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Abstract: Composition and abundance of the ichthyofauna in estuarine and coastal lagoon systems of the South 
Pacific in Mexico have been scarcely studied. In particular, there is a lack of information on how environmental 
variables determine the spatio-temporal structure of fish assemblages in those habitats. In this study, fishes were 
sampled by drop net during twelve months (May 2004 - April 2005) in 22 sites distributed along the Carretas-
Pereyra lagoon, located in the Biosphere Reserve La Encrucijada, Chiapas, Mexico. We recorded 11 797 indi-
viduals (40 species, in 30 genera and 21 families). Dormitator latifrons was the most dominant species in terms 
of the Importance Value index, IV (23.05 %), followed by Lile gracilis (10.31 %), Poecilia sphenops (8.60 %) 
and Poecilia butleri (7.30 %). D. latifrons also accounted for more than one half of the total biomass (50.14 %). 
Species richness and Shannon-Wiener’s diversity indexes showed similar temporal fluctuations, reaching their 
highest values during the dry season. The system evidenced temporal variations in salinity, having observed 
four different regimes: freshwater, oligohaline, mesohaline and polyhaline. Mean richness and diversity indexes 
achieved their highest values during the mesohaline period. On the other hand, mean abundances (CPUE) were 
highest during the freshwater period. Canonical correspondence analysis (CCA) indicated that salinity and 
temperature were the most important environmental parameters affecting associations of fishes in terms of their 
abundances. Correlation analyses revealed that among the environmental variables measured in this study, trans-
parency showed the most significant negative correlation with fish richness and Shannon-Wiener’s diversity 
index. At a local scale, results suggest that spatial and temporal distribution of fish assemblages are determined 
by differences in the regimes of salinity and transparency, primarily driven by freshwater input from rivers. Rev. 
Biol. Trop. 56 (2): 557-574. Epub 2008 June 30.

Key words: fish assemblages, coastal lagoon, spatio-temporal variation, species diversity, environmental fac-
tors, La Encrucijada Biosphere Reserve, Chiapas.

Estuaries and coastal lagoons are transition 
zones located between the sea and freshwater 
sources, in which populations of marine and 
freshwater fish species coexist. Fishes inhabit 
these biotopes either permanently, cyclically 
or occasionally, making use of the changing 
environmental conditions. Accordingly, many 
of these species possess unique physiological 
adaptations, allowing them to tolerate extreme 
environmental changes occurring in those 

ecosystems (McHugh 1985, Day and Yáñez-
Arancibia 1985, Claridge et al. 1986, Shih-Rong 
et al. 1999). Estuaries and coastal lagoons are 
characterized by low fish diversities but high 
abundances for some species, especially from 
the juvenile age groups (Whitfield 1999).

There are, in general, several approaches to 
understand biological richness and biodiversity 
in estuaries and coastal zones, with differences 
between approaches related to variation in 
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scale. At biogeographical levels, explanations 
are sought on processes determining coastal 
diversity (Ray 1991), while at regional levels, 
explanations are about similarities or differenc-
es between habitat systems (and, consequently, 
the ecological processes shaping them), on the 
basis of analyses of fish assemblages (Madrid 
et al. 1998, Whitfield 1999, Raz-Guzmán and 
Huidobro 2002, Espino-Barr et al. 2002).

At local levels, research has been done 
to explain how fish assemble depend on envi-
ronmental variables (Blaber and Blaber 1980, 
Gelwick et al. 2001, Ostrand and Wilde 2001, 
Travers and Potter 2002, Vega-Cendejas and 
Hernández 2004), or according to their relation 
to mangrove habitats (Blaber and Milton 1990, 
Vega-Cendejas 1998, Ley et al. 1999, Shih-
Rong et al. 1999) or, in general, as a function 
of spatial and temporal variations (Araujo et al. 
1998, Hagan and Able 2003, Cabral-Solis and 
Espino-Barr 2004). 

A lagoon system suitable to study fish 
assemblages is Carretas-Pereyra, located in 
the Biosphere Reserve “La Encrucijada”, 
comprising one of the terrestrial and marine 
regions for conservation priority, as estab-
lished by the Mexican Federal Government 
(Arriaga et al. 1998, 2000). Carretas-Pereyra 
is also a RAMSAR site (No. 815) attested by 
the Convention of Wetlands of International 
Relevance, as well as one of the Mexican areas 
for bird conservation (AICAS of México) 
(Benitez et al. 1999), due to its high diversity, 
and for holding the most conserved coastal 
wetland in Mexico. The Carretas-Pereyra is 
considered a high valued ecosystem, provid-
ing important biological resources for small-
scale fisheries. These fisheries are basically 
oriented to capture and commercializing white 
shrimp (Litopenaeus vannamei) and, in a lower 
scale, some fish species like mullets (Mugil 
curema, M. cephalus), snooks (Centropomus 
robalito, C. nigrescens) and freshwater mojar-
ras (Cichlasoma trimaculatum, Amphilophus 
macracanthus). Despite fishes constitute a fun-
damental component in the structure and func-
tion of these ecosystems, the only documented 
studies in this region of the Mexican South 

Pacific deal with general descriptions of fish 
richness (Chávez 1979, Castro-Aguirre 1982, 
Tapia-García et al. 1998, Díaz-Ruiz et al. 
2004). Little is known about patterns between 
fish assemblages and environmental variables, 
or how these variables determine the spatial 
and temporal structure of fish assemblages in 
those habitats; therefore, the purpose of this 
study is to investigate the influence of environ-
mental parameters on the spatial and temporal 
variation of fish assemblages in the coastal 
lagoon Carretas-Pereyra.

MATERIALS AND METHODS

Study area: the Carretas-Pereyra lagoon is 
located south of the state of Chiapas, Mexico, 
in the Biosphere Reserve ‘La Encrucijada’. 
The study area is characterized by large exten-
sions of mangrove vegetation: white mangrove 
(Laguncularia racemosa) and red mangrove 
(Rizophora mangle) as the dominant species, as 
well as remarkable refuges of median rain forest, 
and the unique flooding community of “zap-
atón” (Pachira acuatica) (Anónimo 1999).

Carretas-Pereyra is a small (3 696 ha) 
and warm (29-33 °C) tropical lagoon that con-
sists of several shallow lagoon bodies named 
Pereyra, Carretas, Bobo and Buenavista, and an 
estuarine channel known as El Palmarcito (Fig. 
1). Freshwater inputs are Coapa, Pijijiapan, El 
Bobo and Margaritas rivers flowing into this 
complex lagoon system. From a hydrological 
point of view it behaves as a freshwater lagoon 
one half of the year and as an estuarine lagoon 
the rest of the time (Contreras 1993).

Sampling design: fish assemblages were 
sampled every month between May 2004 and 
April 2005 at 22 sites distributed along the 
Carretas-Pereyra lagoon (Fig. 1). Localities 
were referenced with a GPS (Magellan, Blazer 
12), aiming to include the various habitat types 
as lagoon, estuarine and inter-lagoon channel. 
It was also taken into account the presence and 
absence of riparian vegetation (essentially R. 
mangle forest and L. racemosa).
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Fishes were captured using a drop net (4 
m of diameter and 1.5 cm stretched mesh). Ten 
casts per sampling site were executed, after 
confirming empirically that with this number 
of casts, the asymptote in the species accumu-
lation curve had been reached. Specimens were 
preserved in 15 % formaldehyde. Samples 
were classified in the laboratory and fishes 
were identified to species level; each fish was 
counted, measured (SL to nearest 0.1 cm) and 
weighed (W nearest 0.1 g). The identified mate-
rial was deposited in the regional collection of 
fishes of the Universidad de Ciencias y Artes 
de Chiapas (MzUNICACH). Before each cast, 
the following parameters were measured, using 
a multi-parameter portable meter (Chekmate 
II system): depth (to the nearest 0.1cm), trans-
parency (Secchi’s depth in cm), temperature 
(°C), dissolved oxygen (DO, mg/l), total dis-
solved solids (TDS, mg/l), and pH. Salinity 

was measured using a conductivity measur-
ing device (HACH, sension5). Fish species 
taxonomic status was determined considering 
Nelson (1994) and the recent on-line version of 
Eschmeyer (1998).

Statistical analysis: numerical abundance 
for each species was expressed as CPUE 
(number of individuals captured per ten seine 
casts). Environmental variables, species com-
position and structure of fish assemblages were 
analysed monthly, seasonally, per site, and 
salinity regime. Descriptors of species diversity 
considered for these analyses were: richness 
(S), numerical abundance (CPUE transformed 
into log +1) and Shannon-Wiener diversity 
index (H’ base e, used as a measure of het-
erogeneity of species composition) (Magurran 
1988); comparisons between these variables 
were done by univariate Two-Way ANOVAs. 

Fig. 1. Study area showing the sampling sites (1-22) in the coastal lagoon system Carretas-Pereyra, Chiapas, Mexico.
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Prior to all analyses of variance, assessment 
of the assumptions of normality (Kolmogorov-
Smirnov test) and homogeneity of variances 
(Cochran’s test) were performed for all the 
descriptors; variables not fulfilling any of 
these assumptions, yet being transformed with 
different functions, were tested by nonpara-
metric analysis of variance (Kruskal-Wallis) 
(Sokal and Rohlf 1998). Also the “Importance 
Value” index (IV) was used as a dominance 
measure, in terms of the relative density (RD), 
frequency (RF) and biomass (RB) for each spe-
cies (IV=RD+RF+RB) (Brower and Zar 1977). 
IV values range between 0 and 3.0 (300 %) but 
they are usually divided by three (referred as 
the importance percentages) in order to give an 
overall estimate of the influence of a fish spe-
cies in the assemblage. Spearman’s correlation 
coefficient was used to examine the simple lin-
ear association among environmental variables 
and CPUE, richness and diversity (H’).

Hydrological relationships (temporal 
variation) were defined as functions of plu-
vial precipitation: rain (May-October) and 
dry (November-April) seasons, respectively 
(Anonymous 1999). Salinity regimes were 
established using Venice’s classification system 
with some slight modifications: Freshwater (0 
to <0.5), oligohaline (0.5 to <5.0), mesohaline 
(5.0 to <18.0) and polyhaline (18 to 30.0) 
(Paperno and Brodie 2004). Morisita-Horn 
Index (Wolda 1981) was used as an appropri-
ate measure of similarity between sites accord-
ing to the mean salinity and the unweight 
pair group average method (UPGMA) was 
considered for clustering similar group stations 
(Krebs 1989).

Species abundances in terms of CPUE (log 
(CPU+1)), and their relation to environmental 
variables (pH, salinity, DO, TDS, transparency 
and depth), were analyzed using Canonical 
Correspondence Analysis (CCA). This ordina-
tion method sought to detect patterns of species 
associations directly related to environmental 
variables (ter Braak and Verdonschot 1995). In 
order to reduce the effect of rare species, only 
species with CPUE >1 % of the total abun-
dance (% N) were considered for CCA.

RESULTS

Environmental variation: during the 
study period, water temperature varied from 
23.4 °C (January 2005 at site 3) to 36.8 °C 
(August 2004 at site 15). The lowest mean tem-
perature recorded in the study was in January 
(26.87 °C, SD=1.94), while the highest mean 
temperature was reached in August (33.34 
°C, SD=1.67). Seasonally, temperature in the 
rainy season (May-October) was significantly 
higher than in the dry season (November-April) 
(F=22.24, p<0.0001). Spatially, this param-
eter showed less variation, from an average 
of 29.45 °C (SD=1.94) for site 8 to 31.84 °C 
(SD=2.12) for Site 15; in fact, temperature 
was not significantly different between sites 
(F=0.95, p=0.520) (Fig. 2A).

From a hydrological point of view, the 
system ranged from freshwater conditions 
(October 2004, sites 5, 6, 20, 21 and 22) to 
a high saline condition (April 2005 at site 18, 
mean salinity=32.8). The lowest mean salinity 
was recorded in October (0.39, SD=0.59) and 
the highest in April (29.27, SD=2.13); season-
ally, mean salinity was significantly higher in 
the dry season than in the rainy season (F=63.1, 
p<0.0001). Spatially, this parameter did not 
show a definite gradient; however, there were 
some areas more influenced by freshwater 
conditions (stations 8,9,10, 11 and 21, 22) 
and zones more similar to marine conditions 
(stations 14,15,16,17 and 18). Salinity aver-
aged from 5.65 (SD=8.09) (station 8) to 18.6 
(SD=11.69) (station 15), however these differ-
ences were not significant (F=1.49, p=0.082) 
(Fig. 2B).Cluster analysis on mean salinity 
indicated an spatial homogeneous behaviour 
for the salinity with a high similarity between 
sampling sites (>85 %) (Fig. 3). 

Concentration of dissolved oxygen oscil-
lated between 0.46 mg/l (May 2004, site 12) and 
11.84 mg/l (November 2004, site 2). The lowest 
mean DO was registered in October (2.17 mg/l, 
SD=0.26) while the highest mean was found 
in November (4.82 mg/l, SD=0.59). Mean DO 
was significantly higher in the dry season than 
in the rainy season (Kruskal-Wallis’ H=25.69, 
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p<0.0001). Spatially, this was the most het-
erogeneous parameter, leading to significant 
differences between sites (Kruskal-Wallis’ 
H=50.22, p<0.0001), with mean DO varying 
from 1.14 mg/l (SD=0.68) (station 8) to 5.29 
mg/l (SD=2.77) (station 1) (Fig. 2B).

TDS fluctuated from 0.1 g/l (October 2004, 
site 1) to 28.10 g/l (November 2004, site 22), 
with the lowest value occurring in October 
(mean=0.60 g/l, SD=0.59) and the highest in 

April (mean=22.41 g/l, SD=1.50). Seasonally, 
TDS was significantly higher during the dry sea-
son (mean=13.11; SD=8.55) than in the rain sea-
son (mean=5.06, SD=6.84) (F=91.27, p<0.0001). 
Spatially, mean values for this parameter varied 
from 4.81 g/l (SD=6.72) (site 8) to 15.36 g/L 
(SD=10.25) (site 14), but these differences were 
not significant (F=1.71, p>0.05) (Fig. 2B).

Water pH varied from 5.90 (June 2004, site 
22) to 10.95 (August 2004, site 21). The lowest 
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Fig. 2 A. Temporal and spatial variation of Carretas-Pereyra lagoon system (May 04-April 05). Physical parameters: water 
temperature, depth, water clarity.



562 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 56 (2): 557-574, June 2008

35

30

25

20

15

10

5

0

-5

Sa
lin

ity
B

May Jun Jul Ago Sep Oct Nov Dec Ene Feb Mar Abr

9

7

5

3

1

-1

D
O

 (m
g/

l)

May Jun Jul Ago Sep Oct Nov Dec Ene Feb Mar Abr

9.2

8.8

8.4

8.0

7.6

7.2

6.8

6.4

6.0

pH

May Jun Jul Ago Sep Oct Nov Dec Ene Feb Mar Abr

30

24

18

12

6

0

-6

TD
S 

(m
g/

l)
35

30

25

20

15

10

5

0

-5

Sa
lin

ity

11

9

7

5

3

1

-1

D
O

 (m
g/

l)
pH

TD
S 

(m
g/

l)

May Jun Jul Ago Sep Oct Nov Dec Ene Feb Mar Abr

Months Sites

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

10.0

9.5

9.0

8.5

8.0

7.5

7.0

6.5

6.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

35

30

25

20

15

10

5

0

-5
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Fig. 2 B. Temporal and spatial variation of Carretas-Pereyra lagoon system (May 04-April 05). Chemical parameters: salin-
ity, dissolved oxygen (DO), pH, total dissolved solids (TDS). Graphs show mean values (dashes), ±1 SD (open boxes) and 
±1 SE (vertical lines).



563Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 56 (2): 557-574, June 2008

mean pH was recorded in July (7.03, SD=0.47), 
while the highest occurred in November and 
January (8.08, SD=0.87). Seasonally, mean pH 
was significantly higher (F=101.44, p<0.0001) 
in the dry season (7.837, SD=0.648) than in the 
rainy season (7.21, SD=0.668). Spatially, the 
mean pH varied from 6.83 (SD=0.37) (station 
8) to 8.94 (SD=0.64) (station 3), producing 
significant differences between sampling sites 
(F=9.89, p<0.0001) (Fig. 2B).

Water transparency varied from 8 cm 
(September 2004, site 22) to 170 cm (September 
2004, site 5), with the lowest mean regis-
tered in June (30.43 cm, SD=12.54) and the 
highest in September (69.82 cm, SD=34.41). 
Seasonally, transparency had a mean of 54.68 
cm (SD=28.42) in the dry season and 58.75 cm 
(SD=29.64) in the rainy season, without any 
significant difference (F=1.32, p=0.252). This 
parameter showed higher spatial variation than 
seasonal variation, as the mean transparency 

varied from 31.92 cm (SD=14.82) (station 10) 
to 96.75 cm (SD=50.82) (station 14), produc-
ing significant differences between sampling 
stations (F=6.918, p<0.0001) (Fig. 2A).

Water depth varied from 0.13 m (March 
2005, site 15) to 2.89 m (September 2004, site 
7). The smallest mean depth was recorded in 
March (0.58 m, SD=0.38), and the largest was 
found in July (1.18 m, SD=0.47). Depth in 
the rain season (mean=1.083, SD=0.609) was 
significantly larger (F=39.95, p<0.0001) than 
in the dry season (mean=0.769, SD=0.453). 
Spatially, this parameter showed a wide range 
of variation, from 0.40 m (SD=0.20) (site 15) 
to 1.49 m (SD=0.22) (site 14), originating 
significant differences between sampling sites 
(F=10.65, p<0.0001) (Fig. 2A).

Composition of fish assemblages: a 
total of 11 797 fish specimens were collected, 
belonging to 40 species, representatives of 30 

Fig. 3. Cluster analysis by UPGMA considering the annual mean salinity for each sampling site in the Carretas-Pereyra 
lagoon system. See figure 1 for site numbers.
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genera and 21 families (Table 1). Although 
fish assemblage was structured by relatively 
many species, few dominant ones were found. 
Dormitator latifrons was the most abundant 
species (14.08 %), followed by Lile gracilis 
(16.65 %), Poecilia sphenops (14.72 %) and 
P. butleri (14.55 %); only one species, D. 
latifrons, contributed with an amount as large 
as 50.14 % of the total biomass (Table 1). All 
these four species jointly with Amphilophus 
macracanthus, Atherinella guatemalensis y 
Centropomus robalito added together an IV of 
63.13 % (Fig. 4). Fifty-five percent of the 40 
collected species correspond to a eurihaline 
marine component, followed by a secondary 
freshwater component (17.5 %), estuarine resi-
dents (15 %), stenohaline marine (7.5 %), and 
finally, primary freshwater (5 %).

Spatial and temporal variation in species 
richness and diversity: species richness, rang-
ing from 0 to 16 in the study area, yielded tem-
poral significant differences (Kruskal-Wallis 
H=31.57, p=0.0007); the lowest mean richness 
was recorded in August (1.82, SE=0.36) and the 
highest was found in January (5.32, SE=0.80) 
(Fig. 5). Furthermore, richness was signifi-
cantly larger in the dry season (mean=3.71, 
SE=0.25) than in the rainy season (mean=2.72, 

SE=0.19) (Kruskal-Wallis H=7.05, p=0.007). 
Significant differences between sites were also 
found for the mean species richness (Kruskal-
Wallis H=76.12, p<0.0001); the largest and 
the lowest means were found in sites 12 (6.58, 
SE=1.17) and 6 (1.25, SE=0.41), respectively 
(Fig. 5).

Shannon-Wiener’s diversity index showed 
a pattern similar to that found for species 
richness (Fig. 5), varying from 0 (for a num-
ber of sites in July, August and September) to 
1.8 (sites 12 and 18, in September and March, 
respectively), with significantly different 
mean values between months (Kruskal-Wallis 
H=31.85, p=0.0006) and seasons; Shannon-
Wiener’s index was higher in the dry season 
(mean=0.72, SE=0.05) than during the rainy 
season (mean=0.58, SE=0.05). There were 
also spatial differences in the mean Shannon-
Wiener’s index of diversity (Kruskal-Wallis 
H=66.83, p=<0.0001), the largest mean being 
1.1 at site 12, while the lowest estimated as 
0.17 for site 6 (Fig. 5). Shannon-Wiener’s 
diversity index was positively correlated to 
species richness (r=0.88, p<0.0001), dis-
solved oxygen content (r=0.16, p<0.001), 
and pH (r=0.15, p<0.05), but negatively 
correlated to water transparency (r=-0.23, 
p<0.001).

Fig. 4. Dominant fish species collected at Carretas-Pereyra lagoon system, ranked by their Importance Value (IV).
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TABLE 1
Importance Value Index (IV) of the ichthyofauna recorded in the lagunar system Carretas-Pereyra in Chiapas México

Family Scientific name % N % F % W IVI

Eleotridae Dormitator latifrons 14.08 4.92 50.14 23.05

Clupeidae Lile gracilis 16.65 6.46 7.82 10.31

Poecilidae Poecilia sphenops 14.72 2.15 8.92 8.60

Poecilidae Poecilia butleri 14.55 3.69 3.67 7.30

Cichlidae Amphilophus macracanthus 4.20 4.92 5.45 4.86

Atherinopsidae Atherinella guatemalensis 6.65 4.62 2.32 4.53

Centropomidae Centropomus robalito 4.82 5.85 2.79 4.49

Mugilidae Mugil curema 2.24 4.62 4.80 3.88

Gerreidae Diapterus peruvianus 3.48 5.54 1.83 3.61

Eleotridae Gobiomorus maculatus 2.48 5.54 2.33 3.45

Cichlidae Cichlasoma trimaculatum 2.39 4.92 1.46 2.93

Characidae Astyanax aeneus 2.45 3.69 1.30 2.48

Poeciliidae Poeciliopsis fasciata 3.79 3.38 0.07 2.42

Gobiidae Gobionellus microdon 0.86 5.54 0.72 2.38

Engraulidae Anchoa lucida 1.35 4.62 0.69 2.22

Aridae Ariopsis guatemalensis 1.20 4.31 0.70 2.07

Gerreidae Eucinostomus currani 0.53 3.08 0.44 1.35

Clupeidae Lile nigrofasciata 0.62 2.46 0.42 1.17

Achiridae Achirus mazatlanus 0.50 2.77 0.09 1.12

Engraulidae Anchovia macrolepidota 0.65 2.15 0.47 1.09

Aridae Cathorops fuerthi 0.59 2.15 0.39 1.05

Carangidae Oligoplites saurus 0.08 1.54 0.12 0.58

Carangidae Oligoplites altus 0.14 1.23 0.28 0.55

Ariidae Ariopsis seemani 0.08 1.23 0.18 0.50

Carangidae Caranx caninus 0.10 0.92 0.45 0.49

Lutjanidae Lutjanus argentiventris 0.05 0.92 0.22 0.40

Centropomidae Centropomus nigrescens 0.04 0.92 0.20 0.39

Mugilidae Mugil cephalus 0.04 0.92 0.20 0.39

Gerreidae Gerres cinereus 0.03 0.62 0.41 0.35

Paralichthydae Citharichthys gilberti 0.19 0.62 0.12 0.31

Mugilidae Mugil hospes  0.02 0.62 0.26 0.30

Cichlidae Oreochromis niloticus 0.01 0.31 0.41 0.24

Centropomidae Centropomus medius 0.03 0.62 0.05 0.23

Poeciliidae Poeciliopsis turrubarensis 0.29 0.31 0.09 0.23

Elopidae Elops affinis 0.02 0.31 0.17 0.16

Engraulidae Anchoa curta 0.03 0.31 0.01 0.12

Characidae Roeboides bouchellei 0.02 0.31 0.00 0.11

Haemulidae Pomadasys macracanthus 0.01 0.31 0.01 0.11

Tetraodontidae Sphoeroides annulatus 0.01 0.31 0.01 0.11

Gobiidae Awaous banana 0.01 0.31 0.00 0.11

Percentages of the total number of specimens (11,797) (% N), of the total weight (8, 6378.29 g) (% W) and frequency (22 
sites) (% F)
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Variation of richness, species heteroge-
neity and abundance by salinity regime: the 
lowest mean species richness were observed 
during the oligohaline (July, August, September 
and November) and polyhaline (March, April 
and May) periods, increasing during the 
freshwater regime (October), and reaching its 
highest value during the mesohaline period 
(June, December, January and February); these 

observed differences were statistically sig-
nificant (Kruskal-Wallis H=7.70, p=0.0490). 
The mesohaline period allows more chances 
of interaction of freshwater fish species (P. 
sphenops, P. butleri and A. macracanthus) with 
marine fish species (C. robalito, M. curema and 
A. guatemalensis), and with typically estuarine 
species (D. latifrons, A. guatemalensis). A 
similar pattern was found for the heterogeneity 

Fig. 5. Temporal and spatial variations in mean fish species richness (S) and mean Shannon-Wiener’s diversity index (H’) 
at Carretas-Pereyra lagoon system (bars ±1 SE).
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of species composition measured by Shannon-
Wiener’s index, which attained its highest 
value in the mesohaline period (Kruskal-Wallis 
H=9.32, p=0.0232) (Fig. 6).

Contrary to patterns found for richness and 
Shannon-Wiener’s index, the mean abundance 
(CPUE) achieved its highest value during 
the freshwater period (Kruskal-Wallis H=9.72, 
p=0.0208) (Fig. 7), which was influenced by 
three dominant freshwater species (P. sphenops, 

P. butleri and A. macracanthus) and three 
estuarine species (D. latifrons, L. gracilis and 
A. guatemalensis) (Fig. 4).

Spatial and temporal variation in abun-
dance: mean monthly abundance (CPUE) var-
ied from 12.36 (SE=3.53) in August to 94.18 
(SE=55.82) during March, having observed sig-
nificant differences between months (Kruskal-
Wallis H=30.96, p=0.0011) (Fig. 8) and seasons 

Fig. 6. Mean species richness (S) and mean Shannon-Wiener’s diversity index (H’) for each salinity regime found at 
Carretas-Pereyra lagoon system (bars ±1 SE).
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(Kruskal-Wallis H=4.48, p=0.0341); in the dry 
season (mean=59.96, SE=12.38) abundance was 
higher than in the rainy season (mean=31.33, 
SE=7.43). High abundances observed during 
October-November were ascribed to abun-
dance peaks of D. latifrons and P. butleri, while 
L. gracilis and P. sphenops contributed to the 
peak observed during March. In the January-
February period, A. guatemalensis, Astianax 

aeneus, D. latifrons, L. gracilis, P. butleri  and 
P. sphenops accounted for the highest abun-
dance. In December, P. butleri and L. gracilis 
contributed with more than 50 % of CPUE.

The mean abundance was spatially dif-
ferent (Kruskal-Wallis H=59.52, p<0.0001), 
the highest attained at site 8 (220.25) and the 
lowest at site 17 (3.75) (Fig. 8). The large 
number of fishes sampled at site 8 was caused 

Fig. 8. Temporal and spatial variations in mean abundance (CPUE) of fishes at Carretas-Pereyra lagoon system (bars ±1 SE).
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by the high abundance of two freshwater spe-
cies, P. sphenops y A. aeneus, which jointly 
accounted for 73 % of the CPUE. Total abun-
dance was positively correlated to species 
richness (r=0.77, p<0.0001), and had weak 
positive linear associations to dissolved oxygen 
(r=0.14, p<0.05) and pH (r=0.15, p<0.05); on 
the other hand, total abundance was weakly and 
inversely correlated to transparency (r=-0.18, 
p<0.05).

Canonical Correspondence Analysis: 
associations between environmental variables 
and the most abundant species are displayed 
in Fig. 9. The length of the vector for each 
environmental variable shown in the CCA 
diagram indicates its importance for explaining 
a species–environment association and species 
closer to the vector or to other species points 
are strongly related (ter Braak and Verdonschot 
1995). CCA identified salinity and tempera-
ture as the most important physical factor that 
determine the composition and distribution of 
fishes in the study area. The first two ordina-
tion axis, with eigenvalues 0.16 (CC1) and 0.08 
(CC2), accounted for 32.13 % of the total vari-
ance of the relationship species-environment. 
Most of the species in the centre of the CCA 

diagram are euritopic, and only the marine 
eurihaline species, Diapterus peruvianus and 
Centropomus robalito, implied a strong rela-
tion to the total dissolved solids, while Anchoa 
lucida and Lile gracilis were associated to 
salinity (Fig. 9).

DISCUSSION

In contrast to temperate zones with clear-
ly defined warm and cold seasons, most of 
the water bodies in tropical and subtropical 
regions shows two distinguishable seasons, 
dry and rainy (Piet 1998). In the majority of 
tropical water bodies, these seasonal changes 
are responsible of environmental variations, 
producing direct impacts on the water levels 
that affect resource availability such as food, 
space and spawning areas (Kalk et al. 1979). 
Hydrodynamics in estuaries and lagoons are 
strongly affected by entries of marine water 
and by inflow of freshwater from rivers, influ-
encing biotic and physico-chemical habitat 
characteristics (Cyrrus and Blaber 1992). The 
Carretas-Pereyra system is influenced by entry 
of brackish water from the Gulf of Tehuantepec 
and by inflow of freshwater from several local 
rivers (Díaz-Ruiz et al. 2004). Our findings 
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point out that freshwater from rivers cause 
temporal changes in most of the abiotic param-
eters in the lagoon, particularly on the salinity 
regimes, transforming it into an eurihaline sys-
tem. Nevertheless, these changes occur only 
temporally and not spatially. As far as levels 
of salinity are concerned, the lagoon system is 
homogeneous, regardless of the complexity of 
its structure; this means that no apparent salin-
ity gradient is present in the system. Cluster 
analysis carried out according to the mean 
salinity for all sites revealed a higher similarity 
than 80 % among them (Fig. 3).

Low fish diversity values, but high fish 
abundances (mainly juveniles) are the main 
characteristics of estuaries and coastal lagoons 
(Whitfield 1999). There are several factors that 
may influence the structure of fish assemblages 
in such systems. Our analyses revealed that 
salinity and temperature are the major abiotic 
parameters driving the structure of fish assem-
blages in the system Carretas-Pereyra (Fig. 9). 
This is shown on a temporal basis, where salin-
ity changes are noticeable; thus, in the meso-
haline regime occurring at the beginning of the 
dry season (December–January), intermediate 
abundance, high richness and high species 
heterogeneity were found. On the other hand, 
in the polyhaline and oligohaline regimes, 
both species heterogeneity and species rich-
ness were low. In contrast, during the fresh-
water regime (October), abundance, richness 
and Shannon-Wiener’s diversity all attained 
high values: marine species leave the system 
and it is invaded by freshwater fishes (e.g., 
Atractosteus tropicus, Roeboides bouchellei, 
A. aeneus. P. sphenops, Poeciliopsis fasciata) 
coexisting with estuarine species (D. latifrons, 
A. guatemalensis, L. gracilis).

At a spatial level, salinity plays a second-
ary role, and both species heterogeneity and 
richness seem to be associated predominantly 
to variations in water transparency.  In sites 8, 
9, 10 and 12, located in the south-eastern por-
tion of the lagoon, we found the highest values 
of species richness and Shannon-Wiener’s spe-
cies heterogeneity, and intermediate abundance 
values (Fig. 1 and Fig. 5); these sites are 

distinguished by their low transparency water. 
Just the opposite happened at sites 5, 6 and 
7: these sites had the lowest values of species 
heterogeneity and richness, and the highest val-
ues of transparency. Poor transparency is one 
of the attributes of turbidity, which has been 
cited as one factor that favours the survival of 
estuarine fishes (Whitfield 1999). Turbidity 
gradients between the sea and adjacent estu-
aries provide orientation for the entrance of 
juvenile fishes that migrate toward the lagoons 
and estuaries (Blaber 1997). Correlation analy-
ses revealed that among the environmental 
variables measured in this study, transparency 
showed the most significant negative correla-
tion with Shannon-Wiener’s species diversity. 
This result agrees with those found in research 
reports for other lagoon and estuaries (Cyrrus 
and Blaber 1992, Akin et al. 2005).

This study shows also that diversity of 
the system Carretas-Pereyra is relatively low, 
given the high dominance of some particular 
species (e.g., D. latifrons, L. gracilis), which 
exhibit a broad tolerance to fluctuations of 
abiotic conditions. The structure of fish assem-
blage consisted of approximately the same 
ecological groups that are common to the 
estuaries of the Mexican Pacific (Chávez 1979, 
Yáñez-Arancibia 1978, Castro-Aguirre 1982, 
Tapia-García et al. 1998, Castro-Aguirre et al. 
1999, Díaz-Ruiz et al. 2004, Cabral-Solis and 
Espino-Barr 2004). However an outstanding 
fact of this system is the importance of fresh-
water species, representing the second group in 
number of species (22.5 %), due to the contri-
bution of inflowing freshwater of rivers drain-
ing to the lagoon; in those rivers, the presence 
of 21 species has been documented (Corona 
2005), many of which penetrate to the lagoon. 
Marine species were broadly distributed in 
the area, and their number was greater than of 
estuarine resident fishes; however, these were 
much more dominant than marine species, 
both in abundance and in biomass, a similar 
pattern found for other lagoons and estuaries 
(Whitfield 1999, Ley et al. 1999, Akin et al. 
2005). The number of species registered in 
the lagoon Carretas-Pereyra is higher than the 
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40 species documented in this study; Villatoro 
(2006) documented 55 species using other sam-
pling methods, in addition to the use of drop net 
(gill nets, fishhooks, long seine). In this respect, 
comparisons in species richness between the 
estuaries and lagoons are difficult, due to dif-
ferences in sampling methods (fishing gears, 
sampling effort and temporality), geographical 
variations (Kneib 1997) and size of lagoons 
(Pérez-Hernández and Torrez-Orozco 2000). 
Species richness of Carretas-Pereyra lagoon 
is low, compared to the lagoon systems in the 
Gulf of Mexico and the Caribbean Sea, includ-
ing the Terminos lagoon (107 species) (Ayala-
Pérez et al. 2003), Tampamachoco lagoon 
(179) (Pérez-Hernández and Torrez-Orozco 
2000), Tamiahua lagoon (112) (Franco-López 
and Chávez-López 1992), Laguna Madre (84), 
Río Lagartos lagoon (81) (Vega-Cendejas and 
Hernández  2004). However, species richness 
of Carretas-Pereyra lagoon is very similar to 
the lagoons of the Mexican Pacific, like the 
Oriental-Ocidental lagoon (72 species) (Chávez 
1979), the Mar Muerto lagoon (66) (Tapia-
García et al. 1998), the Huizache-Caimanero 
lagoon (60) (Amezcua-Linares 1977), the 
Teacapan-Agua Brava lagoon (76) (Álvarez et 
al. 1986), Cuyutlán lagoon (33) (Cabral-Solis 
and Espino-Barr 2004), Chantuto-Panzacola 
lagoon (31) (Díaz-Ruiz et al. 2004).

Coastal lagoons, as transition areas, are 
important components of the coastal areas, 
and play a preponderant role in the life cycle 
of many species. The lagoon system Carretas-
Pereyra is one of the three biggest lagoon 
systems of Chiapas’ coastline; although it was 
not directly measured, our field observations 
suggest that the system is an important breed-
ing area for several species, e.g., D. latifrons, 
L. gracilis, P. sphenops, P. butleri, A. mac-
racanthus, A. guatemalensis, among others. 
Therefore, identification of the environmental 
factors interacting with the fish assemblage 
inside the lagoon on spatial and temporal scales 
is indispensable for decision-making concerned 
with conservation of the area and management 
of local fisheries. At a local scale, our results 

suggest that spatial and temporal distribution 
of the fish assemblages is determined by differ-
ences in the regimes of salinity and transparen-
cy, which are deeply affected by the influence 
of rivers. The drop of diversity observed in the 
Carretas-Pereyra lagoon is determined by the 
dominance of only four species (D. latifrons, 
L. gracilis, P. sphenops and P. butleri), which 
represented around 50% of the IV. Therefore, 
the results of this study are consistent with the 
theory that estuaries and lagoons support a low 
diversity of species and a high abundance of 
dominant species.
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RESUMEN

Se evaluó la influencia de los factores ambientales 
sobre  la variación  espacio-temporal de los ensamblajes 
de peces, en el sistema lagunar Carretas-Pereyra, Chiapas, 
México. Entre mayo de 2004 y abril de 2005, se realizaron 
12 muestreos mensuales en 22 sitios. Se recolectaron 11 
797 organismos, pertenecientes a 40 especies, representan-
do a 30 géneros y 21 familias. Dormitator latifrons fue la 
especie dominante en Índice de Valor de importancia, IV 
(23.05 %), seguida por Lile gracilis (10.31 %), Poecilia 
sphenops (8.60 %) y Poecilia  butleri (7.30 %). D. lati-
frons, contribuyó con 50.14 % de la biomasa total. Los 
valores de  riqueza  y diversidad de especies (H’) mostraron 
variaciones temporales similares, siendo más altos en la 
época de secas que de lluvias. El sistema lagunar presentó 
variaciones importantes en los valores de salinidad con los 
siguientes regimenes: agua dulce, oligohalino, mesohalino 
y polihalino. La riqueza media de especies y la diversidad 
alcanzaron sus valores más altos durante el periodo meso-
halino. Contrario a los valores de riqueza y diversidad, la 
abundancia promedio (CPUE) presentó los valores más 
altos durante el régimen de agua dulce.
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Palabras clave: ensamblaje de peces, lagunas costeras, 
diversidad de especies, Carretas-Pereyra, factores ambien-
tales, México. 
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