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Abstract

This study investigates the seasonal changes of the fish species composition in relation to biomass, density and  number of species in three areas of the main channel of the Paranaguá Estuary. Between June/2000 and July/2001 237 samples were taken in the main channel of Paranaguá Estuary. During this time 81 species and 65,000 fish weighing 2 tons were captured. The total mean density and biomass were estimated for this habitat (1513 ind. ha-1; 34 kg ha-1). Analysis of the catch data showed that in the Paranaguá Estuary the number of species and total mean density differed significantly amongst areas and seasons. However, the total mean biomass differed significantly only amongst areas.  Most of this differences were detected during the late rainy season. During this time, the fishes species concentrated in the middle of estuary. In the Paranaguá Estuary the salinity is stable in the middle- and lower estuary even during the rainy season. For that reason independently from season the estuarine resident fish species remain in the estuary.

Introduction

Several authors have emphasised the importance of estuaries for marine fisheries by demonstrating that a large part of the landings around the world is made up of species that spend part of their lives in estuarine waters. Estuarine areas and shallow waters in the tropics-, sub-tropics- and temperate regions considered as nurseries for invertebrate and fish species (Blaber 2000).

Studies in estuarine habitats in south Florida, Mexico, Solomon Islands and Australia have described fish assemblages distribution and structure in relation to seasonal variations in species number, biomass and density and discussed their importance as nursery areas. 

Along the Brazilian coast, studies of fish assemblages composition and seasonal variation in estuarine ecosystems and adjoining marine waters were undertaken in tropical North Brazilian in the Amazon River estuary, Caeté Estuary and in the warm temperate and sub-tropical South and Southeast. However,  studies about fish assemblage composition in relation to seasonal variation of species numbers, density and biomass as well as fish migration in the Paranaguá Estuary (South Brazil) are still poorly understood. 

The main question addressed in the present study was: “How does the fish assemblage (number of species, density and biomass) vary in relation to seasonal fluctuations of salinity in the main channel of Paranaguá Estuary?
Materials and Methods
Paranaguá Estuary is the largest estuary on the south Brazilian coast (25°15’ - 25° 35’ S and 48° 20’ - 48° 45’ W).  The main channel of the east/west main axe of the estuary was divided into three areas (upper, middle and lower estuary) according to the salinity gradient.

Water temperature and salinity were recorded before samples were taken. In the three areas of the estuary, samples were taken with an otter trawl net (Barletta et al., 2004).

Six monthly replicate samples were collected during first quarter moon between June/2000 and July/2001 in the upper, middle and lower estuary. All caches are expressed in density (ind. ha –1) and biomass (g ha –1).
Two-way ANOVA was used to test differences in fish community parameters (density, biomass, and number of species) among areas (upper-, middle- and lower- estuary) and seasons (early dry-, late dry-, early rainy- and late rainy- season). Cochran’s test was used to check the homogeneity of variances. Tukey’s HSD test (p<0,05) was used whenever significant differences were detected.

Results

Salinities showed a seasonal trend, principally in the upper estuary. At the beginning of the rainy season (January/2001) salinity values decreased in the upper estuary. The lowest values (0 – 12) were observed between January and March 2001. After this time, rainfall decreased and salinities rose again. Independently from season, the upper estuary showed always the lowest salinity (0 – 16) and the lower estuary the highest values (> 25). Water temperatures showed the same seasonal trends in all estuary.

Two hundred and thirty four samples were collected representing a total sampled area of 541,375 m2. Approximately 60,000 fish weighing 2 tons and consisting of 81 species of  29 families were collected from the axis east-west of Paranaguá Estuary. The absolute mean density and biomass estimated from all samples was 1,513 ind. ha-1 and 34 kg ha-1 respectively. The upper estuary showed the highest  mean values of density (2,147 ind ha-1), and  the middle estuary showed the highest mean values of biomass (49.5 kg ha-1) (Table 1). The estuarine species Cathorops spixii, Stellifer rastrifer, and  Anchoa parva ,comprised 70% of the total density and 65% of the total biomass.

Table 1. Density and biomass for the most important species of Paranaguá 

[image: image1.wmf]Density

Biomass

Density

(%)

Biomass

(%)

Species

ind. ha

-1

%

g ha

-1

%

Upper

Middle

Lower

Upper

Middle

Lower

Cathorops spixii

686,39

45,37

20145,58

59,54

29,74

72,62

1,03

61,28

82,89

0,60

Stellifer rastrifer

288,73

19,09

1659,73

4,91

32,35

8,51

2,27

9,81

3,03

1,86

Anchoa parva

85,81

5,67

55,01

0,16

7,30

0,59

20,05

0,31

0,05

0,29

Total

1512,79

33836,67

2146,60

1981,44

450,72

32774,42

49503,55

14007,00

no. of species

83

63

68

62

sampled area (m2)

541375

179614

174214

187547

Estuary (upper, middle and lower estuary). The results are expressed in individuals and grams per hectare (ha).

Two-way ANOVA showed that the mean number of species and total density differed significantly amongst  seasons and areas (Table 2). The variable biomass has shown significant differences only for the factor area.

Table  2.  Summary of the ANOVA test results for number of species and total density and biomass. Analysis performed on log (x+1)-transformed data. Differences among areas and season  were determined by Tukey`s HSD test post hoc comparisons. Where *, p < 0.05; **p < 0.01; NS, not significant; EDS, early dry season; LDS, late dry season; ERS, early rainy season; LRS, late rainy season; UE, upper estuary; ME, middle estuary; LE, lower estuary.
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Discussion

In spite of the high number of species,  the fish assemblage in this estuary is composed of a few species only. In addition, among the upper, middle- and lower estuary significant differences were observed for the number of fish species (season and area), density (season and area) and biomass (area), resulting in a rejection of the null hypothesis.  

Rain Paranaguá Estuary falls mainly from January to May and this is reflected as higher river discharge into the estuary. During the peak of the rainy season (March/April) the Paranaguá Estuary principally the upper estuary was  flushed . However, the middle- and lower estuary keep the salinity values stable. For that reason, most of the estuarine fish species (adult and young-of-the-year) concentrated in the middle of estuary.  It explain the significant differences among season and areas for variables number of species and density.

According to Barletta et al. ( 2003 and 2004) and Barletta-Bergan et al. (2002) the Caeté Estuary was a totally flushed system at  the end of the early rainy season and beginning of the late rainy season and at this time the fish assemblage moved downstream to inshore areas. The authors, based in their and other studies realized in other estuaries in the equatorial region, suggested that this behaviour may be generalized for  estuaries in northern South America. Blaber (2000) suggest that, this phenomenon occurs on a different scale in tropic and sub-tropic estuaries and it is triggered by seasonal variations of the salinity gradient. 

In the Paranaguá Estuary the salinity is stable in the middle- and lower estuary even during the rainy season. For that reason independently from season the estuarine resident fish species remain in the estuary. Barletta et al. (2004) and this study agree with this theory, and add that the seasonal changes of estuarine fish assemblages may be determined by a combination of temporal fluctuations of the fish species abundance induced by rainfall, reproduction and recruitment of estuarine species and the recruitment of marine and freshwater species.
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