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Scientific Note

Vertical segregation of two species of Hyphessobrycon (Characiformes: 
Characidae) in the Cabiúnas coastal lagoon, southeastern Brazil

Sergio M. Q. Lima1, André A. Cunha2, Jorge I. Sánchez-Botero3 and Érica P. Caramaschi4

Segregation in the use of the water column by two congeneric species of Characidae, Hyphessobrycon bifasciatus and H. luet-
kenii, was investigated through underwater observations in the Cabiúnas coastal lagoon in northeastern Rio de Janeiro, Brazil. 
The use of the water column by the two species differed significantly. Hyphessobrycon luetkenii occupied mainly the uppermost 
stratum, with 79% of the observations within 20 cm of the surface; whereas H. bifasciatus was more common between 20 cm 
and 40 cm below the surface (55% of the observations). Predation pressure, macrophyte cover and nutrient distribution may 
influence this vertical segregation.

A segregação na coluna d’água por duas espécies congenéricas de caracídeos, Hyphessobrycon bifasciatus e H. luetkenii, foi 
investigada através de observações subaquáticas na lagoa costeira Cabiúnas, nordeste do Rio de Janeiro. O padrão do uso da 
coluna d’água diferiu significativamente. Hyphessobrycon luetkenii ocupou principalmente o estrato superior, com 79% das 
observações até 20 cm da superfície, enquanto H. bifasciatus foi mais comum entre 20 e 40 cm abaixo da superfície (55% 
das observações). Pressão de predação e distribuição das macrófitas e dos nutrientes são fatores que poderiam influenciar a 
segregação vertical entre as espécies de Hyphessobrycon.
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The use of space seems to be the main factor explaining 
species richness and community structure (MacArthur, 1958; 
Schoener, 1974, 1983; Cunha & Vieira, 2004 and references 
therein). Differences in the pattern of use of space are espe-
cially important in complex or three-dimensional environ-
ments, and their study is a basic requisite for understanding 
species coexistence. Studies of the use of microhabitats by 
fish in lotic ecosystems suggest that depth, substrate composi-
tion, and water velocity determine the distribution of species                  

(Daniels, 1987; Grossman et al., 1987; Bührnheim, 1999; 
Rincón, 1999). In lentic freshwater systems, the spatial distri-
bution of fish is influenced in pelagic zones by factors associ-
ated with depth, such as temperature, light, dissolved oxygen, 
food type, and food abundance (McKaye, 1977; Seehausen 
& Bouton, 1997); and in the littoral and demersal zones by 
microhabitat heterogeneity (Diehl & Eklöv, 1995). 

Ross (1986) reviewed different fish communities and taxa 
levels, and showed that spatial segregation is the main factor 
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that explains the coexistence of phylogenetically related fishes. 
Studies on fish communities have shown that use of space 
or microhabitats distinguish species, often congeneric ones; 
whereas other dimensions of the ecological niche, such as diet 
and morphology, may overlap considerably (see Bouchon-
Navaro, 1986 for reef fishes; Kohda & Yanagisawa, 1992 for 
lake cichlids; Ornellas & Coutinho, 1998 for marine-grass 
inhabitants; Nico & Thomerson, 1989 for annual killifishes; 
and Sabino & Zuanon, 1998 for Amazon stream fishes). Dif-
ferentiation in microhabitat use is a key factor structuring fish 
communities (Junk et al., 1983; Fernandes, 1997; Bührnheim, 
1999; Rincón, 1999).

The coastal lagoons of Parque Nacional da Restinga de 
Jurubatiba (PNRJ) in Rio de Janeiro State, Southeastern Brazil, 
have a rich macrophyte community supporting a great variety 
of microhabitats (Henriques et al., 1988; Esteves, 1998). We 
assume that differentiation in the use of space could be an 
important factor in structuring the fish communities of these 
lagoons, allowing closely related species to coexist. In PNRJ 
lagoons, the genus Hyphessobrycon Durbin is represented 
by two species, H. bifasciatus Ellis, 1911 and H. luetkenii 
(Boulenger, 1887), which occur together only in Cabiúnas 
Lagoon. We made direct observations by snorkeling to inves-
tigate water column use by these species in Cabiúnas Lagoon.

The Restinga de Jurubatiba National Park is located in 
the northeastern part of Rio de Janeiro State, Brazil, between 
22o17’- 22o18’ S and 41o39’ - 41o40’ W (Fig. 1). The climate 
is tropical (“AW” in the Köppen classification), with rainy 
periods in summer and dry periods in winter (Henriques et al., 
1988). The fish community of seven coastal lagoons of the park 

is composed of 39 species, and species of Hyphessobrycon oc-
cur in four (Caramaschi et al., 2004). Cabiúnas Lagoon has an 
area of 0.34 km2 and 2.37 m mean depth (Panosso et al., 1998). 
The community of aquatic macrophytes harbors 15 species 
in the nearshore parts of the lagoon (Henriques et al., 1988). 
In this area, the stands were dominated by the submersed 
macrophyte Potamogeton stenostachys K. Schum. and the 
emergent Typha domingensis (Pers.) Kunth. The members of 
Hyphessobrycon are usually found in the marginal areas of the 
lagoon, where the depth does not exceed 1.20 m and there are 
dense macrophyte stands. Three stands of macrophytes with 
similar composition were used in the study (Fig. 1).

The fish were observed during daylight by snorkeling dives 
on April 27, 2003, and from April 8 to 10, 2004. To assess 
the use of water column by one of the species when the other 
was absent, additional snorkeling observations were made in 
Carapebus Lagoon, where only H. bifasciatus occurs (Cara-
maschi et al., 2004). Each observation session lasted for five 
minutes, and was based on a focal individual approach (sensu 
Altman, 1974). Observers (AAC, SMQL, and JISB) remained 
in the same place during the diving sessions. Because of low 
visibility, focal individuals were followed for 15 seconds at 
most. The behavior of each focal individual was recorded on 
a plastic slate with a pencil, based on four variables: (a) Depth 
- the most frequent stratum occupied during observation (0-20 
cm, 20-40 cm, > 40 cm below surface); (b) Forage – records 
of foraging events (biting particles in the water column, at the 
surface, or on macrophytes); (c) Social organization (solitary, 
schooling with fewer than five conspecific individuals, school-
ing with more than five individuals); (d) Syntopy – when 

Fig. 1. Parque Nacional da Restinga de Jurubatiba (shaded area within the circle) in Rio de Janeiro State, southeastern Brazil. 
The satellite image shows Cabiúnas Lagoon, located in the southern part of the park. Asterisks indicate observation sites in 
the lagoon. 
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swimming, or not, with the other species of Hyphessobrycon, 
in the same visual field. The significance of the differences 
in frequency of each category within each variable between 
species was tested with one-tailed chi-square tests and Yates 
correction when necessary, assuming as significant values of P 
< 0.05 (Zar, 1984). We recorded the presence of individuals of 
other fish species, their identity, position in water column, and 
the occurrence of agonistic behavior. Voucher specimens of H. 
bifasciatus and H. luetkenii were deposited in the collection of 
the Laboratório de Ictiologia Geral e Aplicada, Universidade 
Federal do Rio de Janeiro (UFRJ 7284-7287).

In Cabiúnas Lagoon, we observed 185 individuals of 
H. luetkenii and 180 of H. bifasciatus in 74 dive sessions, 
totaling more than six hours of underwater observations. 
Patterns of water-column use differed significantly (Fig. 2a). 
Hyphessobrycon luetkenii occupied mainly the upper strata, 
with 79% of the observations within the uppermost 20 cm, 
20% in the second stratum, and less than 1% below a depth 
of 40 cm. Individuals of H. bifasciatus were more common 
between 20 cm and 40 cm (55% of the observations), and less 
frequent toward the water surface (29%) and lagoon bottom 
(16%) (Fig. 2a).

The species did not differ significantly in foraging tactics 
(Fig. 2b), feeding mainly on items in the water column (76% 
and 54% of the observations for H. bifasciatus and H. luetkenii, 
respectively, Fig. 2b).

The intraspecific social organization differed between the 
two species (Fig. 2c). Hyphessobrycon luetkenii swam primar-
ily in groups of 2-5 individuals (51% of the observations), 
whereas individuals of H. bifasciatus were more frequently 
(54%) observed alone. Groups with more than five individuals 
were less frequent for both species (approximately 10%, Fig. 
2c). Syntopy was recorded in 38% and 19% of the observa-
tions of H. luetkenii and H. bifasciatus, respectively (Fig. 2d).

No agonistic behavior was observed between the species of 
Hyphessobrycon. The associated fish fauna was composed of 
Poecilia vivipara (Poeciliidae) at the surface and Geophagus 
brasiliensis (Cichlidae), Hoplias malabaricus (Erythrinidae), 
and Oligosarcus hepsetus (Characidae) at the bottom. The 
latter was occasionally observed attacking H. luetkenii from 
bottom to surface, in our above-surface observations, between 
diving sessions.

In Carapebus Lagoon, we observed 138 focal individuals 
of H. bifasciatus in 24 diving sessions, totaling two hours of 
underwater observation. All individuals were observed below 
40 cm and in small groups (45% of the time with five or fewer 
individuals, 43% of the time alone, and only 12% in larger 
groups), and foraging among the macrophytes (83% versus 
17% in the water column).

Vertical segregation in the use of space seems to allow 
different species to coexist in complex three-dimensional 

Fig. 2. Relative frequency and significance (Chi square) of 
the variables. In parentheses number of observations for Hy-
phessobrycon bisfasciatus and H. luetkenii in each analysis: 
(2a) depth (n=180/ 185), (2b) foraging (n=48/ 56), (2c) social 
organization (n=180/ 185), and (2d) syntopy (n=174/ 175), 
for focal individuals observed in Cabiúnas Lagoon, State of 
Rio de Janeiro, southeastern Brazil.
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environments such as freshwater ecosystems (see Sabino & 
Zuanon, 1998; Esteves & Aranha, 1999, and this study). The 
syntopic species of Hyphessobrycon clearly segregate from 
each other in the water column in Cabiúnas Lagoon. Similar 
patterns of vertical segregation have been observed for other 
congeneric fish species (Mendelson, 1975; Surat et al., 1982; 
Moyle & Senanayake, 1984, Aranha et al., 1993). 

Both species are suspension feeders, and available data 
on their diets suggest that they are generalists (Aguiaro & 
Caramaschi, 1998). Microhabitat structure may influence 
the differential use of the water column by the two species. 
The macrophyte stands where the observations were made in 
both lagoons were dominated by Potamogeton stenostachys 
and Typha domingensis. However, the richness and structure 
of macrophytes can differ with depth in Cabiúnas Lagoon, 
as suggested by Henriques et al. (1988). Preferences to use 
the interface of open area and thickly vegetated areas, or the 
inner spaces of the macrophyte stands should be evaluated 
experimentally. In this approach, preferential use of the water 
column by H. luetkenii may be evaluated by experimentally 
excluding H. bifasciatus. Likewise, the availability of re-
sources such as suspended particles, which were not measured 
during this study, may vary with depth (Spence, 1967) and 
thus influence the distribution of the two species throughout 
the water column. 

Hyphessobrycon bifasciatus, even when living without 
the presence of the congeneric H. luetkenii as in Carapebus 
Lagoon, still occupies the lagoon bottom. This suggests, as 
established in previous studies (Ross, 1986; Peres-Neto, 1999; 
Casatti et al., 2005), that the use of habitat and microhabitat 
per se, rather than competition, must be the main factor in 
resource partitioning between fish species. 

Predation is another factor that must affect the distribution 
of Hyphessobrycon species in these coastal lentic environ-
ments. Power (1984) demonstrated the importance of aerial 
predation in modifying the vertical pattern of fish distribution 
in a clear tropical stream. Ardeidae birds are commonly seen 
foraging in the PNRJ lagoons (Alves et al., 2004), but there 
are no studies on diet or hunting behavior of birds in southern 
Brazilian coastal lagoons. However, Carvalho & Del-Claro 
(2004) studying the effects of the avian predation pressure on 
Hyphessobrycon eques suggested that the avoidance of the 
surface by the fishes in the presence of a predator could be an 
evolutionary response to this pressure. It could also explain 
why H. bifasciatus occupies only the lagoon bottom even 
without H. luetkenii presence. The piscivorous fish species 
found in Cabiúnas Lagoon and observed in the macrophyte 
stands were Oligosarcus hepsetus and Hoplias malabaricus. 
Data for five piscivorous fishes (n=151 for all species) from 
Cabiúnas Lagoon showed that only O. hepsetus preyed 
upon Hyphessobrycon species (Rafael Leitão, pers. comm.). 
Oligosarcus hepsetus is a diurnal ambush predator, which 

suddenly attacks its prey from the bottom to the water sur-
face (Sabino & Silva, 2004). It is possible that H. bifasciatus 
occupies the lagoon bottom in part to avoid predation by O. 
hepsetus, since occupying a position in the same stratum may 
allow it to perceive and escape from the predator. Since H. 
bifasciatus is more abundant than H. luetkenii (2.0 individu-
als/m2 vs. 1.26 individuals/m2, from Sanchéz-Botero, 2005), 
the former may be excluding the latter from the potentially 
less-dangerous area. Sympatry between H. bifasciatus and H. 
luetkenii with other species of Oligosarcus is also reported in 
the Patos (Garcia & Vieira, 1997; 2001) and Taim (Garcia et 
al., 2006) lagoons in southern Brazil, but no data on the use 
of space are available. 

Overall, processes related to the spatial segregation be-
tween these species are still not clear, which provides impetus 
to search in detail for factors, such as predation, suspended 
particles  distribution in the water column, and microhabitat 
characteristics, such as heterogeneity and complexity of 
macrophyte distribution, that may influence water-column 
segregation in this community. 

We hypothesize that the observed pattern of vertical segre-
gation was produced by a combination of predator avoidance 
and differential evolutionary adaptation, rather than by direct 
interspecies competition for space.

	
Acknowledgements

We are grateful to Carla Rezende, Rafael Leitão, and the 
staff of the Laboratory of Fish Ecology of the Universidade 
Federal do Rio de Janeiro (UFRJ) for field assistance. This 
study was carried out with financial support by PELD/CNPq 
and FAPERJ for studies of fishes in coastal lagoons of the 
Restinga de Jurubatiba National Park, and by a student grant 
from CAPES to Jorge Iván Sánchez Botero, to obtain his Ph.D. 
degree (PPGE/UFRJ). AAC and SMQL receive fellowship 
support provided by CNPq. Two anonymous reviewers made 
valuable comments on an earlier version. Janet Reid emended 
the English version.

 
Literature Cited

Aguiaro, T. & E. P. Caramaschi. 1998. Trophic guilds in fish assem-
blages in three coastal lagoons of Rio de Janeiro State (Brazil). 
Verh International Verein Limnology, 26: 2166-2169.

Altman, J. 1974. Observational study of behavior: sampling methods. 
Behaviour, 49: 227-265.

Alves, M. A. S., A. Storni, E. M. Almeida, V. S. M. Gomes, C. H. P. 
Oliveira, R. V. Marques & M. B.Vecchi. 2004. Comunidade de 
aves da Restinga de Jurubatiba Pp. 199-214. In: Rocha, C. F. D., 
F. A. Esteves & F. R. A. Scarano (Eds.). Pesquisas Ecológicas 
de Longa Duração na Restinga de Jurubatiba. Ecologia, História 
Natural e Conservação. São Carlos, Rima, 376p.



S. M. Q. Lima, A. A. Cunha, J. I. Sánchez-Botero & É. P. Caramaschi 687

Aranha, J. M. R., E. P. Caramaschi & U. Caramaschi. 1993. Ocupação 
espacial, alimentação e época reprodutiva de duas espécies de 
Corydoras Lacépède (Siluroidei, Callichthyidae) coexistentes 
no rio Alambari (Botucatu, SP). Revista Brasileira de Zoologia, 
10 (3): 453-466.

Bouchon-Navaro, Y. 1986. Partitioning of food and space resources 
by chaetodontid fishes on coral reefs. Journal of Experiment 
Marine Biology and Ecology, 103:21-40.

Bührnheim, C. M. 1999. Habitat abundance patterns of fish com-
munities in three Amazonian rain forest streams. Pp. 63-74. In: 
Val, A. L. & V. M. F. Almeida-Val (Eds.). Biology of Tropical 
Fishes. Manaus, INPA, 460p.

Caramaschi, E. P., J. I. Sánchez-Botero, P. Hollanda-Carvalho, C. 
A. S. Brandão, C. L. Soares, J. L. C. Novaes & R. B. Araújo. 
2004. Peixes das lagoas costeiras de Macaé: Estudos de caso. 
Pp. 309-337. In: Rocha, C.F.D., F. A. Esteves & F. R. Scarano 
(Eds.), Pesquisas de longa duração na Restinga de Jurubatiba: 
ecologia, história natural e conservação. São Carlos, PELD/
CNPq Rima, 374p.

Carvalho, L. N. & K. Del-Claro. 2004. Effects of predation pressure 
on the feeding behaviour of the serpa tetra Hyphessobrycon eques 
(Ostariophysi, Characidae). Acta Ethologica, 7: 89-93. 

Casatti, L., F. C. Rocha & D. C. Pereira. 2005. Habitat use by two 
species of Hypostomus (Pisces, Loricariidae) in southeastern 
Brazilian streams. Biota Neotropica, 5(2): 1-9.

Cunha, A. A. & M. V. Vieira. 2004. Two bodies cannot occupy the 
same place at the same time, or the importance of space in the 
ecological niche. Bulletin of the Ecological Society of America, 
85(1): 25-26.

Daniels, R. A. 1987. Comparative life histories and microhabitat 
use in thee sympatric sculpins (Cottidae: Cottus) in northeastern 
California. Environmental Biology of Fishes, 19(2): 93-110.

Diehl, S. & P. Eklöv. 1995. Effects of piscivore-mediated habitat use 
on resources, diet and growth of perch. Ecology, 76: 1712-1726.

Esteves, F. A., 1998. Lagoas Costeiras: Origem, Funcionamento e 
Possibilidades de Manejo. Pp. 63-87. In. Esteves, F. A. (Ed.), 
Ecologia das Lagoas Costeiras do Parque Nacional da Restinga 
de Jurubatiba e do Município de Macaé (RJ). Rio de Janeiro, 
Universidade Federal do Rio de Janeiro, 442p.

Esteves, K. E. & J. M. R. Aranha.1999. Ecologia trófica de peixes 
de riachos. Pp. 157-182. In Caramaschi, E. P., R. Mazzoni, & 
P. R. Peres-Neto (Eds.). Ecologia de Peixes de Riachos. Série 
Oecologia Brasiliensis, vol. VI. PPGE-UFRJ. Rio de Janeiro, 
Universidade Federal do Rio de Janeiro, 260p.

Fernandes, C. C. 1997. Lateral migration of fishes in Amazon flood-
plains. Ecology of Freshwater Fish, 6: 36-44.

Garcia, A. M., M. A. Bemvenuti, J. P. Vieira, D. Marques, M. Burns, 
A. Moresco, M. V. Condini. 2006. Checklist comparison and 
dominance patterns of the fish fauna at Taim Wetland, South 
Brazil. Neotropical Ichthyology, (4)2: 261-268.

Garcia, A. M. & J. P. Vieira. 1997. Diversity and abundance of the 
fish assemblage inside and outside a bed of Ruppia maritima L., 
in the Patos Lagoon estuary (RS-Brazil). Atlântica, Rio Grande, 
19: 161- 81.

Garcia, A. M. & J. P. Vieira. 2001. O aumento da diversidade de 
peixes no estuário da Lagoa dos Patos durante o episódio El 
Niño 1997-1998. Atlântica, Rio Grande, 23: 85-96.

Grossman, G. D., A. de Sostoa, M. Freeman & J. Lobón-Cerviá. 1987. 
Microhabitat use in a Mediterranean riverine fish assemblage. I. 
Fishes of the lower Matarraña. Oecologia (Berlin), 73: 490-500.

Henriques, R. P. B., D. S. D. Araújo, F. A. Esteves & A. C. Franco. 1988. 
Análise preliminar das comunidades aquáticas da Lagoa Cabiúnas, 
Rio de Janeiro, Brasil. Acta Limnologica Brasilientia (2): 783-802.

Junk, W. J., C. M. Soares & F. M. Carvalho. 1983. Distribution of fish 
species in a lake of the Amazon River floodplain near Manaus 
(Lago Camaleão), with especial reference to extreme oxygen 
conditions. Amazoniana, 7: 397-431.

Kohda, M. & Y. Yanagisawa. 1992. Vertical distribution of two her-
bivorous cichlid fishes of the genus Tropheus in Lake Tanganyika, 
Africa. Ecology of Freshwater Fish, 1: 99-103.

MacArthur, R. H. 1958. Population ecology of some warblers of 
northeastern coniferous forest. Ecology, 39(4):599-619.

McKaye, K. R. 1977. Competition for breeding sites between the 
cichlid fishes of Lake Jiloá, Nicaragua. Ecology, 58: 291-302.

Mendelson, J. 1975. Feeding relationships among species of Not-
ropis (Pisces: Cyprinidae) in a Wisconsin stream. Ecological 
Monographs, 5: 199-230. 

Moyle, P. B. & F. R. Senanayake. 1984. Resource portioning among 
the fishes of rainforest streams in Sri Lanka. Journal of Zoology, 
202: 195-223. 

Nico, L. G. & J. E. Thomerson. 1989. Ecology, food habits and spatial 
interactions of Orinoco Basin annual killifish. Acta Biologica 
Venezuelica, 12 (3-4): 106-120.  

Ornellas, A. & R. Coutinho. 1998. Spatial and temporal patterns 
of distribution and abundance of a tropical fish assemblage in 
a seasonal Sargassum bed, Cabo Frio Island, Brazil. Journal of 
Fish Biology, 53: 198-208.

Panosso, R. F., J. L. Attayde & D. Muehe. 1998. Morfometria das 
Lagoas Imboassica, Comprida e Carapebus: Implicações para 
seu funcionamento e manejo. Pp. 91-105. In: Esteves, F. A. (ed), 
Ecologia das Lagoas Costeiras do Parque Nacional da Restinga 
de Jurubatiba e do Município de Macaé (RJ). Rio de Janeiro, 
Universidade Federal do Rio de Janeiro, 442p.

Peres-Neto, P. R. 1999. Alguns métodos e estudos em ecomorfo-
logia de peixes de riachos. Pp. 209-236. In Caramaschi, E. P., 
R. Mazzoni & P. R. Peres-Neto (Eds.). Ecologia de Peixes de 
Riachos. Série Oecologia Brasiliensis, vol. VI. Rio de Janeiro, 
PPGE-UFRJ, 260p.

Power, M. E. 1984 Depth distributions of armored catfish: predator-
induced resource avoidance? Ecology, 65 (2): 523-528.

Rincón, P. A. 1999. Uso de microhabitat em peixes de riachos: 
métodos e perspectivas. Pp. 23-90. In: Caramaschi, E. P., R. 
Mazzoni, & P. R. Peres-Neto (Eds.). Ecologia de Peixes de 
Riachos. Série Oecologia Brasiliensis, vol. VI. Rio de Janeiro, 
PPGE-UFRJ, 260p.

Ross, S. T. 1986. Resource portioning in fish assemblages: a review 
on field studies. Copeia, 1986: 352-388.

Sabino, J. & C. P. D. Silva. 2004. História natural dos peixes da 
Estação Ecológica Juréia-Itatins. Pp. 230-242. In: Marques, O. 
A. V. & Duleba, W. (Org.). Estação Ecológica Juréia-Itatins: 
ambiente, fauna e flora. Ribeirão Preto, Holos Editora, 384p.

Sabino, J. & J. A. Zuanon. 1998. A stream fish assemblage in Central 
Amazon: distribution, activity patterns and feeding behavior. 
Ichthyological Exploration of Freshwaters, 8: 201-210.

Sánchez-Botero, J. I. 2005. Efeitos de distúrbios naturais e antrópicos 
sobre a fauna ictíica em lagoas costeiras na região de Macaé , 
RJ. Unpublished Ph.D. Thesis, Universidade Federal do Rio de 
Janeiro, Rio de Janeiro, 111p.

Schoener, T. W. 1974. Resource partitioning in ecological communi-
ties. Science, 185:27-39.



Vertical segregation of two species of Hyphessobrycon 688

Schoener, T. W. 1983. Field experiments on interspecific competition. 
American Naturalist, 122: 240-285.

Seehausen, O. & N. Bouton. 1997. Microdistribution and fluctuations 
in niche overlap in a rocky shore cichlid community in Lake 
Victoria. Ecology of Freshwater Fish, 6: 161-173.

Spence, D. H. N.1967. Factors controlling the distribution of fresh-
water macrophytes with particular reference to the lochs of 
Scotland. Journal of Ecology, 55: 147-170.

Surat, E. M., W. J. Matthews & J. R. Bek. 1982. Comparative ecology 
of Notropis albeolus, N. ardens and N. cerasinus (Cyprinidae) in 
the Upper Roanoke River drainage, Virginia. American Midland 
Naturalist, 107: 13-24.

Zar, J. H. 1984. Bioestatistical analysis. 2nd ed., New Jersey, 718p.

Accepted August 2008
Published December 22, 2008


