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ABSTRACT 

Pueblo Viejo Lagoon is an estuary with restricted communication with the sea, so the freshwater influence tends to be 
more important. Therefore, the study focused on testing the hypothesis that the seasonal changes in species abundance 
would be mainly related to the local rainfall pattern. Monthly samplings were carried out over a one-year, using a seine 
net. A total of 9108 individuals were caught, corresponding to 66 species of fish, most of them with marine origin. Ca-
nonical correspondence analysis revealed that the rainfall-salinity gradient was revealed to be the most important driv-
ing force in the seasonal variation of fish composition. In this way, it was observed that seasonal fluctuations in total 
fish number were linked to preceding fluctuations (one month) in local rainfall. Similar pattern was exhibited by the 
abundance of Anchoa mitchilli (the most abundant species), Oreochromis mossambicus and Ariopsis felis, and this de-
layed effect was significant (cross-correlation analyses). In addition, the rainfall showed a direct influence (significant 
positive correlations) on abundance of D. auratus and M. martinica. The association between fish number and the rain-
fall regime seems to be related to lagoon productivity and the trophic responses of these species. By contrast, Brevoor-
tia gunteri and Menidia beryllina showed an inverse correlation with rainfall. Other environmental variables (also 
influenced by rainfall regime) showed a significant relationship with A. hepsetus (salinity), B. chrysoura (depth) and M. 
curema (turbidity). Thus, at least 12 species showed some relationship with local rainfall, which accounted for 81.27% 
of the total number of fish collected. Although it is difficult to separate the relative importance of physiological toler-
ances and biological functions such as trophic responses, the results suggest that rainfall is a primary factor governing 
seasonal variation in fish species abundance of Pueblo Viejo lagoon. 
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1. Introduction 

One of the primary goals of fish community ecology is to 
analyze the seasonal variations in the relative abundance 
of species. In this sense, the role of seasonal variability in 
environmental factors in structuring the fish communities 
in estuaries has been the focus of many studies. Many of 
these studies have demonstrated changes in species 
composition and abundance, which may be influenced by 
constant fluctuations in environmental factors, such as 
salinity, temperature, and turbidity [1,2]. In particular, 
salinity is one of the more important environmental fac- 
tors structuring the fish estuarine communities and in 
many systems, has a significant effect on fish distribution 
[3-6]. However, the levels and ranges of this factor can 
be largely determined by the seasonal rainfall patterns, 
and there is little information about the direct influence 
of local rainfall patterns (and related freshwater inputs) 

on species distribution and abundance. 
The lagoon of Pueblo Viejo, in the northern part of the 

Mexican state of Veracruz (western Gulf of Mexico), is 
an estuary with restricted communication with the ocean, 
so the freshwater influence tends to be more important. 
This system is an important area in terms of regional 
biogeographic variability and fish diversity since it is 
located near the boundary between two major zoogeo- 
graphic regions, the tropical Western Atlantic Region 
(Caribbean Province) and the temperate North American 
Atlantic Region (Carolinian Province) [7]. Also, the la-
goon has been designated a priority marine conservation 
area because of its high biodiversity [8]. 

In this way, the present study focused on testing the 
hypothesis that the seasonal changes in fish structure and 
relative abundance of species would be mainly related to 
the local rainfall pattern. The main objective was, there- 
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fore: describe the main patterns of seasonal variability in 
fish abundance, in terms of the influence of environ- 
mental variables with major seasonal incidence, with 
particular emphasis on the rainfall regime. 

2. Material and Methods 

2.1. Study Area 

The lagoon of Pueblo Viejo is located in the northern 
extreme of Veracruz State, Mexico (22˚05' - 22˚13'N, 
97˚50' - 98˚00'W). It is a shallow estuary with a mean 
depth of 1.31 m and an area of 88.7 km2. In its northern 
part, Pueblo Viejo Lagoon connects to the Pánuco River 
(the fourth largest river in Mexico by volume of runoff), 
approximately 10 km from where the river empties into 
the Gulf of Mexico, and can thus be considered an estu- 
ary with restricted communication. At its southern end, 
the lagoon also receives an important freshwater dis- 
charge from the Tamacuil River. In consequence, salinity 
varies between 0.5 in September and 33 in April (annual 
monthly mean: 13), with general mesohaline conditions 
prevailing. The local rainfall regime is characterized by a 
wet season from June to October, with annual averages 
greater than 120 mm, and a dry season from November 
to May, with annual averages of less than 50 mm [9]. 
Phytoplankton, chlorophyll and primary production show 
two maximum peaks, one from March to May and an- 
other from August to October [10]. 

2.2. Data Collection 

Data were collected during daylight hours at six sites 
within the lagoon, once a month during a one-year period 
(a total of 72 samples), in order to evaluate the seasonal 
patterns of fish distribution. A 30 m long and 1 m deep 
beach seine net, with 1 cm mesh size, was used in all 
sampling efforts. The net was pulled 50 m parallel to the 
shore and covering a sampling area of 1500 m2 in water 
up to 1 m deep. 

The total fish number, the number of individuals per 
species and environmental data were recorded for each 
sample. The environmental variables measured during 
sampling included those with major seasonal incidence: 
temperature, salinity, depth, turbidity (Secchi disk depth) 
and monthly rainfall average in the area (average for 60 
years). 

2.3. Statistical Analyses 

Canonical correspondence analysis (CCA) was applied to 
the overall fish data matrix (dependent set) and the envi- 
ronmental data matrix (independent set) in order to elu- 
cidate the relationships between biological assemblages 
of species and the environmental variables. This method 
evaluates and permits the visualization of the differential 

habitat preferences (niches) of taxa via an ordination 
diagram. CCA is an appropriate constrained ordination 
technique designed for the exploration of the correspond- 
dence between physical factors and species composition, 
which is less susceptible than other ordination methods 
to nonlinearities, because it explicitly assumes nonlinear 
responses (i.e., Gaussian) of species along environmental 
gradients [11,12]. Rare species were down-weighted and 
ordination axes were rescaled in order to produce a biplot 
of the species data matrix constrained by the environ- 
mental ordination. Inter-set correlations of this analysis 
were used to determine the environmental variables that 
were most important in determining species abundance 
[12]. 

Simple correlation analyses (r) were used to measure 
the degree of association between fish number and envi- 
ronmental variables [13]. A cross-correlation was used 
between two time-series variables, rainfall and fish num- 
bers, to determine whether one influences the other with 
a delayed effect (maximum number of lags considered = 
11). 

Finally, one-way analysis of variance (ANOVA) was 
employed to check for differences in fish number be- 
tween climatic seasons. Prior to the above analyses, abun- 
dance data were square-root transformed [14]. 

3. Results 

3.1. Overall Fish Composition 

In 72 samples, a total of 9108 individuals weighing 
30,297 g were caught, corresponding to 30 families and 
66 species of fish, most of them marine species, showing 
tropical and subtropical affinities. Only four were typical 
freshwater species: Oreochromis mossambicus (an in- 
troduced species), Fundulus grandis, Poecilia mexicana 
and Astyanax mexicanus (the latter three with n < 12). 

The most-represented families with respect to species 
number and abundance were: Engraulidae, Atherinopsi- 
dae, Sciaenidae, Ariidae, Gerreidae and Clupeidae. 

A simultaneous ordination of species and environ- 
mental matrices in CCA arranged the 66 fish species in 
terms of their abundance in the 72 samples collected 
during this study (Figure 1). The first two axes explained 
72.82% of the cumulative constrained variance in the 
species-environment bi-plot (axis 1, 51.82%; axis 2, 
21.00%). Also species-environment correlations were 
relatively high (0.717 and 0.628, for the first and second 
axes, respectively). According to inter-set correlations, 
for the first axis, salinity (0.521) and rainfall (–0.426) 
were the most important environmental variables acting 
on the structure of the fish community. For the second 
axis were turbidity (−0.431), depth (−0.367) and rainfall 
(0.222). Moreover, inter-set correlations showed the rela- 
tiv ly low importance of temperature in the structuring of  e    
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Figure 1. Canonical correspondence analysis bi-plot of the overall species and environmental variable data matrices. Length 
and direction of arrows indicate the relative importance and direction of change of environmental variables. The habitat 
preferences of the 20 most abundant species (n > 40) are indicated by the genera and species names initials, including (in 
abundance order): Anchoa mitchilli (Am), Membras martinica (Mm), Bairdiella chrysoura (Bc), Cathorops aguadulce (Ca), 
Diapterus auratus (Da), Lagodon rhomboides (Lr), Brevoortia gunteri (Bg), Gobionellus oceanicus (Go), Anchoa hepsetus (Ah), 
Mugil curema (Mc), Ariopsis felis (Af), Eucinostomus melanopterus (Em), Menidia beryllina (Mb), Strongylura notata (Sn), 
Cetengraulis edentulus (Ce), Oreochromis mossambicus (Om), Syngnathus scovelli (Ss), Strongylura marina (Sm), Citharichthys 
spilopterus (Cs) and Hyporhamphus unifasciatus (Hu).  
 
the fish community (axis 1, −0.004; axis 2, 0.220). 

These results reveal a main ordination gradient going 
from the first ordination quadrant (negative values on 
axis 1 and positive on axis 2) to the fourth quadrant 
(positive values on axis 1 and negative on axis 2), which 
is related to a rainfall-salinity gradient. Throughout this 
gradient are located the preferences of most species. An- 
other major trend, nearly perpendicular to the first one, 
extends from the third ordination quadrant (negative 
values on both axes) to the second quadrant (positive 
values on both axes), which is related to a turbidity and 
depth gradient. 

In this way, the species mainly influenced by freshwa- 
ter conditions are observed in the left end of the rain- 
fall-salinity gradient (O. mossambicus, Ariopsis felis, 
Hyporhamphus unifasciatus, Diapterus auratus, Anchoa 
mitchilli, Cetengraulis edentulus, Membras martinica 
and Cathorops aguadulce), whereas the right end con- 
tains species caught primarily when salinity was rela- 
tively high (Brevoortia gunteri, Lagodon rhomboides, 
Eucinostomus melanopterus, Gobionellus oceanicus, Me- 

nidia beryllina and Anchoa hepsetus). The area be- tween 
these two extremes included species also influ- enced by 
turbidity and depth (Citharichthys spilopterus, Bairdiella 
chrysoura, Mugil curema and A. mitchilli). 

3.2. Individual Effect of Each Environmental 
Variable 

According to the importance of environmental variables, 
it was evaluated la influence of each factor on the total 
fish number and the abundance of the most abundant 
species. In general, total fish number increased during 
the rainy season (July-October), but the correlation be- 
tween local rainfall and total fish abundance, was not 
significant (P > 0.4). However, seasonal fluctuations in 
total fish number were linked to preceding fluctuations 
(one month) in local rainfall (Figure 2(a)). Thus, the 
cross-correlation analysis showed that changes in month- 
ly mean numbers were positively correlated (r = 0.792, 
d.f. = 10, P = 0.025), with changes in mean rainfall for 
he previous month (delayed effect). t  



M. CASTILLO-RIVERA 314 

  
(a) 

(b) 

(c) 

 

Figure 2. Relationship between monthly mean number and mean monthly local rainfall in cm in Pueblo Viejo lagoon. Total 
fish number (a), Anchoa mitchilli (b) and Oreochromis mossambicus (c). Note delayed effect of rainfall (one month) on the 
number of individuals captured. 
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Similarly, although the abundance of A. mitchilli (the 

most abundant species), O. mossambicus and A. felis 
showed no significant direct correlation with rainfall (P’s 
> 0.18), seasonal fluctuations in the monthly means of 
these species were significantly correlated with preced- 
ing fluctuations (also by one month; Figure 2) in local 
rainfall (cross-correlations: r = 0.844, d.f. = 10, P = 0.019 
for A. mitchilli; r = 0.780, d.f. = 10, P = 0.027 for O. 
mossambicus; r = 0.726, d.f. = 10, P = 0.037 for A. felis). 

Other species exhibited a direct relationship with the 
local rainfall pattern. Thus, rainfall showed a significant 

positive correlation with M. martinica (r = 0.255, d.f. = 
70, P = 0.031; Figure 3(a)), D. auratus (r = 0.313, d.f. = 
70, P = 0.008; Figure 3(b)) and H. unifasciatus (r = 
0.325, d.f. = 70, P = 0.005). Furthermore, analyses of va- 
riance found that the abundance of D. auratus, A. felis, H. 
unifasciatus and C. spilopterus were consistently higher 
during the rainy season (F’s > 4.04; d.f. = 1/70, P’s > 
0.05). 

By contrast, there was a significant inverse correlation 
between rainfall and the abundance of B. gunteri (r = 
–0.261, d.f. = 70, P = 0.027; Figure 4(a)) and therefore, 

 
(a) 

(b) 

 

Figure 3. Direct relationship between monthly mean number and mean monthly local rainfall in cm in Pueblo Viejo lagoon. 
Membras martinica (a) and Diapterus auratus (b). 
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(a) 

(b) 

 

Figure 4. Inverse relationship between monthly mean number and mean monthly local rainfall in cm in Pueblo Viejo lagoon. 
Brevoortia gunteri (a) and Menidia beryllina (b). 
 
the abundance of this species was significantly higher 
during dry season (F = 4.74; d.f. = 1/70, P’s = 0.033). 
There was also a significant inverse correlation between 
rainfall and the abundance of M. beryllina (r = –0.246, 
d.f. = 70, P = 0.048; Figure 4(b)). 

Environmental variables influenced by local rainfall 
pattern also show relationship with the species abun- 
dance. Salinity was positively correlated with the abun- 
dance of B. gunteri (r = 0.361, d.f. = 70, P = 0.002) and A. 
hepsetus (r = 0.396, d.f. = 70, P < 0.001), and inversely 
correlated with D. auratus (r = –0.266, d.f. = 70, P = 
0.024). In addition, depth correlated significantly with A. 

mitchilli (r = 0.264, d.f. = 70, P = 0.025), B. chrysoura (r 
= 0.276, d.f. = 70, P = 0.019), C. spilopterus (r = 0.303, 
d.f. = 70, P = 0.009) and H. unifasciatus (r = 0.287, d.f. = 
70, P = 0.015). Finally, turbidity only correlated signifi- 
cantly with M. curema (r = - 0.263, d.f. = 70, P = 0.026). 

In this way, nine species showed some relationship 
with the local rainfall pattern, which accounted for 
68.91% of the total number of fish collected. In addition, 
three other species showed some relationship to envi- 
ronmental variables influenced by the rainfall regime 
(salinity, depth and turbidity) and these accounted for 
12.36% of the total fish number. 
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4. Discusion 

4.1. Overall Fish Composition 

Most of the species recorded in the present study are of 
marine origin [15], despite the fact that the system exhib- 
its a typically mesohaline condition and has restricted 
communication with the sea [8,9]. In this way, it is par- 
ticular interesting to note the low occurrence of typical 
freshwater species. 

The seasonal variation of fish species abundance in 
estuaries can be regulated, synergistically or individually, 
by fluctuations in environmental conditions [16-18]. 

In the present study, with respect to the ordination of 
CCA, the first two canonical axes explained 72.82% of 
the total constrained variance and showed relatively high 
correlations between species and environmental variables. 
From this analysis, the rainfall-salinity gradient was re- 
vealed to be the most important driving force in the sea- 
sonal variation of fish composition in the Pueblo Viejo 
lagoon. Likewise, salinity, depth and turbidity, related to 
seasonal variation in rainfall and freshwater inflow, also 
play an important role in affecting the abundance of 
species. Due to the large seasonal fluctuations in these 
factors, the relative composition of the fish fauna of the 
lagoon varies greatly throughout the year. 

Strong seasonal changes in the abundance of fish spe- 
cies are relatively common and some studies on fish 
communities in tropical and subtropical estuaries have 
related these changes with local rainfall patterns [9,18] 
and freshwater discharges [19-21]. Moreover, in many 
estuaries, abiotic factors such as turbidity and salinity 
have a significant effect on fish distribution, and the lev- 
els and ranges of these factors also can be largely deter- 
mined by the seasonal rainfall patterns [3,5,6,22]. 

Although temperature is often cited as a major factor 
affecting seasonal abundance of fish species in estuaries 
[1,16,23], in Pueblo Viejo lagoon, the negligible influ- 
ence of this factor over fish community structure is 
probably related to the warm conditions of this system 
and its predominately tropical ichthyofauna. Similarly, in 
other tropical and subtropical estuaries, temperature ef- 
fects have been considered minimal within normal sea- 
sonal ranges [24,25]. Indeed, in tropical estuaries with 
moderate seasonal temperature and solar radiation, tem- 
poral changes in rainfall seem to play an important role 
[9]. 

4.2. Individual Effect of Each Environmental 
Variable 

In relation to the influence of each environmental vari- 
able, in Pueblo Viejo Lagoon, the peak of total fish 
number in October was related to rainy season and in 
general, seasonal fluctuations in total fish abundance 

were linked to preceding rain fluctuations. Similar pat- 
tern was exhibited by the abundance of A. mitchilli (the 
most abundant species), O. mossambicus and A. felis 
(Figure 2). Thus, cross correlation indicated that the 
higher and lower values in local rainfall have a signifi- 
cant delayed effect (by one month) on greater and 
smaller catches in fish number. In addition, the rainfall 
showed a significant positive correlation with D. auratus 
and M. martinica, showing a direct influence on the 
abundance of these species (Figure 3). Also, the abun- 
dance of D. auratus, A. felis, H. unifasciatus and C. spi- 
lopterus were significantly higher during the rainy season 
(June to October). 

The association between the number of captured indi- 
viduals and the rainfall regime seems to be related to 
lagoon productivity. Rain increases river discharge and 
riverine freshwater runoff, and brings an increased amount 
of allochthonous organic matter and dissolved nutrients 
into the system [26]. In many littoral systems, the addi- 
tional nutrients facilitate grazer pathway (phytoplankton 
route) and the organic matter promotes detritus pathway 
(microbivore route) [27]. Both pathways enhance food 
availability during the wet season, which may contribute 
to an increase in fish abundance. The time lag between 
the grazer and detritus pathway stimulations and the in- 
crease in trophic resources on which fish feed may ac- 
count for the delayed rainfall effect on fish abundance. 

Indeed, feeding studies in Pueblo Viejo have shown 
that A. mitchilli, A. felis, D. auratus, M. martinica and C. 
spilopterus feed more intensively during the rainy season 
(July to October), being the detritus an important food 
resource in their diet in this period [28-30]. As noted, 
seasonal fluctuations in species abundance can be closely 
associated with seasonal food availability [31]. 

Conversely, species that feed on plankton such as B. 
gunteri and M. beryllina show an inverse correlation with 
rainfall. Although, the high occurrence of these species 
during March (dry season) has been related to trophic 
response associated to pulses of plankton in Pueblo Viejo 
lagoon [10], it was evident that these species are infre-
quent at months with mean rainfall greater to 50 cm (Fig- 
ure 4). 

Finally, other environmental variables (also influenced 
by rainfall regime) showed a relationship with three more 
species. Salinity and depth correlated positively with A. 
hepsetus and B. chrysoura (respectively), whereas tur- 
bidity correlated inversely with M. curema. Thus, the 12 
species mentioned above showed some relationship with 
local rainfall, which accounted for 81.27% of the total 
number of fish collected. 

Although it is difficult for many species to separate the 
relative importance of physiological tolerances and bio- 
logical functions such as trophic responses, the results 
suggest that rainfall, and probably its associated influ- 
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ence on availability of food, is a primary factor govern- 
ing seasonal variation in species abundance of Pueblo 
Viejo lagoon. 
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