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ABSTRACT

Punta de Piedras Lagoon is a coastal lagoon located south of Margarita Island, in the
Venezuelan Caribbean Sea. This lagoon has ecological and economic importance for the
inhabitants of nearby communities. Currently, the urban and industrial development in
its surroundings represents a potential source of pollutants, providing concentrations of
nutrients that could affect the ecological balance of the area. The trophic status of Punta
de Piedras Lagoon was evaluated using various trophic indices. The concentrations of
chlorophyll-a and nutrients (ammonium, nitrites, nitrates, and orthophosphates) were
estimated in 10 stations with a monthly frequency from February 2005 to January 2006.
These data were used to estimate the trophic condition based on the Karydis and TRIX
trophic indices, and by comparison with Organization for Economic Co-operation and
Development reference values. It was found that Punta de Piedras lagoon presented
mesotrophic conditions in most of the water body having considerable differences
between indices. The values of the closest station to Paseo Esther Gil corresponded to
eutrophic waters. However, the circulation and residence time of water allow an ex-
change with the adjacent sea, which prevents the eutrophication process in the lagoon.

Palabras clave: eutrofizacion, indice trofico, mar Caribe, nutrientes, Punta de Piedras

RESUMEN

La Laguna de Punta de Piedras es una laguna costera situada al sur de la isla de Mar-
garita, en el mar Caribe venezolano, que tiene importancia ecoldgica y econéomica
para la zona. En la actualidad el desarrollo urbano e industrial en sus alrededores son
fuentes potenciales de contaminantes y aportan concentraciones de nutrientes que
pudieran afectar el equilibrio ecoldgico de la zona. Se realizo la evaluacion del estado
trofico de la Laguna de Punta de Piedras usando varios indices troficos. Se estimaron
las concentraciones de clorofila @ y los nutrientes amonio, nitritos, nitratos y orto-
fosfatos en 10 estaciones, con una frecuencia mensual de febrero 2005 a enero 2006.
Estos datos fueron empleados para estimar la condicion trofica a partir de los indices
de eutrofizacion de Karydis y TRIX y por comparacion con valores referenciales de la
Organizacion para la Cooperacion y el Desarrollo Econdmicos. Se obtuvo que la laguna
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tiene una condicion mesotrofica en la mayor parte del cuerpo de agua con diferencias
apreciables entre los indices utilizados. La estacion mas cercana a Paseo Esther Gil
present6 valores que corresponden a aguas eutrdficas. Sin embargo, la circulacion y el
tiempo de residencia del agua facilitan un intercambio con el mar adyacente, lo cual
evita que ocurra un proceso de eutrofizacion en la laguna.

INTRODUCTION

Coastal lagoons are shallow brackish, marine, or
hypersaline water bodies, separated from the ocean by
a sand barrier. They are intermittently or permanently
connected to the sea. This configuration produces an
ecological, hydrological, and sedimentological gradi-
ent that forms a complex mosaic of different habitats
(Kennish and Paerl 2010, Cataudella et al. 2015,
Pérez-Rufaza et al. 2020). Coastal lagoons occupy
about 13 % of coastal areas worldwide, distributed in
all continents except Antarctica, making them a rel-
evant component of coastal landscapes (Kennish and
Paerl 2010). Additionally, they are highly productive
systems, albeit sensitive, which provide refuge and
breeding areas for multiple species, including many
thar are threatened (Pérez-Rufaza et al. 2011, Potts
et al. 2014). These characteristics offer favorable
environments for the development of human activi-
ties such as fishing, aquaculture, transport, electricity
generation, tourism, and even spiritual and cultural
endeavors. However, these activities could threaten
their structure and functioning due to their sensitivity
(Kennish and Paerl 2010, Pérez-Rufaza et al. 2011,
Cataudella et al. 2015, Béjaoui et al. 2018).

One of the main threats to coastal lagoons is the
excessive enrichment of nutrients as a consequence
of the continuous contributions of agricultural,
industrial, and urban activities, which have intensi-
fied in recent years (Fisher et al. 2010, Anguiano-
Cuevas et al. 2015, Le Fur et al. 2019). Nutrients
determine primary productivity of the system and
its dynamic is governed by multiple interactions of
physical, chemical, and biological processes, which
vary in time and space (Cloern 1999, Lee and Arega
1999, Boesch 2002, Kennish and Paerl 2010). For
example, nutrient shortages are associated with
a trophic state of oligotrophy, which corresponds
to environments with minimal primary produc-
tion, while nutrient overload causes eutrophication
(Contreras et al. 1995, Nixon 1995, Cloern 2001,
Pérez-Rufaza et al. 2020).

Eutrophication is a complex phenomenon in
which the continuous and massive generation of
biomass, mainly phytoplankton, promotes serious

problems in energy flows (Livingston 2000, Kennish
and Paerl 2010, Cutrim et al. 2019). This phenom-
enon manifests with high levels of chlorophyll-a
due to the accelerated growth of algae and plants,
increased water turbidity, and decreased dissolved
oxygen concentrations or anoxia conditions (Zim-
merman and Canuel 2002, Herrera-Silveira et al.
2004). Eutrophication will generate some problems
such as increases in the frequency and spatial cover-
age of harmful algal blooms, degradation of water
quality, and loss or degradation of submerged grasses.
Consequently, eutrophication could cause death and
decomposition of benthic organisms, and changes in
the community structure of species, decreasing their
diversity and increasing the dominance of resistant
species (Cloern 2001, McGlathery 2001, Bricker et
al. 2003, Herrera-Silveira et al. 2004, Karydis 2009,
Kennish and Paerl 2010).

It has been demonstrated that once eutrophication
occurs it is difficult to reverse, which in some cases
may take several decades. This is why establishing
management strategies for coastal lagoons based on
data obtained by monitoring their environmental
conditions, has become a necessity to prevent eutro-
phication (Anguiano-Cuevas et al. 2015, Cataudella
etal. 2015, Le Fur et al. 2019). To assess the trophic
status of marine environments, various models and
indices have been developed.

One of these models is the trophic index of Kary-
dis et al. (1983), which is specific for each nutrient.
It was developed to evaluate the trophic state of
marine environments taking into account the nutri-
ent’s loading of the area, specificity for each nutrient,
and sensitivity to stressful concentration changes.
Another one is the trophic index (TRIX) developed
by Vollenweider et al. (1998), which includes the
integration of physical, chemical, and biological vari-
ables (such as chlorophyll, oxygen saturation, mineral
and total nitrogen and phosphorus) in its algorithm,
and is applicable to inland and coastal marine waters.
Moreover, referential values of the environmental
conditions associated with the trophic conditions,
such as those adopted by the Organization for Eco-
nomic Co-operation and Development (OECD) are
used (Vollenweider and Kerekes 1981). Considering



TROPHIC STATUS OF A COASTAL LAGOON IN VENEZUELA 613

the world experience in evaluating the trophic status
of marine environments with these indices (despite
they have not been validated with data from tropical
systems), we propose to evaluate the trophic status
of a tropical coastal lagoon called Punta de Piedras
in Margarita Island, Venezuela, applying the above
mentioned trophic indices for marine and coastal
environments.

MATERIALS AND METHODS

Study area

Punta de Piedras Lagoon (Fig. 1) is a natural
saline water body of 1300 m long and 900 m wide,
surrounded by mangroves. It has a limited influence
from the tidal cycle and communicates with the sea
on its western side through a 200 m long channel.
The lagoon has a maximum depth of 2.5 m and a
maximum width of 25 m at the mouth (Cervigon and
Gomez 1986, Llano 1987). This lagoon is a part of
El Atolladar system and is located between a small
village called Punta de Piedras and the Raya Lagoon,
south of Margarita Island (Venezuela), between
the parallels 10° 54° 197-10° 54’ 45” N and 64° 05°
43”-64° 06> 30” W (Voltolina and Voltolina 1978,
Cervigon and Gomez 1986, Llano 1987).

64°P6'30" 64:06'

‘Atolladar Beachh

085,04

Punta de Piedras

Fig. 1. Location of the sampling stations in Punta de Piedras
Lagoon, Margarita island, Venezuela.

In addition to having ecological importance for
the organisms that live there, this lagoon is used for
shrimp farming and extraction of a great variety of
fishes and mollusks of the Pinctada imbricata and
Strombus pugilis species. Currently, there is a small
industrial development in the vicinity of the lagoon

with shrimp farms, fish processing plants, and fish-
ing and port facilities, which together with the urban
complex (more than 10000 inhabitants) are potential
sources of contamination to the water body. In fact,
some studies have confirmed that Punta de Piedras
lagoon has undergone a considerable environmental
degradation, especially in the water channel that
borders the Paseo Esther Gil, located to the south of
the lagoon (Lira 2001, Iriarte 2003).

Sampling

Ten sampling stations were selected: seven (sta-
tions 1-7) distributed in the interior of the lagoon
(excluding the northeast extreme due to its shallow
depth);, one in the entrance channel (station 8), where
the waters from shrimp farming are discharged; one
in the marine and coastal environment (station 9) that
communicates directly with the mouth of the lagoon,
and one in the channel that borders the Paseo Esther
Gil (station 10). In each sampling station, a sample
without replicates was taken in the surface layer of
the water during morning hours. This procedure was
repeated monthly from February 2005 to January
2006. Temperature was measured using a mercury
thermometer with a + 0.5 °C precision; salinity (psu)
with a digital induction salinometer (Strickland and
Parsons 1972); dissolved oxygen (mg/L) by the Win-
kler’s method modified by Aminot and Chaussepied
(1983); chlorophyll-a and pheopigments (ug/L) by
the spectrophotometric method (Lorenzen 1967), and
ammonium (pg/L), nitrites (nug/L), nitrates (ug/L),
and orthophosphates (pg/L) by the methods outlined
in Strickland and Parsons (1972) using a Milton-Roy
Spectronic 501 spectrophotometer.

Data analysis

Data for chlorophyll-a, ammonium, nitrites,
nitrates, and orthophosphates were included in the
Karydis eutrophication index (Karydis et al. 1983).

1= C—logl(}x + lOglOA (1)
where I is the eutrophication index, C the logarithm
of the total annual contributions of nutrients in the
area, x the total annual concentration of nutrients or
chlorophyll-a in one station, and A4 the number of
stations.

This index was calculated for each nutrient and
for chlorophyll-a. A value greater than 5 is charac-
teristic of eutrophic waters, while values between 3
and 5 correspond to mesotrophic waters and lower
than 3 to oligotrophic waters (Karydis et al. 1983).
Additionally, the TRIX trophic index was estimated
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according to the following equation (Vollenweider
et al. 1998):

TRIX =5 [log\(ChlaxD%O*NID*xPT)+1.5] (2)

where Chla is the chlorophyll-a concentration (pg/1),
D%O0 the 100-percentage of dissolved oxygen satu-
ration, NVID the concentration of dissolved inorganic
nitrogen (pg/1), and PT the total phosphorus concen-
tration (phosphate concentration in pg/L was used in
this study). The values 1.2 and 1.5 are coefficients to
set the lower limits of the index and the scale interval
between 0 and 10. The data obtained were compared
with the classification scale indicated in Table 1.
These indices were developed for marine and coastal
waters in subtropical seas; however, they have been
widely used in tropical environments around the
world (Anguiano-Cuevas et al. 2015, Lopez-Monroy
and Troccoli-Ghinaglia 2018, Cutrim et al. 2019,
Dewi et al. 2019).

Additionally, the data were compared with the
limits established by the Organization for Economic
Co-operation and Development (Table II, Vollenwei-
der and Kerekes 1981). The data for each nutrient
and chlorophyll-a were graphed using the program
Surfer 7.0.

C. Pereira-Ibarra and F. Lopez-Monroy

RESULTS

Environmental conditions

The average temperature was 28.7 + 1.3 °C with
the highest values in the central zone with an aver-
age of 29.5 °C and the lowest in the southern zone
with 27.5 °C. Temporarily, two maximum tempera-
tures were detected, the first in June and the second
between October and November with an average
temperature of 30.4 °C, while the lowest temperatures
were registered between January and February at
26 °C. Salinity showed an average of 38.31+1.72 g/kg
without important differences among stations. The
highest monthly values were measured in February
and August with an average of 39.27 g/kg and the
lowest in September and December with 35.33 and
36.1 g/kg, respectively. The mean dissolved oxygen
concentration was 5.65 + 1.71 mg/L, having the low-
est values in the station near Paseo Esther Gil (E10)
with an average of 3.80 mg/L and the highest in the
stations closest to the mouth (1, 8, and 9) with an
average of 6.73 mg/L. Temporarily, the lowest val-
ues were determined in August and September with
3.97 mg/L and the highest in June with 8.44 mg/L. The
rest of the months form a homogeneous group with an
average of 5.57 mg/L (Pereira et al. 2019, Table III).

TABLE I. CLASSIFICATION OF THE TROPHIC STATE OF ESTUARINE WATERS ACCORDING TO THE

TROPHIC INDEX TRIX.
TRIX Condition Water quality Trophic state
<2 Very unproductive water and very low trophic status Excellent Ultra-oligotrophic
2-4 Unproductive water and low trophic status High Oligotrophic
4-5 Moderately productive water and medium trophic status Good Mesotrophic
5-6 Moderate to very productive water and high trophic status  Moderate Mesotrophic to eutrophic
6-8 Very productive water and high trophic status Poor Eutrophic
>8 Highly productive water and the highest trophic status Very poor Hyper-eutrophic

Source: Cutrim et al. (2019)

TABLE II. CLASSIFICATION OF THE TROPHIC STATE ESTABLISHED BY THE OECD BASED
ON THE CONCENTRATIONS OF PHOSPHORUS, CHLOROPHYLL-4, AND SECCHI

DEPTH.
Trophic state Total mean Total mean Chlorophyll-a ~ Mean Secchi
phosphorus (nug/L)  chlorophyll-a (ug/L) maximum (pg/L)  depth (m)

Ultra-oligotrophic <4 <1 <25 >12
Oligotrophic 4-10 1-2.5 2.5-8 6-12
Mesotrophic 10-35 2.5-8 8-25 6-3
Eutrophic 35-100 8-25 25-75 3-1.5
Hyper-eutrophic > 100 >25 >175 <15

Source: Toner et al. (2005).



MEAN VALUES OF THE PHYSICAL, CHEMICAL, AND BIOLOGICAL VARIABLES ESTIMATED IN THE 10 SAMPLING STATIONS OF PUNTA DE

PIEDRAS LAGOON, MARGARITA ISLAND, VENEZUELA.

TABLE III.

Chlorophyll-a Pheopigments

Phosphate
(POs™) (ng/l)

Salinity Dissolved Nitrite (NO2") Nitrate (NO3") Ammonium
oxygen (mg/L)

(g/kg)

Temperature

Month

(ng/L)

(ng/L)

(ug/L) (NH4")
(ng/L)

(ng/L)

0

4.76 £2.54
4,77 £2.89

11.02 £ 3.66

12337+ 23.27
142.64 + 24.31

18.88+ 19.75
53.12+ 48.80

60.14 £ 22.63

4.14 £ 4.05
9.20 + 7.31

5.72+0.79
5.80+1.03
6.79 £ 0.59
499 +£1.04
8.45+2.29
6.10+0.93
3.77 £ 1.60
4.17£1.56
5.24+0.96
532+1.40
5.32+0.80
6.12+1.73

38.46 +0.53

27.50+0.71

Feb

3.52+ 2.20

90.64 + 98.89
252.90 +102.24
219.73 + 34.47

39.09 +0.50
40.12+1.80

28.73 £ 0.61

Mar

8.63 +7.47
6.62+7.93

8.86+ 5.38

110.74 £ 19.56

10.89 + 12.28
67.55+ 45.14

4.51 + 4.05

28.40 +0.97

Apr

395+ 5.09

73.51 £ 13.01

340 + 2.48

39.58 £ 0.83

28.6+£0.84
30.55+0.86
28.75+0.54
28.60 +0.52

29.20 +0.63

May

6.39 £5.94
4.50+1.34
5.99+3.71
4.10+4.94
4.16 £2.40
6.85+2.55
2.94 +2.66
5.53+£3.49

39.19+0.55 7.45 £ 1.66 92.44 + 4377 20.66 + 23.26 4777+ 30.58 5.57+£11.22
38.35+0.58

39.33+0.77
35.33+0.97

39.64 +0.98

Jun
Jul

395+ 0.88

28.67+ 29.83 4426 + 19.75

89.22 + 31.50
205.72 +258.48 280.62 +139.65
407.96 + 391.47
120.71 £ 36.39

7.54 £ 2.94
10.26 = 8.97
14.31 £ 7.68
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6.94+ 4.10
13.46 £ 9.54

10.04 + 9.18

36.37+ 5.89

Aug
Sep
Oct

48.62+ 11.78

139.86 +100.48

3590+ 12.16

2345+ 16.04

6.62 £ 1.61

30.30 +0.68
30.20 +0.63

76.69 + 30.32 25.78+ 12.10 4331+ 1671 12.15+13.65

137.64 + 372

6.26 + 1.66

37.26 £0.27
36.10 +0.52

37.25+1.78

Nov

4990+ 25.29 77.02 £ 21.65 8.54+ 3.10
158.41 £275.32

5.80 £ 1.56
13.62 £12.01

27.20+0.42
26.90 +0.32

Dec

822+ 2.62

7245+ 64.03

442.18 +339.14

Jan

Regarding pigments, the average chlorophyll-a
concentration was 9.5 = 7.43 pg/L. Spatially, E3 and
E10 differed from the rest of the stations, presenting
averages of 5.64 and 16.18 pg/L, respectively. The
lowest values were estimated in March, May, and
July, with averages of 3.42, 6.19, and 4.38 pg/L,
respectively, while highest were measured in Sep-
tember and November with 17.2 and 18.48 pg/L, re-
spectively. The mean concentration of pheopigments
was 5.43 +4.51 pg/L with the highest values in the
southern and central stations of the lagoon and the
lowest in the mouth and northern stations. Temporar-
ily, there were changes during all year reaching the
highest value in April and November with averages
of 8.63 ng/L and 6.85 pg/L, respectively (Pereira et
al. 2019, Table III).

Regarding nutrients, an average ammonium
concentration of 66.06 £ 67.34 ng/L was esti-
mated, having the highest values in the station
close to Paseo Esther Gil (E10) with an average of
81.54 ng/L, as a result of the contributions of waste-
water that drains in this sector of the lagoon. The
lowest values were estimated at station 4 with an av-
erage of 34.02 ug/L. Temporarily, ammonium varied
continuously during the year, obtaining two maxima
in August and September with averages of 280.62 and
139.86 ng/L, respectively. The nitrites mean was
7.50 = 6.31 pug/L, having higher values in stations
7 and 10 with 10.58 and 11.50 pg/L, respectively,
and the lowest averages in the central stations of the
lagoon (E4 and ES) with 5.06 pg/L. Temporarily,
three maxima were observed: one in March with an
average of 9.20 ug/L, the highest one in September
with 14.31 pg/L, and the last one in January with
13.62 ng/L. The lowest values were found in May
with 3.40 ug/L. The average concentration of nitrates
was 282.90 +204.99 pg/L, having a pattern similar
to that of nitrites: a maximum in April with an av-
erage of 252.90 ng/L, another in September with
407.96 ng/L, and the last and highest in January
with 442.18 pg/L. The lowest values were found in
February with 60.14 ng/L. Finally, the average con-
centration of phosphates was 78.49 £ 88.56 pug/L with
a different pattern for nitrogen, in which two well-
differentiated seasons were evident: one from June
to November with an average of 42.74 ug/L and the
rest of the months with higher values with an aver-
age of 113.97 ug/L (Pereira et al. 2019, Table III).

Thophic indices

In most of the stations, the Karydis eutrophication
index calculated for ammonium was higher than 3,
corresponding to mesotrophic waters (Fig. 2). Only
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Fig. 2. Karydis eutrophication index for the concentrations of nitrogenated nutrients by stations in surface waters of Punta
de Piedras Lagoon, Venezuela.

in station 4, the index was lower than 3, indicating the waters (Fig. 2). This index applied for the sum of

presence of oligotrophic waters. The Karydis index inorganic nitrogenous nutrients as a single factor and

determined for nitrite concentrations varied from 2 chlorophyll-a concentration, varied between 3.7 and

to 2.8, which corresponds to the category of oligo- 4.3, corresponding to mesotrophic waters (Fig. 3).

trophic waters, while for nitrates the index fluctuated It is important to note that values of 5 were estimated

between 3.2 and 4.1, corresponding to mesotrophic in the case of chlorophyll-a for the station closest
Phosphate Chlorophyll-a
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Fig. 3. Karydis eutrophication index for the concentrations of phosphate and chlorophyll-a by stations in surface waters of
Punta de Piedras Lagoon, Venezuela.
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to Paseo Esther Gil (E10), corresponding to waters
on the border between mesotrophic and eutrophic
conditions. Relating to phosphate concentrations,
estimated values indicated oligotrophic conditions,
except for stations 2, 3, and 10, corresponding to
the southern area of the lagoon and which also have
a greater influence on the part of the adjacent urban
development (Fig. 3).

Concerning the TRIX trophic index, an average
value of 3.3 was estimated with an interval between
2.72 and 3.94, demonstrating oligotrophy for entire
lagoon (Fig. 4) throughout the study time (Fig. 5).
However, when comparing the average values of
phosphates with the limits established by the OECD,
eutrophic conditions were obtained for most of the
months except for the first four months of the year,
which presented hypertrophic conditions having
phosphorus concentrations higher than 100 pg/L.
Chlorophyll-a concentrations indicated mesotrophic

375
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Fig. 4. Spatial variation of the TRIX trophic index in Punta de
Piedras Lagoon, Venezuela.
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Fig. 5. Temporary variation of the TRIX trophic index in Punta
de Piedras Lagoon, Venezuela.

and eutrophic conditions with spatial and temporal
variations. Temporarily, March and from May to Au-
gust were included in the mesotrophic category while
the rest of the months in the eutrophic one. Spatially,
only the internal stations of the southern zone (E1,
E2, and E10) and the central zone (E5) were in the
eutrophic category for this variable, while the rest of
the lagoon was considered mesotrophic.

DISCUSSION

The results obtained in this research indicate dif-
ferent trophic conditions depending on the indices
applied. For example, the Karidys index showed
mesotrophic conditions for nitrates, ammonium, and
chlorophyll-a, while oligotrophic conditions were esti-
mated for nitrites and phosphates. TRIX indicated oli-
gotrophic conditions for the whole body of the lagoon
during the study period. These differences were further
accentuated when comparing the concentrations of
phosphorus and chlorophyll-a with the reference val-
ues established by the OECD for the classification of
coastal systems according to their status. Using those
reference values, Punta de Piedras lagoon could be
classified as eutrophic to hypertrophic.

Karydis (2009) defined mesotrophy as an interme-
diate condition between low production systems with
low concentrations of nutrients and nutrient-rich sys-
tems with high algal biomass. A mesotrophic water
body presents moderate productivity and concentra-
tions of nutrients that allow the development of pri-
mary producers without negatively affecting the rest
of the representatives of the trophic web (Istvanovics
2009, Primpas and Karydis 2011, Ganguly et al.
2015, Cutrim et al. 2019). Furthermore, the average
concentrations of phosphate and chlorophyll does not
exceed 35 pg/L and 8 pg/L, respectively (Vollenwei-
der and Kerekes 1981). In fact, chlorophyll-a usually
increases only when temperature increases and there
is a recharge of nutrients in the system, for example
in spring in the case of water bodies in high latitudes
(Istvanovics 2009). Additionally, under mesotrophic
conditions, periodic ephemeral macroalgae blooms
often occur (Kennish and Paerl 2010).

Although Punta de Piedras lagoon showed high
nutrient concentrations, there was no evidence of
the occurrence of eutrophication. This same phe-
nomenon was found in some coastal zones of the
Yucatan Peninsula, Mexico (Herrera-Silveira et al.
2004), in Las Marites lagoon, another coastal lagoon
on Margarita Island (Lopez-Monroy and Troccoli-
Ghinaglia 2018), and in a subtropical lagoon in Brazil
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(Hennemann and Petrucio 2011). In both cases, TRIX
indicated no eutrophication despite the presence of
high concentrations of nutrients and organic matter.
Eutrophication is a complex phenomenon involving
harmful algal blooms and the mortality of fish and
benthic organisms. It also entails the depletion of
oxygen concentrations, overgrowth of both micro-
scopic and macroscopic primary producers, and other
consequences that affect the scenic value and health
of the water body (Cloern 2001, McGlathery 2001,
Karydis 2009, Kennish and Paerl 2010). Otherwise,
different trophic indices were applied with similar
results in a study carried out in the Iranian coasts of
the Caspian Sea, concluding that any of them could
be used (Nasrollahzadeh et al. 2019).

One of the aspects to consider in the use of these
indices is that they were developed with data from
coastal lagoons in the Mediterranean Sea (Vollenwei-
der and Kerekes 1981). Thus, adaptations should be
made for their implementation based on historical
data on the environmental conditions of tropical la-
goons. In fact, Primpas and Karydis (2010) proposed
an adaptation on the TRIX scale because the design
of this index only considered environments with
high concentrations of nutrients and phytoplanktonic
biomass, excluding oligotrophic systems. If this scale
had been used, a mesotrophic condition in Punta de
Piedras lagoon would be obtained, as it was estimated
when using the Karydis trophic index. Additionally,
the efficiency of this model in coastal lagoons has
been disputed (Salas et al. 2008).

The design of these indices has particular con-
siderations. In the case of the Karydis index, data of
a single variable are used for its estimation, while
TRIX is based on a linear combination of algorithms
for four environmental variables related to the cause,
state, and impact of the process of eutrophication.
Although all of these are widely used for their ease
of application, each of them has its limitations.
In fact, it has been considered in different studies
that these indices do not cover a wide range of
trophic conditions because they do not consider all
the important variables (Pérez-Ruzafa et al. 2007,
Karydis 2009, Brito et al. 2012, Béjaoui et al. 2018).
Indeed, Karydis (2009) discussed some difficulties
related to the determination of the trophic state of a
water bodies, which include discrimination between
natural and anthropogenic sources of nutrients, the
redundancy that could be generated when consider-
ing several interrelated variables, the deviation of
the normality in the distribution of the variables,
and the applicability of the algorithms in all aquatic
systems, among others.

For eutrophication to occur in a water body, ad-
ditional conditions to the continuous contribution of
nutrients to the system are necessary, being one of the
most important a restricted circulation of water (Ken-
nish and Paerl 2010), which could explain why the
eutrophication phenomenon does not occur in Punta
de Piedras lagoon. This water body has a simple con-
figuration with few mangrove channels that facilitate
the circulation of water (Pereira et al. 2019). In fact,
water in the lagoon is removed about 75 times a year,
at a rate of 4.85 days for each renovation, having a
volume of 1643 m>/s entering the lagoon through its
main channel and an outgoing volume of 1570 m?/s
(Zamakona 1986).

The residence time of water, in which this element
remains in the environment with all its components
strongly affects the level of primary production and
therefore the trophic level of the water body (Boynton
et al. 1996). The permanence of a water mass inside
a lagoon is affected by its hydrographic conditions,
which may also considerably affect the chemical form
of the nutrients and water transparency, a factor that
influences the light penetration for photosynthesis
(Bystrom et al. 2000). Factors such as exchange of
tides, flow of freshwater, and circulation of water
masses vary the susceptibility to the discharge of
nutrients from one water body to another, manifest-
ing in the trophic state (Cloern 1999, Boesch 2002).
In many estuaries, high concentrations of nutrients
have apparently caused small effects, but in others
where the entry of nutrients into the body of water is
low, eutrophic conditions have been observed, which
indicates that many factors and complex interactions
with the ecosystem as a whole are decisive for this
phenomenon to occur (Cotovicz et al. 2013, Lopez-
Monroy and Troccoli-Ghinaglia 2018).

Despite showing mesotrophic conditions, it is
important to highlight a special characteristic of
the pollution observed in the channel adjacent to
Paseo Esther Gil, in the southern area of the lagoon.
This area receives considerable contributions of
nutrients that, together with its scarce circulation
of water, generate an hypoxic state and an increase
in phytoplankton biomass, which are symptoms
of eutrophication (Zimmerman and Canuel 2002,
Herrera-Silveira et al. 2004). This phenomenon
was observed especially during the months with
maximum rainfall and the greatest effect of trade
winds (Pereira et al. 2019). According to Anguiano-
Cuevas et al. (2015), this condition of pollution
occurs due to oxygen consumption of microorgan-
isms to degrade organic matter and other nutritional
elements. This phenomenon has been reported by
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Romero et al. (2004) in a lagoon system adjacent
to an agricultural area in southeastern Mexico, ex-
plaining the effect of the resuspension of organic
matter by the wind and the subsequent increase in
the demand for dissolved oxygen in areas with poor
water circulation.

An important element for discussing the condition
presented in this locality is phosphate concentration,
which was 2.5 times higher compared to the rest of
the water body. This is due to the contributions of
sewage from the adjacent community (Lira 2001).
In fact, the Karydis trophic index for phosphate was
low in all the lagoon except in station 10, where it
was clearly mesotrophic, which could indicate that
phosphate is a limiting nutrient for the growth of the
phytoplankton community (Falcdo and Vale 2003).
In addition, a negative correlation was observed
between the concentration of chlorophyll-a with
dissolved oxygen and pheopigments, these last being
found in low concentrations.

Another factor that could favor the absence of
eutrophication in Punta de Piedras lagoon is the
intensity of winds, since according to data provided
by Punta de Piedras meteorological station this zone
presented an average speed of 15.9 km/h during the
study. This variable facilitates mixing processes in
the water column and keeps it oxygenated. This same
effect was observed by Lopez-Monroy and Troccoli-
Ghinaglia (2018) in Marites lagoon, also located in
the southern area of Margarita Island.

In order to complement the studies related to the
trophic state it is recommended to consider another
important variable, the Secchi depth, which is a
measure of water transparency (Istvanovics 2009).
However, Punta de Piedras lagoon is a shallow water
body that did not exceed 2 m in depth in the estab-
lished sampling stations, and the Secchi disk was
visualized in the seabed for most of the study period,
so the penetration of light in the water column is not
considered a limiting factor for the occurrence of
photosynthesis. In spite of the differences obtained
between the different indices used, a mesotrophic
condition was measured at Punta de Piedras lagoon,
which has high concentrations of nutrients that do
not affect its trophic status as a result of its hydro-
graphic conditions. Nevertheless, due to the signs of
environmental deterioration observed in the southern
area of the lagoon and the importance of this water
body for the inhabitants of the area, it is advisable
to keep track of its environmental conditions and the
continuous flow of water at the mouth of the lagoon.

Likewise, it is necessary to prevent wastewater
from reaching the lagoon and adequately manage

the waste generated during fishing and shellfish
processing activities that take place in the lagoon
to avoid overloading of nutrients to the system.
Although eutrophication has been successfully
reversed in various water bodies by managing the
release of nutrients by human activities (Istvanov-
ics 2009), it must be considered that prevention
generates fewer economical costs than an ecological
restoration process. Oligotrophization, which is the
reverse phenomenon of eutrophication, is not always
a simple process and it can take decades for a water
body to return to conditions similar to the initial ones
(Livingston 2000, McCrackin et al. 2017, Le Fur et
al. 2019). Evaluating the results obtained in this study,
the Karidys index seems to be a more adjusted model
to explain the trophic conditions of Punta de Piedras
lagoon because it has high concentration of some
nutrients and chlorophyll a without the symptoms
described for eutrophic systems. However, studies
to validate specific models for tropical marine and
coastal systems are required.
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