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Abstract

Las Piedras is a coastal town on the Paraguand Peninsula in Falcdn State, where a high mortality rate of Sardinella aurita
occurred in its bay during October 2009. This event triggered a series of environmental problems that prompted an investi-
gation into the causes of the species' deaths. The research design was non-experimental, field-based, and explanatory. The
study examined the physicochemical, environmental, and biological variables of Las Piedras Bay during the period of the
phenomenon. The results were analyzed using a one-way analysis of variance with Tukey and Duncan's post-hoc tests. The
findings determined that the fish died due to a synergistic effect of oxygen deficiency at night, feeding failure, and thermal
stress, resulting from possible stratification of water masses caused by altered environmental conditions in the area due to
the EI Nifio phenomenon.

Keywords: Bahia de las Piedras, fish mortality, Sardinella aurita.
Resumen

Las Piedras es un pueblo costero de la Peninsula de Paraguané del Estado Falcén, en el que durante el mes de Octubre de
afio 2009 se presentd una elevada mortandad de Sardinella aurita en su Bahia, desencadenando una serie de problemas
ambientales que despertaron el interés por determinar las causas de la muerte de esta especie en la bahia de Las Piedras.
El disefio de la investigacion es no experimental, tipo de campo y nivel explicativo. En esta se estudiaron las variables
fisicoquimicas, ambientales y bioldgicas de la Bahia de Las Piedras durante los dias del fenémeno. Los resultados obtenid-
os se analizaron mediante un analisis de varianza de un solo factor con pruebas a posteriori de HDS Tukey y Duncan, de-
terminandose que las especies murieron por un efecto sinérgico entre déficit de oxigeno durante la noche, fallas de ali-
mentacidn y estrés térmico, a consecuencia de una posible estratificacion de las masas de agua debido alteracién en las
condiciones ambientales de la zona, causadas por la presencia del fenémeno El Nifio.

Palabras claves: Bahia de las Piedras, mortandad de peces, Sardinella aurita.

1. Introduction most accessible source of animal protein for the population

(Gbémez, 2022).

Venezuela is an important fishing country in the Car-
ibbean. Across its vast territory, the country possesses fish-
ery resources in both its marine and riverine environments,
characterized by their high diversity and growing potential
(FAO, 2025). The Sardinella aurita stands out as Venezue-
la's most important hydrobiological resource, being the

The Venezuelan coastline stretches for 2,830 km and
has a continental shelf of 90,000 kmz2. With the creation of
the new Maritime Legal Regime, national jurisdiction was
extended to 200 nautical miles (Organic Law of Aquatic
Spaces, 2014), establishing an extensive exclusive econom-
ic zone of approximately 640,000 km2. This represents a
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significant opportunity to expand and develop fishing ac-
tivity through the comprehensive utilization of marine re-
sources.

Las Piedras is a coastal town on the Paraguana Penin-
sula, located in the North Parish of the Carirubana Munici-
pality in Falcon State, Venezuela. Its economy is based
primarily on artisanal fishing and shrimp farming, making it
a town of great importance to the fishing industry (Garcia,
2023).

The inhabitants of this community reported that at the
end of the second week of October 2009, a high mortality
rate of Sardinella aurita began to occur in the bay. This
worsened in the third week of October with an increase in
the biomass of dead fish, triggering a series of environmen-
tal problems. This prompted their interest in understanding
the causes of this situation.

Given this problem, and in order to find answers to this
question, document the facts, and lay the groundwork for
future studies on this or similar events, the present investi-
gation was undertaken. Its objective was to determine the
causes of the Sardinella aurita mortality in Las Piedras
Bay, Carirubana Municipality, Falcon State.

The study was carried out as part of an extension pro-
ject developed in the community of the Las Piedras sector
of the North parish, Carirubana municipality of the Falcdn
state by an interdisciplinary team from UNEFM and ULA,
during 9 months, in the period between the end of October
2009 and July 2010, time during which the project was de-
veloped and the actions undertaken by the community were
monitored.

2. Theoretical Framework
2.1 Background on Aquatic Species

The Pan American Health Organization (PAHO, 2009)
reported the most significant and recent mortality event of
aquatic species in the Caribbean Sea, occurring between Ju-
ly and September 1999, due to the number of countries af-
fected almost simultaneously. This phenomenon affected
numerous waters of the countries of the Caribbean Commu-
nity and Common Market (CARICOM), including Grenada,
Saint Vincent and the Grenadines, Barbados, and Tobago.
Other affected countries were Guyana in July and Venezue-
la in August; no other CARICOM country reported fish
mortality. The study did not provide definitive evidence to
link the fish deaths to a single factor; these incidents were
more likely due to the action and interaction of several
physicochemical and biological environmental factors
(PAHO, 2009).

Pomares (2004), in his study on the mass mortality of
bivalve mollusks in Amuay Bay, Venezuela, concluded that
the mollusk mortality was due to the deposition of contami-
nated and previously suspended sediments from the south-
ern part of the bay (with historical pollution patterns) onto
the mollusk beds to the north (with little or no pollution),

which suffocated and impregnated the species. Globally,
many causes have led to the mortality of aquatic species,
both marine and freshwater. In 2009 alone, the following
events occurred: On February 17, Herrera (2009) published
an article on fish mortality in Santa Marta Bay, Colombia.
The results of the investigations, provided by the José Beni-
to Vives de Andréis Institute of Marine and Coastal Re-
search (INVEMAR, 2009), revealed that the convergence of
several factors, including the influx of wastewater, limited
water circulation in the area, and a massive presence of fish,
caused the oxygen levels to drop to anoxic levels, resulting
in the mass death of the fish by asphyxiation.

According to information published by Bionero
(2009), in May of that year, approximately nine tons of
dead fish of various species appeared in the Laguna del
Carpintero in the city of Tampico, Mexico. These included
snook, tilapia, carp, shad, silver catfish, catfish, mullet, and
crab, some weighing up to 3 kilograms. The investigation
concluded that the cause of death was oxygen deficiency in
the water.

The environmental magazine Catorce 6 (2009) from
Cartagena, Colombia, published an article entitled: “Tem-
perature change would be responsible for another fish kill in
Cartagena,” this event occurred in August in the Chambaci
lagoon, where the conclusion was that the death of species
occurred due to an increase in the temperature of the lagoon
water.

2.2 The Sardine (Sardinella aurita)

His is a coastal pelagic species that forms very compact
schools. It is distributed from the United States to Brazil
and has also been reported in the Mediterranean Sea and the
western Pacific. In Venezuela, it is found mainly in the
eastern part of the country and is associated with the highly
productive coastal zone due to upwelling (Castillo et al.,
2012; Mendoza et al., 2021; Gonzalez et al., 2021).

The continental shelf off northeastern Venezuela represents
the most important fishing area in the Caribbean Sea. This
is largely attributed to the upwelling event produced by lo-
cal winds, which establishes high biological productivity
reflected primarily in the increase in the biomass of plank-
tonic organisms, which, through filter feeding, constitute
the main food source for sardines (Castillo et al., 2012;
GOmez, 2022; Gonzélez et al., 2021; Mendoza et al., 2021).
In Venezuela, sardines are considered a strategic resource
because they represent a low-cost protein source and sup-
port the country's most socio-economically important arti-
sanal fishery, due to the large catch volumes and the nu-
merous jobs generated by their extraction. However, since
2005, the sardine fishery has suffered a significant collapse,
possibly due to a combination of environmental factors and
overfishing (Castillo et al., 2012; Gomez, 2022).

2.3 Self-purification in water
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Zaror (2000) explains that living activity gives a body
of water a certain capacity for self-purification, since the
organic compounds that are discharged into it are consumed
by heterotrophic microorganisms. As a result of metabolic
activity, the dissolved organic compounds are transformed
into cellular biomass, CO; and other simple inorganic com-
pounds.

The same author states that the capacity for self-
purification is highly dependent on the availability of dis-
solved oxygen in the water. This element is the essential
reactant in aerobic systems. When aerobic organisms me-
tabolize, organic nutrients simultaneously consume dis-
solved oxygen. The high metabolic requirements of the gas
are offset by its low solubility in water (in the range of 7-10
g/m3). If the rate of oxygen transfer from the air into the
water is less than the rate of its metabolic consumption, its
concentration in the water will gradually decrease, eventual-
ly becoming a limiting reactant in intracellular oxidation
reactions.

The reduction in oxygen availability will primarily af-
fect the higher organisms in the food chain. This will cause
an imbalance in the population equilibrium, leading to a
rapid increase in the number of microorganisms in the water
body. As a consequence, oxygen consumption increases,
eventually creating an anoxic aquatic environment (Zaror,
2000).

2.4 Biological Parameters of Water Quality

Water is a medium where thousands of biological spe-
cies live and carry out their life cycle. According to Arella-
no (2002), the range of aquatic species in size and diversity
extends from unicellular organisms to the largest fish, and
these are, in a sense, parameters of water quality, since their
presence or absence can indicate the condition of a body of
water. If it contains a wide variety of species in a balanced
proportion, it can be considered a healthy system.

2.5 Physicochemical Parameters of Seawater

These are variables that allow us to understand the behavior
of aquatic ecosystems over a specific period of time. They
can be useful for identifying the possible causes of abnor-
mal events in these ecosystems. Some of the most important
parameters are:

2.5.1 Sea Surface Temperature (SST)

SST is one of the most widely used oceanographic
variables as an environmental indicator because it is related
to physical aspects such as ocean currents, surface wind in-
tensity, mixed layer dynamics, precipitation, solar radiation
intensity, upwelling, and sea level changes. Furthermore, it
is related to life cycles, metabolism, population factors, or-
ganism stress, and, in general, all biological variability
(Bernal et al., 2006).

In the oceans, temperature limits are between 2 and 30

°C. Increased temperature intensifies respiration; in some
zooplankton, respiratory activity doubles when the water
temperature rises from 10 to 20 °C. An increase in this pa-
rameter implies an increase in metabolism and greater gill
permeability. Fish are poikilothermic, meaning they cannot
regulate their body temperature. There is a direct relation-
ship between water temperature and their metabolic rate;
increases in temperature cause hyperventilation, loss of ap-
petite, lethargy, and even death. According to Seoanez
(2000), temperature can influence the mortality rate of vari-
ous species and is crucial for the survival of juvenile sar-
dines. It also affects the amount of dissolved oxygen. Water
at 15°C can contain 10 mg/L of oxygen, while at 30°C it
can only contain 1 mg/L.

2.5.2 Oxygen

Oxygen is a hon-conservative gas and, like other gases,
is dissolved in seawater. The solubility of oxygen in water
depends on the partial pressure of the gas, the temperature,
and the salinity of the water; it increases with the first and
decreases with the latter two. According to SHOA (2007),
dissolved oxygen in seawater comes from the atmosphere
and is a product of photosynthesis.

Dissolved oxygen unsaturation is often observed in
waters where its consumption through the decomposition of
organic matter is high and its renewal through water circula-
tion is low. Extreme situations of unsaturation have also
been observed in very isolated areas with very low circula-
tion and large inputs of organic matter, whether natural or
deposited by humans, where dissolved oxygen becomes de-
pleted, producing an anoxic condition that prevents the de-
velopment of aerobic organisms. Fish need high oxygen
levels of at least 5 mg/l, invertebrates need lower levels, and
bacteria need the lowest levels (SHOA, 2007; Seoanez,
2000).

2.5.3 Phosphates, Nitrates, and Silicates

These are important nutrient salts whose depletion in
water limits organic production. The amounts of these ele-
ments in a location indicate its potential fertility and the
biological processes that have occurred or are occurring
there. Nutrient pollution, especially from nitrogen and
phosphorus, has consistently been identified as a major
cause of degradation in some U.S. waters for over a decade.
Excess nitrogen and phosphorus lead to significant water
quality problems, including harmful algal blooms, hypoxia,
and the decline of wildlife and wildlife habitat (Ager et al.,
1974).

2.5.4 Salinity

This is the most commonly used measure of seawater
salinity and is defined as the total number of grams of inor-
ganic salts dissolved in 1 kg of seawater (S%o). The average
salinity of seawater is 35%o, which is equivalent to 35 g of
salts in 1 kg of seawater. According to SHOA (2007), salin-
ity changes are important in pollution phenomena, since
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Figure 1. Types of water pollution sources according to the method of effluent production. Source: (INVEMAR, 2009).

lower salinity increases the toxicity of certain heavy metals
such as mercury, copper, and cadmium, among others.
Seoanez (2000) states that salinity variations far from the
coast are relatively small, but are considerable in coastal
areas due to changes in runoff, which influence the osmotic
balance of fish and the buoyancy of pelagic eggs.

2.5.5 Hydronium lon Potential (pH)

In a body of water, pH is a parameter to consider
when determining the solubility of various organic and in-
organic substances in water. It is an abiotic factor that regu-
lates enzyme-mediated biological processes (photosynthe-
sis, respiration), as well as the availability of essential
nutrients that limit microbial growth in many ecosystems
(NH4+, PO4-3, and Mg+2), the mobility of heavy metals
such as copper, which is toxic to many microorganisms, and
also affects or regulates the structure and function of mac-
romolecules and organelles such as nucleic acids, structural
proteins, and cell wall and membrane systems. Variations in
pH can therefore have marked effects on each level of or-
ganization of living matter, from the cellular level to the
ecosystem level (Seoanez, 2000).

2.5.6 Heavy Metals

Heavy metal pollution is one of the major pollution
problems in the coastal marine environment. The main
problem with these elements in the marine environment is
that they are not degraded by microbial activity; on the con-
trary, they can be enriched by organisms that sometimes
form organometallic complexes; others, when present in
concentrations that exceed natural levels, cause serious eco-
logical problems as a result of bioaccumulation and bio-
magnification processes through the food chain (Ansari, et
al., 2004).

2.5.7 Thermocline
This is defined as the “layer of marine or lacustrine

water whose temperature decreases rapidly with depth.” It is
the zone of the ocean's surface layer where the seawater
temperature decreases rapidly vertically, with little increase
in depth. It constitutes a thin layer of water located between
the warmer surface and the colder bottom (Trujillo and
Thurman, 2016; Wetzel, 2001; Garrison and Ellis, 2016).

2.5.8 Terrestrial Sources of Pollution

The risk and hazard of pollution sources are related to
the environment's capacity to assimilate, process, disperse,
dilute, or filter the waste or effluents that enter the physical
environment, transporting them to locations where the im-
pacts are of low or moderate severity, keeping them below
the levels permitted by current legislation or acceptable
standards (Fernandez, 2006).

The external factors that give rise to a risk situation

represent the hazard; therefore, they can be called the
"source of risk," whether natural or induced by human ac-
tivity, with the potential to cause damage.
Water pollution sources can be natural, usually very dis-
persed and not causing high concentrations of pollution, ex-
cept in some very specific locations, or anthropogenic (hu-
man activities), which present some type of hazard to the
quality of the water resource, as shown in Figure 1.

2.6. National and international standards

2.6.1 Main laws

The Constitution of the Bolivarian Republic of Vene-
zuela (1999), in Articles 127, 128, and 129, establishes en-
vironmental rights and the State's obligation to protect water
resources. Within this framework, the fundamental pillar is
the Water Law (2007), which establishes provisions for the
integrated management of water as an essential element for
life and sustainable development. Likewise, the Environ-
mental Criminal Law (2012) criminalizes actions that de-
grade, pollute, or poison water sources.
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2.6.2 Technical Standards (Official Gazettes)

Decree 883 (Extraordinary Official Gazette No. 5,021,
1995), which establishes the "Standards for the Classifica-
tion and Quality Control of Water Bodies and Liquid Dis-
charges." Article 12 of this decree establishes the maximum
permissible concentration levels of metals in discharges into
the marine environment. The criteria established by the in-
ternational EPA standard (2002), which has allowed for the
evaluation of the environmental quality of coastal and estu-
arine ecosystems, were also used as a reference for the as-
sessment.

3. Experimental Procedure

This study used a non-experimental, field-based, and
explanatory research design. To carry out the research, the
mortality of the species was characterized in situ using an
adaptation of the instrument “Monitoring and Advisory
Program for Cases of Fish Mortality in Aquatic Environ-
ments of the Province of Buenos Aires” (MAA, 2007).

Water samples were collected randomly in five (5)
stations of the bay at the surface, in accordance with the
General Plan for Global Research on Marine Pollution and
Guidelines for Basic Studies (UNESCO, 1976), In the lab,
dissolved oxygen, nitrogen, phosphorus, and the heavy
metals lead, copper, cadmium, and zinc, were determinated
according to Standard Methods (APHA, 1995).

Species sampling consisted of collecting 15 specimens
of (Sardinella aurita). Necropsies of collected species were
performed according to the necropsy protocol for aquatic
specimens at the “laboratorio de Ciencias Biologicas del
Programa de Ingenieria Pesquera de la UNEFM”.
Temperature and salinity were measured at surface in each
station using a YSI multiparameter probe (Yellow Springs
Instruments), and pH with a digital pH meter.

Sea Surface Temperature (SST) and Chlorophylla
concentrations in the area were evaluated using information
from the Cariaco Project of the “Instituto de Tecnologia y

dinella aurita mortality)

Ciencias Marinas” (2009) at Simdn Bolivar University.
Information regarding wind speed and direction was also
requested from the National Institute of Civil Aeronautics
(2009), located in the control tower of the Josefa Camejo

Airport in Punto Fijo. Statistical analyses include one-way
analysis of variance (ANOVA) and Tukey and Duncan
post-hoc tests.

4. Results and Discussion
4.1 In situ characterization of species mortality

On October 30, 2009, the Las Piedras Bay pier was visited
to gather details about the species mortality reported by af-
fected residents. It was observed that there was indeed a
large number of dead fish on the bay shores and floating on
the water's surface, primarily the Sardinella aurita species.
An iridescent surface film with a diesel odor was also ob-
served. Therefore, information was collected from commu-
nity members, yielding the following results:

4.1.1 General Data on the Phenomenon

Community members reported that the phenomenon
began on October 16, 2009, between approximately 2:00
am and 3:00 am, when they observed fish rising to the sur-
face and exhibiting erratic swimming. This situation lasted
only a few minutes; afterward, the fish would die, floating
to the surface and piling up along the shore. Despite this,
the community members stated they hadn't paid much atten-
tion to the situation, assuming they were simply fish caught
in the fishing nets (seines) set in the area, which were re-
leased when the catch was hauled in.

However, by Thursday, October 29, 2009, the situation
had gradually worsened with the continued accumulation of
dead marine life on the beach, causing foul odors, a prolif-
eration of flies, and the potential outbreak of disease. They
also stated that this situation had never before occurred on
the shores of the bay.

4.1.2 Data Regarding the Fish.

Regarding the species involved, it was determined
through information from local residents (mostly fisher-
men), as well as through direct observation and subsequent
taxonomic classification, that the most affected species was
the Sardine (Sardinella aurita), followed in much smaller
guantities by the Corocoro (Haemulon plumieri). The size
was relatively uniform, with most fish being small, and the
approximate quantity exceeded 1000 kg. Most of the fish
found on the banks were in a state of decomposition, while
those observed in the water were either dying or dead. No
external abnormalities were observed in the dead specimens
in the water, and those on the banks exhibited characteris-
tics consistent with decomposition (swelling of the ventral
area and a putrid odor). The fish kill was progressive. It was
also observed that dead fish were present on nearby beaches
such as Villa Marina, Punta Cardén, Amuay, and Los
Taques, carried to the shore by the surface currents of the
bay

4.1.3 Data Regarding the Body of Water
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The environment where the fish kill occurred is a bay
with open access to both the Caribbean Sea and the Atlantic
Ocean. Its location is at 11° 42' 23.99" N latitude and 070°
12' 55.65" W longitude. The surface area is approximately
225 hectares, the bottom is sandy, and the predominant veg-
etation is floating.

4.1.4 Observations Regarding the Last Week

The community reported that the most noticeable
change was the formation of a shiny, iridescent film on the
water's surface, with a strong, characteristic diesel odor and
abnormal behavior in the area's birds, which were not feed-
ing as they normally did on the species found in the bay.
They also reported the gradual appearance of dead fish,
mainly sardines.

4.1.5 Climatic Data from the Days Prior to the Phenome-
non

The residents of Las Piedras reported that in the days
prior, there was an almost total absence of wind in the area,
with completely clear skies and no rain, as well as abnor-
mally high water and air temperatures.

Table 1. Average concentration in ppm of heavy metals in the water of Las
Piedras Bay.

(pme)ate Lcom 30/10/2009 05/11/2009 24/11/2009

Cadmium | 40 0,2667+0,0033* 0,2629+0,0052¢ 0,5677+0,0044°
Copper 4,8 0,1100£0,0000° 0,0943+0.0037* 0,1485+0,0036"
Lead 210 1,1167+0,0088° 1,0571+0,0187% 1,9362+0,0760°
Zinc 90 0,1067+0,0328* 0,0671+0,0061° 0,0969:0,0072°
Nickel 74 0,706740,0240° 0,7129+0,0151° 1,5577+0,0151°

b The mean metal concentrations for each sample with different super-
scripts are significantly different.

CCM, maximum permissible concentration for saline surface waters in ppm,

according to EPA regulations (2002).

4.1.6 Human Activity Surrounding the Body of Water

At the time of the event, the Las Piedras sector had a
population of 1,504 people. In some cases, due to sewage
pipe collapses, waste ends up in the bay's waters. There are
various industries that can affect the beach's water quality,
including PDVSA, the military pier of the Naval Base, the
fishing pier for the local artisanal boats, and the Las Piedras
pier, where industrial trawlers have been anchored since
March 2009, awaiting conversion or scrapping. There are
also restaurants, inns, fish markets, and other businesses
that, according to information provided by the community,
occasionally discharge their waste directly into the sea. In

addition, there is constant jet skiing activity, as well as arti-
sanal and industrial boats. The predominant construction
materials are fiberglass, naval steel, and wood. There is no
direct presence of agricultural, forestry, or aquaculture ac-
tivity in the area.

4.2 Physicochemical Variables of the Water in Las Piedras
Bay

4.2.1 Metals

Table 1 shows that the concentrations of cadmium,
copper, lead, zinc, and nickel (in ppm) in the bay water
sampled on days within the mortality period were below the
levels specified in national (Decree 883) and international
EPA (2002) standards. Specifically, the EPA values were
lower than the maximum concentration limits at which the
marine ecosystem is affected. However, an increase in the
presence of these contaminants was observed on November
24th, although the recorded values did not exceed the levels
considered hazardous.

The one-way analysis of variance shown in Table 1
demonstrates that in 2009, the metal concentrations for Oc-
tober 30 and November 5 differed significantly (p < 0.05)
from the sample taken on November 24 of the same year.
This could indicate that the concentrations obtained in the
water on that day reflect the effects of specific events that
can change over short periods. This phenomenon may be
influenced by changes caused by water discharges and vari-
ations in the suspended solids load, which are ultimately
deposited in the sediments through various physicochemical
processes.

4.2.2 Temperature.

Table 2 shows the monthly variation in sea surface
temperature (SST) from 2004 to 2009. The observed pattern
coincides with that described by Arteaga (2009) for the
years 1995 to 2005, characterized by low SSTs at the be-
ginning of the year, between January and March, and the
highest temperatures during September and October.
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Figure 3. Variacion de las medias de TSM para el promedio del
periodo 2004 al 2008 comparado con el afio 2009.
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Table 2. Average Monthly Sea Surface Temperature (SST) in °C, per Year

Year 2004 2005 2006 2007 2008 2009
Month
January 22,47+1,18 23,65+1,43?2 23,55+0,76 22,52+1,250 22,94+0,99 23,06+1,05
February 24,37+0,772 24,73+1,142 22,86+1,23° 22,25+1,12° 22,360,80° 22,75+0,63°
March 23,09+0,86%¢ 25,06+1,06° 23,36+1,172 22,61+0,542 22,27+0,90¢ 22,83+0,622
April 23,74+2,13 23,74+1,19 23,48+1,99 23,86+1,642 22,45+1,10° 23,75+1,05?
May 24,21+1,973¢ 25,62+2,492 25,59+0,85 26,24+1,41° 24,38+1,33 23,93+1,47¢
June 23,70+1,27 26,37+1,74 26,07+0,93 25,68+1,95 25,43+0,88 25,09+1,15
July 23,23+1,252 25,32+1,56° 24,37+1,40 23,47+1,642 24,11+1,06° 25,23+1,00°
August 25,36+2,43?2 25,45+2,172 24,97+1,012 28,02+1,32° 26,05+1,88? 25,170,782
September 27,02+2,00%0:¢ 26,35+1,60? 26,87+1,15% 27,76+1,19° 29,39+1,274 26,00+1,19¢
October 27,55+1,79 28,550,772 27,83+1,002 28,53+1,05? 28,27+1,46° 26,60+1,20°
November 26,05+1,38?2 26,87+1,74 27,23+1,12 27,56+1,21° 27,18+1,21 27,34+1,20°
December 24,801,162 25,17+1,56 25,72+1,17 25,16+1,64 25,94+0,75° 24,75+1,08?2

abe The average monthly temperatures for each year with different superscripts are significantly different (p < 0.05).

Figure 3 shows an increasing trend in SST averages
from 2004 to 2008, from January to October. This contrasts
with the monthly averages for 2009, where the increasing
trend begins in February and ends in November. This ob-
servation is corroborated in Table 2 by the analysis of vari-
ance, which demonstrated significant differences in monthly
sea surface temperatures (SSTs) for the years 2004 to 2008
compared to 2009. The analysis showed that 2009 differed
from the other years primarily in the month of October,
while the other months did not show significant differences.
This suggests that the increase in temperature is one of the
possible variables involved in the mortality of Sardinella
aurita.
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Figure 4. Average weekly variation of the SST during the months
of September to December in the years 2004 — 2008 and 2009.

In order to observe the behavior of the SST in detail,
Figure 4 shows the average weekly variation of the tem-
perature, during the months of September to November for
the years 2004 to 2008 in contrast to 2009. It can be seen
that in the latter, there is a completely different behavior to
the average of the years 2004 to 2008, showing a tendency
to increase the temperature from the fourth week of Octo-
ber, when according to the behavior of the years 2004 to
2008 the temperature should have decreased.

During the last weeks of October 2009, significant dai-
ly temperature variations were observed, as shown in Figure
5, with differences of up to 3°C on some days. This abnor-
mal temperature behavior coincided with the beginning of
the die-off of species in Las Piedras Bay, as reported by lo-
cal residents.

The prolonged period of high temperatures in 2009 is
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Figure 5. Daily variation of the SST during the month of October
of the years 2004 — 2008 and 2009.
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Table 3. ANOVA of Average Fortnightly Temperatures in °C for the Month of October from the Years 2004 to 2009.
Year
Fortnight 2004 2005 2006 2007 2008 2009
1st 27,02+2,35 28,73+0,51 27,59+0,66 28,51+1,31 28,19+2,38 26,46+1,05
2nd 28,09+0,942 28,09+0,94° 28,490,612 28,01+1,18¢° 28,55+0,59? 26,73+0,40°

The average fortnightly temperatures for each year with different superscripts (a,b,c) are significantly different .

related to the El Nifio phenomenon detected by NOAA

(2009), which reported abnormal temperature increas-
es in the tropical Atlantic Ocean starting in October of that
year, along with a decrease in winds and convection cur-
rents. These conditions hindered the mixing processes that
promote primary productivity and, consequently, the pro-
duction and dissolution of oxygen in the water, which could
be fatal for the species found there.

On the other hand, Gonzales et al. (2007) report a
negative correlation between sea surface temperature (SST)
and the distribution of Sardinella aurita, implying that this
species is severely affected by increased temperatures. Sim-
ilarly, Hernandez (2009) states that sardines are organisms
that are stressed by temperature changes; specifically, the
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Figure 6. Monthly variation of wind speed for the years 2004—
2008 and 2009.

species Sardinops sagax exhibits a thermal preference in the
range of 17°C to 20°C with a maximum critical temperature
of 26°C to 32°C. The same author obtained mortality rates
of 40% for temperature increases from 18°C to 23°C, and
also noted that at a constant temperature between 15°C and
27°C, mortality exceeded 70% at the highest temperature.

Table 3 below presents the results of the one-way
analysis of variance (ANOVA) applied to the bi-weekly av-

erage temperatures for the years 2004 to 2009. The results
showed significant differences (p < 0.05) in sea surface
temperatures (SSTs) for the last two weeks of October from
2004 to 2009. Duncan's post-hoc test and Tukey's HSD test
for the bi-weekly averages showed that 2009 differed from
the other years only in the last weeks of the month, while
the other weeks showed no significant discrepancies. This
supports the hypothesis that temperature variation may have
contributed to the mortality.

However, in Figure 5 we can also observe that for the
average of the years 2004 to 2008, temperatures were high-
er than those reported in 2009, without any species mortali-
ty occurring, which is indicative that although the variation
of the SST affected the species, it could not by itself gener-
ate the phenomenon, so it is inferred that other factors could
also have influenced as possible causes of the mortality.

4.3 Meteorological Variables

4.3.1 Wind Direction and Speed

Table 4 shows the analysis of variance for wind speed
from 2004 to 2009. This analysis demonstrated significant
differences (p < 0.05) in wind speed between these years.
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Figure 7. Wind speed and direction from the second half of October to
the first half of November
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Duncan's post-hoc test and Tukey's HSD test for monthly
averages showed that wind speed in 2009 differed signifi-
cantly from the other years in November, while the other
months showed no significant differences.

Table 4. Monthly Average Wind Speed in m/s for the Years 2004 to 2009.

and October (7.69 m/s and 7.33 m/s respectively). In the
figure, three zones are also distinguished in which the aver-
age speed of the years 2004-2008 increases to a maximum
point and then decreases.

Year 2004 2005 2006 2007 2008 2009
Month
January 8,12+1,55 7,88+2,00 7,62+1,79 8,53£1,40 8,19+1,71 8,10£1,82
February 8,64+1,44 8,49+1,40 8,39+1,06 8,00£2,17 8,45+2,11 8,52+1,89
March 8,94+1,99 9,00£1,89 8,65+1,26 8,64+1,43 8,23+1,37 8,04£1'40
April 8,26+2,46 8.44+2,81 7,60+2,42 8,04+£1,91 8,27+2,18 8,88+1,68
May 8,52+2,33 7,77£2,38 8,17£2,14 8,13£1,78 9,00£1,60 7,94+2,24
June 10,54+1,272 8,37+2,47° 9,55+1,85 10,44+1,832¢ 9,63£1,14 9,03+1,820¢
July 8,71+1,69 8,41+2,35 9,46+2,41 8,58+2,04 8,64+1,80 9,76+1,37
August 9,49+2,09? 7,88+2,01 8,41+1,782 8,62+2,24? 6,53+2,62° 8,89+1,80?
September 6,56+2,26 8,01+2,30 8,18+2,14 8,21+2,66 7,48+2,78 8,62+1,50
October 7,31+1,81 6,59+2,58 8,49+3,24 6,43+2,29 7,9143,00 7,24+1,58
November 8,18+2,412 7,90+2,572 8,31+1,172 8,91+2,022 7,65+1,518 5,86+2,21°
December 7,33+ 1,652 8,83+ 1,93 b 9,28+1,53 b 7,90+ 1,743¢ 7,90+1,28 a¢ 7,26+ 1,372

The average wind speeds for each year with different superscripts (a,b,c) are significantly different.

Figure 6 illustrates the average wind speed behavior
from 2004 to 2008. For most of the year, wind speeds were
above 8 m/s, while the lowest speeds occurred in September
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Figure 8. Average monthly variation of SST and wind speed be-
tween the years 2004 — 2008.

In 2009, a delay in the wind speed curve was observed,
with peak wind speeds occurring in months later than the
historical average for 2004-2008. Specifically, in
November, the wind should have reached higher speeds, but
instead, it continued to decrease. This abnormal wind speed
behavior coincided with the days of highest mortality
among species in Las Piedras Bay, as reported by
localresidents. Regarding wind direction in the area, it is
noteworthy that, for most of the year, winds predominantly
come from the southeast and northeast, according to
historical data provided by the “Direccion de Hidrografia y
Navegacion, Estacion Meteoroldgica Punto Fijo”.

Figure 7 shows the wind speed and direction patterns
during October and November 2009. A key observation is
that wind speed coincides with the prevailing southeasterly
wind direction, and it is noted that when the frequency of
this direction decreases, so does the wind speed. This figure
also illustrates the sharp decrease in wind speed on October
13-15, October 18-21, and October 27-November 1. During
these periods, the frequency of northwesterly winds in-
creased relative to the frequency of southeasterly winds, and
there was an atypical presence of winds from the northwest
and southwest.
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This behavior again coincides with the period during
which species mortality was observed in the bay. According
to Pomares et al. (2004), these decreases in wind speed and
changes in wind direction bring about changes in the dy-
namics of water currents, since these are a function of the
tangential stress of the wind and the action of the tides,
leading to negative consequences for the organisms that in-
habit them.

Figure 8 shows the average monthly variation of sea
surface temperature (SST) and wind speed between 2004
and 2008, in which it can be observed that these variables
have an inversely proportional relationship: while the wind
speed tends to decrease until reaching a minimum in Octo-
ber, the SST increases to a maximum in the same month.

Figure 9 shows the average monthly variation of sea
surface temperature (SST) and wind speed for 2009. This
figure shows a similar pattern to that of 2004-2008, but un-
like those years, November saw the lowest wind speed and
the highest SST.

According to Quintero and Terejova (2008), these
changes tend to decrease the amount of water flowing out of
the bay, even leading to calm conditions. This, combined
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Figure 9. Average monthly variation of SST and wind speed for the
year 2009.

with high SST, results in stratification of the water column,
with a corresponding impact on the primary productivity of
ecosystems and a decrease in oxygen levels. This is similar
to what was reported by NOAA (2009) for the Central Pa-
cific Ocean, where temperature anomalies of +1 to +5 °C
were observed at the end of October 2009, as well as
changes in wind direction, indicating a strengthening of the
El Nifio phenomenon.

The conditions observed from October 15, 2009,
through the first week of November suggest increased
thermal stratification (thermocline depression) in the water
masses of Las Piedras Bay. This was caused by atmospheric

disturbances, possibly due to the El Nifio phenomenon in
the Pacific, which led to lower wind speeds and changes in
wind direction. The thermocline separates the water body
into two distinct layers based on their physical properties:
an upper layer with low density due to high temperatures
resulting from solar radiation on the water's surface, and a
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Figure 10. Necropsy of species belonging to the Clupeidae family

deeper layer with greater density due to lower temperatures.
This condition prevents the upper and lower layers from
mixing, negatively impacting the species inhabiting these
ecosystems.

When the depth of the thermocline increases, there is a
decrease in the transfer of heat and oxygen from surface to
deep waters. Similarly, the transport of nutrients from deep
to surface waters is impeded, affecting primary productivi-
ty. Consequently, organisms at higher trophic levels (phyto-
plankton and zooplankton) are affected in their survival, re-
production, and distribution, causing marine organisms to
die or fail to reproduce due to lack of food (Snet, 2010;
Trasvifia et al., 2009).
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According to Freon and Mendoza (1998), the species
Sardinella aurita, with its omnivorous diet preferring zoo-
plankton, filter-feeding habits, low selectivity, and predom-
inantly opportunistic nature, is affected by a decrease in zo-
oplankton volume. This is corroborated by the results of the
necropsy of the Sardinella aurita species collected in the
bay of Las Piedras at the time of mortality (figure 10),
which showed no stomach contents, this being an indication
of a feeding deficit.

4.4 Physicochemical Parameters Measured in the Waters of
Las Piedras Bay.

Table 5 shows the average values obtained from the
surface physicochemical variables measured in Las Piedras
Bay. These values were taken on November 5, 2009, in the
afternoon (between 2:00 pm and 3:00 pm) and at midnight
(between 11:00 pm and 12:00 am) when marine life was
still observed in the bay. It is important to note the decrease
in oxygen levels that occurred that day, dropping from 6.04
mg/L in the afternoon to 2.87 mg/L at night. According to
Freon and Mendoza (2003), the vertical distribution of tem
perature and dissolved oxygen shows greater stratification
and critical decreases in oxygen in the deep layers of water

%o), and Freon and Mendoza (2003) (37 %o).

It is important to note that although the temperature
values found during the sampling on November 5th coin-
cide with those reported by other authors, they are slightly
above the maximum temperature values to which the Sar-
dinella aurita is acclimatized, as reported by Freon and
Mendoza (2003) (28°C), who studied the physicochemical
characteristics of the Sardinella aurita habitat in eastern
Venezuela, indicating that the temperature to which they are
acclimatized has a minimum during the first quarter of the
year, varying between 25°C and 26°C, and a maximum be-
tween September and October of 27°C and 28°C, a period
during which they begin to migrate to western Venezuela.

The average total nitrogen concentration was 120.96 +
32.77 ug/L (see Table 7), exceeding the values considered
safe by the EPA (2002). High nitrogen concentrations in the
water result in critically low oxygen levels due to the de-
composition of organic matter by bacteria (EPA, 1997). Re-
garding total hydrocarbons and oils and greases measured
on November 5, 2009, the values obtained were 8.4 and 8.3
ppm, respectively. These values are below the permissible
levels established by Venezuelan regulations (Decree 883)
and are not indicative of species mortality. The analysis of

Table 5. Physicochemical Parameter Values in Water Samples Taken from Las Piedras Bay

Date 05/11/2009 24/11/2009
Variable Afternoon Night Afternoon Night
Temperature (°C) 28,94 £ 0,46 27,58 £ 0,46 27,44 £0,25 -
Salinity (%o) 39,42 £ 0,46 39,40 £ 0,05 39,56 = 0,07 -
Oxygen (mg/L) 6,04 + 0,27 2,87 +0,09 4,00 +0,32 ;
pH 8,30 £ 0,05 8,31 +£0,03 8,33 +£0,00 -
Total Nitrogen (ug/L) 120,96 + 32,77 - - -
Oils and Fats 83 - - -
Total Hydrocarbons 8,4 - - -

in the month of October, with concentrations lower than
3mg/l from 50 meters, which is an indication that the month
of October can become critical for the sardine if the envi-
ronmental conditions alter the critical limits.

A subsequent sampling was carried out on November
24, 2009, when conditions had apparently returned to nor-
mal, as no dead or dying species were observed. The tem-
perature, pH, and oxygen values taken on the afternoons of
November 5 and 24, 2009, were found to coincide with
those reported by Chirinos (2002) and Pomares et al.
(2004). Awverage salinity values of 39.42 + 0.46 %o and
39.56 = 0.07 %o were observed, higher than those reported
by Chirinos (2002) (31.82 %o), Pomares et al. (2004) (34.39

variance showed significant differences (p < 0.05) in oxy-
gen concentration and temperature between the day and
night of the November 5 sampling. Salinity and pH did not
show significant differences.

The distribution of dissolved oxygen in the water col-
umn is characterized by a saturated surface layer in equilib-
rium with the atmosphere. Oxygen production by photosyn-
thetic organisms during the day causes supersaturation
above the thermocline. The greatest oxygen unsaturations
are found below the thermocline. The reasons for this are
strong density stratification, which inhibits vertical mixing
between the surface and subsurface layers, isolating the lat-
ter from atmospheric oxygen and even from the oxygen
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produced in the surface layers during the day (SHOA,
2007). Conversely, the amount of particulate organic matter
in the thermocline zone is greater than in the deeper zone,
so the demand for dissolved oxygen for its decomposition is
greater. This becomes critical at night, when photosynthesis
ceases and plant respiration begins, which can dramatically
lower oxygen levels to hypoxic or anoxic concentrations.

Table 6. Average annual chlorophyll concentrations from 2004 to
2009.

Year Chlorophyll mg/m3
2004 0,65+0,41a
2005 0,48+0,27a
2006 0,7240,52a
2007 1,62+1,88b
2008 0,68+0,62a
2009 0,68+0,50a

a,b,c The average chlorophyll values for each year with different su-
perscripts are significantly different.

The conditions described above, along with high
SSTs, increase the likelihood of stress in most aquatic spe-
cies, which are unable to regulate their temperature to toler-
ate changes in the water (poikilotherms). This, in turn, leads
to an increase in metabolism and, consequently, a greater
demand for oxygen. If this demand is not met by the envi-
ronmental conditions, it can trigger mortality, especially in
species that move in schools, such as Sardinella aurita
(Wheaton, 1982). This coincides with what was described
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Figure 11. Variation in chlorophyll concentration during the years
2004 to 2009.

by the inhabitants of the community, who stated that the
species began to die from approximately 3 a.m. onwards,

and then throughout the rest of the morning they gradually
accumulated on the shores of the bay.

4.5 Biological Variables

4.5.1 Chlorophyll

Analysis of variance using one-way ANOVA showed
significant differences (p < 0.05) in chlorophyll levels be-
tween 2004 and 2009, as shown in Table 6. Duncan's post-
hoc test and Tukey's HSD test for the annual averages
showed that 2009 belongs to the homogeneous group con-
taining all years except 2007. 2009 showed no relevant dif-
ferences compared to 2004-2006 and 2008.

Figure 11 shows the variation in chlorophyll concen-
tration from 2004 to 2009. It can be observed that the
months with the highest chlorophyll concentrations are
March, June, and August, while the months with the lowest
concentrations correspond to the last quarter of the year,
with a marked downward trend after the month of highest
concentration. This suggests that, due to the relationship be-
tween chlorophyll levels and oxygen levels, there is a ten-
dency for oxygen levels to decrease after June. This, com-
bined with the previously described temperature increase,
would result in lower amounts of oxygen available to the
species during the last quarter of the year.

5  Conclusions

The most probable cause of death of S. aurita was the
oxygen deficits during the night, as a consequence of a pos-
sible stratification of water masses due to the decrease in
wind speed and changes in its direction. That could have
been caused by the presence of the “El Nifio” phenomenon;
ruling out the influence of mortality due to heavy metals,

hydrocarbons or their derivatives.
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