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Introduction

The River Continuum Concept (RCC) indicates how the longitudinal variations of physical characteristics influence the distribution of aquatic invertebrates along a fluvial system (Vannote et al., 1980). Although, RCC does not make predictions about the ichthyofauna, it is probable that the systematic variations in the physical-chemical and habitats characteristics along the fluvial continuum also influence the fish communities in these systems. The general objective of the present study is to investigate the influence of the substrate variation and physical characteristics of the canal in fish family groups of headwater streams of a Jaú River, a large Amazon tributary, at the beginning of flood period. 

Study Area
The Jaú River is located in the Central Amazon between Moura and Novo Airão cities. This river is 300 Km long, with about 1500 streams in a 10000 Km2 drainage area, is situated 300 Km Northwest of Manaus, completely enclosed in Jaú National Park. The climate in the studied region is tropical rain with temperatures varying between 22 and 33 oC. The annual rain varies between 1700 and 2500 mm. Two seasonal periods that extends for November to June, with March as the rainiest, with a average of 350 mm, and November as the driest, with an average of 140 mm (FVA/IBAMA, 1998). The present study was undertaken in 34 headwater streams of the Jaú River (Figure 1). The streams studied have pH varying between 3 and 5.5, water temperature between 23 and 26 oC, width between 0.3 and 8.0 meters, and depth varying from 0.3 to 1.7 meters. 

Figure 1. Localization of 34 studied streams in Jaú River, Central Amazonian.
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Materials And Methods
Samples were taken in November and December of 1998. From each stream samples were taken from a stretch of water continuing two complete meanders to guarantee that most of the habitats would be represented. The physical-chemical parameters were determined at a central point in each stretch. The depth and the width of the canal measured for a distance of ten equidistant lateral transections with the aid of a tapeline and one meter measuring rod. The substratum was classified in six categories: leaves, sand, trunks, mud, roots and rocks. The result was used to estimate the percentage of substrate coverage in each stretch, the habitat diversity was calculated using the Shannon & Weaver (1949). Two different artifacts, namely, a wicker fish trap and a hand nets were used to collected fish. The parameters physical, chemical and environmental of the streams were grouped together in orthogonal axes by the NMDS (Non-Metric Multidimensional Staggering) method, and then the most significant independent variable in the axes were related directly with the abundance and diversity of fish groups by Linear Regression.

Results

As for the identified fish groups, the family most representative in number of individuals was Characidae with 568 individuals in one stream. However, we captured only one individual of the family Electrophoridae, Nandidae and Ctenoluciidae. We collected 5771 individuals belonging to 67 species and 24 families, with a total biomass of 5146 g. 21 species of the family Caracidae, belonging 12 the (genera) Hemmigramus with 2745 record individuals were collected, in other words, 47.56% of all the fishes, amount all Caracidae we get 3445 individuals (59.69% of the total) (table 1).

To reduce the degree of co-variation among independent variables and the degrees of liberty in the final analysis, ordinary orthogonal axes were created by way of 14 original independent parameters. Only two axes explain the greater part of the environmental variations. Axis one was strongly associated to the physical gradient of the canal and dissolved oxygen, as postulated by Vannote et al. (1980) in the Continuum River Concept. Axis two, in turn, was highly influenced by two components of the substratum; the sand with interfered positively, and leaves negatively. This axes shows the effect of differences in the abundance of these two-bottom substrate, independent of river size. Thus, the influences of the variables related to the axes on the relative abundance in the fish groups were direct analyzed through Linear Regression. 

The depth of channel shows the significant effect in three groups of fishes that were collected in headwater streams. The number of Caracidae increase with width and depth. Although, the number of Erythrinidae and Lesbiasinidae decrease with the depth (figure 2). The individual number of Curimatidae and Lebiasinidae increase with depth and width, also the Caracidae are affecting too (figure 3). The physical characteristics of the canal affect more the groups than by presence and abundance of bottom substratum. The biomass of Gimnotiformes Group (families: Hypopomidae, Gymnotidae and Sternopygidae) increase in channels with a higher percentage of sandy bottom substrate. The Lebiasinidae number increase with leafy bottom substratum and decrease with sandy (figure 4).

Table 1. Species of fish groups in families, with: the number of individuals (N).

	Familie
	Specie
	N

	Auchenipteridae
	Trachelyichthys cf. decaradiatus
	2

	Callichthyidae
	Megalechis thoracata
	4

	Cetopsidae
	Helogenes marmoratus
	5

	Characidae
	Hemmigramus cf. analis 1
Hemmigramus cf. bellottii

Hemmigramus cf. ocellifer 1
Hemmigramus cf. vorderwinkleri 1
Hemmigramus gr. analis 2
Hemmigramus aff. iota 1
Hemmigramus aff. iota 2
Hemmigramus aff. analis 3
Hemmigramus aff. vorderwinkleri 2
Hemmigramus aff. ocellifer 2
Hemmigramus cf. schmardae 1
Hemmigramus aff. schmardae 2
Moenkhausia cf. collettii

Moenkhausia cf. cotinho

Moenkhausia cf. lepidura

Iguanodectes cf. geisleri

Astyanax cf. anterior

Gnathocharax cf. steindachneri

Acestrorhynchus aff. grandoculis

Acestrorhynchus sp.

Hyphessobrycon aff. melazonatus
	322

413

16

4

212

211

241

348

118

44

582

234

18

136

10

62

5

43

2

1

423

	Characidiidae
	Klausewitzia sp. 

Microcharacidium cf. eleotrioides
	81

4

	Cichlidae
	Apistogramma sp.
Crenicichla cf. notophthalma

Crenicichla sp.1
Crenicichla sp.2
Aequidens sp.
Heros severus 

Cichlasoma sp.
	419

24

3

4

15

2

3

	Crenuchidae
	Crenuchus sp.1
Poecilocharax weitzmani
	200

82

	Ctenoluciidae
	Boulengerella lateristriga
	1

	Curimatidae
	Curimatopsis evelynae
	10

	Doradidae
	Physopyxis cf. lira
Acanthodoras sp.

Acanthodoras cf. spinosissimus
	3

1

9

	Electrophoridae
	Electrophorus electricus
	1

	Eleotrididae
	Microphilypnus sp.1
Microphilypnus sp.2
	66

11

	Erythrinidae
	Erythrinus erythrinus

Hoplias cf. malabaricus

Hoplias cf. lacerdae
	52

25

10

	Gasteropelecidae
	Carnegiella strigata
	6

	Lebiasinidae
	Pyrrhulina cf. laeta

Copella cf. nattereri

Copella nigrofasciata

Nannostomus marginatus

Nannostomus eques
	49

529

474

15

26

	Nandidae
	Monocirrhus polyacanthus
	1

	Pimelodidae
	Nemuroglanis lanceolatus
	20

	Rivulidae


	Rivulus cf. ornatus

Rivulus cf. compressus
	23

1

	Scoloplacidae
	Scoloplax cf. dolicholophia
	1

	Synbranchidae
	Synbranchus sp.
	16

	Trichomycteridae
	Tricomycterus sp.
	3

	Hypopomidae

Gymnotidae

Sternopygidae
	Hypopygus lepturus 1
Hypopygus lepturus 2

Microsternarchus bilineatus

Stegostenopos criptogenes
Gymnotus anguilaris

Gymnotus cf. pedanopterus

Sternopygus macrurus
	19

55

1

1

10

2

1



Figure 2. Relationship among the depth of channel and individual numbers of Caracidae, Erythrinidae and Lebiasinidae in headwater streams.
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Figure 3. Relationship among the width of channel and abundance of Caracidae, Lebiasinidae and Curimatidae in headwater streams of Jaú River.


[image: image5.wmf]Caracidae number

0

100

200

300

400

500

40

100

160

220

280

340

400



[image: image6.wmf]Lebisinidae number

0

20

40

60

80

100

120

140

160

0

100

200

300

400

500



[image: image7.wmf]width of channel (cm)

Curimatidae biomass (g)

0

1

2

3

4

5

40

60

80

100

120

140

160

180

200



Figure 4. Relationship among the habitats coverage of bottom substratum (leaf and sand) and abundance of Lebisianidae and Gimnotiforms in headwater streams of Jaú River.
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Discussion
We identified some biotic characteristics that systematically varied with the canal morphology; in this study the majority of the relationship obeyed the previsions of RCC. (Vannote et al., 1980). However, the distributions of families of fishes identified were influenced by local variations, in presence and in abundance of determined bottom substrates, associated to the size of the stream. By and large, the physical characteristics of each stream as current flux, width and depth of the canal elaborated a mosaic complex of habitats. This elaborated environmental combination made up of a variation of different types of substratum in accordance with the locality of each studied was reflected in the trophic structure of aquatic micro invertebrates (Cargnin-Ferreira, 1998), and in fish communities in headwater streams of Jaú River.

Some fish families were influenced by a mixture of physical and habitat structure in headwaters of Jaú. The Lebiasinidae group appears to be associated with depth and width, these fishes were found in shallow and narrow stream. However, the leaf and sand bottom coverage also affect the Lebiasinidae, leaf positively and sand negatively. Perhaps, the small size of fishes in this group family aversion to exposed sandy bottoms, connecting with the predation increase with both channel width and depth (figures 2 and 3). This is probably happen because should has more food and refuges in leafy bottom substratum (figure 4).

Various species or group of species associated themselves to diverse habitat types without clear specific preference. Crenicichla sp. was found to be associated with the sand substratum as well as rock or leaves (A. Kemenes, personal observation). Many authors have diffused the theory that fish have specific living habitats. However, the results of this study suggest that this type of association exists only for smaller groups and is not clear from the families' point of view. In these analyses, leaf and sand substratum played significant roles in the fishes of streams, indicating that the presence of these substrates in the streams making the survival of fish species possible. The Gimnotiformes were abundant in streams with sandy bottom substratum. Perhaps, this habitat offer few refuges for their preys and facilitates their visualization at bottom coverage (figure 4).

Conclusions

Although the variability of substrate covering independent of river size may be important for some groups of family, it explains the fish variability in stream. However, the River Continuum Concept had a greater influence on the family groups. The results of this study have important implications for the management and conservation of ichthyofauna in this and other tropical fluvial systems. The preservation of aquatic habitat is essential for the maintenance of the structure of headwater fish communities. The loss of a habitat, in a degraded stream, can generate the disequilibria of a delicate structure with the possible disappearance of fish groups. About 80 % of the fish genera captured in this study were ornamental fish that are exported to Europe and USA (Chao, 1998). Thus, the Jaú National Park can be considered a protected reproduction area of these organisms highly coveted internationally. This will probably be very important for the future development of ecological and economical in the Central Amazon.
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Biomass = 0.43 + 0.11 x sand


p = 0.04; F = 4.99; R2 = 0.29











Biomass = 5.1 - 0.08 x sand                     B


p = 0.05; F = 3.55; R2 = 0.08











Number = - 1.45 + 0.51 x leaf                                      A


p = 0.0044; F = 4.42; R2 = 0.13





Biomass = - 1.88 + 0.02 x width


p = 0.02; F = 6.65; R2 = 0.34
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Number = 48.08 - 0.14 x width                                     B


p = 0.01; F = 7.14; R2 = 0.17








Number = -59.92 + 0.84 x width                                  A


p = 0.001; F = 11.9; R2 = 0.26





Number = 46.05 - 1.5 x depth                             C


p = 0.02; F = 5.9; R2 = 0.14








Number = 4.71 - 0.11 x depth                             B


p = 0.05; F = 4.01; R2 = 0.14








Number = -16.79 + 5.39 x depth                              A


p = 0.008; F = 7.98; R2 = 0.18
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