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Abstract

Santa Cruz Channel estuary (Pernambuco, Brazil) has a history of chemical contamination and environmental degradation by sugar-cane plantations, industries and intensive aquaculture. There are 57 families encompassing 145 species of fish registered in the area. Mugil liza, Mugil curema, Cathorops spixii, Achirus lineatus, Centropomus undecimalis and Trichiurus lepturus were chosen for having different feeding habits, relationships with the estuary, size classes and market value. As a group, they can be considered suitable bioindicators of the level of chemical contamination. 
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Introduction

Estuaries have been the first coastal environment to be occupied by human populations. Historically they have been used for shelter, food supply and discharge of effluents. Some of these uses are clearly incompatible. The chemical contamination of estuaries is a major concern worldwide. However, it is not always well monitored, and the environmental degradation and quality loss of fisheries products may be poorly estimated.

Fish are well recognized bioindicators of environmental changes, including chemical pollution (FAO/SIDA, 1983; Espino, 2000). Since fish span over a wide variety of feeding and living habits, they are exposed to chemical contamination from different food sources and water conditions within the estuary. They are also an important link between the environment and human populations through fisheries and consumption by the local and other markets.

Depending on the feeding and living habits of each fish species, they will represent a different type of exposure of the estuarine biota to chemical pollution. A group of species comprising many of these habits can indicate in a more comprehensive way the level and special distribution of chemical contamination of an estuary than a single species response.

Study area

The Santa Cruz Channel estuary (7o34’-7o55’S and 34o48’-34o52’W) in Pernambuco State, Brazilian Northeast, is an estuarine complex which margins are bordered by mangrove forests. It is a U-shaped tidal creek which separates Itamaracá Island from the continent. The extension of the main channel is about 22km and its width can reach 1.5km at the widest point. Depths varies from 1-17m. It receives contributions from numerous small rivers which drain forested, agricultured, urbanized and industrialized land.

It has a history of chemical contamination (e.g. nutrients, organic matter, oil, Hg, PCBs, Dioxins, Organochlorines) (Silva, 2002a and therein). The anthropogenic influences in the area started with the removal of the native forest (Atlantic Rain Forest) for sugar-cane plantations since 450 years ago. The development of sugar-cane plantations and milling has lead to the introduction of persistent chemicals and irrigation of the land with the liquid organic rich effluents from the milling process. The land drainage carries the chemicals and the excess of nutrients to the nearby channels which form the estuarine complex.

During the last century an industrial estate was developed around its margins. The industries include chlor-alkali, fertilizers and agricultural defensives plants, paper mills, cement, aluminium, and others. The population in the small drainage basins which form the estuarine complex have also increased significantly. The region of Santa Cruz Channel is the fastest growing in Pernambuco costal zone (Costa and Souza, 2002). More recently it has also been under the threat of the effluents of intensive aquaculture (prawns farming) (which can cause severe cultural eutrophication and water mobilization) and dredging for leisure boats circuits.

The present work has examined the fish species registered for Santa Cruz Channel in the literature and selected six species to be used as bioindicators of chemical pollution based on their living and feeding habits, socio-economic value and previous use as bioindicators.

Results and Discussion

There are 57 families encompassing 145 species of fish registered for Santa Cruz Channel. The Class Chondrichthyes is represented by 2 families and 2 species; the Class Actinopterygii is represented by 55 families and 143 species (Vasconcelos Filho and Oliveira, 2000).

The species Mugil liza, Mugil curema, Cathorops spixii, Achirus lineatus, Centropomus undecimalis and Trichiurus lepturus were chosen because they cover a wide range of feeding habits (three trophic levels), different relationships with the estuary, size classes and market values. Also, these species occur along the Brazilian coast and are frequently captured in estuaries by subsistence and commercial fisheries.

The fish species chosen are reproduced in Figure 1. The most important characteristics of each species which make them suitable bioindicators of chemical pollution are listed and briefly commented.
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	Mugil liza (Valenciennes, 1836). Blueback mullet.  Taken from FAO, 1978.
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	Mugil curema (Valenciennes, 1836). White mullet. Taken from FAO, 1978.
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	Cathorops spixii (Spix and Agassiz, 1829). Madamango sea catfish. Taken from Figueiredo and Menezes, 1978.


Figure 1: Fish species occurring at Santa Cruz Channel chosen to be used as indicators of chemical contamination of the area in monitoring programs.
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	Achirus lineatus (Linnaeus, 1758). Lined sole.

Taken from Figueiredo and Menezes, 1978.
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	Trichiurus lepturus (Linnaeus, 1758). Swordfish, cutlassfish or largehead hairtail. Taken from FAO,  1978.
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	Centropomus undecimalis (Bloch, 1792). Common snook. Taken from FAO, 1978.


Figure 1 (cont.): Fish species occurring at Santa Cruz Channel chosen to be used as indicators of chemical contamination of the area in monitoring programs.

Mugil liza and Mugil curema: species from the Mugilidae Family inhabit shallow waters in estuaries, beaches and reefs. They occur in both marine and brackish waters. Almost all species in the family are omnivorous. The species of Mugilidae usually have a high fat content in their bodies, favouring the bioaccumulation of lipophilic pollutants. Have been used in Brazil as bioindicators of chemical contamination of coastal ecosystems, inclusive at Santa Cruz Channel (see also: Costa and Kehrig in this volume; Sant’Anna, Costa and Akagi in this volume; Silva, 2002a). Have a significant commercial importance along the whole Brazilian coast.

Cathorops spixii: demersal species, lives in tropical estuarine and marine environments. They feed on invertebrates, being exposed through benthic preys in their diet as well as through direct contact with the sediments. Have limited commercial importance, but are consumed by human populations directly linked to the estuarine environments. No previous works using this species as indicators of chemical pollution were found.

Achirus lineatus: demersal species, lives in tropical estuarine and marine environments. Their close relationship with the bottom sediments is important to evaluate the contamination conditions in that environmental compartment. They are exposed through benthic preys in their diet as well as through direct contact with the sediments. Previous works in the region have used this species as indicators of oil pollution.

Centropomus undecimalis: Nektonic demersal species inhabiting shallow waters , bays, estuaries and brackish waters. Carnivorous fish preying on smaller fishes and invertebrates. No previous works using this species as indicators of chemical pollution were found.

Trichiurus lepturus: Cosmopolitans of tropical and temperate warm waters. This species is benthopelagic and frequently penetrates estuaries. Carnivores which prey on small fish and invertebrates. Have been successfully used as bioindicators of mercury pollution (Silva, 2002b; Pinho, 1998). 

The main parameter used for choosing these species was their relationship with the estuarine environment. The greater the species dependence on the estuarine environment and the longer it spends in there, the better for its use as bioindicator. These should better reflect the water and sediments chemical parameters prevailing in the estuary (Table 1).

The species trophic level was also taken into consideration. The three levels of consumers were included: primary, secondary and tertiary (Table 1). Analysis of different trophic levels can inform about bioaccumulation and biomagnification processes which may be occurring, even if the species indicated do not prey directly on each other.

Table 1: Relationship with the estuarine environment and trophic level of the six fish species chosen to be used as bioindicators of chemical Pollution at Santa Cruz Channel, Pernambuco, Brazil (Mathieson et al., 2000).

	Species
	Ecological Guilds
	Dietary Preference Guilds

	Mugil liza
	Diadromous migrants
	Omnivorous

	Mugil curema
	Truly estuarine resident
	Omnivorous

	Cathorops spixii
	Truly estuarine resident
	Strictly invertebrate feeders

	Achirus lineatus
	Truly estuarine resident
	Strictly invertebrate feeders

	Centropomus undecimalis
	Diadromous migrants
	Feeding on invertebrates and fishes

	Trichiurus lepturus
	Marine adventitious visitors
	Feeding on invertebrates and fishes


As a group, these species have been considered to be suitable bioindicators of the level and forms of chemical contamination of Santa Cruz Channel. These six species occur along the whole Brazilian coast, allowing for comparisons with other regions which maintain biomonitoring programs of chemical pollution in coastal environments.

Priority should be given to the study of the ecology of these potential bioindicators of chemical pollution. Their temporal and spatial distribution in the estuary and adjacent coastal environments needs to be investigated in order to subsidize a monitoring program in Canal de Santa Cruz.

The authors suggest a biomonitoring program using these species of fish. Sampling can be done either along the contamination gradients, starting at the sources, or at the fishermen colonies along the channel. There are three main landing points in the area. The program should involve seasonal (rainy and dry seasons) sampling of 10 to 20 individuals of each species (if they occur all year long in the estuary). Muscle tissues can be analysed for their contents of metals and organic compounds which are know to pose chemical contamination threat to the estuarine environment under investigation. The intensive analysis scheme should be carried out for three to four years, until it is clearer which is the best time of the year (more critical) to assess the chemical contamination of the estuarine environment. Only then a consistent spatio-temporal schedule could be designed to monitor the environment on a long term basis. 
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