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SEASONAL AND SPATIAL PATTERNS IN SALINITY, NUTRIENTS, AND
CHLOROPHYLL a IN THE ALVARADO LAGOONAL SYSTEM,
VERACRUZ, MEXICO 

Ángel Morán-Silva, Luis Antonio Martínez Franco, Rafael Chávez-López,
Jonathan Franco-López, Carlos M. Bedia-Sánchez, Francisco Contreras
Espinosa1, Francisco Gutiérrez Mendieta1, Nancy J. Brown-Peterson2, and Mark
S. Peterson2

Laboratorio de Ecología, Universidad Nacional Autónoma de México, Facultad de Estudios
Superiores Iztacala. Av. de los Barrios No.1, Los Reyes Iztacala, Tlalnepantla, Estado de
México, C.P. 05490 Mexico, E-mail amorans@servidor.unam.mx
1Laboratorio de Ecosistemas Costeros, Universidad Autónoma Metropolitana Unidad
Iztapalapa, Mexico
2Department of Coastal Sciences, The University of Southern Mississippi, 703 East Beach Dr.,
Ocean Springs, Mississippi 39564 USA

ABSTRACT Ten monthly collections, distributed among three seasons, were taken from July 2000 to June 2001 in
the Alvarado lagoonal system, Veracruz, Mexico. Variables measured in situ included dissolved oxygen, salinity,
and water temperature. Water samples were collected to determine concentrations of ammonium, nitrates, nitrites,
orthophosphates, total phosphorus and chlorophyll a. Collections representing the rainy season were taken in
September and October, those for the nortes season were taken in November, December, and January, and dry sea-
son collections were taken during February, March, May June, and July. There was seasonal and spatial variation
in nutrient concentrations, and they were related to the discharge of the rivers; concentrations increased during the
rainy and nortes seasons. Other factors affecting water quality included the constant discharge of organic materials
into the system, resuspension of sediments during the nortes season and the biological activity within the system
that assimilated the nutrients in the water. The Alvarado lagoonal system has three separate zones based on physic-
ochemical characteristics; Camaronera Lagoon, Buen Pais Lagoon and the urban zone of Alvarado Lagoon, and the
river zone in Alvarado Lagoon.

RESUMEN Se realizaron diez muestreos durante el periodo comprendido entre Julio de 2000 a Junio de 2001, dis-
tribuidos a lo largo de tres estaciones climáticas, en el sistema lagunar de Alvarado, Veracruz, México. Los parámet-
ros que fueron registrados in situ incluyendo oxígeno disuelto, salinidad y temperatura de agua. Al mismo tiempo
se colectaron muestras de agua para determinar en laboratorio las concentraciones de amonio, nitratos, nitritos, orto-
fosfatos, fósforo total y clorofila a. Los meses de colecta que abarcaron las temporada de lluvias fueron tomadas en
Julio, Septiembre y Octubre, para Nortes Noviembre, Diciembre, y Enero, y por último, la temporada de secas que
correspondieron los muestreos de Febrero, Marzo, Mayo, y Junio. Los nutrientes presentan una variación espacio-
temporal presentando relación con: la descarga de los ríos, incrementándose su concentración durante la tempora-
da de lluvias y Nortes; las constantes descargas de agua provenientes de diversas actividades humanas, como son la
agricultura y los asentamientos humanos; la resuspensión de los sedimentos durante la temporada de Nortes; y la
gran actividad biológica de estaos sistemas que permiten la rápida transformación de la materia orgánica en nutri-
entes. El sistema lagunar de Alvarado presenta tres zonas diferentes basadas en sus características fisicoquímicas:
Laguna de Camaronera, Laguna de Buen País y la zona urbana de Laguna de Alvarado, y la zona de ríos en Laguna
de Alvarado. 

INTRODUCTION

Coastal lagoons are productive aquatic systems with a
large amount of energetic input. They frequently show ele-
vated concentrations of nutrients (Mee 1978), and many
are considered eutrophic. Annually, the constant wind-
driven movement of the water column resuspends sedi-
ments, which furnishes nutrients to the water column
through the biogeochemical cycle and the transformation
of materials that were in the sediments (Colombo 1977).
Rivers and their drainages provide additional nutrients.

These nutrients can exhibit large seasonal variation, with
the highest concentration generally found following a
rainy period. Minimal concentrations are detected after the
spring phytoplankton bloom, although even in those
months, the concentration of nutrients is higher than that in
the adjacent coastal zone (De la Lanza and Arenas 1986). 

In Mexico, estuarine lagoonal systems represent 30 to
35% of the coastal areas, and 42 of the 134 lagoons are
found along the coast of the Gulf of Mexico (GOM) and
the Caribbean Sea (Contreras 1985). The estuarine systems
along the GOM are generally bordered by well developed
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marsh zones, and the ocean influence is accentuated
(Kennish 1986). However, in the southern GOM, estuarine
systems are generally bordered by mangroves and the
degree of oceanic influence varies greatly. In these systems,
many factors such as salinity show great seasonal variation.
It is common to encounter a gradient where the salinity is
higher near the inlets and decreases towards the rivers. 

Typically, three seasons (rainy, dry and nortes) define
the hydrological behavior of the southern GOM systems
(Gómez 1974, Villalobos et al. 1975, Lankford 1977,
Botello 1978, Contreras 1988). The rainy season usually
occurs from June through September and is characterized
by consistent rainfall and large terrestrial runoff, resulting
in frequent floods, turbid waters and additional pressures
due to the influence of drainage from the land (Contreras
1985). During this season there are brief times of calm
weather, characterized by cessation of the rains, high tem-
peratures and elevated rates of evapotranspiration. During
these periods, extraordinary photosynthesis occurs, with
values occasionally exceeding 700 mgC/m3/h and elevated
concentrations of chlorophyll a of 100 mg/m3 (Contreras
1994). The dry season is typically from March through
June and has minimal rainfall and river flow (Villalobos et
al. 1975, Contreras 1983). The dry season is characterized
by elevated temperature, clear water and relative stability
in phytoplankton diversity, and the lagoon is generally
affected by the dominance of ocean water mass. The high-
er salinity found during the dry season may be due to evap-
oration and the reduced influence of the rivers (Villalobos
et al. 1966, Contreras 1983). During the nortes, or winter
season (October–February), there are strong winds blow-
ing from the north off the GOM and temperatures are low
(Herrera and Comin 1995, Barreiro and Aguirre 1999).
Autotrophic processes dominate over heterotrophic
processes, and there is a considerable quantity of dissolved
organic material including organic phosphorus. 

The Alvarado lagoonal system is a typical coastal
estuary along the southern GOM that supports a variety of
different activities, such as fishing, transportation and
urban development. A previous study on the hydrography
and productivity of this system identified 5 distinct areas,
determined by water temperature and chlorinity, within the
lagoon: areas with marine influence, areas with freshwater
influence, a gradient area, a calm area and the coastal adja-
cent area (Villalobos et al. 1966). These authors also estab-
lished that the hydrological and biological characteristics
of the lagoon were clearly defined by the rainy and dry
seasons. The lagoon is polyhaline with a tendency towards
being mesohaline during the dry season and becomes
almost totally freshwater during the rainy season
(Villalobos et al. 1975). The biological productivity in the

system is high, and primary production and the number of
phytoplankton cells are inversely related to the phyto-
plankton biomass and the postlarval stages of shrimp
(Villalobos et al. 1975). More recently, Morán-Silva et al.
(1996) reviewed the general hydrological behavior of the
Alvarado lagoonal system. They concluded that the hydro-
logical conditions are a direct result of the fluvial dis-
charges and found the lagoon to be predominantly oligoha-
line. Higher salinity values were found only during the dry
season or near the inlets and water temperature varied sea-
sonally. The shallow depth throughout the system, in com-
bination with the winds, allows mixing and aeration of the
water column despite the high primary production
observed. High nutrient concentrations were found near
river mouths, mangroves, and submerged vegetation, pre-
sumably through degradation of organic material and
resuspension of the sediments. However, the Moran-Silva
et al. (1996) study did not examine the seasonal differences
in nutrients in the system. Thus, the principal objective of
this work is to describe, analyze and characterize the sea-
sonal-scale patterns of the salinity, physicochemical and
nutrient variables and their relationship with chlorophyll a
during the dry, rainy and nortes seasons in the Alvarado
lagoonal system, Veracruz, Mexico.

Study Area
The Alvarado lagoon system is located in the coastal

plain of the GOM, 63 km southeast of the port of Veracruz,
between 18°46 and 18°42 N and 95°34 and 95°58 W
(Figure 1). Lankford (1977) considered the system to be a
drowned river valley. The lagoonal system consists of 3
smaller lagoons with a total length of about 27 km and a
surface area of 6,200 ha. Alvarado Lagoon, the main body
of water, continues to the west into Buen Pais Lagoon,
which is connected to Camaronera Lagoon through a nar-
row channel to the west. The primary connection to the
ocean is Alvarado Inlet, situated at the northeast of the sys-
tem. A small, 400 m wide outlet to the ocean was con-
structed in 1982 in Camaronera Lagoon. The Papaloapan
River discharges into Alvarado Lagoon from the southeast.
Tidal influence does not diminish the outflow of this river,
and mean daily flow into the lagoon is 40 million m3

(Contreras 1985). This system is classified as a positive
estuary, because the surface water evaporates at a lesser
rate than water is added by the river flow (McLusky 1981).
This characteristic is in contrast to many lagoonal systems
that are hypersaline due to high evaporation and low fresh-
water input.

The climate of the area is tropical and humid, and pre-
cipitation during the summer ranges from 110 to 200 cm.
The mean annual temperature varies between 22–26 °C,
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with temperature oscillations between 5–7 °C between
each season (Garcia 1973). The prevailing southeast winds
have a maximum velocity of 14.4 msec-1, except for
October, when winds from the north and northeast range
from 90–129.6 msec–1 (Contreras 1985). 

The lagoon is almost entirely surrounded by man-
groves with the typical zonation pattern of red mangrove,
Rhizophora mangle, bordering the water and black man-
grove, Avicennia germinans, and white mangrove,
Laguncularia racemosa, immediately interior. Other spo-
ratically occurring aquatic vegetations include wild celery,
Vallisneria americana; cordgrass, Spartina sp.; and cattail,
Typha sp.; while the dominant submerged aquatic vegeta-
tion (SAV) is Ruppia maritima (Morán-Silva et al. 1996).
During the rainy season, the water lily, Eichhornia cras-
sipes, invades the lagoon.

MATERIALS AND METHODS

Twelve stations were established throughout the
Alvarado lagoonal system (Figure 1) to detect the influ-
ence of rivers, inlets, SAV and urban discharges. We
defined groups for each system: Camaronera group
includes stations 10–12; Buen Pais group includes stations
8–9; the Alvarado Lagoon group (urban dominated)
includes stations 5–7; and finally the river dominated
group includes stations 1–4 in Alvarado Lagoon. Sampling

occurred at about 30 d intervals between July 2000 and
June 2001. Water temperature (°C) was measured with a
mercury thermometer, salinity (psu) with a YSI model 33
salinometer and dissolved oxygen (D.O., ml/l) with a YSI
model 51b meter during each collection. Surface water
samples were collected at each station for nutrient concen-
tration determination. Methods follow Contreras (1994)
for ammonium (NH4, mg-at/l), nitrate (NO3, mg-at/l),
nitrite (NO2, mg-at/l), phosphate (PO4, mg-at/l), and total
phosphorus (P-TOT, mg-at/l). Determination of chloro-
phyll a (chl a, µg/l) follows techniques in SCOR-
UNESCO (1980). The samples were kept on ice for 48 h
prior to analysis (Strickland and Parsons 1972, Wetzel and
Likens 1990).

We used correlation analysis to examine the relation-
ship between nutrient concentration and chl a (Daniel
1977). Dendrograms were constructed of temporal and
spatial classification with Euclidian distance (values range
from 0,  when entities are identical, to infinity) using the
monthly salinity data from each station. Classification of
the system using salinity followed the procedure of
Carriker (De la Lanza 1994). For all analyses we used the
Community Analysis Program (ANACOM) 3.1 (De la
Cruz, 1994), and results were considered significant if P <
0.05.

Figure 1. Map of sampling locations in the Alvarado Lagoon system, Mexico.
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RESULTS

Physicochemical variables
Salinity varied among all stations from 14.2 psu dur-

ing the dry season in June to 0.0 psu during the rainy sea-
son in September. The lowest salinity values were always
associated with the rivers (0–7.1 psu), whereas the highest
values were found in Camaronera and Buen Pais Lagoons
(Figure 2a). Salinities at the Alvarado Lagoon stations
showed the highest values in March.

Dissolved oxygen varied from 12.8 ml/l in
Camaronera Lagoon to 4.13 ml/l in the stations of the river
group. The highest D.O. values were found during the dry
season, and values for all stations peaked in May (Figure
2b). The D.O. values at the Alvarado Lagoon group sta-
tions fluctuated more than those from the other stations.

Water temperature varied seasonally, with annual vari-
ation ranging from 21.6 °C during the nortes season to
32.2 °C during the rainy season (Figure 2c). Water temper-
ature tended to be higher in the Alvarado Lagoon zone and
lower in the stations with river discharge throughout the
year.

Nutrients
Ammonium was the dominant form of inorganic

nitrogen, representing 60.98 to 88.3 % dissolved inorganic
nitrogen (DIN). The highest ammonium concentration was
42.43 µg-at/l during the dry season in Buen Pais Lagoon,
and the lowest was 2 µg-at/l during the dry season in
Camaronera Lagoon (Figure 3a). In general, the highest
ammonium values were found at the river group stations
and in Buen Pais Lagoon. The highest nitrite concentration
was 3.54 µg-at/l during the dry season at the river stations.
Undetectable amounts of nitrite were found during the dry
season in Buen Pais and during the rainy season in the
Alvarado Lagoon group (Figure 3b). Nitrite peaked in the
Alvarado Lagoon group (urban zone) at the end of the
nortes season. Nitrates were highest during the nortes sea-
son in the urban and rivers zones (7.9-10.6 µg-at/l), and
lowest (0.67 µg-at/l) in Camaronera Lagoon during the
nortes season (Figure 3c). A smaller peak of nitrate was
evident in all stations at the end of the dry season.

Camaronera Lagoon had the greatest range in total
phosphorus, with highest values during the rainy season
(18.8 µg-at/l) and lowest values during the nortes season
(3.5 µg-at/l; Figure 4a). Highest values for all stations
occurred during the rainy periods (Figure 4a). The values
of orthophosphates were highest at the end of the dry sea-
son (4.5–6.2 µg-at/l) and lowest during the rainy season
(0.37–0.48 µg-at/l) at all stations (Figure 4b). 

Chlorophyll a
Chlorophyll a values fluctuated during the annual

cycle, with lowest values during the dry season (4.3–18.8
µg/l) and highest values in the nortes season (11.5–92.6
µg/l). Buen Pais Lagoon exhibited the greatest fluctuation
in chl a (Figure 4c). Overall, the river group stations had
the lowest chl a values (5.1–32.1 µg/l). Correlations
between chl a and the physicochemical and nutrient meas-
urements differed seasonally, but there were no significant
correlations between chl a and any other variable meas-
ured (Table 1). During the rainy season, there was a mod-
erately positive correlation between chl a and salinity and
D.O., and a strong negative correlation with ammonium
and nitrite. During the nortes season, total phosphorus
showed a strong, negative correlation with chl a. Salinity
had a moderately positive correlation with chl a during the
dry season, while total phosphorous and phosphates were
moderately negatively correlated.

Spatial-temporal variation
The variability of most of the parameters was reflect-

ed principally in salinity, which was rapidly modified by
the rain and tidal influence. Using salinity in a cluster
analysis, three principal groups were evident (Figure 5a).
Group 1 consists of the months of September and October,
representing the rainy season, when the system was oligo-
haline with salinities ranging from 0 to 3.8 psu. Group 2
consists of the months November, December, January and
February, corresponding to the nortes season when the
salinity begins to increase, ranging from 0 to 11.5 psu. The
third group corresponds to the dry season (March, May
and June 2001), with the highest salinity values (2 to 14.5
psu), resulting in a mesohaline system. However, July is
isolated from the other groups. This month corresponded
to the rainy season, while June 2001 was more similar to
the dry season due to a lack of rain during that year.

When cluster analysis was applied to the collection
stations, the analysis resulted in three groups separated by
marine or freshwater influence (Figure 5b). The first group
consisted of stations located in Camaronera Lagoon (12
and 11) that receive direct tidal influence through the inlet
and had the highest salinities (up to 21 psu). The second
group has stations separated into 2 sub-groups, with sta-
tions 8–10, representing the eastern portion of Camaronera
Lagoon and Buen Pais Lagoon, as one sub-group and sta-
tions 5–7, the urban dominated stations, as the second sub-
group. The first sub-group receives some tidal influence
and had mean salinities ranging from 6.33 to 8.75 psu,
while the second sub-group consisted of lower salinity sta-
tions located along the eastern shore of Alvarado Lagoon
with a marked influence from urban zones. The final major
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Figure 2. Plot of mean monthly salinity (A), dissolved oxygen (B), and water temperature (C) over the course of the study pooled
by sampling stations within each of the four groups.
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group contained all the stations associated with the river
group (1–4) and can be defined as an oligohaline zone.

DISCUSSION

It is well known that the variability of the hydrologi-
cal variables and nutrients is especially marked in lagoon-
al systems. This is due to many factors, like the dynamics
in the circulation of the lagoon as affected by the tides, the
winds, and the shallow depth. Furthermore, constant resus-

pension of sediments, regeneration processes originated by
microbial activity in the sediments, river flow, and human
activities contribute to nutrient variation (Colombo 1977,
Snedaker and Brown 1982). 

As expected, the low salinity values found during the
rainy season were a result of the increased freshwater
inflow into the lagoonal system (Botello 1978). Similarly,
the months corresponding to the dry season (March, May
and June in this study) had the highest salinity throughout
the system, due to reduced river flow. However, the months
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Figure 3. Plot of mean monthly ammonium (A), nitrite (B), and nitrate (C) over the course of the study pooled by sampling sta-
tions within each of the four groups.

Dry season Rainy season Nortes season Dry season

 

Jul 00 Sep 00 Oct 00 Nov 00 Dec 00 Jan 01 Feb 01 Mar 01 May 01 Jun 01

 

Camaronera Buen Pais Rivers Urban 

0

5

10

15

20

 

25

 

30

 

35

 

40

 

45

 

A
m

m
o

n
iu

m
µ

g
-a

t/
l

N
it

ra
te

µ
g

-a
t/

l

0

2

4

6

8

10

12

0

0.5

 1

1.5 

2

2.5
 

3

3.5

 

4

N
it

ri
te

µ
g

-a
t/l

A

B

C

during the nortes season (December, January and
February) had salinity values similar to the dry season.
Thus, the Alvarado lagoonal system can be considered
oligohaline during the rainy season and mesohaline during
the nortes and dry seasons. However, the stations close to
the river mouth remained oligohaline during the dry sea-
son, indicating a weak marine influence in the lagoon
(Morán-Silva et al. 1996). Seasonal differences in salinity
have been noted previously in other Mexican lagoons, such
as the Celestum Lagoon (Herrera-Silveira and Comin

1995) the Tampamachoco Lagoon (De la Lanza et al.
1998), and the Alvarado lagoonal system (Morán-Silva et
al. 1996).

The lowest D.O. concentrations were encountered in
September, which corresponds to the end of the rainy sea-
son, when there is an increase in suspended organic mate-
rial. When organic material is resuspended, microorgan-
isms begin decomposition, removing oxygen from the
water column (Kennish 1986). The highest D.O. concen-
trations were found associated with seagrass beds, similar
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Figure 4. Plot of mean monthly total phosphorus (A), orthophosphate (B), and chlorophyll a (C) over the course of the study
pooled by sampling stations within each of the four groups.
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to reports by Contreras and Gutierrez (1989) for other sys-
tems in the state of Veracruz. Overall, D.O. concentrations
remained relatively heterogeneous and could be related to
photosynthetic activity, seasonality, mixing of water and
tidal activity (Botello 1978, De la Lanza and Cantu 1986),
or to the presence of SAV throughout the system. 

With respect to nutrients, the form of ammonia in this
type of system comes from degradation of organic materi-
al, submerged vegetation and waste from organisms
(Tiejten 1968, Botello 1978, De la Lanza and Arenas

1986). Ammonium was the predominant form of inorgan-
ic nitrogen during all the seasons. Similarly, Kennish
(1986) found that ammonium was the predominant form of
inorganic nitrogen in estuarine waters. This agrees with
reports by Contreras and Castañeda (1992) and Contreras
(1983) for the Tampamachoco Lagoon and the lagoonal
system of Carretas-Pereyra, respectively. Maximal ammo-
nium values were observed in Buen Pais Lagoon during
the dry season, no doubt enhanced by the increasing tem-
perature that favors a greater degradation of organic mate-
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Figure 5. Dendogram based on Euclidean distance of monthly (A) and station (B) salinity values. Station numbers correspond
to stations in Figure 1. Cam-Camaronera Lagoon; B.P.-Buen Pais Lagoon; Arb., Rastro, Aneas—urban areas on the north side
of Alvarado Lagoon; Blanco-Blanco River, Alvarado Lagoon; Pap.-Papaloapan River, Alvarado Lagoon
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rials found in the sediments as well as increased waste
from organisms in the water column. However, Kennish
(1986) indicated that the concentrations of the nitrogenous
components can be augmented with the river flow. We
observed a similar increase in the river group stations dur-
ing September, a time of high river flow in Alvarado
Lagoon. Day et al. (1998) reported a similar situation in
Terminos Lagoon, showing augmentation of nutrient con-
centrations during times of high discharge from the rivers.

Buen Pais Lagoon had generally higher values of
ammonium than the other two lagoons within the system,
with a peak in March. This may be due to slower water cir-
culation in this lagoon relative to the others in the system
(Villalobos et al. 1975). In contrast, the urban areas of

Alvarado Lagoon did not have an increase in nitrogen in
March, although there were peaks in June and December.
Alvarado Lagoon is impacted by urban discharges from
the Port of Alvarado, which tend to increase the nitrogen
concentration in the water (Barreiro and Aguirre 1999).
This was particularly evident for nitrate during the nortes
season.

The Lagoon showed notable hydrological variation on
spatial as well as temporal scales. For instance, eutrophica-
tion was noted in semi-isolated areas such as within canals,
which had minimal effects of circulation, yet the rest of the
Lagoon was not eutrophic. On a temporal scale, the dry and
wet seasons result in changes in salinity and nutrients with
consequent variation in the habitat during the annual cycle.

A

B
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The nutrient concentrations reached during the rainy sea-
son were more elevated than during the dry season.

The Alvarado lagoonal system had the highest phos-
phorus concentration during the rainy season. While this
nutrient comes principally from organic material, it is also
produced through autochthonous processes such as biotur-
bation and remineralization of the sediments and remixing
by currents (Groen 1969). Total phosphorus was highest
during September throughout the lagoonal system, no
doubt due to the effects of increased river runoff and resus-
pension of the sediments (Groen 1969). Concentration
decreased gradually to the lowest point during the dry sea-
son. A peak of orthophosphates in June may be related to
the decrease in chl a concentration during this month, as
phytoplankton utilize orthophosphates (Contreras and
Castaneda 1992). Overall, Camaronera Lagoon had the
lowest concentration of phosphates, probably because cur-
rents are minimal, resulting in little resuspension of the
sediment where the majority of phosphates are stored (De
la Lanza 1996). In Alvarado Lagoon, phosphates were
higher during the nortes and dry seasons compared to the
rainy season, and variation was not as great as in the other
lagoons. The variation in phosphate that was observed is
probably a direct result of river input. The agricultural land
and associated fertilizers within the drainage basin of the
Papaloapan River are important sources of phosphates
(Correll et al. 1992), which can be transported into the
lagoon through erosion and runoff.

A global characteristic of lagoonal phytoplankton is
their high productivity. For this reason, we consider coastal
lagoons as ecosystems with characteristics intermediate
between the ocean and the rivers (Margalef 1969). Since
algae are the only organisms that remain constant with
respect to other cellular components that are ecologically

important, chl a concentration can be used to better under-
stand the dynamics of the system (Marshall 1987).
Unfortunately, the coefficients of correlation did not show
a significant relation between the concentration of chl a
and the physicochemical variables. There is usually a
strong relationship between nutrient concentration and chl
a concentration, as has been previously discussed
(Contreras 1994). We found an increase from undetectable
chl a in July to moderate levels (14–42 µg/l) in September
and October, similar to findings in other Mexican lagoon-
al systems (Contreras et al. 1992, Contreras and Castaneda
1992, Barriero and Aguirre 1999). Interestingly, the high-
est correlation between D.O. and chl a was found during
this time, when chl a began to increase from a dry season
low, suggesting an increase in productivity. During
November and December, chl a again decreased in most
areas of the lagoon, and chl a values were higher from
January through March, with a peak in February. The high
chl a values in Buen Pias Lagoon during February (96.2
µg/l) indicate a hypereutrophic system at that time. The
February peak corresponds to the end of the nortes season,
a time when Li et al. (2000) found an association of phy-
toplankton blooms with a peak of nutrients. The decrease
in chl a during May and June may be related to the
increase in phosphates and inorganic phosphorus during
this time. 

Barreiro and Aguirre (1999) found that an increase in
nitrate during the rainy season is necessary for a phyto-
plankton bloom to commence during the dry season. Our
data show a dramatic increase in nitrate during November
and December, which may be related to the bloom, and a
subsequent increase in chl a in February. The predomi-
nance of blooms during the dry season may also be related
to calmer water conditions during this time (Marshall
1987).

Overall, the pattern of chl a was relatively similar
among stations and lagoons, with peaks and low points
occurring during similar times. Spatial patterns of chl a
respond to local conditions (Barreiro and Aguirre (1999),
and the estuarine currents can distribute the phytoplankton
biomass asymmetrically (Li et al. 2000). For instance, phy-
toplankton populations from the ocean may enter the
lagoon on incoming tides (Revilla et al. 2000), which may
explain the increased chl a concentration near the inlet in
Camaronera Lagoon during September, January and
February. On the other hand, Revilla et al. (2000) found
that the major concentration of chl a in estuaries was found
in discharge areas that did not receive a direct tidal influ-
ence. Similarly, Day et al. (1998) found a major concentra-
tion of chl a in Estero Pargo (mean annual value 8 µg/l) in
comparison to Terminos Lagoon (3 µg/l). However, our

TABLE 1

Seasonal correlation coefficients (Pearson’s r) between
chlorophyll a and various water chemistry variables in
the Alvarado lagoonal system. No values were signifi-
cant at P < 0.05.

Variables Rainy Nortes Dry
Salinity (psu) 0.55 –0.04 0.43
Dissolved oxygen (ml/l) 0.59 –0.15 0.02
Temperature (ºC) 0.35 –0.24 0.29
Ammonium (µg-at/l) –0.65 0.29 0.10
Nitrite (µg-at/l) –0.14 0.27 –0.20
Nitrate (µg-at/l) –0.74 –0.13 0.15
Phosphate (µg-at/l) –0.15 0.14 –0.37
Total phosphorous (µg-at/l) –0.20 –0.62 –0.47
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data show that the chl a concentration was low at stations
located at the Papaloapan and Blanco rivers, where there is
major discharge but minor tidal influence. 

In terms of spatial distribution, it is possible to distin-
guish areas directly influenced by terrestrial sources due to
elevated quantities of phosphorus. These are interpreted as
areas within the lagoonal system with a greater density of
primary producers, compared to other zones where differ-
ent factors, such as circulation, river influence, or winds do
not permit the accumulation of phytoplankton. The persist-
ence of these phytoplankton overloaded areas is the direct
cause of natural eutrophication or eutrophication originat-
ed by urban activities. Natural eutrophication is a result of
geographic properties, accumulation of sediment, etc.,
while anthropogenic eutrophication is a result of uncon-
trolled use of fertilizers, deforestation, and addition of con-
taminants and human wastes to the lagoonal system. The
continued urban development along the internal coast of
the Alvarado Lagoon exacerbates the anthropogenic inputs
to the system. Finally, there has been a change in the bot-
tom use in the discharge area of the Papaloapan River that
has altered the hydrological dynamics. 

Our results suggest that habitats within the lagoonal
system have high heterogeneity that is driven by variation
in salinity and water temperature. This variation is the
result of the influence of river discharge and tidal
exchange. In addition, these difference may also relate to
the bathymetry, the presence of SAV or the proximity of
mangroves. However, our results do not correspond to
those reported by other authors. Villalobos et al. (1966)
described 5 natural areas based on the influence of the
rivers and the ocean, whereas in this work, we define only
3 such areas, which are a function of river discharge, prox-
imity to ocean inlets and the influence of urban discharges.
Our findings concur with Lozano (1993) who found that an
increase of anthropogenic activities, in conjunction with
poor planning, contributed to local and regional changes in
hydrological characteristics of the freshwater sources to
the Alvarado lagoonal system.

Salinity characteristics of the Alvarado lagoonal sys-
tem vary seasonally. Our work has reinforced the observa-
tions of Villalobos et al. (1975) who described the season-
al salinity variation. Furthermore, two earlier studies on
the Alvarado lagoonal system found that salinity varied
more than other variables (Sevilla and Chee 1974) and was
lowest during the rainy period (Sevilla and Chee 1974,
Chee 1981). It appears that the amount of rainfall and sub-
sequent river discharge is one of the forces driving the vari-
ability of the system. Thus, to better understand the hydrol-
ogy of the Alvarado lagoonal system this  information is
required.
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