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Abstract: The objective of this study was to analyze the seasonal behavior of the
icthyofauna, considering the trophic relationships between the species that live in
Camaronera Lagoon, their food composition, diversity and trophic amplitude, as of the
captures obtained in Camaronera Lagoon inlet during February-June, 2000. We realized
seasonal tables of the fish species and items of identified foods. The data were grouped in
divrnal and nocturnal samplings in order to know the abundance, specitic richness, evenness
and McNaughton's community dominance index. The amplitude of the niche was calculated
as of Levin's standardized index. Costello’s graphic method was used to evaluate the
preference and feeding behavior of any given type. The families with more species were
Cichlidae, Eleotridae and Gobiidae. The most representative species regarding biomass and
abundance were Gambusia affinis, Petenia splendida, Cathorops melanopus, Diapterus
auratus and Bathvgobius soporator,
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INTRODUCTION

The estuarine ecosystems are one of the most productive environment concerning aguatic
ecosystems; their extension comprises 240x10F km® in tropical and subtropical coasts. They are
characterized by their great number of primary producers, their high diversity of microhabitats and
multiple and complex interactions, as well as an intense exchange of organic matter and organisms
inside and outside the ecosystem (Day er al., 1989; Twilley er al, 1992). Mexico has a great extension
of littorals that, as a whole, represent an extension of 11 500 km, with a wide exclusive economic area
of 3 millions of km® (Arreguin, 2006). In this extension, Mexico possesses between 30 and 35% of
estuaries and coastal lagoons in the Pacific, Caribbean Sea and the Gulf of Mexico (Yanez Arancibia,
1986) that represent 1.5 million ha of estuarine environments and real or potentially productive coastal
lagoons surface (Arreguin, 2006),

These ecosystems constitute ecological zones of great importance due to the magnitude of the
interaction processes that are carried out between the intertidal zones and their adjacent areas; this can
be noticed in the variety of natural components that these places have. Among others, we can
emphasize the inter-lagoon zones that constitute areas that are productive enough and have tavorable
conditions for the immigration or recruitment of fish larvae (Richards and Visquez, 1996).
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The composition of the fish communities in coastal lagoons and estuaries varies in terms of the
icthyofauna that each place has, as well as in those that have some mechanisms to tolerate the
hydrological conditions of the system. This way, the existence of a wide range of species with a high
complexity has been recognized 1n lagoons and estuanies; this complexity has to be understood, in order
to exploit it and to conserve it rationally (Flores-Coto and Alvarez, 1980). Most of the tropical coastal
fish species with economic importance depend, partially or totally, of estuarine waters that are used
by the juvenile stages to complete their development until the mature age. The juveniles take advantage
of the high primary production of the estaries, which are more productive that the fresh waters or
adjacent marine waters. We can thereby recognize that a high percentage of the coastal fish spawns in
the sea and its larvae migrate or are transported though the inlets to the lagoon systems searching food
and refuge (Flores-Coto er al., 1986; Franco and Chavez, 1993; Roman er al., 2006).

This dynamics allows to the coastal area (including lagoon systems), to maintain a balance
between the generation and nutrient recycling, which are of great ecological and socioeconomic
importance (Post and Lundin, 1996). Additionally, from a functional point of view, it 1s recognized
that one of the main ecological roles of the fishes, 1s to control the specific and numeric structure of
consumers through competition and depredation, as well as to transport and contribute with the
energetic flow between the ecosystems habitats and limits (Yafez-Arancibia and Nugent, 1977). These
environments are under a growing risk due to inadequate handling of human activities. such as
pollution, habitats™ destruction and overexploitation of the resources (Post and Lundin, 1996).

For the above-mentioned, it is necessary to increase the knowledge of these environments and
their biological components. This study was carried out with the objective of analyzing the trophic
dynamics of the icthyofauna existing in the Camaronera Lagoon, through the analysis of nictimeral
cycles in the inlet of this lagoon and patterns of spatial and temporal variation of the species of this
group.

MATERIALS AND METHODS

The Camaronera lagoon is located in the Gull of Mexico coastal plain, south of the Port of
Veracruz (18° 500 at 8% 52" 3077 N, 957 54" at 95° 58" 307" W) (Contreras and Castaneda, 1993)
(Fig. 1).

The organisms were captured using a rowing boat 50 m long, 2.5 m high and 2.5 cm mesh, in the
Camaronera Lagoon inlet during February-June 2000, covering the dry and rainy seasons and another
cold season dominated by northward winds (hurricanes season known in Mexico as nortes season),
In each season, a cycle of 24 h was carried out with samplings every 4 h, beginning at 19:(0) h and
ending at 15:00 h, The fish were fixed in sinu, injecting the abdominal cavity with formaldehyde 10%
with the finality of stopping the digestive processes.

The organisms were identified according to Jordan and Evermann’s (1886-1900), Fischer (1978),
Castro-Aguirre (1999) and Reséndez (1981). Each specimen was measured with a conventional
ictiometer of 30 cm (£ 0.05) and then weighted using a digital scale with a capacity of 2.6 kg (+0.05).

The area swept by the fishing art had an average estimation of 1200 m® for each throw. In this
way, the obtained results of fish abundance and biomass of fish are expressed in terms of density
(ind m ") and biomass (g m ).

The organisms were dissected in order to examine the stomach contents. The percentage of
stomachs examined for each one of the species oscillated between 30 and 100%.

From the compiled data of stomach contents analysis of the captured icthyofauna, seasonal tables
of the fish species and of the items of identified foods were elaborated.

In order to know the abundance, specific richness (5), Pielou’s evenness index:
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Fig. 1: Study area

J=H 'Hmax

were, H” 15 the diversity by Shannon Wiener index and H 'max is the maximum diversity or Log (S) and
McNaughton's community dominance index, the Community Analysis computer program
(ANACOM) was used (De la Cruz, 1994 ).

The niche amplitude (B,) was calculated using Levin's standardized index (Krebs, 1989),
according to the equation:

B=1/} p’
B, =(B-1)¥(n-1)

Where:
p; = The diet proportion comprising the prey | species
n = The total number of the prey’s species

The obtained value represents the niche amplitude for the species; it varies from 0 to 1, where
low values indicate that the feeding is dominated by few prevs.

In order to evaluate the preference and nutritious behavior in any given type, the graphic method
of Costello was employed, (Marshall and Elliott, 1997), where the occurrence percentage and weight
percentage of ecach feeding type is applied. The occurrence percentage was graphed against the weight
percentage, where the elements are recognized with regard to their position in the graph.

RESULTS

Environmental Parameters
During the dry season, the mean temperature was of 27.8°C, with minimum and maximum
temperatures of 25 and 31°C, respectively; the salinity was of 16.1%«, with a variation between
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|4 and 18%e: the dissolved oxygen presented values between 5 and 12 ppm, registering a mean
concentration of 9.83 ppm. In the rainy season, the mean temperature was of 29.5°C, with a minimum
temperature of 27°C, reaching a maximum of 33°C. The salinity increased up to a mean of 18.5%.,
being the lowest in 16 % and registering the highest value in the year, 21%., the oxygen concentration
wias of 8.16 ppm, varying between 7 and 9 ppm in the captures (Table 1), Nortes season showed a
mean temperature of 24.5°C, with maximum temperature of 29°C and minimum temperature of 22°C,
The mean salinity was 12%q, with minimum value of 11 and maximum of 21%e; the mean of dissolved
oxyegen was of 8.9 ppm. with values between 6.8 and 11 ppm.

Abundance and Biomass

A total of 3126 individuals were captured with a biomass of 26404.7 g, belonging to 35 species
of 22 tamihes (Table 1). The dominant species according to McNaughton's index for abundance and
biomass in diurnal and nocturnal hours for each season correspond to the five species that provided
between 63% and 84% of the total records (Table 2). The abundance and biomass records were greater
in the rainy and nortes seasons, the abundances and biomasses being greater in diurnal hours than in
nocturnal hours (Fig. 2).

The behavior of the abundance and biomass obtained in each season, shows that the records are
higher in diurnal hours (07:00 to 15:00) than in nocturnal hours ( 19:00 to 03:00) (Fig. 3, 4).

The records of specific richness, diversity and evenness calculated for each season in diwrnal and
nocturnal hours, help o recognize that in nortes and dry seasons, the diversity and evenness values
are higher in nocturnal samplings compared with divmal samplings, Regarding the rainy season, these
values are smaller to those registered 1n the other seasons ( Table 3).

With the purpose of verifying if the obtained abundance and biomass records had significant
differences regarding the seasons, a factor analysis of variance (o = 0.03) was carried out. This analysis
shows that nortes and rainy seasons are the ones with significant differences in both parameters
(Table 4) (ANOVA),

The estimation of abundance and biomass dominance according to MeNaughton's Index allowed
the recognition that for diurnal samplings in nortes season there were nine species that represented
between 63.73 and 78.67% of the records in both parameters of these 9 species. Gambusia affinis,
Petenia splendida and Diapterus auratus, showed the greatest abundance records in diurnal hours in
both parameters, while Gambusia affinis, Petenia splendida, Diapterus auratus and Bathyvgobius
soporator provided with the greatest abundance records in nocturnal hours and Gambusia affinis,
Mugil curema, Strongviura notara and Bathvgobius soporator constituted the greatest records in
biomass during nocturnal hours (Table 3).

During the dry season, nine species were dominant, providing 67.66-72.96% of the abundance
records such as biomass. Regarding diurnal samplings, the species with the greatest abundance
records were Gambusia affinis, Anchoa hepsetus, Petenia splendida and Diapterus auratus, being
Crambusia affinis, Petenia splendida, Diaprerus auratus and Opsanus bera the ones that provided the
greatest biomass records in diurnal hours. The most abundant species for nocturnal samplings

Table 1: Physicochemical seasonal parameters

MNortes season Dy season Rainy season
Parameters Mean Min Max Mean Min Max Mean Min Max
Temperature (°C) 24.5 22.0 29 27.80 25 L] | 29,50 27 33
Salinity (%e) 12.0 11.0 21 1610 14 158 18,50 16 21
0, dissolved (ppm) 5.4 .8 11 Q83 ) 12 8.16 7 4
Depth (cm) 57.5 0.0 &0 46,10 40 52 57.80 50 62
Transparency (cm) 20.0 (.0 45 30,80 0 S0 29.10 0 S0
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Table 2: Seasonal Abundance (ABUN) (n/1200 m*) and Biomass (BIOM) (g/1200 m?) of the icthyofauna
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Nortes Mortes Dy Dry Fainy Rainy

Species (ABLUN) (BIOM) (ABLUN) {BIOM) (ABLUNI (BIONM)
Membras vagrans 54 |58.5 a7 2245 17 353
Chpsanus beta fi 124.3 17 415.2 4 127.0
Stromgviura nosata 5 2620 12 2024 4 027
Hyporhamphus unifasciatus ] 0.0 5 22.1 0 0.0
Axtvanax fasciatus 59 [63.6 9 254 | 30
Harengula joguand G 147 2 6.0 L] {.0
Chphisthonema oglinum 15 2758 13 2509 17 6048
Anchoa heprefus 12 279 204 3524 194 271.4
Cetengraulis edentulonus 7 78 ] 0.0 0 0.0
Gambusia affinis 331 1 866, 3 124 a78.5 77 3904
Caranx hippos ] (0.0 ] 0.0 | 9.0
CMigoplites saurus l 7.2 ] 0.0 0 0.0
Centropomus undecimalis 3 6,2 f 19.4 2 9.7
Cicllasoma helleri 20 [11.1 15 97.0 5 72.1
Cichilasoma sp. 19 E16.9 1 44.3 0 0.0
Cichlasoma wrophthalmus 20 03,1 5 44.6 11 465.5
Chreaciivromis niloficus l 429 i} 0.0 3 2.2
Perenia splendida 285 10348 73 60,7 39 515.5
Drmitator macewlates 3 26.3 | 15,0 0 0.0
Gobiomorus dormitor | 7.6 2 59 0 0.0
Guaving guaving I8 1491 H 85.0 1 4.1
INapteruy auratiy 49 15777 RO 461.8 74 228.5
Bathyveobius soporator 119 1308.4 75 417.8 34 215.7
Crobipides Broussonefi 2 94,7 ] 0.0 1 16.2
Croadriomedloes Feesdontus i3 5367 52 7144 110 18166
Lutjanus griseus 2 2349 2 kL) 0 0.0
Mugil curema 8 6349,2 I £89.6 7 265.8
Buirdiella chrysowra i} (.0 B I1.5 0 0.0
Micropogonias furnieri fi 6.3 35 123.3 20 162.3
Achosarguy probatocephalus ] 0.0 2 4.6 ) 0.0
Achirus lineartus 7 22.1 14 477 1 B.3
Citharichthys spilopterus ) 3.0 ] 0.0 0 0.0
Cathorops melanopuy 48 G179 31 454 .8 350 4468.5
Microphis brachyverus lineatus 4 3.3 | 1.9 1] 0.0
Svngnarhus scovelli 2 1.2 ] 0.0 0 0.0
Total 1272 101907 =271 57784 OR3 4356

4 Diurnal |

g

£ Night ?

3

.g Dvurnal ; & Rainy

2 . O Dry

< Night ? [0 Mertes

I L] r 1 r

Fig. 2: Abundance and biomass seasonal behavior

Anchoa hepsetus, Membras vagrans, Bathvgobius soporator and Gobionellus hastatus, while regarding
biomass, the species with the greatest records were Gobionellus hastarus, Barthvgobius soporator,

Cathoraps melanopus and Anchoa hepsetus,

In the rainy season, nine species were recognized as dominant: they represented 81.97-84 . 94%
of the abundance and biomass records of this season. In diurnal captures, both Cathorops melanopus
and Anchoa hepsetus were the most abundant species, whereas regarding the biomass, Cathorops
melanopus, Gobionellus hastaius and Opisthonema oglinum oftered the highest records. On the other
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Fig. 3: Abundance (n) seasonal behavior per sampling hour in Camaronera Lagoon
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Fig. 4: Biomass (g) seasonal behavior per sampling hour

Table 3: Dominant species per season according o MacNaughton™s index

Divrnal Might
Abundance Biomass Abundance Biomass
Dominance Dominance Dominance Dominance
Specieg per senson ....................{"ﬁ}......................... ....................{%'} —
Mortes season
Crambusia affinis 29,48 25.24 18.52 15.26
Petenia splendida 28.02 15.26 B.00
Diapterus auraius 9,97 Q.00 16.34
Bathygobius soporator 6.05 17.71 9,06
Cathorops melanopus 5,15 9,06
Cichlasoma sp. 9.17 9.00
Membras vagrans B.71
Mugil ciiremn 25.24
Stremgvlura notara .17
Capture total T8.67 f5.73 7027 67.73
Diry season
Crambusia affinis 23.62 28.45
Anchoa hepyetus 14,497 33.84 B.26
Petenia splendida 1181 16.46
DNapterus auratis 10.54 H.83 788 .64
Bathvgobius soporator .80 7.20 9,66 18,88
Chpsanus beta 12.02
Membras vagrans 10,17
Crodriomellves Ferstantus 539 2228
Cathorops melanopus 11.60
Capture total 6R8.74 7296 649,94 67.66
Rainy season
Cathorops melanopus 54,26 42,21 23,18 43.12
Anchoa hepsefus 13,50 24,41 3,24
Crobionellus hassatus 6.63 11.20 13.22 22.56
Petenia splendida .63 7.62
Opisthonema oplinm 379 1290
Cichlagsoma nrophthalmus B4
Crambiisia affimis 12.50 .05
Iapterus auratis 11.23
Crreochromis niloticus .87
Capture total 84.81% 81.97% R4, 94 % §52.84%
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Table 4: Mo, of species, diversity and eveness per season in Camaronera lagoon regarding abundance

Season Sample No. of species Diversity (H) Evenness (17
Morles Diurnal 27 2995 0767
Might 23 3473 0.764
Dry Diurnal 22 3.460 0.776
Night 24 3448 0.752
Rainy Diurnal 16 2.602 0.650
Might 21 2,966 0.675

Table 5: Variance analysis of one factor (0.05) in order o prove sigmificant differences in Abundance and Biomass per
sampling hour and climatic season

o= (.03 df Sum of squares MMean square F-value Critical value of F p-value
Mortes season
Abundance
Between groups 3 5297.82 105956 2.53 2,25 00300
Within groups 204 8539948 418.62
Biomass
Between groups 5 230636.53 4612730 2.33 2.25 00436
Within groups 204 4034755.70 19774.21
Diry season
Abundance
Between groups 5 T07.16 141.43 1.49 2.25 01921
Within groups 204 19269 25 04,45
Biomass
Between groups 5 22299.15 4459 83 0,94 2,25 0.4547
Within groups 204 DaSTT2.47 473417
Rainy season
Abundance
Between groups 5 3539.60 70792 2.31 2.25 00452
Within groups 204 62449 65 306,12
Biomass
Between groups 3 35627234 T1254 46 1.76 2.25 0.1221
Within groups 204 H2491 56,00 40437.03

hand, during nocturnal collections, Cathorops melanopus, Anchoa hepsetus Gobionellus, hastatus and
Craambusia affinis were the most abundant and Cathorops melanopus, Gobionellus hastatus, Gambusia
affinis and Oreochromis niloticus were the species that provided the greatest biomass (Table 5).

Feeding

A stomach contents analysis was carried out in 1333 organisms that represented 42% of the
organisms captured in the three seasons. The main teeding types recognized by season and the schedule
were as follows: nortes season, diurnal samplings registered fish of the Engraulidae and Gobiidae
families, insects such as Hymenoptera, Diptera, Coleoptera and Homoptera, Ruppia maritima,
anfipods and poliquets. For nocturnal captures, the registered feeding tyvpes were fish of the
Engraulidae family, insects such as Hymenoptera, Hemipterous and Homoptera, detritus,
Ruppia maririma, copepods and anfipods. During diurnal captures in the dry season, the registered
feeding types were detritus, anfipods, poliquets, carideans and Kuppia maritima, while for nocturnal
captures, the feeding types were detritus, Ruppia maritime, copepods, anfipods and algae. In the rainy
season, the feeding types registered in divmal captures were detritus, algae and remains of fish and in
nocturnal captures, detritus and fish like Anchoa hepsetus were the most representative.

Levin's standardized Index (B ,) of niche amplitude for diurnal samplings shows that the feeding
in dry and rainy seasons (Table 6) is dominated by few prey-types, It also shows the existence of
certain specialization between the diet of Achirus linearus, Asivanax fasciaius, Centropomus
undecimalis, Cichlasoma sp., Diapterus awratus, Dormitator maculatus, Gambusia affinis, Gobioides
broussoneti, Gobionelluy hastatus, Membras vagrans, Mugil curema, Oreochromis niloticus and

Strongvlura notata. In nocturnal samplings, there are few prey-types present in the nortes season and
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Table 6: Amplitude index of trophic niche in diurnal samplings per climatic season

Levin's index (B) for diurnal samples

Climatic season

Species MNortes Diry Fainy
Achirus lineatus B=23] BB = (.00 B = 00000
B, =04385 B,=0 B.=0O
Anchoa hepsetus . B =2.7746 B = 1.0690
; B, =0.1971 B, =0.0172
Astvanax fasciatus B=422 B = 1.4667 B =000
B, = 04602 B, =0.1166 B.=0
Bathyveobius soporator B=3324 B =4.5635 B =4.0844
B,=0.2324 B, = (0.5090) B, =0.6168
Cathorops melanopuy B =297 B=4.1756 B=1.2579
B, =04926 B, =05292 B, =0,0286
Centropomus undecimalis B = 18003 B = 1.58063 B = 0.0001
B, = 0.8003 B, = (.26%7 B, =0
Cichlisoma hellert B=1.4%] B = 20051 B = 1.0903
B, =0080] B,=0.1675 B,=0.045]
Cichlasoma sp. B =2.3397 B = 0.0001 -
B, = 0.6698 B,=10 .
Ciehlasoma wrophthalms B =30]135 B=1.3131 B=1.20492
B,=08711 B, = 0.0447 B,=00523
INateris auratus B=227049 B = 2.5535 B =0.0001
B,=0.241] B, =0.2589 B,.=0
Dormitator maculains B=20 B = (LN -
B.=1.10 B,=10 -
Gambusia ffinis B=1.0 B = 0.0001 B = 0.0001
B,=1.0 B,=10 B,=10
Crobrioiddes Browssonely = B = (0.0} B = 00001
- B,=1 B,=10
CGobiomaorus dormitor B=1.0 B = 3.0006 -
B.=1.10 B, = 1.0003
Crodsiomellons foesiotis B=1.0 B = (1.0} B=12%
B,=1.1] B,=10 B,=10.28
Criaving guaving B = 23809 B =33147 -
B, = 0.6904 B, = 05786
Harengula joguana BE=1.6 = =
B,=10.6 - -
Lutjanus griseus B=35714 B = 2.0005 -
B, =0.8571 B, = 0.5002 .
Membras vagrans B=34734 B = 3.6549 B = (.01}
B, = 04944 B, =0.0753 B,=10
Microphis brachyvirus lineatus B=1.0 - -
B.,=1.0 - -
Micropogonias furnieri BE=20 B=22754 B=32412
B,=1.0 B,=02125 B, =0.5603
Mugil curema B=1.0 - B = 0.0001]
B,=1.0 - B,=0
Mipoplites saurus B=1.0 - .
B,=1.1] - -
Cpisthonema oglinem B=12612 B=1.1261 B = 15695
B, =10.1306 B, = 0.0630 B, =0.5695
Cpsanus beta B = 38379 B = K.0246 .
B, =0.7144 B, = 0.7805 ;
Crreochromis aurens - - B = 00001
- - B,=0
Petenia splendida B =4.0764 B=1.190 B = 1.9889
B, = 0.4394 B, = 0.023 B, =10.1236
Stromgviura novata B=1.0 B = (.0001 B = 00001
B,=1.0 B,=0 B,=0
Svnenathus scovelli B=20 - .
B, =10 - :
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species such as Cenrropomus undecimalis, Cetengrawlis edentulus, Dormitator maculaius, Gobionellus
hastatus, Microphis brachyurus lineatus, Mugil curema, Opisthonema oglinum and Oreachromis
niloticus, exhibit certain specialization in their diets. In both cases, they complement their diet with
other preys, depending on the available resources in each climatic season (Table 7).

Table 7: Amplitude index of trophic niche in noctumal samplings per climatic season
Levin's index (B) for divmal samples

Climatic season

Species MNortes Diry Rainy
Achirus lineatus B=1.:6 B=16 -

B,=0:6 B,=0.06 -
Anchoa hepsetus B = 1.0165 B = 1.03449 B=1.1197

B, = 0.004146 B, = (L.00875 B, = 0.0399
Archosargus probatocephalus - B =2.000 -

; B, = 1000 -
Asrvanax fasciatus B =4.449 B =2.000 -

B. =0.344 B, = 1.000 ;
Buirdiella chrvsowra . B=1.9273 -

- B, =0.4636 -
Bathygobius soporator B=1.2544 B =24503 B =2 8801

B, =0.054 B, = (.1450 B, = 0.2685
Cathorops melanopus B =300 B =26I187 B = 12200

B,=1.1] B, =0.2697 B, = 010366
Caranx hippos - - B =225

= - A =0.6252
Centropomus wrdecimalis B = (.0001 B =32617 B =21

B,=0 B, =0.5654 B,=1.0
Cetengraulis edentulus B = 0.0001] - -

B,=0 - -
Cichlasoma helleri B=2549 B = 18355 B = (L0001

B, =0.387 B, = (.2088 B, =
Ciclilasoma sp. B = 3.000 - -

A= 1.0 - ;

Cichlasoma wrophthalms B=1733 - B = L.E(K3

B,=0376 - B, = 08003
Citharichthyvs spilopterus BR=1222 - -

B, =0.378 - ;
Iiapterus auratis B=1.043 B = 1.6300 B =1.2769

B,=0014 B, =0.1261 B, =0.0692
Dormitator mactlaius B = 0.0001 - -

B,=0 - -
Creombisia affinis BE=1.142 B = (.01 B = (L0

B,=0.142 B,=10 B.,=10
Crobipides browssoneti - B = 0.0001 B=20

; B, =10 B, = 1.0
Gobionellius hasratus B = 0.0001 B = 0.0001 B=20

B,=10 B,=10 B,=1.0
Cruaving puaving B=159312 B =2.000 -

B, =0.554 a= 1000 -
Harengula jaguana B=2177 B = 0.0001 -

B,=0.261 B,=0 -
Hyporhamphus unifasciatus - B=25717 -

. B, = (.7858 -
Lutjanus grisens - B = 0.0001 -

) B, =10 ;
Membras vaprans B = 2038 B =1.8622 B = 3.6893

B,=02595 B,=0.1724 B,=06723
Microphis brachyvwrus lineatus B = (.0001] B = 18003 -

B,=10 B, = 0.8003 -
Micropogonias furnier B=210 B=1.2224 B = 28829
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Table 7: Continued
Levin's index (B) for dinmal samples
Climatic season
Species MNortes Dy Rainy
B,= 110 B, = 0.0444 B, =0.6276
Mugil curema B =0.000] B = 0.0001 B = 0.0
B,=0 B, =0 B, =0
Chpisthonema oglinem B =0.0001 B =2.3147 B = 0.0001
B.,=0 B, =0.6573 B.=0
Chpsanus beta B=1.101 B = 54471 B = 44555
B,=03859 , = (LE894 5= 08639
Crreochiromis aurets B = 0.000] - B = (.01
B.=0 = B.=0
Petenia splendida B=23753 B=41415 B = 45486
B,=04580 B, = (L6283 B, = 0L7087
Stremigvlura norara B =200 B = 1.9607 B=1.64
B, =0.500 4 =0.1921 B, =06425
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Fig. 5: Feeding types per season according to Costello’s graphic method for Cathorops melanopus

120 * Nores ™ Dry # Rainy
1000 - & Detritus
% 80 * B, martima
= B Detritus
= i
B ()
=
40 +
EF" nuErm
20 7 g eBivalves * Derits
T Amnphipods
T:ln?jjd:l:'m' F;J'I_.,‘! ’_{g mﬁ 5
{0 20 40 6 B0 100 120

Ocurrence (%)

Fig. 6: Feeding types per season according to Costello’s graphic method for Diaprerus auratus

According to the obtained data of Costello’s graphic method, the species in all samples behaved
as generalists, even though few feeding types dominate the diet of some species. Of the analyzed
species, the ones that provided the greatest amount of feeding types were Cathorops melanopus
(Fig. 5), Diapterus auratus (Fig. 6) and Perenia splendida (Fig. 7).
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Fig. 7: Feeding types per season according to Costello’s graphic method for Perenia splendida
DISCUSSION

The organization and structure of the community have been the more analyzed aspects currently,
their study has focused in the analysis of its structure as well as in the species patterns that compose
it (Schoener and Spiller, 1987). A factor that difficult this study is the form in which the analysis is
considered, being of temporal or spatial character. In the present study, when approaching their
analysis from the temporary point of view, the obtained results show us that the greatest records both
in abundance and in biomass were obtained during dinrnal hours (Fig. 3, 4), not based in the number
of species (Table 4). This behavior coincides with what Adams (1976c¢), Bayer (1981), Gibson er al.
(1993) and Methven et af. (2001), pointed out that for the reported lagoon and estuarine systems, the
captures are bigger during nocturnal hours than during diurnal hours. If only the behavior of abundance
and biomass by capture was analyzed, these are bigger during diurnal hours, compared with nocturnal
hours, but if we integrate the specific composition and diversity, we can observe that nocturnal records
are bigger.

An aspect that contributes to mask these results is the abundance records of the dominant species
during sampling hours. This represent between 63 and 78% of the abundance and biomass records in
the nortes season, 67 and 72% of the same parameters in the dry season and 81-84% of the abundance
and biomass records in the rainy season (Table 3). Regarding this, Chivez et al. (1991) and Chavez and
Franco (1993) reported most of these species for this zone as species with a great affinity due to
freshwater conditions, becoming present in mesohaline conditions such as those registered along the
study. The variance analysis that was carried out p = 0.030 in nortes season and p = 0.045 in rainy
season allow to recognize a significant difference in the abundances for captures hour in both seasons,

This behavior could be related with climatic and meteorological events that dominate both
seasons. During the nortes season, a bigger incursion of species 1s favored, registering 31, while in the
rainy season, the high levels of fluvial discharge tavor the presence of species with freshwater affinity,
decreasing the specific richness to 22 species. During the dry season, the conditions of more thermal
stability and reduction of the precipitation levels increase the specific richness, compared with the
rainy season, since 28 species are present,

Another aspect to consider is the availability of the resources used by the species to develop their
vital processes. In this lagoon, the presence of patches of Ruppia maritima offers them diverse
components of physical and feeding character to cover their requirements. The physical components
such as space and coverage favor most species with a protection area against depredators such as
other piscivores fish. This behavior has been documented by Helfman (1978, 1993) and Gibson et al,
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(1993, 1996). Some other authors argue that high turbidity levels can reduce the rates of depredation
of some species, but they can also favor others that do not depend on visual recognition (Benfiel and
Minello, 1996). The implications of a decrease in the populations of major depredators in shallow
waters imply the maintenance of abundances in other species, including those of small depredators that
would have the potential of inflicting a substantial mortality in prey species (Sheaves, 2001). In this
study, this is the case with FPerenia splendida, which corresponded to a dominant species. but with
organisms smaller than 10 ¢m of longitude pattern,

In some cases, the authors consider that the current conditions in this type of systems can reflect
the adaptations of diverse species of fish, so that they may take advantage of the high rates of
productivity that are characteristic in this type of environments, At the same time, they can adjust
their biological cvcle to the patterns of environmental variability (Flores ef al.. 1990; Arceo ef al..
20004). Thus, the community that lives inside and near the inlets may take advantage of the stable
environmental conditions, as well as of the organic matter that flows in the system, in order to cover
its feeding requirements. These are represented in a higher proportion by consumer species of second
and third orders (Flores ef al., 19940). This behavior has been reported as well by other authors (Jenkins
and Wheatley, 1998; Guidetti, 2000) for coastal environments and littorals as the one mentioned in this
study. Here we recognize that the importance that each species has in the system is directly related
with the functional role that it carries out in a certain moment of its live cycle.

As a complementary way, the levels of secondary production in littoral environments help to
maintain a greater number of fish species than the ones that live in bordering zones (Platell and Potter,
2001: Travers and Poter, 2002). They affirm that a biggest organic contribution can favor
macroinvertebrated growth that constitutes as preys of the fish species. The variety of feeding types
registered in this study, shows slight differences between the analyzed seasons, where the anfipods,
poliguets, carideans and copepods, Ruppia maritima and detritus are the main feeding items that
maintain most of the registered species along the study. In this seasonal analysis, it is observed that
some species show minimum variations in their feeding habits along the year, while others change their
preterences in a drastic way, changing even the trophic level; this 1s the case with Petenia splendida.

The ongins of these variations could be linked with several causes: competition, resource
availability, trophic overlap, abundance and availability of disposable organisms for each climatic
season and in this lagoon particularly, the contribution of organic matter from the fluvial systems that
discharge in this lagoon system. The above-mentioned allows depredators species to enlarge their
trophic spectrum because of the seasonal enrichment and the increase in productivity in the lagoon.,
This favors the growth of populations of prey species, thus enhancing the opportunity for the
depredator species to enlarge their trophic spectrum, as Hori (2008) has mentioned it, in an analysis
about rocky intertidal zones.

When comparing the obtained results of Levin’s Index in the different sampling seasons, it 15
observed that most of the species show low values of diet amplitude with values from 0-0.5; this
indicates that their diet is composed of few feeding types. This i1s what happens with Astvanax
fasciarus, Anchoa hepsetus, Bathvgobius soporator, Cichiasoma helleri, Harengula jaguana, Membras
vagrans among others; this index is greater in depredator species that show values that oscillate from
(0.5-0.9, which confirms their opportunistic character when they consume a diet with a great amount
of feeding items. In this group, we can mention the Centropomus undecimalis, Opsanus bera, Guaving
guavina, Petenia splendida and Strongylura notata. Other species like Cathorops melanopus,
Cichlasoma urophthalmus and Micropogonias furnieri show variations in this index, both during
sampling hours and seasons. These vanations suggest that these species consume any feeding type that
15 within their reach.

This behavior is reinforced when we analyze the feeding preferences with Costello’s graphic
method, 1990, In this method we can see that, at least for the dominant species in all samplings, their
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diet is adjusted to the generalistic type, but with a marked preference for several feeding types such
as detritus, grasses (Ruppia maritima) and algae (Fig. 5-7).

Both nictimeral and seasonal trophic behavior of the fish community in Camaronera lagoon,
helped to distinguish the importance of feeding sources, such as detritus, crustaceans and Ruppia
maritima in the system, to maintain levels of biological productivity. At the same time, the role played
by the preys as important links that enrich the interactions in the current trophic nets was identified.

The seasonal analysis of the icthyofauna in Camaronera lagoon through diurnal and nocturnal
samplings, helped to recognize that the better represented families were Cichlidae, Eleotridae and
Gobiidae, accentuating Gambusia affinis, Petenia splendida, Cathorops melanopus, Diaprerus auratus
and Bathvgobius soporator, as the most representative species regarding biomass and abundance.

The abundance behavior along the day shows significant variations in the nortes and rainy
seasons, because of the climatic and meteorological conditions that prevail in both times of the vear,
favoring the incursion of species in the nortes season and limiting the entrance of marine species during
the rainy season.

The trophic composition of the different species shows slight differences between the analyzed
seasons, accentuating anfipods, poliquets, crustaceans {carideans and copepods), Ruppia maritima and
detritus as the main feeding items that maintain most species registered along the study.,

The estimate of the diet amplitude helped to recognize that some species, such as Astvanax
fasciatus, Anchoa hepsetus, Bathvgobius soporator, Cichlasoma helleri, Harengula jaguana and
Membras vagrans, tend to show a specialist behavior in their feeding, while Cenrropomus undecimalis,
Opsanus beta, Guavina guavina, Petenia splendida and Strongyvlura notata show a generalistic
behavior, This behavior was confirmed when the information obtained in Costello™s Graphic Method
was integrated; this information help to recognize that most of the species registered in the nortes, dry
and rainy seasons show a generalistic strategy, even though few feeding types dominate the diet of
sOme species,

The importance of the different elements in the maintenance of productive processes in the lagoon
helps to recognize that a decrease in any of them could affect the community structure, This would
affect trophic relationships and populational dynamics of the species, with a commercial and ecological
impact for those who use the lagoon as a food source, for reproduction or as a protection zone in some
period of their life cycle.
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