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Abstract

We analyzed the diet composition of the ichthyofauna, and the feeding strategy of the white croaker, in a Ruppia maritima meadow in the Patos Lagoon estuary, southern Brazil. The studied species seem to have generalist-opportunist feeding habits, showing different strategies and a wide spectrum of prey.

Introduction

Seagrass beds are considered important nursery grounds, providing food and shelter for juvenile fish and invertebrates. Studies involving feeding habits of fishes that utilize seagrass meadows help to illustrate the role of such places in the ecology of these species and to comprehend trophic relationships between organisms in a community (Adams, 1976).   

In the Patos Lagoon estuary, seagrass beds are dominated by Ruppia maritima, representing common habitats in the shallow waters. They have perennial or annual growth cycles with peak of abundance during summer months, and with biomass showing strong local variation between-years (Seeliger et al., 1998). 

The importance of R. maritima beds for fishes inhabiting the Patos Lagoon estuary seems to vary according to the specie. For instance, several species have a pattern of occurrence and abundance associated with the vegetated area (Jenynsia multidentata, Mugil platanus and Geophagus brasiliensis), particularly the pipefish Syngnathus folletti that seems to occur throughout its entire life in the seagrass beds. In contrast, other species are more abundant outside the seagrass bed (Lycengraulis grossidens and Netuma barba). Finally, some fishes apparently occur indistinctly on both habitats, such as Micropogonias furnieri, Gobionellus schufeldti, Atherinella brasiliensis and Platanichthys platana (Garcia & Vieira, 1997). Garcia & Vieira (1997) suggested that feeding habits of the fish species occurring in the seagrass meadows could explain the structure of the fish assemblage inhabiting the Patos Lagoon’s seagrass meadows. 

Although R. maritima beds seems to play a key role as nursery grounds for fishes and decapod crustaceans (Garcia et al. 1996; Garcia & Vieira, 1997), there is a lack of information on the role that these environments play as feeding area for juvenile fishes in the Patos Lagoon estuary. In such context, the present study intends to contribute to the understanding of the diet composition and feeding strategies of fishes inhabiting these vegetated habitats.

Materials and Methods

The studied area was located in a protected shallow water of Patos Lagoon estuary (Figure 1), where usually occurs dense R. maritima beds in summer and fall (Seeliger et al., 1998). A total of 144 samples were taken between Dec.94 and Mar.95. Two different habitats, inside R. maritima meadow (VG) and a nearby non-vegetated area (NV), were sampled every 15 days in two periods (day: 2 - 6 PM and night: 8 - 11 PM). Samples were taken using a beam-trawl (mouth 1 m wide and 0.5 m high; body mesh 13 mm and cod-end mesh 3 mm).
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Figure 1 –Patos Lagoon estuary study area showing the sampling sites (IN = vegetated; OUT = non-vegetated).

Based on their frequency of occurrence, 10 (out of 22) fishes were considered dominant: Micropogonias furnieri, Syngnathus folletti, Jenynsia multidentata, Gobionellus schufeldti, Geophagus brasiliensis, Netuma barba, Platanichthys platana, Mugil platanus, Lycengraulis grossidens and Atherinella brasiliensis.

The gut content of eight different species was analyzed: M. furnieri (N=205 individuals), S. folletti (N=124), J. multidentata (N=20), G. schufeldti (N=20), G. brasiliensis (N=20), N. barba (N=20), P. platana (N=20) and A. brasiliensis (N=17). Each item found in the stomach was identified to the closest taxonomic category and classified in 10 different food categories (infauna, epifauna, zooplankton, phytoplankton, nekton, inorganic material, aloctone vegetable, aloctone animal, algae and non identified organic material). Total area (mm2) and total length (mm) were taken for each food item.

The following calculations were made for each feeding category:  a) Frequency of Occurrence (FO%i): contribution in percentage of the number of stomachs in which a certain feeding category was found (Ni), divided by the total number of analyzed stomachs (NE) and multiplied by 100; b) Percentage of prey-specific abundance (PAEi% sensu Amundsen et al. 1996): percentage a prey taxon comprises (Si) of all prey items in only those stomachs in which the actual prey occurs (S); c) Percentage of the occupied area (PAi%): total area of a certain feeding category found in all the analyzed stomachs (Ai), divided by the total area of all the items found in the stomach (AT) and multiplied by 100. The description of M. furnieri’s feeding strategy was based on modifications of the Amundsen et al. (1996) and Costello (1990) methods, where values of FOi% (x axis) were plotted against PEAi% or PAi% (y axis).

Results

Three fish groups were assembled together according to their diet similarity: GROUP I due to its preference on epifauna, GROUP II because of the dominance of zooplankton and GROUP III for large quantity of infauna (Figure 2).

GROUP I - The pipefish S. folletti had a diet composed basically of the epifaunal isopod Munna peterseni and zooplanktonic copepods, while J. multidentata fed mainly on the amphipod Mellita mangrovi, the polichaete Laeonereis acuta and algae. 
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Figure 2 – Percentage of mean area occupied by each item in the analyzed species separated in terms of food categories.

GROUP II - The sardine P. platana consumed mainly zooplankton, with copepods comprising over 60% of the stomach contents. The silverside A. brasiliensis had a diet mainly composed by cirripedia larvae, the polichaete Nephtys fluviatilis and algae. It was the only specie feeding on aloctone animal, which were composed basically of insects.

GROUP III - The infaunal tanaidacean Kalliapseudes schübartii was the main item consumed (50%) by the croaker M. furnieri, followed by the less dominant Laeonereis acuta, Erodona mactroides (especially siphons) and few individuals of N. fluviatilis. The marine catfish N. barba fed mostly of K. schübartii, followed by L. acuta. The cichlidae G. brasiliensis consumed predominantly L. acuta, followed by E. mactroides, K. schübartii and N. fluviatilis. The goby G. schufeldti fed mainly on K. schübartii, N. fluviatilis, and Mellita mangrovi. This fish had the largest amount of sand in its stomach content (PA%=14%).

The croaker fed in both vegetated and non-vegetated habitats on similar preys. Kalliapseudes schübartii, was abundant and frequent in the stomach content of the croaker captured inside and outside the vegetation, the isopod Munna peterseni was consumed frequently outside the seagrass, while copepods were consumed mainly in the interior of the vegetation. Sand occurred in the stomachs in similar amounts in both vegetated and non-vegetated habitats. 

An analysis of the feeding strategy indicates that the croaker had generalist feeding strategy inside and outside the seagrass bed. However, the population outside the bed showed a tendency to be specialist preying upon the infauna, especially K. schübartii, whereas in the interior of the vegetation there was opportunism towards nektonic preys. 

An attempt to compare the diet of M. furnieri between habitats (VG vs. NV) and period (day vs. night) was made. In the non-vegetated area, during the night, K. schübartii was the only prey being both abundant and frequent, whereas M. peterseni was frequent but not abundant. During the day, in contrast, Tanais stanfordi become important and copepods and M. peterseni become frequent (Figure 3).
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Figure 3 - Feeding strategy and diet of the croaker M. furnieri between habitats (Outside and Inside) and period (Day and Night).

The croaker’s feeding strategy outside the meadow was of a generalist in daytime and at night, showing a tendency to be specialist in consuming K. schübartii at night, and an opportunistic behavior in capturing fish during the day. Otherwise, inside the meadow, K. schübartii and copepods were frequent and abundant during day and night. During the night, M. peterseni was more frequent and M. mangrovi was important in terms of abundance, although not in frequency. Its strategy was of a generalist at night, consuming specially copepods and less frequently Kalliapseudes. During the day it continued to behave as a generalist preying on K. schübartii and copepods, with an opportunistic feeding on fish and M. mangrovi.


Discussion

A hypothesis concerning the association of fish with seagrass beds suggests that fish assemblage structure would be primarily determined by the availability, composition and pattern of larvae settlement, being only secondarily influenced by predation (Bell & Westoby, 1986). Garcia & Vieira (1997) speculates that, in the shallow waters of Patos Lagoon estuary, fishes select the habitat (inside or outside R. maritima beds) because of the food availability, and not as a function of predation pressure (Garcia & Vieira 1997).

In the Patos Lagoon estuary, the macro-invertebrate benthos shows a low number of species (30-40), and most of them have high seasonal and/or between-year fluctuations in their abundance. Among macro-invertebrate of low mobility there is no specie occurring exclusively in the seagrass meadow (Geraldi, 1997). The preferable food items consumed by the eight fish species analyzed in the present work could be explained by their higher abundance and greater availability. This hypothesis seems to be corroborated by previous findings showing the predominance of carnivore among several fishes that inhabit the Patos Lagoon estuary (Vieira et al, 1998).

Higher predation over infauna is probably because the infauna abundance is three folds higher than epifauna (Geraldi, 1997). It could also be because fishes could move easier near to the bottom than in the plant canopy and its associated algae, which could influence the preys capture. The larger capture of copepods inside the meadow might be due to its greater abundance when compared to non-vegetated areas. The meadows reduce the water speed redirecting the flux around and over the bed (Fonseca et al., 1982), consequently working as a trap concentrating planktonic organisms of low mobility, therefore facilitating its capture by predators like fishes.

Several authors suggest that seagrass beds are habitats where the benthonic invertebrates, particularly the infauna, are protected from the macro-predators (Adams, 1976). However, this hypothesis does not seem to be totally true for R. maritima meadow in the Patos Lagoon estuary, where fishes feed on similar items in both vegetated and non-vegetated habitats. For example, the infaunal K. schübartii, theoretically more protected between the complex of leaves, roots and stems, which limit predator access (Asmus, 1984), was an abundant and frequent item on the croaker's diet in both studied habitats. 

The croaker M. furnieri amplifies its feeding spectrum during the day, both inside and outside the meadow, showing a generalist strategy, and some opportunism specific preys. At night, the croaker continues to have a generalist strategy, although with a tendency to being a specialist in capturing K. schübartii, outside, and copepods inside the seagrass bed. 

The studied species showed different strategies in obtaining food and most of them had a wide feeding spectrum. Even though they prey upon the same feeding categories, they consume different items within these categories, or differ on the feeding strategy used to obtain these items. Also, the high abundance of the available preys, seem to suggest that there is no niche overlap, or competition, between the species of juvenile fish. 
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