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ABSTRACT 
 
 Estuaries and coastal lagoons in tropical latitudes are highly productive sustaining a rich fauna and a high 
fish biomass. The aim of the present work was to analyze the food partitioning and the pattern of length weight 
relationship of three fish species of the Gerreidae family (Diapterus auratus, Diapterus rhombeus and 
Eucinostomus melanopterus) by sampling the Alvarado lagoon system in Mexico from July 2008 to May 2010.  
Salinity and dissolved oxygen were higher in the dry season, when low volumes of fresh water drained into the 
lagoons. D. rhombeus was the most abundant species  It showed isometric growth in the windy season,  but 
growth was  negatively  allometric  in the  wet and dry seasons. D. auratus was second in abundance, with 
isometric growth in the rainy season and a negatively allometric growth in the dry and windy seasons. E. 
melanopterus had an isometric growth in the rainy and windy season and negatively allometric growth in the 
dry season. All species fed on benthic organisms including tanaids, isopods, amphipods, other crustaceans and 
some mollusks.  A multidimensional scaling analysis indicated that the food niche separation between species 
was related to differences in the number of food items and the season, which determined the environmental 
conditions. Differential growth rates between species could be another factor helping to better partition the food 
between the three species.  
 
Key words: Coastal lagoon, Veracruz, Mexico, condition factor, Diapterus auratus, Diapterus rhombeus, 

Eucinostomus melanopterus, Alvarado 
 
Introduction 
 
 Estuarine ecosystems are recognized as breeding and feeding areas for resident and transient species of 
fishes, providing high abundance and diversity of food resources and protection against predation by other 
fishes (Paterson and Whitfield 2000). The multiple subsystems existing in the ecosystems favors the presence of 
large fish populations throughout the year along their margins. (Sasekumar et al. 1992; Chaves and Bouchereau 
2000; Spach et al. 2004; Carbajal et al. 2009). 
 The presence of populations of fishes in the early stages of recruitment in estuarine environments, has been 
widely documented, referring in particular to species  whose early ontogenetic stages have entered the estuary 
after  spawning has taken place earlier in the marine zone adjacent to the estuary , as is the case of families like 
Siaenidae, Clupeidae, Sparidae, Bothidae, and Elopidae (Norcross 1991; Warlen and Burke 1990; Carbajal et al. 
2009; Vendel and Chaves 2006)  
 The geographic location and accessibility of the adjacent marine system are factors determining the 
composition of fish species that occur in an estuarine system (Perez et al. 2007; Mariani, 2001; Elliot and 
Dewailly, 1995;  Bouchereau et al. 2008). The  succession of species throughout the year at these sites suggests 
a sequential use of subsystems and their production levels, which is reflected in a variation of the biomass levels 
in different seasons (Lara and Yañez-Arancibia 1999, Franco et al. 2011). 
 The Alvarado lagoon system  in Veracruz, Mexico, is located in the coastal plain of the Gulf of Mexico, 63 
km southeast of the port of Veracruz, between 18° 46 ' - 18° 42'N and  95° 34'  - 95° 58'W.This system consists 
of 3 lagoons with a total length of 27 km and a surface of 6,200 ha (Moran et al. 2005).  Many of the fish 
species located in these lagoons, are present as juvenile stages and pre-adults of species typical of adjacent 
marine environment (Franco et al. 1996, Zarza et al. 2006, Carbajal et al. 2009; Arceo et al. 2004). Their 
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ecological  role is important for the functioning of this system because they are elements that transfer matter 
between habitats and adjacent ecosystems, and from which human communities obtain an economic income and 
food resources throughout the year (Moreno et al. 2002; Ortíz and Mendez 1999). 
 The success of this group of species in the littoral environments has been related with the high levels of 
secondary production of submerged vegetation subsystems that, besides providing food, provide protection and 
shelter against predators (Minello et al. 2003), allowing  some species present reach high abundances compared 
with  those of their predators (Wyda et al. 2002).   
 One of the groups of fishes that are  characteristic of this lagoon system, are the species of the family 
Gerreidae, located most of the time in different subsystems  within the lagoon system,  but in the adult stage 
migrate to the adjacent marine area where they form part of the demersal fish fauna (Abarca et al. 2004; Abarca 
et al. 2007).  
 The climate the southeastern region of the Gulf of Mexico, where the lagoon of Alvarado system is 
located, has three identifiable seasons: rainy (from June to September), windy (from October to February) and 
dry (from March to early June) (Moran et al. 2005). The main objective of the investigation was to analyze the 
seasonal behavior of length-weight relationships and diet of the species Diapterus rhombeus, D. auratus and 
Eucinostomus melanopterus and its relation to environmental characteristics in the Alvarado lagoon system. , 
Veracruz. 
 
Material and Methods  
 
 Temperature (°C), depth (cm), transparency (cm), salinity ( °/oo) and dissolved oxygen (mg/l)  were  
measured at15 sampling stations distributed in the lagoon system of Alvarado, in the rainy, windy and dry 
seasons from July 2008 to May 2010 (Figure 1). 
 

 
Fig. 1: Lagoon system of Alvarado, Veracruz (Mexico) showing the location of the 15 sampling stations located 

at the three most important lagoons. 
 
 Fishes were captured with a beach seine of 50 m length, 2.5 m height and a mesh of 2.5 cm.  Individuals 
were preserved with a 10% formaldehyde injection in the abdominal cavity to stop the digestive process. Fish 
were stored in plastic bags and transferred to the laboratory of Ecology of FES-Iztacala for analysis. In the 
laboratory, the fish were identified using taxonomic keys and specialized bibliography (Hoese and Moore, 1998; 
Fischer, 1978; Bedia and Franco, 2008). 
 Fish length (L) was measured with a ruler to the nearest 0.1 mm, and weight (W) with a semi-analytical 
balance to the nearest 0.01 g.  The data were used to determine the weight- length relation, for each species, 
using the relationship W = aLb  (Pauly, 1984).  Student's t-test was  used to test whether the  estimated  slope (b) 
values were significantly different from that expected for theoretical isometric growth  (H0: b=3) using a critical 
value of p<0.05 (Sokal and Rohlf, 1996), for each species in each season.  Fulton´s condition factor was 
calculated K= 100 W / Lb (Wootton, 1999), for the three species in each season. 
  Stomach contents were analyzed for 30 % of the total catch of each species in each sample. The 
alimentary items were identified to the lowest possible taxonomic level.  An analysis among species per season 
and an analysis of dissimilarity of the diet of each species including all seasons was performed (Zar, 1996), from 
which a multidimensional scaling analysis (MDS) was performed to compare the diets of three species in the 
system.  A Mantel analysis was used to compare both the correlation matrix between seasonal species such as 
those between seasons by species, for this, the diet matrix was transformed using square root transformation and 
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then Pearson´s correlation coefficient was calculated. The null hypothesis to be tested is no correlation between 
the respective correlation matrix to compare the values matched by species and season. 
  To determine the degree of feeding specialization, the trophic niche breadth was calculated with the Levins 
index (B = 1 / Σ pj

2 ) and the standardized index BA = (B-1)/(n - 1) for each species and season. The results of 
this index vary between 0 to 1, where the values close to 0 indicate feeding on few prey types. 
 
Results and  Discussion 
 
 The physicochemical results showed variations related to climatic periods.  The highest average depth was 
recorded in the rainy season with 75.9 cm and the lowest in the dry season (65 cm). Temperature was highest in 
the rainy season with an average of 30 ° C, with lowest values in the windy season with an average of 24 ° C. 
The mean temperature was 28.5 ° C in the dry season. The highest recorded salinity was in the dry season with a 
mean of 17  ppt, while the lowest was recorded in the rainy season with 1.2 ppt. Figure 2 

. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Physical and chemical mean values for the sampling period between July 2008 and May 2010 in the 

lagoon system of Alvarado, Veracruz, Mexico. 
 
Biological:  
 
 A total of 2947  individuals of  the three species were captured,  of which 1210  were Diapterus rhombeus, 
with a biomass of 8032.7 g, for Diapterus auratus, a total of 1540 fishes with a biomass of 13 215.2 g and for 
Eucinostomus melanopterus, 197 organisms were captured with a biomass of 1100.5 g (Table 1). 
 
Table 1: Abundance and biomass of the 3 species of gerreidae in each season in the Lagoon of Alvarado, Veracruz, Mexico.. 

 Diapterus rhombeus Diapterus. auratus Eucinostomus melanopterus 
SEASON Abundance (n) Biomass (g) Abundance (n) Biomass (g) Abundance  (n) Biomass  (g) 
WINDY 274 1807.7 542 3204.2 54 266 
DRY 441 2244.2 487 3961.9 69 192.6 
RAINY 495 3980.9 511 6049.1 74 642.9 
TOTAL 1210 8032.7 1540 13215.2 197 1100.5 

 

 According to the seasonal variations, D. rhombeus had  its highest abundance in the rainy season with 495 
individuals and a biomass of 3980.8 g, and the lowest abundance was recorded in the windy season with 274 
individuals and a biomass of 1807.7 g. The highest abundance of D. auratus was in the windy season with 542 
individuals and a biomass of 3204.2 g, while the lowest  was in the dry season with 487  individuals and a 
biomass of 2244.2 g. Finally, for E. melanopterus, the highest abundance was  in the rainy season with 74  
individuals and a biomass of 641.9 g, the lowest  abundance was  in the windy season with 54  individuals and 
266 g  (Table 2).  
 
Table 2: Average  lengths and weights for each species in the studied seasons  

Species  Length range (cm) Average length (cm) Average weight (g) 

 WINDY 4.1 – 9.8 6.7 6.6 
D. rhombeus DRY 3.1 – 8.6 5.6 5.1 
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 RAINY 2.6 – 9.2 6.1 8.0 
 WINDY 2.2 – 8.2 5.7 5.9 
D. auratus DRY 3.5 – 10.1 6.5 8.1 
 RAINY 4.4 – 13.0 7.2 11.8 
 WINDY 4.0 – 8.1 6.3 4.9 
E. melanopterus DRY 1.4 - 7 5.2 2.8 
 RAINY 4.6 – 9.3 6.4 8.7 

 
 The weight – length relationships for the species are shown in Figure 3. The Student's t- test to compare 
the values of the weight-length relationship's slope for each species and season compared with the theoretical 
isometric growth (b=3, p<0.05) is presented in the Table 3. 
 

 
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Length (cm) 
 
Fig. 3:  Weight - Length relationship for each season (windy first column, dry second and rainy third) for each 

of the three Gerreidae species analyzed. a) Diapterus rhombeus, b) Diapeterus auratus, and c) 
Eucinostomus melanopterus. The regression constants and correlations coefficients for each curve are 
presented in Table 3. 

 
Table 3: Abundance, constants of weight-length relation,  condition factor and student t-test for the growth type (** allometric growth) in 

relation to season of sampling, in the Lagoon of Alvarado, Veracruz, Mexico. 
D. rhombeus n a b Error r k P<0.05 

WINDY 274 0.0588 3.0157 0.0381 0.97 7.704  
DRY 441 0.0092 2.3891 0.0375 0.92 1.212 ** 

RAINY 495 0.0267 2.777 0.0380 0.93 3.582 ** 
D. auratus        

WINDY 542 0.0283 2.593 0.0253 0.96 3.7954 ** 
DRY 487 0.0303 2.5739 0.0340 0.93 4.0261 ** 

RAINY 511 0.0399 3.0343 0.0444 0.93 5.765  
E. melanopterus        

WINDY 54 0.0169 3.0749 0.0495 0.98 8.0124  
DRY 69 0.0261 2.7061 0.0516 0.97 4.1456 ** 

RAINY 74 0.0399 2.9327 0.1089 0.93 4.6689  
 

  The growth of D. rhombeus, in the windy season was isometric while in the other two seasons the growth 
was negatively allometric.  D. auratus, in the windy and dry seasons growth was negatively allometric, while in 
the rainy season, growth was isometric. For E. melanopterus, in the rainy and windy seasons, growth was 
isometric and in the dry season, it was negatively allometric.  
 The estimation of the Fulton´s condition factor, allows to recognize that D. rhombeus and E. melanopterus  
had  the highest conditions factors in the windy season, while for D. auratus  highest condition was  in the rainy 
season.  The other seasonal values for condition of the three species are shown in Table 3.   
 The trophic spectrum for each species in the three seasons showed that D. rhombeus  fed on 15 different 
types of food item  across all three seasons.  In the windy season, this species consumed nine types, of which 
algae and detritus presented the highest values of importance. For the dry season, the trophic spectrum increased 
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to 11 food types, of which copepods, amphipods, mollusks larvae, fish eggs and tanaids presented the highest 
values of importance. In the rainy season, it also consumed 11 food types, algae, tanaids, and amphipods had the 
highest importance (Table 4). 
 
Table 4: Importance value of the food types of Diapterus rhombeus, Diapterus auratus and Eucinostomus melanopterus for each season in 

the Lagoon of Alvarado, Mexico. 
 ALIMENTARY TYPES Diapterus rhombeus Diapterus auratus Eucinostomus melanopterus 
 Windy Dry Rainy Windy Dry Rainy Windy Dry Rainy 
Tanaids 0 9.1 9.4 22.3 35.2 15.6 69.7 17.9 60.7 
Algae 59.6 9.8 37.5 34.8 20.4 28.9 3.2 5.3 0 
Anfipods 0 13.7 9.2 12.5 8.5 25.2 0 14.8 9.8 
Copepods 4.8 19.1 0 0 4.7 0 4.5 11.9 0 
Isopods 4.8 0 6.2 3.5 0 6.5 0 0 10.5 
Neritina virginea 0 10.2 3.2 4.2 3.9 0 5.1 14.7 4.6 
Grass 3.2 0 0 0 2.5 4.6 0 10.3 0 
Ostracods 4.9 5.2 0 3.6 0 0 0 0 0 
Rangia cuneata 5.1 7.2 4.6 4.5 0 3.5 4.3 4.5 7.8 
Fish larvae-eggs 0 9.3 6.9 0 1.8 0 0 0 0 
Brachidontes sp 4.7 0 3.8 3.6 0 2.8 4.5 0 6.6 
Detritus 9.8 5.1 8.4 7.6 20.6 5.7 5.6 20.6 0 
Polychaetes 0 0 7.3 0 0 4.6 0 0 0 
Forams 3.1 7.2 0 0 0 0 0 0 0 
Crustacean larvae 0 4.1 3.5 3.4 2.4 2.6 0 0 0 
Palaemonetes pugio 0 0 0 0 0 0 3.1 0 0 

 
 D. auratus consumed 14 food types overall. In the windy season, it consumed ten types,  the most 
important were algae, tanaids and amphipods. In the dry season, there were nine types of which the most 
important were tanaids, algae and detritus and for the rainy season the most important were algae, amphipods 
and tanaids.     
 E. melanopterus fed on 11 types, of which eight were consumed in the windy season, the most important 
for this season were tanaids. In the dry season, this species consumed eight food types of which detritus, tanaids, 
amphipods, mollusks, copepods and Ruppia maritima were the most important. In the rainy season this species 
consumed 6 food types, isopods, tanaids  and amphipods  had the highest  importance.        
 The estimates of the diet niche breadth with the Levins and standardized indices are shown in Table 5.  D. 
auratus  had the widest diet breadth in the windy and rainy seasons, and E. melanopterus exhibited  its widest 
diet breadth in the dry season (Figure 4). 
 
Table 5: Trophic niche breadth of Levin's and seasonal behavior for the three species, in the Lagoon of Alvarado, Veracruz, Mexico.  

ESPECIE WINDY DRY RAINY 
 B BA B BA B BA 
D. rhombeus 2.6411 0.2051 2.6508 0.1651 5.4134 0.4413 
D. auratus 4.9752 0.4416 4.5364 0.4420 5.3835 0.4870 
E. melanopterus 2.0104 0.1263 6.7753 0.8250 2.4898 0.2979 

 
   

 
 
 
 
 
 
 
 
 
 
 
 
Fig.  4: Levin's niche width for the diet of three Gerreidae species for each season analyzed in the lagoon system 

of Alvarado, Veracruz, Mexico during July 2008 and May 2010. 
 
 Based on trophic spectrum results for each species and season, an MDS analysis was carried out allowing 
comparing the diets in a two space plane as shown in Figure 5. 
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Fig. 5: Multidimensional scale analysis of the feeding of D. rhombeus, D. auratus and E. melanopterus for each 

season, in the Lagoon of Alvarado, Veracruz, Mexico.  
  
Table 6: Results of the Mantel test for the correlation matrix between the species Diapterus rhombeus (D.r.), Diapterus auratus (D. a.) and 

Eucinostomus melanopterus (E.m.). The lower triangle  gives the Pearson correlation and the upper triangle the values of P with an 
α=0.05, in the Lagoon of Alvarado, Veracruz, Mexico. 

D. r. D. a. E. m. 
D. r. 1 0.335 0.314 

D. a. 0.674 1 0.168 
E. m. 0.765 0.991 1 

 
Table 7: Results of the Mantel test for the matrix of correlation for the Windy, Rainy and Dry seasons. The lower triangle represents the 

values of correlation of Pearson and the upper triangle the values of P with an α=0.05, in the Lagoon of Alvarado, Veracruz, 
Mexico. 

WINDY DRY RAINY 
WINDY 1 0.337 0.34 
DRY 0.528 1 0.504 
RAINY 0.724 -0.204 1 

 
Discussion: 
 
  Changes in the environmental variables monitored for the Alvarado lagoon system were correlated with 
the climatic seasons in the area. The greatest depths were in the rainy season, when the inputs from the 
associated rivers increase significantly. The lowest depths were in the dry season, two events that mark this 
season.  The first is that the dry season had high temperatures recorded and secondly, the rainfall is significantly 
reduced, causing a decrease in the freshwater discharges, and thereby reducing the lagoon's depth a similar 
effect to that reported by Winfield et al. (2007).  
 The water transparency had its the highest values in the dry season, as a result of reduced contribution 
from particulate matter associated with the river systems and a lower depth.  This variable was lower in the 
rainy season as a result of a greater amount of particulate matter and an increased flow of river discharges. 
  Dissolved oxygen was highest during the windy season, as a result of the effect caused by the northerly 
wind and the turbulence in the form of waves that increased at the same time (Moran et al. 2005), encouraging 
greater oxygenation of the system.  During the dry season, the decrease of freshwater inputs and depth and an 
increase in temperature resulted in a decrease of the dissolved oxygen levels in the system. Salinity was also 
related to seasonal patterns of the area, with the highest values in the dry season as a result of reduced 
freshwater input (Winfield et al. 2007), The reduction in inflow allows the entry of seawater into the system by 
tidal effects, increasing the mesohaline conditions in an important area of the lagoon system.  During the rainy 
season, increased freshwater discharge into the system caused the oligohaline conditions during this and part of 
the windy season, similar conditions to those reported by Moran et al. (2005). 
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 The members of the family Gerreidae consist of a group of species closely related to the benthic fauna of 
the coastal systems, estuaries and reefs. The species in the present study are considered key elements in different 
coastal systems of the Gulf of Mexico, Caribbean Sea and South Atlantic coastal area, while  their  importance 
in other environments is low (Aguirre and Diaz, 2006; Rueda and Defeo, 2003; Carbajal, et al. 2009; Arceo and 
Vega, 2009). 
  For many fish species that are dependent on estuaries, the presence of different habitats is essential for 
their development throughout their life cycle. For example D. rhombeus lengths ranged from 2.6 to 9.8 cm, 
values similar to those reported by Aguirre and Diaz (2006) and Ayala et al. (2001) for the Terminos lagoon, 
who reported sizes of 2.5 to 15.0 cm. In both cases, the fish captured were probably juveniles considering that 
the maximum reported  lengths for the marine environment range from 30 to 40 cm. (Cervigón, 1993).  
 A similar pattern was observed for D. auratus and E. melanopterus. The dependence of many marine or 
freshwater species of fish and crustaceans on the various habitats within the estuarine ecosystem is associated 
with the high rates of production. The habitats are used as nursery and feeding areas, or as sites providing 
protection from predators (Peterson and Turner, 1994, Levin et al., 1997). The protection is enhanced by the 
limited mobility of their predators and presence of features that allow the juveniles to hide, thereby increasing 
the survival rates of the juvenile stages (Wyda et al., 2002). 
 The highest numerical abundance and weight for D. rhombeus were recorded in the rainy and dry seasons, 
an observation similar to that reported by Vargas et al. (1981). The  size and weight of D. auratus and E. 
melanopterus, also include juvenile  individuals, and both species have been recorded as common  components  
of coastal systems in the Gulf of Mexico (Raz-Guzman and Huidobro, 2002; Idelberger and Greenwood, 2005; 
Carbajal, et al. 2009; Arceo, et al. 2010). However, the  values obtained in the present study are slightly lower 
than those reported by Giarrizzo, et al. (2006) and Joyeux, et al. (2008) for estuaries in Brazil. This behavior 
coincides with the degree of spatial and temporal use of habitat and life cycle of their populations in the study 
area, in this regard, Chaves Bouchereau, (2000) noted that these species use estuarine environments as feeding 
and maturation areas. 
 The Weight-Length relationship has been used to estimate the fish weight at a given length, and used to 
compare the condition, fat, or welfare of fish (Bagenal and Tesch, 1978), based on the assumption that heavier 
bodies of a given length are in better physiological conditions. These concepts have been used in fisheries 
research and findings related to sex, size, season and degree of gonad development, which have been confirmed 
for many species in many publications (eg Froese, 2006). 
 Diapterus rhombeus had isometric growth during the windy season, but negatively allometric growth in 
the dry and  rainy  seasons. These results are similar to those reported by Aguirre and Diaz (2006), who reported 
that this species in Terminos lagoon had an allometric growth coefficient of 2.7 in September but 3.4 in April, 
slightly lower than those reported by Joyeux et al. (2008) for estuaries of Brazil.  
 D. auratus had isometric growth in the rainy season and negatively allometric growth in the windy, and 
dry seasons. Similar results were obtained by Giarrizzo et al. (2006) and Joyeux et al. (2008) for estuaries in 
Brazil.  E. melanopterus  had isometric growth in the windy and rainy seasons but negatively allometric growth 
in the dryseason. Giarrizzo et al. (2006) reported an allometric growth coefficient of 2.92, while Joyeux et al. 
(2008) reported a value of 3.04  for estuaries of Brazil, but in both cases the values reported are similar to those 
evaluated for this species in the lagoon system.  
 Froese (2006) argued that the interpretation of the condition factor, based on the proposal of Le Cren 
(1951), can present difficulties when comparing two populations, if there are differences in the individual's 
morphometric characteristics, the stage of gonadal development, or the availability of food. The condition factor 
estimated for the three species in the present study reflected the circumstances under which they used the 
resources, and the sizes at which they entered into the system.  The species had higher values in this variable in 
the seasons when there was an isometric growth. D. rhombeus recorded its highest condition factor in windy 
season, while the lowest was in the dry season. These results are similar to those reported by Aguirre and Diaz 
(2006) for the same species in Terminos lagoon. D. auratus had its highest condition factor  in the rainy season 
and the lowest in the windy season. Some authors suggest that this species has a continuous reproductive 
activity (De Sousa and Chaves, 2007), which could justify the lack of reports for this species in coastal and 
lagoon systems in the Gulf of Mexico. E. melanopterus had its highest condition factor in the windy season, 
while the lowest was in the dry season, like D. auratus, there are no other reports of this variable for estuaries 
along the Gulf of Mexico.  
  The three species used as a food resource benthic components or species, showing variations in both  the 
type and the proportion of use over the seasons. As described by Hindell et al. (2000a, b) and Sheaves (2001), 
the species use the lagoon as a foraging area. Diapterus rhombeus was primarily associated with areas of 
submerged vegetation (Ruppia maritima), consuming mostly algae, copepods, detritus and tanaids.  Aguirre and 
Diaz (2006) indicated that this species in the Terminos lagoon, consumed eight trophic groups throughout the 
year, with the most abundant items being: undetermined organic matter, foraminifera, ostracods and tanaids. In 
both studies, this species' basic feeding was on benthic species, corresponding to a first order consumer.  
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 For D. auratus 14 different food types were recognized across the different seasons, including algae, 
tanaids, amphipods and detritus, which were those items with the highest values for importance. E. 
melanopterus consumed 11 different food types, the most important were tanaids, detritus, amphipods and 
mollusks such as Neritina virginea. All three species, according to the classification of Matthews (1998), belong 
to the functional group  of detritus and benthic consumers. 
 The Levins diet breadth and the standardized estimation showed that for the windy season, D. auratus was 
the species with the widest diet breadth and E. melanopterus has the lowest for the dry season. It is worth noting 
that, despite E. melanopterus is the species with the widest diet breadth and D. rhombeus the lowest, the 
proportion of the food items was more homogeneous for E. melanopterus than for D. rhombeus, which ate 
mostly amphipods, copepods and mollusks.  Although these species share food types, there is a difference in the 
proportions eaten. Higgins and Strauss (2008) suggest that the distribution the trophic niches within a fish 
community shows, in many cases contradictory results. However, several studies (Matthews and Hill, 1980, 
Nishikawa and Nakano, 1998; Herder and Fryhof, 2006), have shown that the trophic niche breadth can be 
explained by the food types, use of habitat and individual activity rate.  
 The multidimensional scaling analysis of the diets of the three species in different seasons, allowed the 
recognition of a pattern indicating that, albeit the species shared food types, the proportion and season of 
consumption, as well as their activity, were key to a niche separation between them. This separation facilitates 
the coexistence within the system of all three species following the criteria  of  Higgins and Strauss, (2008), who 
noted that the functional organization in fishes is compatible with certain niche-partition mechanism. The results 
obtained by the Mantel analysis confirms this niche separation by producing a lack of correlation between the 
diet matrices in each season for each species.  
 
Conclusions: 
 
 The  lengths and weights  of D. rhombeus, D. auratus and E. melanopterus, indicated that these species 
occur in the Lagoon system as juveniles entering seasonally and taking advantage of the high primary and 
secondary production rates. The Alvarado lagoon system is an important nursery and feeding area that 
additionally offers protection against predators.  
 Estimates of the Weight-Length relationship and condition factor showed that species differentially take 
advantage of the resources of the lagoon system allowing them to maintain high population sizes in different 
seasons.  D. rhombeus and E. melanopterus  had the highest condition factor in the windy season and D. auratus 
in the rainy season.  
 The  diets of the species in the lagoon system  showed similarities between the different seasons, as a result 
of the available resources that allows  these species to  show a wide trophic spectrum, based on benthic items,  
including algae, tanaids, detritus, and amphipods. The use of these resources is different in proportion and 
timing between the species, eliminating in this way a harsh competition. 
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