDIO

En Venezuela, la region nororiental (Figura 2) incluye los estados
Sucre y Nueva Esparta, principales productores pesqueros porque
capturan ~ 60 % del total nacional. Los caracteriza el afloramiento
de agua subtropical que aumenta la fertilidad marina, propiciando

Figure 1. Sardine (Sardinella aurita) catches (tons) in the state of Nueva Esparta
(Venezuela) during the 2002-2018 period (source: Museo Marino de Margarita
e Insopesca).

Considering that the captured sardines mainly feed on
phytoplankton, this work aimed to determine the interannual
variation of Chl a as an approximation to the phytoplankton
biomass (Giani et al., 2012; Bernardi et al., 2013; Robles Jarero
and Pérez Pefa, 2021; Keerthi et al., 2022), employing the
changes in water temperature as a variable that influences its
abundance. Variations in Chl a may help to explain the near
disappearance of sardines in Margarita. Some fishermen,
biologists, and fishery managers suggest that the temperature
increase, one of the factors linked to global warming, could affect
the abundance of sardines, which no longer approach the coast
where they are captured.

STUDY AREA

The northeastern region of Venezuela (Figure 2) includes the States
of Sucre and Nueva Esparta, i.e., the main fisheries producers, as
they catch ~ 60 % of the national total. They are characterized by a
subtropical water upwelling that increases marine fertility, promoting

fisheries richness and the abundance of filter-feeding species such
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riqueza pesquera y abundancia de especies filtradoras, como la
sardina S. aurita; en la region se encuentra 90 % de los pequefios
pelagicos del mar Caribe (Rueda, 2012). La surgencia alcanza
area de 52 000 a 55 000 km* (Gémez, 1996; Castellanos et al.,
2002), tiene una produccién primaria moderada que origina la mas
importante riqueza pesquera del Caribe (Margalef, 1965; Gémez,
1996, 2001, 2022; Freon y Mendoza, 2003). Es consecuencia
de los vientos Alisios del nororiente, que causan el afloramiento,
ademas de otros factores como la presencia de una plataforma
continental amplia con archipiélagos e islas, la descarga del gran
rio Orinoco que aporta materia organica disuelta y otros factores
(Goémez y Acero, 2020).

La surgencia tiene variaciones interanuales verificadas por la
hidrografia, los nutrientes y clorofilas (Astor et al., 2003; Gémez
et al., 2014), ha sido objeto de numerosas investigaciones
oceanogréficas (referencias en Gomez y Barcelo, 2014). El estado
Nueva Esparta esta constituido por las islas de Margarita, Coche
y Cubagua que se localizan aproximadamente en el centro del
area fértil y tienen importancia pesquera nacional. Existen 77
comunidades pesqueras, mas de 7 000 embarcaciones todas
artesanales y alrededor de 20 000 pescadores que utilizan 30
artes de pesca (Marval y Cervigon, 2009). La sardina S. aurita es
fundamental en la estructura tréfica regional, explica la cuantia
de depredadores y su relevancia en la pesca nacional (Cervigon
etal., 2022). El suroriente de isla Margarita constituyo el caladero
sardinero mas importante del pais y fue estudiado intensamente
entre 2002 y 2005 (Goémez, 2006), pero en dos estaciones fijas
continuaron los muestreos hasta 2018, estudiando la calidad del
agua y el zooplancton, asi como el seguimiento de la captura
estadal de sardina.

MATERIALES Y METODOS

Al suroriente de isla Margarita, entre julio/2002 y diciembre/2018,
utilizando embarcacion pesquera artesanal de madera (eslora
nueve metros), entre las 18 y 22 horas se visitaron dos estaciones
(Figura 2) denominadas Guacuco (11° 05" 32" N - 63° 45" 50" W) y
Farallén (10°58°02" N - 63° 47° 31” W) localizadas a 11y 3 km de
la costa; en ambas la profundidad alcanza 30 m. Los muestreos
fueron nocturnos, en el lapso 2002-2011 se hicieron entre 8 y 10 pm,
en periodo 2012-2018 entre 6 y 8 pm. Cada 15 dias se colectaron
muestras de agua (mensuales en 2006 y 2018) en profundidad de
1y 20 m con botella Van Dorn (2.5 L) e introducidas en botellas

v

as S. aurita. 90 % of the Caribbean Sea’s small pelagics can be
found in this region (Rueda, 2012). The upwelling reaches an area
between 52 000 and 55 000 km’ (Gémez, 1996; Castellanos et al.,
2002), and it has a moderate primary production that gives rise to
the most important fisheries richness in the Caribbean (Margalef,
1965; Gomez, 1996, 2001, 2022; Fredn and Mendoza, 2003). Itis
a consequence of the northeastern trade winds, as well as of other
factors including, among others, the presence of a large continental
shelf with archipelagos and islands and the great Orinoco River’s
discharge, which introduces dissolved organic matter (Gomez and
Acero, 2020).

The upwelling exhibits interannual variations evidenced by
hydrography, nutrients, and chlorophylls (Astor et al., 2003;
Gomez et al., 2014), and it has been the subject of numerous
oceanographic studies (references in Gomez and Barcelo, 2014).
The state of Nueva Esparta comprises the Margarita, Coche, and
Cubagua Islands, which are located approximately in the center
of the fertile area and have national fisheries importance. There
are 77 fishing communities, more than 7000 vessels (all of them
artisanal), and around 20 000 fishermen who use 30 fishing gears
(Marval and Cervigdn, 2009). S. aurita is fundamental to the
regional trophic structure, which explains the number of predators
and their relevance in national fishing (Cervigon et al., 2022).
The southeast of Margarita Island constituted the most important
fishing ground in the country, and it was intensely studied between
2002 and 2005 (Gémez, 2006). Nevertheless, sampling continued
until 2018 in two fixed stations, which examined water and
zooplankton quality and monitored the state’s sardine catches.

MATERIALS AND METHODS

In the southeast of Margarita Island, using an artisanal wooden
fishing boat (9 m in length), two stations were visited (Figure 2)
from 18:00 to 22:00 hours between July 2002 and December 2018.
These stations were called Guacuco (11° 05' 32" N - 63° 45’ 50" W)
and Farallén (10° 58’ 02" N - 63° 47’ 31" W) and were located
at 11 and 3 km from the coast, both with depths reaching 30 m.
The sampling was conducted during nighttime; between 2002
and 2011, it took place between 8:00 and 10:00 PM, and, during
the 2012-2018 period, it was carried out from 6:00 to 8:00 PM.
Every 15 days, water samples were collected (this was done on
a monthly basis in 2006 and 2018) at depths of 1 and 20 m with
Van Dorn bottles (2.5 L). These samples were introduced in 500
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de 500 mL para determinar la temperatura con termémetro digital
manual (precision 0.1 °C) y en laboratorio la concentracion de
Chl a por el método espectrofotométrico de Strickland y Parsons
(1972); las lecturas se hicieron con espectrofotdmetro Shimadzu
(Mod.120-02). Se calcularon promedios anuales y en periodos,
considerando la surgencia entre enero y mayo (Okuda 1975, 1978;
Gomez, 1983; Gdmez y Chanut, 1993, Gomez et al., 2008; Rueda-
Roa y Muller-Karger, 2013) y relajacidn entre junio y diciembre
(Astor et al., 2003; Miiller-Karger et al., 2004). En la Tabla 1 se
observa el niumero de muestras estudiadas cada afio y periodo;
se hicieron 1324 analisis de Chl a y lecturas de temperatura.

Para evaluar la normalidad de la distribucién de los datos, se
aplicé la prueba de Shapiro-Wilk, al identificar distribuciones no
normales se procedié con métodos estadisticos no paramétricos.
Se buscd la relacién entre la temperatura (T) y la clorofila (Chl a)
mediante coeficiente de correlacion de Spearman. Para observar
las diferencias estadisticas en las medianas de temperatura y Chl
a entre grupos, se utilizé la prueba de Kruskal-Wallis y se realizé
un analisis post hoc mediante el test de Dunn para determinar
las diferencias. También se comparo la variabilidad anual en la
clorofila (Chl a) para evaluar patrones temporales de los datos.
Todos los analisis se realizaron en Excel y R (Version 4.3) por
RStudio (R Core Team, 2020).

= Instituto de Investigaciones Marinas y Costeras / Marine and Coastal Research Institute

mL bottles to determine their temperature with a digital manual
thermometer (0.1 °C accuracy), and the Chl a concentration was
measured in the lab through the spectrophotometric method
(Strickland and Parsons, 1972). The readings were performed
using a Shimadzu spectrophotometer (Mod.120-02). Annual and
periodic averages were calculated, considering the upwelling
between January and May (Okuda 1975, 1978; Gomez, 1983;
Gomez and Chanut, 1993, Gémez et al., 2008; Rueda-Roa
and Muller-Karger, 2013) and the relaxation between June and
December (Astor et al., 2003; Miiller-Karger et al., 2004). Table
1 shows the number of studied samples for each year and period;
1324 Chl a analyses were conducted.

To evaluate the normality of the data, the Shapiro-Wilk test was
applied. Upon identifying non-normal distributions, non-parametric
statistical methods were implemented. The relationship between
temperature (T) and chlorophyll (Chl a) was determined via
Spearman’s correlation coefficient. To observe the statistical
differences in the median T and Chl a values between groups, the
Kruskal-Wallis test was employed, and a post hoc analysis was
conducted via the Dunn test, in order to determine the differences.
Moreover, the annual variability of Chl a was compared to evaluate
temporal patterns in the data. All analyses were conducted in
Excel and R (version 4.3) by RStudio (R Core Team, 2020).
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Figura 2. Localizacion del estudio en el suroriente del mar Caribe y estaciones
de muestreo (o) al suroriente de isla Margarita, Venezuela.

Figure 2. Location of the study area in the southeast of the Caribbean Sea and

sampling stations (e) southeast of Margarita Island, Venezuela.
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Tabla 1. Namero total de muestras analizadas para determinar Chl a (mg/m’) y
la temperatura (°C) en lapso 2002 a 2018 y periodos de surgencia y relajacion,
al suroriente de isla Margarita, Venezuela.

Table 1. Total number of samples analyzed to determine Chl a (mg/m°) and
temperature (°C) between 2002 and 2018 and their upwelling and relaxation
periods southeast of Margarita Island, Venezuela.

Ao | Year Total muestras / Total samples Surgencia / Upwelling Relajacion / Relaxation
2002 40 40
2003 100 44 56
2004 88 36 52
2005 68 32 36
2006 48 20 28
2007 88 36 52
2008 96 40 56
2009 92 36 56
2010 92 36 56
2011 84 40 44
2012 96 40 56
2013 96 40 56
2014 88 36 52
2015 96 40 56
2016 56 28 28
2017 48 20 28
2018 48 20 28
Total 1324 544 780

RESULTADOS Y DISCUSION RESULTS AND DISCUSSION

1. Variacion de la concentracion de Chl a (mg/m’). La Tabla 2
muestra el promedio anual de la Chl a, el error estandar y valores
minimos y maximos de cada afio, asi como la concentracion
en la superficie (1 m) y 20 m de profundidad durante periodos
de surgencia y relajacion. El analisis estadistico de las
concentraciones de Chl a no indicé diferencias significativas
entre estaciones (Kruskal-Wallis p > 0.71), pero si entre los afios
de estudio (Kruskal-Wallis p < 4.87 x 10), las profundidades
(Kruskal-Wallis p < 6.36 x 107) y periodos de surgencia y relajacion
(Kruskal-Wallis p < 1.06 x 10°).

En los primeros afios del estudio, en la columna de agua (20 m) el
promedio anual vario entre 2.60 mg/m® en 2002 y 3.09 mg/m’ en
2003. En 2005 disminuyé notablemente a 1.20 mg/m’ y hasta 2013
se determinaron las menores concentraciones con rango entre
0.59 y 2.28 mg/m’ en 2009 y 2013 respectivamente. En 2014 la
concentracién anual aumenté a 3.13 mg/m’y en 2015, 2016 y 2017
se determinaron los mayores promedios anuales en los 17 afios de
estudio, fueron 3.36, 3.24 y 3.77 mg/m’, pero en 2018 disminuyo a
u.m mg/m’ (Figura 3). Se observaron diferencias significativas de
14

1. Variations in the concentration of Chl a (mg/m’). Table 2
shows the annual average of Chl a, the standard error, and the
minimum and maximum values for each year, as well as the
concentration at the surface (1 m) and at a depth of 20 m during
the upwelling and relaxation periods. A statistical analysis of Chl
a concentrations indicated no significant differences between
stations (Kruskal-Wallis, p > 0.71). This was not the case between
the years of study (Kruskal-Wallis p < 4.87 x 10™), depths
(Kruskal-Wallis p < 6.36 x 107), and upwelling and relaxation
periods (Kruskal-Wallis, p < 1.06 x 10°).

During the first years of study, the annual average oscillated
between 2.60 mg/m’ (2002) and 3.09 mg/m’ (2003) in the water
column (20 m). In 2005, it decreased notably to 1.20 mg/m’, and,
until 2013, the lowest concentrations were observed, ranging
between 0.59 and 2.28 mg/m’ in 2009 and 2013, respectively. In
2014, the annual concentration increased to 3.13 mg/m’, and, in
2015, 2016, and 2017, the highest annual averages in the 17 years
of study were reported, i.e., 3.36, 3.24, and 3.77 mg/m’. However,
this value decreased to 2.14 mg/m’in 2018 (Figure 3). Significant



la Chl a entre los afios (Kruskal-Wallis p < 4.87 x 10°), sefialando
que las mayores diferencias las presentaron 2002-2004, 2009 y
2014-2017 (test de Dunn 1.3 x 10™° - 8.9 x 10°).

Tabla 2. Variacién anual promedio de la concentracion de clorofila a (mg/m°). En
la columna de agua, a profundidades de 1y 20 my periodos de surgencia (enero-
mayo) y relajacion (junio-diciembre), al suroriente de isla Margarita (periodo
2002-2018); n: muestras, es: error estandar.

Instituto de Investigaciones Marinas y Costeras / Marine and Coastal Research Institute

differences in Chl a were observed between years (Kruskal-Wallis,
p <4.87 x 10%), with the greatest differences reported in 2002-
2004, 2009, and 2014-2017 (Dunn test, 1.3 x 10™ - 8.9 x 10°).

Table 2. Average annual variation in the chlorophyll a concentration (mg/m’)
of the water column at depths of 1 and 20 m, as well as during the upwelling
(January-May) and relaxation (June-December) periods, southeast of Margarita
Island (2002-2018 period). n: samples; es: standard error.

Clorofila a (mg/m’) Variacién anual / Surgencia / Relajacion /
Chlorophyll a (mg/m’), anual variation Upwelling Relaxation
- Media t es / mm- Media t es / Media tes / - Media tes / - Media t es /
Mean t es Mean t es Mean t es Mean t es Mean t es
2002 40 2.60£0.30 202 319 20 2.74£042 2474042 40 2.60£0.25
2003 100 3.09+0.19 272 346 50 3.22+0.27 2.95+0.27 44 3.60 £ 0.31 56 2.68+0.21
2004 88 2911020 2.51 3.30 44 2.89+0.28 292+0.28 36 3.92+0.35 55 2.20+0.22
2005 68 1.20+0.23 075  1.64 34 1.07+0.32 1.3210.32 32 1.52+0.37 36 0.91+0.26
2006 48 1.18+0.18 064 171 24 0.91+0.36 144 +0.39 20 1.54 + 0.46 28 0.92+0.30
2007 88 1.18 £0.20 079 157 44 0.92+0.28 1.45+0.28 36 1.53+.0.35 52 0.92£0.22
2008 9 0.91+0.19 054 119 48 0.86 £0.27 0.96 £0.27 40 1.62+0.33 56 0.51+0.21
2009 92 0.59+0.20 020 098 46 0.48+0.28 0.70+0.28 36 0.680.35 56 0.53+0.21
2010 92 1.28+0.20 089 167 46 1.02£0.28 1.54 £0.28 36 240%0.35 56 0.56 + 0.21
201 84 1.51+0.21 1.11 1.92 42 1.17+0.29 1.85+0.29 40 1.82+0.33 44 1.23+0.24
2012 96 1.32+0.19 094 170 48 0.85+0.27 1.79+0.27 40 1.44+0.33 56 1.23+0.21
2013 96 228+0.19 190 265 48 1.80+0.27 2.75+0.27 40 1.82+0.33 56 2.60£0.21
2014 88 3.13+0.20 274 353 44 272+0.28 355+0.28 36 4.1410.35 52 244+0.22
2015 96 244+0.22 299 374 48 294+0.27 3.79+0.27 40 3.88+0.33 56 2.99+0.21
2016 56 3.24+0.25 275 376 28 2.97+0.36 3.51+0.36 28 4.78+0.39 28 1.70£0.30
2017 48 3.77+0.27 323 430 24 351+0.39 4.0210.39 20 5.55 £ 0.46 28 249+0.30
2018 48 214 +0.27 160 267 24 1.94+0.39 2.33£0.39 20 1.50 + 0.46 28 2.60+0.30
Total 1324

En la columna de agua los promedios anuales mas altos de Chl a
se encontraron en 2003, 2004, 2014 a 2017, afio del mayor valor

In the water column, the highest annual averages of Chl a were
observed in 2003, 2004, and 2014 through 2017, with the latter

(Figura 3). Los menores promedios de Chl a fueron desde 2005
hasta 2013, el menor valor en 2009; estos afios fueron de fuerte
crisis sardinera en Margarita (Gomez, 2016, 2018b, 2019; Gomez
etal., 2016). La disminucion de Chl a (~ biomasa de fitoplancton)
quizas fue un importante factor para la crisis, porque las sardinas
adultas son filtradoras, en especial de diatomeas (Cellemare y
Gdmez, 2007; Gémez, 2015; Gomez y Pérez, 2021). A partir de
2014 aumenta la concentracion de Chl a y alcanza maximos de
3.27 y 3.89 mg/m’ en 2016 y 2017 que coinciden con la relativa
recuperacion de la pesca; en 2018 disminuye la biomasa de
fitoplancton (2.14 mg/m®) y también la pesca (Figura 1).

corresponding to the highest value (Figure 3). The lowest averages
were observed from 2005 to 2013, with the lowest value in 2009.
These years represented a strong sardine crisis in Margarita
(Goémez, 2016, 2018b, 2019; Gémez et al., 2016). The decrease
in Chl a (~ phytoplankton biomass) may have been a significant
factor in the crisis, as adult sardines are filter feeders, particularly of
diatoms (Cellemare and Gémez, 2007; Gémez, 2015; Gdmez and
Pérez, 2021). Starting in 2014, the concentration of Chl a increased
and reached maximum values of 3.27 and 3.89 mg/m’ in 2016
and 2017, which coincided with the relative recovery of fishing. In
2018, the phytoplankton biomass decreased (2.14 mg/m’) along

with fishing (Figure 1).
15



Boletin de Investigaciones Marinas y Costeras ¢ Vol. 54 (1) 2025 (enero-junio / January-June)

S
4 —
fg C
> C
E 3 t $
© C
© C
= 2 —
2 -
5 C
) C
1=
0=

%¥%§%%%%

Pt

—o—i
—o—1
|IIII|IIII|IIII|IIII|IIII|

2002 2003 2004 20052006 2007 2008 200920102011 20122013 2014 20152016 2017 2018

aino

Figura 3. Variacién anual promedio de Chl a (mg/m’) en columna de agua (20 m)
al suroriente de isla Margarita, Venezuela (2002-2018).

En la superficie (1 m) la Chl a vari6 entre 0 y 8.28 mg/m’ (marzo
2003), el promedio total fue 1.88 mg/m®; a 20 m vari6 entre 0
y 13.85 mg/m’ (febrero 2016) y promedio total 2.32 mg/m’, en
ambas profundidades la concentracion de Chl a tiene diferencia
significativa (p < 6.36 x 10”) siendo mayor la de 20 m. Entre 2002
y 2004 la Chl a superficial fue mas alta (2.74 a 3.22 mg/m’) qué a
20 m de profundidad, a partir de 2005 hasta 2018 la concentracion
fue mayor a 20 m (Figura 4). Las concentraciones mas altas
se determinaron entre 2015 y 2017 (3.79 a 4.02 mg/m’) cuando
ocurrié aumento de la pesca de sardina; situacion interesante
porque quizas los cardimenes estaban en mayor profundidad,
donde la biomasa del fitoplancton era mas elevada.

Figure 3. Average annual variation in Chl a (mg/m’) in the water column (20 m)
southwest of Margarita Island, Venezuela (2002-2018).

3

In the surface (1 m), Chl a varied between 0 and 8.28 mg/m
(March 2003). The total average was 1.88 mg/m’. At 20 m deep,
it varied between 0 and 13.85 mg/m’ (February 2016), for a total
average of 2.32 mg/m’. At both depths, the concentration of Chl
a showed significant differences (p < 6.36 x 107), with the values
at 20 m being higher. Between 2002 and 2004, the surface Chl
a was higher (2.74-3.22 mg/m’) than that at 20 m deep. From
2005 to 2018, the concentration was higher at 20 m (Figure 4),
the highest concentrations were observed between 2015 and
2017 (3.79-4.02 mg/m’), when sardine fishing increased. This
is interesting because the shoals of sardine might have been
deeper, where the phytoplankton biomass was larger.

Clorofila a (mg/m3)
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Figura 4. Variacién anual promedio de Chl a (mg/m°) en 1y 20 m de profundidad

al suroriente de isla Margarita, Venezuela (2002-2018).
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Figure 4. Average annual variation in Chl a (mg/m’) at 1 and 20 m deep southwest
of Margarita Island, Venezuela (2002-2018).
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En Margarita, las sardinas capturadas comercialmente son
filtradoras y en los contenidos gastricos predominan las diatomeas
(Cellemare y Gémez, 2007), siendo posible que las sardinas se
mantengan en profundidad donde esta presente su alimento
caracterizado por la Chl a. En otras areas sardineras cercanas la
Chl a alcanza hasta 11.1 mg/m’ en proximidad del fondo (20 m)
de isla de Coche (Gomez et al., 2008). Durante 2003-2004 los
méaximos valores de Chl a (14.35 mg/m°) se encontraron a 10-
12 m de profundidad (Gémez et al., 2014); en esos afios los
promedios anuales son comparables a los valores puntuales
previamente citados entre isla Margarita y peninsula de Araya
(Ballester, 1965; Margalef, 1965). Los promedios anuales de Chl a
mencionados para las areas costeras del nororiente de Venezuela
son muy elevados, en comparacion con los encontrados en areas
relativamente cercanas, donde no se captura sardina; por ejemplo,
en la cuenca Tuy-Cariaco, el archipiélago Los Roques e isla La
Tortuga, el promedio anual varia entre 0.64 y 0.69 mg/m’ (Ferraz,
1983; Gonzalez, 1989; Rodriguez Centeno et al., 2010). También
se indica que en la region el méximo de Chl a en superficie es
8 mg/m’ (Varela et al., 2003); ademés para el estado Sucre citan
valores puntuales extremadamente altos, hasta 43.48 mg/m’
(Gonzélez et al., 2006; Rivas Rojas et al., 2007).

Durante las surgencias fue mayor la concentracion de Chl a que
en los periodos de relajacidn (Figura 5), se calcularon promedios
totales de 2.63 y 1.71 mg/m’, respectivamente. En surgencias de
2003 y 2004 se determinaron valores de 3.60 y 3.92 mg/m’, pero
disminuyeron (~ 60 %) desde 2005 hasta 2013 con rango entre 0.68
y 2.40 mg/m’; en surgencias de 2014 a 2017 se verific aumento
notable (entre 3.88 y 5.55 mg/m’), pero en 2018 disminuyo a
1.50 mg/m’. Durante periodos de relajacién de 2002 a 2004 la
concentracion de Chl a fue mayor (rango 2.20 a 2.68 mg/m’) que
entre 2005 y 2012 (rango 0.41 a 1.23 mg/m’); desde 2013 hasta
2018 ocurri6 notable aumento en la biomasa del fitoplancton (rango
2.60 a 2.99 mg/m’), con excepcion de 2016 cuando fue 1.70 mg/m’.
Se encontraron diferencias significativas en la concentracién de
Chl a entre periodos de surgencia y de relajacion (Kruskal-Wallis
p < 1.06 x 10°) las mayores diferencias se presentaron en 2009 y
2018 cuando en surgencia se encontraron los mas bajos valores
de Chl a, 0.68 y 1.50 mg/m’ respectivamente. Entre 2005 y 2013
la concentracion de Chl a fue notoriamente menor en comparacion
con 2003 y 2004 cuando ocurrieron las mayores capturas de
sardina (Figura 1); entre 2016 y 2017 aumentd la Chl a (3.24
y 3.77 mg/m’) y también hubo un relativo aumento de la pesca.

= Instituto de Investigaciones Marinas y Costeras / Marine and Coastal Research Institute

In Margarita, the commercially captured sardines are filter
feeders, with a predominance of diatoms in their gastric contents
(Cellemare and Gémez, 2007). It is possible that they remain at
depths where their food is present, which is characterized by Chl
a. In other nearby sardine fishing areas, Chl a reaches values
of 11.1 mg/m’ near the bottom (20 m) of Coche Island (Gémez
et al., 2008). During the 2003-2004 period, the maximum Chl a
values (14.35 mg/m’) were found at 10-12 m deep (Gémez et al.,
2014). The annual averages of those years are comparable to
the specific values reported between Margarita Island and the
Araya Peninsula (Ballester, 1965; Margalef, 1965). The annual
Chl a averages reported for the coastal areas of northeastern
Venezuela are very high in comparison with those found in
relatively nearby areas, where no sardines are captured. For
example, in the Tuy-Cariaco Basin, Los Roques Archipelago, and
La Tortuga Island, the annual average varies between 0.64 and
0.69 mg/m’ (Ferraz, 1983; Gonzalez, 1989; Rodriguez Centeno
etal., 2010). Furthermore, the maximum surface Chl a value has
been shown to be 8 mg/m’ (Varela et al,, 2003), and, for the state
of Sucre, extremely high values have been reported, i.e., up to
43.48 mg/m’ (Gonzalez et al., 2006; Rivas Rojas et al., 2007).

During the upwellings, the concentration of Chl a was higher
than that of the relaxation periods (Figure 5); total averages
of 2.63 and 1.71 mg/m’ were calculated, respectively. In the
upwellings of 2003 and 2004, values of 3.60 and 3.92 mg/m’
were observed, which decreased (~ 60 %) between 2005 and
2013, ranging from 0.68 to 2.40 mg/m’. In the upwellings from
2014 to 2017, a notable increase was reported (3.88-5.55 mg/m’),
but, in 2018, the value decreased to 1.50 mg/m’. During the
periods of relaxation between 2002 and 2004, the concentration
of Chl a was higher (2.20-2.68 mg/m’) than that between 2005 and
2012 (0.41-1.23 mg/m’). From 2013 to 2018, a notable increase
in phytoplankton biomass took place (2.60-2.99 mg/m°), except
for 2016 (1.70 mg/m°). Significant differences were found in the
concentration values between the upwelling and relaxation periods
(Kruskal-Wallis, p < 1.06 x 10°). The greatest differences were
observed in 2009 and 2018: during the upwellings, the lowest
Chl a values were found (0.68 and 1.50 mg/m’, respectively).
Between 2005 and 2013, the Chl a concentration was notably
lower in comparison with those of 2003 and 2004, when the
largest sardine catches took place (Figure 1). Between 2016
and 2017, the Chl a increased (3.24 and 3.77 mg/m®), and there

was a relative increase in fishing.
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Figura 5. Variacion anual promedio de la Chl a mg/m’ (~ biomasa de fitoplancton)
en periodos de surgencia y relajacion al suroriente de isla Margarita, Venezuela
(2002-2018).

En areas proximas (estado Sucre) durante periodos de surgencia
mencionan valores de Chl a con amplia variacion, entre 1y 10 mg/m’
a 20-30 m de profundidad del golfo de Cariaco (Ferraz, 1989); en
ensenada Turpialito > 4.5 mg/m’ (Marin et al., 2004). En el Caribe
colombiano en proximidad de Santa Marta durante la surgencia
la biomasa del fitoplancton alcanzé 1.6 mg/m’ (Garcia Hoyos
etal., 2010) y en el parque Tayrona varié entre 9.3y 13.5 mg/m’
(Franco Herrera et al., 2006). En el mar Caribe la cantidad del
fitoplancton es baja cuando la concentracion de Chl a es 0.2 mg/m’
(Margalef, 1961); con base en fotografias satelitales citan que en
aguas oceanicas el fitoplancton tiene < 0.25 mgpigmentos/m’,
el Caribe sur tiene mayor concentracion promedio 0.63 mg/m’
(Muller-Karger y Varela, 1988). Las ultimas cifras son muy bajas,
comparadas con las obtenidas in situ en areas del nororiente de
Venezuela, donde se captura comercialmente la sardina y ocurre
la surgencia que fertiliza las aguas. Numerosos estudios también
citan concentracion (promedio anual) de Chl a: 1.59 a 3.79 mg/m’
en suroriente y sur de Margarita (Gémez et al., 2008, 2016), entre
1.55 y 5.88 mg/m’ al norte de Margarita (Cabrera, 1987), hasta
2.27 mg/m’ al noroccidente (Cervigon y Gomez, 2018), de 0.95
a 1.85 mg/m’ (Gomez y Chanut, 1993); 2.4 mg/m’ (Morris et al.,
1981) y 4.5 mg/m’ (Pineda y Aguado, 1980). En el golfo y la fosa
de Cariaco citan 3.8 y 3.7 mg/m’ (Mandelli y Ferraz, 1982), de
0.08 a 9.61 mg/m’ (Ferraz, 1987, 1989) y de 1.64 a 0.74 mg/m’

(Moigis, 1986).
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Figure 5. Average annual variation in Chl a (mg/m’; ~ phytoplankton biomass)
during upwelling and relaxation periods southeast of Margarita Island, Venezuela
(2002-2018).

In nearby areas (State of Sucre), Chl a values with wide variation
during upwelling periods have been mentioned, i.e., between 1
and 10 mg/m’ at 20-30 m deep in the Gulf of Cariaco (Ferraz,
1959). In Turpialito Cove, the concentration was over 4.5 mg/m’
(Marin et al., 2004). In the Colombian Caribbean near Santa
Marta, the phytoplankton biomass reached 1.6 mg/m’ during
upwelling (Garcia Hoyos et al., 2010), and it varied between 9.3
and 13.5 mg/m’ in Tayrona Park (Franco Herrera et al., 2006).
In the Caribbean Sea, the amount of phytoplankton is low when
the Chl a concentration is 0.2 mg/m’ (Margalef, 1961). Based
on satellite images, it has been reported that phytoplankton has
<0.25 mgpigments/m’ in oceanic waters. The southern Caribbean
exhibits a higher average concentration: 0.63 mg/m’ (Miiller-Karger
and Varela, 1988). These values are very low in comparison with
those obtained in situ in areas of northeastern Venezuela, where
sardine is commercially captured and upwellings that fertilize the
water take place. Numerous studies have also reported (average
annual) Chl a concentrations ranging from 1.59 to 3.79 mg/m’ in
the southeast and south of Margarita (Gémez et al., 2008, 2016),
from 1.55 to 5.88 mg/m’ north of Margarita (Cabrera, 1987), up to
2.27 mg/m’ in the northwest (Cervigén and Gémez, 2018), from
0.95to 1.85 mg/m’ (Gémez and Chanut, 1993), 2.4 mg/m’ (Morris
et al., 1981), and 4.5 mg/m’ (Pineda and Aguado, 1980). In the
Gulf and Trench of Cariaco, 3.8 and 3.7 mg/m’ have been reported
(Mandelli and Ferraz, 1982), as well as values ranging from 0.08
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Al occidente de Margarita (Estacion Cariaco) desde 1996 hasta
2013 en la columna de agua integrada (100 m) la Chl a disminuyd
1.3 mg/m’/afio con descenso en la abundancia del fitoplancton, que
superd las 200 cel/mL en 1996-1997 y decreci6 a 50 cel/mL en 2005
(Astor et al., 2017). También citan reduccidn del microfitoplancton
(>20 um), el cambio en comunidades y un menor tamario celular
(Taylor et al., 2012; Pinckney et al., 2015). La tendencia fue la
disminucién de diatomeas grandes, pero aumentaron los grupos
del fitoplancton con menor tamafio (nanoplancton < 20 ym)y
abundancia de cocolitoféridos, criptoficeas, cianoficeas y flagelados
(Pinckney et al., 2015); la mayor biomasa del fitoplancton se ubicd
en profundidad > 55 m pero al comienzo de la serie estaba cerca
de la superficie (Astor et al., 2017). En 2008 y 2009 los cambios
estacionales que tuvo la fosa de Cariaco influyeron en la clorofila,
que fue baja (< 0.3 pg/L) en relajacién y alta (> 1.4 ug/L) en
surgencia (Lorenzoni et al., 2017).

Desde finales del siglo pasado, con imégenes satelitales hicieron
estimados de clorofila a, el sur del Caribe tiene mayor concentracion
(promedio 0.63 mg/m°) pero gran variabilidad anual (Mller-
Karger et al., 1989). En el nororiente de Venezuela, durante la
surgencia (enero a mayo) la concentracion de pigmentos es mayor
(>0.5mg/m’) al sur de 14 °N sobre el margen continental (Miiller-
Kargery Varela, 1988). Alrededor de Margarita, la concentracion
promedio es més alta (1.2 mg/m°) e indica intenso afloramiento
al borde de la plataforma (MUller-Karger y Aparicio, 1994). Entre
1998-2009 durante las surgencias la Chl a tuvo promedio anual
de 1.65 mg/m’ (Rueda Roa, 2012; Rueda Roa y Miiller-Karger,
2013). Estas cifras son muy bajas comparadas con los valores in
situ, previamente citados en este trabajo.

En aguas afectadas por grandes rios como el Orinoco, es
dificil estimar la concentracion de Chl a desde el espacio y
sugieren desarrollar algoritmos con longitudes de onda rojos
porque es minima la influencia de la materia organica disuelta y
coloreada (Odriozola et al., 2007). En la pluma del Orinoco, las
concentraciones de Chl a in situ son menores que las calculadas
a partir de imagenes (Varela et al., 2003) por la materia organica
disuelta (Miiller-Karger y Aparicio, 1994; Odriozola et al., 2007).
Asi, entre Venezuela y Puerto Rico a 85 km de isla Granada, las
imagenes sobreestiman la concentracién de Chl a e infieren entre
2y 4 mg/m’, mientras que in situ fueron 0.2 mg/m’ y alta proporcion
en la fraccion < 2 ym del fitoplancton (John et al., 2012). En el
oriente venezolano, la concentracion de clorofila es 1.4 veces
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t0 9.61 mg/m’ (Ferraz, 1987, 1989), and from 1.64 to 0.74 mg/m’
(Moigis, 1986).

West of Margarita (Cariaco station), from 1996 to 2013, Chl a values
in the integrated water column (100 m) decreased by 1.3 mg/m’/year,
with a reduction in phytoplankton biomass that exceeded 200 cells/mL
in 1996-1997 and decreased to 50 cells/mL in 2005 (Astor et al.,
2017). Moreover, a microphytoplankton reduction has been reported
(>20 pm), as well as changes in the communities and a smaller cell
size (Taylor et al., 2012; Pinckney et al., 2015). There was a tendency
towards the reduction of large diatoms, but the number of smaller-
sized phytoplankton groups increased (nanoplankton < 20 um) along
with the abundance of coccolithophores, cryptophytes, cyanophytes,
and flagellates (Pinckney et al., 2015). The larger phytoplankton
biomass was located at > 55 m deep, but, at the start of the series,
it was close to the surface (Astor et al., 2017). In 2008 and 2009,
the seasonal changes experienced by the Cariaco Trench exerted
an influence on chlorophyll, which reported low values (< 0.3 ug/L)
during relaxation and high ones (> 1.4 pg/L) during upwelling
(Lorenzoni et al., 2017).

Since the end of the last century, Chl a estimates have been made
using satellite images, with the Southern Caribbean showing high
concentrations (0.63 mg/m’ on average) but a high annual variability
(Muller-Karger et al., 1989). In northeastern Venezuela, during
upwelling periods (January to May), the concentration of pigments
is higher (> 0.5 mg/m’) south of 14 °N over the continental shelf
(Muller-Karger and Varela, 1988). Around Margarita, the average
concentration is higher (1.2 mg/m’) and indicates an intense
upwelling at the edge of the shelf (MUller-Karger and Aparicio, 1994).
Between 1998 and 2009, during the upwelling, Chl a reported an
annual average of 1.65 mg/m’ (Rueda Roa, 2012; Rueda Roa and
Muller-Karger, 2013). These findings are very low in comparison
with the in situ values reported in this work.

In waters affected by large rivers such as the Orinoco, it is difficult
to estimate the Chl a concentration from space. In this regard, the
development of algorithms utilizing red wavelengths has been
suggested due to the minimal influence of dissolved and colored
organic matter (Odriozola et al., 2007). In the Orinoco plume, in situ
Chl a concentrations are lower than those calculated using imagery
(Varela et al., 2003) due to dissolved organic matter (Muller-Karger
and Aparicio, 1994; Odriozola et al., 2007). Thereupon, between
Venezuela and Puerto Rico, 85 km off Granada Island, images
overestimate the concentration of Chl a and suggest values of
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mayor que en el occidente del Caribe sur (Rueda Roa, 2012)
pero la biomasa estimada de los peces pelagicos es cuatro veces
mayor (Stromme y Saetersdal, 1989). Por ello, debe haber otras
explicaciones para la gran diferencia en la cuantia de biomasa,
en especial de las especies filtradoras como la sardina (Gémez
y Acero, 2020).

Se menciona qué en el oriente de Venezuela, durante septiembre-
octubre cerca de los focos de surgencia, la biomasa de sardina es
mayor en los primeros 10 km de la costa y se observaron valores
de clorofila entre 1-3 mg/m’, pero no se encuentra correlacion
entre la biomasa de sardina con la temperatura y/o la clorofila in
situ (Rueda, 2012; Rueda Roa et al., 2017). Se considera dificil
relacionar factores ambientales con capturas, porque la surgencia
y la influencia del rio Orinoco alternan sus méximos, con alta
productividad todo el afio (Fredn et al., 2003). Lo cual es cierto,
sin embargo deberian hacer correlaciones con capturas en los
caladeros, como en este trabajo. Es posible que la diferencia
en la concentracion media de clorofila en ambas surgencias
(1.4 veces) ocurre porque se consideran los afos posteriores a
2005, cuando comenzd la crisis sardinera. En Margarita, durante
las cuantiosas capturas de 2003 y 2004, los promedios anuales
de Chl a fueron 3.09 y 2.91 mg/m’ y desde 2005, la biomasa del
fitoplancton disminuyo notablemente (Figuras 3 a 5) y se mantuvo
varios lustros (Gomez et al., 2014). También a sotavento del area
sardinera, en la estacion Cariaco la concentracion de la clorofila
y la abundancia del fitoplancton tuvieron descenso significativo
(Astor et al., 2014).

2. Variacion de la temperatura: En la Tabla 3 se muestran el
promedio anual, el error estandar y valores minimos y maximos
de cada afio; la temperatura en la superficie (1 m) y 20 m de
profundidad; también durante los periodos de surgencia y de
relajacion. En la columna de agua durante 2002, 2003 y 2004
se determinaron los menores promedios anuales (25.33, 24.65 y
25.29 °C respectivamente), el rango vari6 entre 21.6 °C en 2003
y 28.9 °C en 2004. Mientras que en el resto de los afios (2005
a 2018) los promedios anuales fueron mas elevados, fluctuando
entre 25.76 °Cy 27.54 °C en 2017 (Figura 6) y fue mayor el rango
desde 22.1 °C al maximo de 30.5 °C en 2012, 2013 y 2016. Se
encontraron diferencias significativas de la temperatura entre los
afios (Kruskal-Wallis p < 6.25 x10*'), observando en el estudio
una tendencia general al incremento de la temperatura, que se
diferencia en 2018 con notable disminucion (Figura 6).

.

2-4 mg/m’, whereas the in situ values were 0.2 mg/m’, with a large
proportion in the < 2 um fraction of phytoplankton (John et al.,
2012). In eastern Venezuela, the chlorophyll concentration is 1.4
times higher than in the west of the South Caribbean (Rueda Roa,
2012), but the estimated biomass of pelagic fish is four times larger
(Stromme and Saetersdal, 1989). Therefore, there must be other
explanations for the great difference in biomass, especially regarding
filter-feeding species such as sardines (Gdmez and Acero, 2020).

However, there is no clarity in this regard, since, between
September and October near the upwelling focus in the east of
Venezuela, the sardine biomass is larger in the first 10 km of the
coast, and chlorophyll values of 1-3 mg/m’ have been observed
and no correlation has been found between sardine biomass and
temperature and in situ chlorophyll (Rueda, 2012; Rueda Roa et al.,
2017). Relating environmental factors with catches is regarded as
a difficult task because upwellings and the influence of the Orinoco
River alternate their maxima, with high productivity throughout
the year (Fredn et al., 2003). This is true, but correlations with
catches in fishing grounds should be sought, as was the case with
this work. It is possible that the difference in the mean chlorophyll
concentration of both upwellings (1.4 times) is due to the fact that
the years after 2005 are considered, i.e., when the sardine crisis
began. In Margarita, during the plentiful catches of 2003 and 2004,
the annual Chl a averages were 3.09 and 2.91 mg/m’, and, starting
in 2005, the phytoplankton biomass decreased notably (Figures 3
to 5). This lasted several five-year periods (Gomez et al., 2014). In
addition, leeward of the fishing sardine area, at the Cariaco station,
the chlorophyll concentration and the abundance of phytoplankton
experienced a significant decrease (Astor et al., 2014).

2. Variations in temperature. Table 3 shows the annual average, the
standard error, and the minimum and maximum temperature values
for each year, the values at the surface (1 m) and at 20 m deep, and
those reported during the upwelling and relaxation periods. In the
water column, during 2002 and 2004, the lowest annual averages
were observed (25.33, 24.65, and 25.29 °C). The range was between
21.6°C (2003) and 28.9 °C (2004). Meanwhile, the rest of the years
(2005-2018) saw higher annual averages, fluctuating between 25.76
and 27.54 °Ciin 2017 (Figure 6). In 2012, 2013, and 2016, the range
was higher (22.1-30.5 °C). Significant temperature differences were
found between years (Kruskal-Wallis, p < 6.25 x10™"), with a general
tendency towards increasing temperatures. This differs from 2018,
which exhibited a notable decrease (Figure 6).
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Figura 6. Variacion anual de la temperatura °C en columna de agua (hasta 20 m)
al suroriente de isla Margarita (2002-2018), Venezuela.

Con relacion a la temperatura en las dos profundidades, en la
superficie (1 m) el rango del promedio anual varié entre 25.14 y
27.87 °C, a 20 m entre 24.16 y 27.22 °C; los valores minimos y
méaximos se determinaron en 2003 y 2017. Entre 2002 y 2004 se
obtuvieron los menores promedios: 25.14 a 26.07 °C en superficie
y 24.16 a 24.82 °C a 20 m; mientras que entre 2005 y 2018 los
promedios anuales fueron mas altos, variando entre 25.99 y
27.87 °C en superficie y desde 25.43 a 27.22 °C a 20 m (Figura
7), lo cual indica que en este lapso la temperatura mantuvo un
aumento préximo a 2 °C (Figuras 7y 8). Se encontraron diferencias
significativas de la temperatura entre las profundidades (Kruskal-
Wallis p < 6.55 x10™") observandose la misma tendencia de
incremento que entre los periodos (Figura 8).

Al suroriente de isla Margarita, durante 2002 a 2004 en la columna
de agua (20 m) se calcularon los menores promedios anuales
de temperatura (24.65 a 25.33 °C). A partir de 2005 aumentd
notablemente (26.22 °C) y el ascenso anual continuo hasta 2017
cuando se determing el promedio maximo (27.54 °C) (Tabla 3).
En consecuencia, desde 2005 ocurrié marcado aumento de la
temperatura, que previamente se habia detectado hasta 2012
y la pesca de sardina disminuyo drasticamente (Gomez, 2014).
El aumento proximo a 2 °C desde 2005 también ocurrié en otros
caladeros sardineros (Gomez et al., 2008).

Figure 6. Annual temperature variations (°C) in the water column (up to 20 m
deep) to the southeast of Margarita Island, Venezuela (2002-2018).

Regarding the temperature at both depths, on the surface (1 m),
the annual average ranged from 25.14 to 27.87 °C; at 20 m, the
range was 24.16-27.22 °C. The minimum and maximum values
were observed in 2003 and 2017. Between 2002 and 2004, the
lowest averages were obtained: 25.14-26.07 °C on the surface
and 24.16-24.82 °C at 20 m. Meanwhile, from 2005 to 2018, the
annual averages were higher, varying between 25.99 and 27.78 °C
on the surface and from 25.43 to 27.22 °C at 20 m (Figure 7),
indicating that, during this period, the temperature maintained an
increase of nearly 2 °C (Figures 7 and 8). Significant differences
were found between depths (Kruskal-Wallis, p < 6.55 x10™),
observing the same increasing trend as other periods (Figure 8).

Southeast of Margarita Island, between 2002 and 2004, the lowest
annual temperature averages were reported in the water column
(20 m), i.e., 24.65-25.33 °C. Starting in 2005, the temperature
rose notably (26.22 °C), and the annual increase continued until
2017, when the maximum average was recorded (27.54 °C)
(Table 3). Consequently, starting in 2005, a strong temperature
increase took place, which had been previously recorded until
2012, and sardine fishing decreased drastically (Gémez, 2014).
The nearly 2 °C increment starting in 2005 also occurred in other
sardine fishing grounds (Gémez et al., 2008).

L
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Figura 7. Variacién anual de la temperatura °C en 1y 20 m de profundidad al
suroriente de isla Margarita (2002-2018), Venezuela.

En cuanto a la variacién de la temperatura en los periodos de
surgencia debe notarse que en 2003 y 2004 se encontraron los
menores promedios anuales (23.79 y 23.89 °C), mientras que
en lapso 2005 a 2018 fueron mayores, variando entre 24.83 y
26.65 °C en 2006 y 2017, respectivamente. Asimismo, durante
periodos de relajacion los menores promedios fueron entre 2002 y
2004 (25.31 2 26.26 °C); mientras que entre 2005 y 2018 variaron
entre 26.40 y 28.49 °C (Figura 8). Se encontraron diferencias
significativas de la temperatura entre los periodos de surgencia
(Kruskal-Wallis p < 4.7 x10®') las mayores temperaturas fueron
durante los periodos de relajacion (Figura 8).

Figure 7. Annual temperature variation (°C) at 1 a 20 m deep southeast of
Margarita Island, Venezuela (2002-2018).

As for the temperature variation during upwelling periods, it should
be noted that, in 2003 and 2004, the lowest annual averages
were recorded (23.79 and 23.89 °C), whereas, in the 2005-2018
period, these values were higher, oscillating between 24.83 and
26.65 °C in 2006 and 2017, respectively. Likewise, during the
relaxation periods, the lowest averages were observed between
2002 and 2004 (25.31-26.26 °C). Meanwhile, between 2005 and
2018, these values varied between 26.40 and 28.49 °C (Figure 8).
Significant temperature differences were found between upwelling
periods (Kruskal-Wallis p < 4.7x10*"). The highest temperatures
were recorded during the relaxation periods (Figure 8).
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Figura 8. Variacion anual de la temperatura °C en periodos de surgencia y
relajacion al suroriente de isla Margarita (2002-2018), Venezuela.
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Figure 8. Annual temperature variation (°C) during upwelling and relaxation
periods southeast of Margarita Island, Venezuela (2002-2018).



Es de resaltar que en las surgencias de 2003 y 2004 en algunos
puntos del area estudio (Guacuco, Pampatar y EI Morro) se midieron
valores minimos de 21.6 °C (Goémez, 2006) que corresponde al
agua subtropical (Wst, 1964), indicando afloramiento de aguas
subsuperficiales (Okuda, 1978, 1981) y en esos afios la temperatura
promedio durante surgencias (23.79 y 23.89 °C) fueron las menores.
Apartir de 2005 y hasta 2018 en las surgencias la temperatura tuvo
marcado aumento (Tabla 3). En consecuencia, puede plantearse
que en lapso 2005 a 2018 al oriente de Margarita no ha ocurrido
afloramiento de aguas subtropicales en sentido estricto, de acuerdo
con criterio de isoterma de 21 °C en la superficie (Okuda, 1978,
1981; Walsh et al., 1999; Astor et al., 2003, 2004; Gémez, 2006;
Gomez et al., 2008, 2012). En la region este valor indica surgencia
intensa, aumentando la fertilidad, lo que tiene incidencia en la
abundancia de especies que se alimentan por filtracion, como las
sardinas adultas, entre otras.

En el estudio se obtuvieron 1324 lecturas de temperatura e
igual nimero de estimaciones de Chl a; entre ambas variables
se encontro correlacion negativa baja pero significativa (-0.29) y
podria indicar mas biomasa de fitoplancton cuando es menor la
temperatura del agua. Previamente se habia citado correlacion
(-0.06) no significativa porque los valores fueron separados en
espacio y tiempo (Margalef, 1980), no es el caso del presente
estudio realizado durante 17 afios en las mismas estaciones.

Tabla 3. Variacion anual promedio de la temperatura (°C). En columna de agua,
a profundidades de 1y 20 my periodos de surgencia (enero-mayo) y relajacion
(junio-diciembre), al suroriente de isla Margarita (periodo 2002-2018); n: muestras,
es: error estandar.

Instituto de Investigaciones Marinas y Costeras / Marine and Coastal Research Institute

It is worth highlighting that, during the upwellings of 2003 and
2004, some points of the study area (Guacuco, Pampatar, and
El Morro) reported minimum values of 21.6 °C (Gomez, 2006),
which corresponds to subtropical water (Wst, 1964), indicating
the upwelling of subsurface waters (Okuda 1978, 1981). During
those years, the average temperatures during upwelling (23.79
and 23.89 °C) were the lowest. From 2005 until 2017, the
upwelling temperature experienced a marked increase (Table 3).
As a consequence, it could be stated that, during the 2005-2018
period, to the east of Margarita, no upwelling of subtropical waters
has occurred in stricto sensu, according to the 21 °C surface
isotherm criterion (Okuda, 1978, 1981; Walsh et al., 1999; Astor
et al., 2003, 2004; Gémez, 2006; Gomez et al., 2008, 2012). In
the region, this value indicates an intense upwelling, increasing
fertility and influencing the abundance of filter-feeding species
such as adult sardines, among others.

This study obtained 1324 temperatures and the same number
of Chl a estimates. Between both variables, a low but significant
negative correlation was found (-0.29), which could indicate a
larger phytoplankton biomass with lower temperatures. A non-
significant correlation had been previously reported since the
values were separated in space and time (Margalef, 1980). This
is not the case with our study, which was carried out for a 17-year
period with the same stations.

Table 3. Average annual temperature variation (°C) in the water column at depths
of 1 and m during periods of upwelling (January-May) and relaxation (June-
December) southeast of Margarita Island (2002-2018 period). n: samples; es:
standard error.

Temperatura (°C) variacién anual / Surgencia / Relajacion /

Temperature (°C) annual variation Upwelling Relaxation

T T o | T e | | e

Mean £ es Mean £ es Mean £ es Mean £ es Mean t es

2002 25.33£0.23 227 280 26.07£0.33 24.59+£0.33 - 25.3310.21
2003 100 2465+0.15 216 280 50 2514 +0.21 2416+0.21 44 23.79+0.14 56 25.31+0.18
2004 88 2529+ 0.16 216 289 44 25751022 24821022 36 23.8910.15 52 26.26+0.18
2005 68 26.22+0.18 238 294 34 26.58 + 0.25 25.86 1 0.30 32 2552 +0.16 36 26.84 £ 0.22
2006 48 25.8210.21 228 279 24 26.04 £ 0.30 25.60  0.30 20 24.83+0.21 28 26.53+0.25
2007 88 25.76+0.16 224 282 44 25.99+0.22 25431022 36 2476+ 0.15 52 26.451+0.18
2008 96 26.78+0.15 245 304 48 27.1510.21 26.40+0.21 40 2526+ 0.15 56 27.86+0.18
2009 92 26.12+0.15 24.1 29.2 46 26.44 £ 0.22 25.80+0.22 36 25.69+0.15 56 26.40£0.18
2010 92 27.03+0.15 238 302 46 27.38+0.22 26.70£0.22 36 25.35+0.15 56 28.12+0.10
2011 84 26.63+0.16 228 298 42 27.10+0.23 26.160.23 40 25491+0.15 44 27.67+0.20
2012 9% 26.59£0.15 233 305 48 27.09£0.21 26.10£0.21 40 25.37+0.16 56 27.46+0.10

o
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Temperatura (°C) variacion anual / Surgencia / Relajacion /

Temperature (°C) annual variation Upwelling Relaxation

T oo T

Mean t es Mean £ es Mean £ es Mean £ es Mean t es
2013 25.98+0.15 257 263 26.50 £ 0.21 25.46 £0.21 25.05+0.15 26.65+0.18
2014 88 26.63+0.16 263 269 44 27.01+0.22 26.25+0.22 36 24851+0.15 52 27.86+0.18
2015 96 26.76 £ 0.15 265 2741 48 27.02+0.21 26.49 1 0.21 40 2594 +0.14 56 27.34+0.18
2016 56 27.26+0.19 269 277 28 27.80+0.28 26.73+0.28 28 26.04+0.18 28 28.49+0.25
2017 48 27.54 £0.21 271 28.0 24 27.87 +0.30 27.22 £ 0.30 20 26.65 + 0.21 28 28.18+0.25
2018 48 26.1310.21 257 266 24 26.50  0.30 25.76 £ 0.30 20 25.22+0.21 28 26.7910.25
Total 1324

Es importante citar que los maximos promedios anuales de la
temperatura fueron en 2016 y 2017 (27.26 y 27.54 °C) y ocurrio
una relativa recuperacion de la pesca de sardina (Figura 1). Sin
embargo, se habia sefialado que temperaturas < 25 °C propician
que los cardumenes de sardina se aproximen a los caladeros
costeros (Gomez, 2006; Gomez et al., 2008, 2014), lo cual no
sucedio en 2016 y 2017. En realidad, para que la sardina se
aproxime a la costa es mas importante la presencia de alimento
apropiado (fitoplancton de diatomeas); esto se verificd en Margarita,
porque en 2003 y 2004, cuando ocurrieron las capturas maximas
de sardina, también se cuantificé la mayor abundancia de Chl a
(Figuras 3y 4) y las diatomeas tuvieron alta densidad de hasta
200 000 células/L (Gémez, 2006; Cellamare y Gémez, 2007) y
también se determinaron las temperaturas mas bajas (Figura 6).

Con estudio satelital de la temperatura (1994-2009) se propuso que
el Caribe sur presenta un sistema de surgencias desde Trinidad
(61 °W) hasta Colombia (75.5 °W citan Barranquilla-Cartagena)
donde se encuentran hasta 21 focos surgentes reunidos en siete
grupos con temperatura superficial homogénea, pero dos grupos
tienen disminucion mas acentuada de temperatura, la surgencia
occidental (74-69.5 °W) con promedio anual de 25.53 °C y la
surgencia oriental (63-65 °W) con una temperatura menor 25.24 °C
(Rueda Roa y Miller-Karger, 2013). Las observaciones satelitales
permiten localizar focos de surgencia (Castellanos et al., 2002),
pero temperatura de 25.53 °C no es indicativa de surgencia
estricta; es dificil que en proximidad de las ciudades colombianas
mencionadas ocurra afloramiento, por la presencia del giro
Panama-Colombia, la contracorriente del Darién o de Colombia
(Andrade et al., 2003; Gédmez y Acero, 2020) o del Caribe (Orfila
etal., 2021)y la pluma del rio Magdalena. Asimismo, es reconocido
uue en el Caribe centroamericano (Panama a Belice) las aguas son
2

It is important to mention that the maximum annual temperature
averages were observed in 2016 and 2017 (27.26 and 27.54 °C),
and that a relative recovery of sardine fishing took place (Figure 1).
However, it had been pointed out that temperatures < 25 °C promote
the approach of shoals to coastal fishing grounds (Gdmez, 2006;
Gomez et al., 2008, 2014). This did not happen in 2016 and 2017. In
fact, for sardines to go near the coast, the presence of suitable food
(diatom phytoplankton) is more important. This was also confirmed
in Margarita in 2003 and 2004, when the maximum sardine catches
took place, the greatest Chl a abundance was recorded (Figures
3 and 4), and diatoms exhibited a high density, i.e., up to 200 000
cells/L (Gomez, 2006; Cellamare and Gémez, 2007). Moreover, the
lowest temperatures were observed (Figure 6).

Through a satellite study of temperature (1994-2009), it was
proposed that the Southern Caribbean exhibits an upwelling system
from Trinidad (61 °W) to Colombia (75.5 °W, particularly mentioning
Barranquilla-Cartagena), comprising up to 21 upwelling foci
belonging to seven groups with homogenous surface temperature.
However, two of these groups boast a steeper temperature
decrease: the western upwelling (74-69.5 °W), with an annual
average of 25.53 °C; and the eastern upwelling, with the lowest
temperature (25.24 °C) (Rueda Roa and Miiller-Karger, 2013).
Satellite observations allow identifying upwelling foci (Castellanos
et al., 2002), but a temperature of 25.53 °C is not, stricto sensu,
indicative of an upwelling. It is hard for upwellings to occur near
the aforementioned Colombian cities due to the Panama-Colombia
gyre, the Darién or Colombia countercurrent (Andrade et al., 2003;
Goémez and Acero, 2020), the Caribbean current (Orfila et al.,
2021), and the Magdalena River plume. Likewise, it is recognized
that the waters of the Central American Caribbean (Panama
to Belize) are oligotrophic, and that the thermocline is located
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oligotréficas y la termoclina se localiza entre 140y 155 m (Aguirre
y Salmeron, 2015; Brenes et al., 2017). También, desde el punto
de vista pesquero, las estimaciones de recursos no verifican gran
riqueza, sino relativamente en el oriente de Venezuela (Stromme y
Saetersdal, 1989) y en el Caribe continental de Colombia la pesca
no supera 25 000 toneladas (Gémez y Acero, 2020).

3. Relacién de la Chl a y la temperatura con las capturas
de sardina. La relacion entre la Chl a y la temperatura es
relativamente baja -0.29, lo que podria indicar que se comportan
de manera independiente en el suroriente de isla Margarita (Figura
9). Las concentraciones de Chl a presentan una disminucion
significativa al aumentar la temperatura a partir de 25 °C, con
valores de significancia entre 3.01 x10™ y 0.01 (Figura 9). También,
mediante regresiones se intentd explorar si la temperatura y la
Chl a podian tener un efecto predictivo, pero no se obtuvieron
resultados significativos. Por lo cual la temperatura se categorizd
cada 2 °C para determinar el comportamiento de clorofila a y fueron
encontradas diferencias (Figura 9) que sustentan varios de los
planteamientos descriptivos que se mencionaron previamente.

between 140 and 155 m (Aguirre and Salmeron, 2015; Brenes
et al., 2017). Furthermore, from a fisheries perspective, resource
estimations do not show great richness but rather a relative one
in eastern Venezuela (Stromme and Saetersdal, 1989), and, in
the Colombian Continental Caribbean, fishing does not exceed
25000 tons (Gomez and Acero, 2020).

3. Relationship between Chl a, temperature, and sardine
catches. The relationship between Chl a and temperature
is relatively low (-0.29), which could indicate that they behave
independently in the southeast of Margarita Island (Figure 9).
Chl a concentrations experience a significant decrease as the
temperature increases above 25 °C, with significance values
between 3.01 x 10™ and 0.01 (Figure 9). Moreover, by means
of regression, we aimed to verify whether temperature and Chl
a could have a predictive effect, but no significant values were
obtained. Therefore, the temperature was categorized every 2 °C to
determine the behavior of chlorophyll a, finding differences (Figure
9) that support several of the previously mentioned descriptive
statements.
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Figura 9. Comparacion de la Chl a vs temperatura cada 2 °C en suroriente de
isla Margarita (2002-2018).

Figure 9. Comparison of Chl a vs. temperature every 2 °C in the southeast of

Margarita Island (2002-2018).
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Existe una correlacién positiva moderada entre los valores de Chl a
y negativa con la temperatura con las capturas de sardina 0.40 y
-0.40 respectivamente, lo cual tiene relacion con valores altos de
Chl'aen 2003y 2004; a pesar que en 2017 se presenta el mayor
valor de la Chl a, la temperatura promedio estuvo muy por encima
de 25 °CYy las capturas de sardina no se lograron recuperar a los
volumenes de captura de 2003-2004. Por otro lado, entre 2005
y 2013 se observa una disminucién en las concentraciones de
Chl ay las temperaturas incrementan (casi 2 °C) por encima de
25 °C, ocasionando la muy dréstica disminucion de las capturas
(crisis sardinera); en 2016 y 2017 aumento la Chl a y coincide con
la relativa recuperacion de la pesca, sin llegar a valores de los
primeros afios de estudio (2003-2004) debido quizas al efecto de
la temperatura, esta tendencia general se observa en la Figura 10.

There is a moderate positive correlation between the values of
Chl a and a negative one with temperature and sardine catches
(0.40 and -0.40, respectively), which is related to the high Chl
a values in 2003 and 2004. Despite the fact that 2017 saw the
highest Chl a value, the average temperature was well above
25 °C, and sardine catches failed to recover the volume of the
2003-2004 period. On the other hand, between 2005 and 2013, a
decrease in Chl a concentrations was observed, and temperatures
rose (by almost 2 °C) above 25 °C, causing a drastic decrease in
catches (sardine crisis). In 2016 and 2017, the Chl a concentration
increased, coinciding with the relative recovery of fishing, albeit
failing to reach the values of the first years of study (2003-2004),
which may be due to the effect of temperature. This general
tendency is observed in Figure 10.
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Figura 10. Captura de sardina (ton) en Nueva Esparta y concentracién de Cl. a
(mg/m°) al suroriente de isla Margarita, Venezuela (2002-2018).

La sardina S. aurita tiene mas de nueve décadas de explotacion
en Venezuela (Gémez, 2022), completando en 2027 la centuria.
En 2004 se alcanzo pesca récord de 200 235 ton, desde mediados
de 2005 comenz6 una crisis sardinera que se acentu¢ en 2006
y las capturas fueron inferiores a 50 000 ton/afio en mas de una
década. En 2016y 2017 ocurri6 recuperacién modesta sin alcanzar
volimenes de primeros afios del siglo, cuando se aseguraba que
la sardina era subexplotada (Guzman y Gémez, 2000; Fredn y
Mendoza, 2003; Fredn et al., 2003) estando disponibles 850 000
ton (Gerlotto y Ginés, 1988; Stromme y Saetersdal, 1989; Cardenas
uAchury, 2002) y con biomasa de 1 300 000 ton (Cardenas, 2003).
2

Figure 10. Sardine catches (tons) in Nueva Esparta and Chl a concentration
(mg/m’) in the southeast of Margarita Island, Venezuela (2002-2018).

The sardine, S. aurita, has been exploited for over nine decades
in Venezuela (Gomez, 2022), completing a century in 2027. In
2004, a record catch of 200 235 tons was reached. Since the
middle of 2005, a sardine crisis began, which accentuated in
2006 with catches smaller than 50 000 ton/year for more than a
decade. In 2016 and 2017, a moderate recovery took place, albeit
failing to reach the volumes of the century’s first years, when it
was stated that sardine was being underexploited (Guzman and
Gdémez, 2000; Freon and Mendoza, 2003; Freon et al., 2003)
and that there were 850 000 ton available (Gerlotto and Ginés,
1988; Stromme and Saetersdal, 1989; Cardenas and Achury,
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Al suroriente de isla Margarita, entre 2002 y 2005 se realizaron
las maximas capturas del recurso, en 41 meses los pescadores
hicieron 1 552 caladas y pescaron 168 204 ton; esta abundancia
de sardina explica la captura de 1 655 ton en un lance, registro
maximo de pesca (Gdmez y Gonzalez, 2008). Pasados 20 afios
del inicio de la crisis las capturas de sardina no se recuperan
plenamente, a pesar de medidas de manejo vigentes desde 2013
(aumento de talla de captura y veda de tres meses). Inicialmente
bidlogos y funcionarios pesqueros afirmaron que la causa de la
crisis fue la sobrepesca (Gonzélez et al., 2007; Mendoza, 2015) en
proximidad de la costa (Rueda, 2012; Rueda Roa et al., 2017), lo
que quizas sucede en el estado Sucre donde la sardina se captura
con maquinas de argolla (purse seines). A diferencia del estado
Nueva Esparta en donde los pescadores utilizan chinchorros
playeros pescando los cardumenes a menos de tres kildmetros
de la costa (Gomez, 2006; Gomez et al., 2008) y en Margarita
estudio de 15 afios demostré que en esas capturas, no ocurrié
sobrepesca (Gomez, 2018a).

Es pertinente referirse a otras posibles causas de la crisis, que
puede tener origen ambiental (Gdmez, 2006a, 2007, 2015, 2016;
Gbmez et al., 2008, 2012, 2014; Gédmez y Barceld 2014) con
disminucion de la fertilidad marina lo que propicio un cambio de
régimen, verificado por la variacién en abundancia y composicion
del mesozooplancton (Gdmez, 2018a, 2018b, 2019) y que afectd
a la sardina como recurso pesquero (Gémez, 2015; Gémez y
Pérez, 2021). También, debe considerarse el cambio climético; al
respecto existen dos tendencias, unos investigadores consideran
que es realidad y podra tener graves consecuencias, mientras que
otros subestiman el aumento de la temperatura global y aseguran
que no es real o sin importancia. Sin embargo, en el suroriente de
Margarita durante mas de un década (2005 a 2015) la temperatura
superficial ha aumentado ~ 2 °C (Gémez, 2006; Gomez et al.,
2008, 2014; este trabajo), lo que permite considerar que la
sardina se alejo de la costa por el aumento de la temperatura.
Sin embargo, en 2016 y 2017 ocurrid relativo aumento de la pesca
justamente cuando ocurre aumento de la biomasa del fitoplancton
y se determinan los promedios anuales de temperatura mas altos
(Figuras 6, 7 y 9; Tabla 3). En realidad, para que la sardina se
aproxime a la costa es mas importante la presencia de alimento
apropiado (diatomeas), lo que se verificé en Margarita en 2003
y 2004, cuando se presentd la mayor concentracion de Chl a
(biomasa de fitoplancton), como se menciond previamente, pero
también se determinaron las temperaturas mas bajas (Figura 9).
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2002), with a biomass of 1 300 000 tons (Cardenas, 2003). In
the southeast of Margarita Island, between 2002 and 2005, the
maximum catches of this resource were recorded: in 41 months,
the fishermen conducted 1522 net sets and fished 168 204 tons.
This abundance of sardines explains the 1655 ton catch per
set, which is the fishing record (Gdmez and Gonzalez, 2008).
20 years after the start of the crisis, the sardine catches have
not fully recovered, despite the management measures in place
since 2013 (increased catch size and a three-month ban). At first,
biologists and fisheries officials stated that the cause of the crisis
was overfishing (Gonzalez et al., 2007; Mendoza, 2015) near the
coast (Rueda, 2012; Rueda Roa et al., 2017). This could have
happened in the state of Sucre, where sardine is caught with
purse seines, unlike the state of Nueva Esparta, where fishermen
use beach seines or chinchorros, fishing shoals at less than 3 km
off the coast (Gomez, 2006; Gomez et al., 2008). In Margarita,
a study spanning 15 years demonstrated that, in those catches,
no overfishing occurred (Gémez, 2018a).

It is worth mentioning other possible causes of the crisis, which
may have an environmental origin (Gémez, 2006a, 2007, 2015,
2016; Gomez et al., 2008, 2012, 2014; Gémez and Barceld
2014), entailing a decrease in marine fertility, thereby promoting
a regime change. This was confirmed by the variations in the
abundance and composition of mesozooplankton (Gémez, 2018a,
2018b, 2019), affecting sardine as a fishery resource (Gédmez,
2015; Gémez and Pérez, 2021). Climate change should also be
considered, in this regard, there are two trends: some researchers
believe that it is a reality and may have serious consequences,
and others underestimate the global temperature increase and
argue that it is not real or unimportant. However, in the southeast
of Margarita, the surface temperature has increased by ~2 °C or
above for more than a decade (2005-2015) (Gémez, 2006; Gémez
et al., 2008, 2014; this work), which suggests that sardines moved
away from the coast due to the temperature increase. However,
in 2016 and 2017, a relative temperature increase occurred,
precisely when the phytoplankton biomass increased and the
highest annual temperature average were recorded (Figures 6,
7,and 9; Table 3). In fact, for sardines to approach the coast, the
presence of suitable food (diatoms) is more important. This was
confirmed in Margarita in 2003 and 2004, which saw the highest
concentration of Chl a (phytoplankton biomass), as previously
mentioned, but also the lowest temperatures (Figure 9).

.
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Es interesante la aproximacion relacionada con el zooplancton
superficial que mostré mayor abundancia durante afios de crisis
sardinera, es decir con menos capturas del recurso ocurria mas
abundancia del mesozooplancton, quizas de menor tamafio o
con predominio de tallas pequefias, indicando la ocurrencia de
un cambio de régimen ecoldgico (Gomez, 2018b, 2019). Los
ecosistemas se caracterizan por los cambios, lentos o rapidos,
son realidades que se presentan en el oriente de Venezuela.
Al disminuir la intensidad de los vientos Alisios no ocurre con
fuerza el fendmeno del afloramiento de aguas subtropicales, en
consecuencia disminuye la fertilidad marina y las aguas pueden
ser oligotréficas, es decir pobres en nutrientes inorganicos, siendo
lo comun en casi todo el Caribe (Margalef, 1961, 1965). En el
nororiente venezolano, la respuesta del ecosistema ha sido el
cambio en abundancia y estructura del fitoplancton (Pinckney
et al., 2015) con predominio de células con tamafio pequefio,
quizas inadecuadas para la alimentacion de preadultos (reclutas)
y adultos de sardina que son filtradores y consumen fitoplancton
de mayor tamario (diatomeas); pero si estas escasean se posibilita
mayor mortalidad natural, porque el recurso no tuvo alimento
adecuado para recuperar su poblacion o stock, como si ocurrid
en los primeros afios del estudio. También es obvio reconsiderar
la pesca utilizando artes inadecuados como las maquinas de
argolla (purse seines), que han ocasionado colapsos sardineros
en otras partes. El aumento de las maquinas operativas y la pesca
intensiva afectara la sustentabilidad del recurso, si capturan a los
juveniles que recién se incorporan al ambiente pelagico, como se
ha planteado (Gémez, 2015, 2018a, 2022; Gémez y Pérez, 2021).
La disminucidn, el colapso o agotamiento de la sardina afectara la
trama tréfica porque es alimento de 152 especies que la depredan
(Cervigon et al., 2022) siendo capturadas por miles de pescadores
artesanales de isla Margarita.

CONCLUSIONES

Al suroriente de isla Margarita, la variacion (2002 a 2018) en la
concentracion de Chl. a indic6 tres grupos de afios: 2002-2004
con valores entre 2.60 y 3.09 mg/m®; 2005-2013 y 2018 entre
0.59y 2.28 mg/m’y 2014-2017 con Cl. a entre 3.13 a2 3.37 mg/m’.
A 20 m de profundidad es mayor la concentracién de Chl a; sin
embargo, entre 2002 y 2004 en superficie fue mayor o igual que
a 20 m. Durante periodos de surgencia la Chl a fue mas elevada,
excepto en 2013 y 2018 cuando fue mayor en la relajacion. Las
uayores concentraciones de Chl a coinciden con capturas de
28

The approach related to surface zooplankton, which exhibited
greater abundance during the years of the sardine crisis, is
quite interesting. This meant that, with smaller catches of the
resource, the abundance of mesozooplankton grew, perhaps
smalller in size or with a predominance of small sizes, indicating
the occurrence of an ecological regime change (Gémez, 2018b,
2019). Ecosystems are characterized by changes, slow or
fast. This is the reality of eastern Venezuela. As the intensity
of the trade winds decreases, the subtropical water upwelling
phenomenon loses strength, thereby reducing marine fertility
and increasing the likelihood of oligotrophic waters, meaning
they are poor in inorganic nutrients, which is common in most of
the Caribbean Sea (Margalef, 1961, 1965). In the northeast of
Venezuela, the ecosystem’s response has been a change in the
abundance and structure of phytoplankton (Pinckney et al., 2015),
with a predominance of small-sized cells, perhaps unsuitable
for the feeding of sardine pre-adults (recruits) and adults, which
are filter feeders that consume larger phytoplankton (diatoms).
If this food becomes scarce, the likelihood of natural mortality
increases, since the resource lacks adequate food to recover its
population or stock, as indeed happened in the first years of study.
Itis also obvious that fishing via inadequate gears such as purse
seines (maquinas) should be reconsidered, as this has caused
sardine collapses elsewhere. The growing number of operational
and intensive purse seine fishing will affect the sustainability
of the resource if juveniles that have just entered the pelagic
environment are captured, as already suggested (Gémez, 2015,
2018a, 2022; Gomez and Pérez, 2021). The decrease, collapse,
or exhaustion of sardine will affect the trophic web since it is
a food source for 152 species that prey on it (Cervigén et al.,
2022) as it is captured by thousands of artisanal fishermen from
Margarita.

CONCLUSIONS

Southeast of Margarita Island, the variation (2002-2018) in the
concentration of Chl a indicated three year groups: 2002-2004,
with values between 2.60 and 3.09 mg/ms; 2005-2013, with 0.59-
2.28 mg/m®; and 2014-2017, with 3.13-3.37 mg/m’. At 20 m deep,
the Chl a concentration was higher. However, between 2002
and 2004, the value at the surface was greater or equal to that
at 20 m. During upwelling periods, Chl a was higher, except in
2013 and 2018, when the values were higher during relaxation.
The highest concentrations of Chl a coincided with large sardine



sardina elevadas, mientras que las menores fueron en afios de
|a crisis sardinera.

En el lapso 2002 a 2004 se determinaron los menores promedios
anuales de temperatura (24.65 a 25.33 °C) y capturas cuantiosas
de sardina. Entre 2005 y 2017 el promedio anual aumento de
26.22 °C a 27.54 °C y coincidente con crisis sardinera. Sin
embargo, los maximos promedios (27.26 y 27.54 °C) fueron en
2016 y 2017, cuando ocurrio relativo aumento de la pesca.

Con las capturas de sardina (2002-2018) se verificaron
correlaciones positivas moderadas (0.40) con valores altos de
Chl ay negativas moderadas (-0.40) con la temperatura, si supera
los 25 °C. Al suroriente de isla Margarita se evidencia un cambio
en el régimen ecoldgico a partir del aumento de la temperatura por
encima de los 2 °C después de 2005, impidiendo una recuperacion
de la sardina.
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catches, while the lowest values were recorded during the years
of the sardine crisis.

During the 2002-2004 period, the lowest annual temperature
averages were recorded (24.65 to 25.33 °C) along with plentiful
sardine catches. Between 2005 and 2017, the annual average
increased from 26.22 to 27.54 °C, coinciding with the sardine
crisis. Nevertheless, the highest averages (27.26 and 27.54 °C)
were recorded in 2016 and 2017, together with a relative increase
in fishing.

With the sardine catches (2002-2018), moderate positive
correlations (0.40) with high Chl a values were found, as well as
moderate negative ones (-0.40) with temperatures above 25 °C.
Southeast of Margarita Island, a change in the ecological regime
is evidenced, stemming from a temperature increase of over
~ 2 °C after 2005, hindering the recovery of sardine.
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