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ABSTRACT

This study examined the effect of ten environmewngalables on the distribution of five species luod t
Cyprinid fish (abeo lineatus, L. nasus, L. macrostomus, L. sarex L. weeksjiin Malebo Pool, Congo
River. A total of 3468 individuals ofabeo spp. were collected in 7 sites. Three speciesehaitrabeo
lineatus,L. weeksiiandL. sorexrepresented 94% of the total numbetabeocaught in 7 sites. A significant
correlation between species distribution and emwirental variables was found using the Canonical
Correspondence Analysis. Water depth and curremdsplssolved oxygen concentration and substraiesty
were the main environmental variables influencimg distribution olLabeospecies in Malebo Pool and these
species are accordingly divided in two groups. &heeeciestabeo sorexL. nasusandL. macrostomugrefer
deep, rocky sites with fast current and high disstloxygen concentration. These species are tmsdared
as rheophilic. Two specied:abeo lineatusndL. weeksiiare considered limnophilic as they are usuallyntbu
in shallow sites with slow current and lower dissal oxygen concentration. In this last groupweeksiwas
found in sandy sites while. lineatuspreferred mud
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INTRODUCTION used by each species reflects the interactions
Habitat structure, defined as the of many of these characteristics (Suthers and
physical arrangement of objects in aquatic Gee, 1986; Chapman and Liem, 1995; Moyle
environment, is an important characteristic for and Light, 1996; Alcarez et al2005). Fish
the fishes. Several authors have emphasized species respond in a different way to factors
the importance of the difference in biotic and within communities in space and time, and
abiotic characteristics of streams (Culp and microhabitats variation determines which
Davies, 1982; Orendt, 2003). Several factors species coexist (Brown, 2000; Feyrer and
including abiotic parameters of water or Healet, 2003, Kouamélan et al., 2003; Zhang
human can also influence abundance and et al., 2011). However, many studies
distribution of fish along the river, and habitat suggested that strategies of resource use must
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be developed by closely related species to
allow coexistence and to avoid competitive
exclusion (Yamaoka and Takamura, 1983;
Mbomba, 1986; Hori et al., 1997). It is thus
interesting to study and elucidate microhabitat
partitioning by these closely related cyprinid
species exploiting similar resources in Malebo
Pool. Unfortunately, the ecology of many
African cyprinid fishes remains poorly known
especially in Congo River where studies are
mainly limited to the systematic aspects (Poll,
1957; Tshibwabwa and Teugels, 1995).
Malebo Pool (formerly Stanley Pool) is
located between Kinshasa (Democratic
Republic of Congo) and Brazzaville (Republic
of Congo). It is a lake-like expansion of
Congo River at its lower region where the
waters slow down considerably (Burgis and
Symoens, 1987). This area is characterized by
various microhabitats mainly a deep water
zone with rocky bottom in the upstream, a
rather shallow water with sandy bottom at the
middle, and a rocky bottom area with shallow
and rapidly flowing water in down stream.
Two hundred and eighty two (282) fish
species have been identified including 17
species of the genusabeo (Cyprinidae)
(Tshibwabwa, 1997). Based on their lip forms,
these Labeo species are divided into two
groups: The first one includes tHeabeo
species with papillose lips and the second
includes theLabeo species with folded lips
(Tshibwabwa, 1997). These species show no
clear competitive interactions for food while
feeding mainly on the periphyton.

The main objective of this study was to
investigate the influence of ten environmental
variables on the spatial distribution patterns of
5 Labeo species from Malebo Pool (Congo
river): Labeo lineatus, Boulenger 1898);
Labeo weeksiBoulenger 1909L.abeo nasus
Boulenger 1899; Labeo macrostomus
Boulenger 1898 anHabeo soreXNichols and
Griscom 1917. It helps us to understand the
major environmental factors which determine
the distribution of these species in this
ecoregion.
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MATERIALSAND METHODS
Study sites

Our sampling campaign was performed
in the Malebo Pool, Congo River. This study
was conducted in 7 sites (Fig. 1): Two sites
are located in Ngamanzo (upstream part of
Malebo Pool) (4° 10’ 33.9" S; 15° 31’ 20.9”
E), 3 sites are located in Kinkole: Mipongo
island (4° 10’ 29.6" S; 15° 27’ 29.8" E), Japon
island (4° 18’ 26.9"S; 15° 30’ 33.7" E) and
Molondo island (4° 17’ 4,2" S; 15° 27’ 29.8"
E). Two sites are located in Kinsuka (end of
Malebo Pool): Kinsuka 1 (4° 19’ S and 18°
15’ E) and Kinsuka 2 (4° 18 S and 15° 16’
E).

Fish sampling

Fish were collected each month
between January and December 2005 using
gillnets (10 to 100 mm mesh with 1.8 m depth
and 25 m long for each gillnet), seine net and
catnet. Fishing was performed overnight (5
PM to 7 AM). All Labeo species were
identified and counted (Tshibwabwa and
Teugels, 1995; Stiasny et al., 2007; Ibala,
2010).

Environment variables measurement
Environmental variables were
measured in each site. The following
parameters were recorded: the temperature
was measured to the nearest 0.1 °C using an
alcohol thermometer, water samples were
collected for laboratory analysis of NCOand
PO, * using a spectrometer Hach DR 2400.
Conductivity (uS/cm), pH and turbidity
(NTU) were measured in the field using the
pH, conductimeter and turbidity meter of
Hanna Combo instruments (model Ec N° HI
98129). Water depth (m) was measured with a
Kutech depth-meter. Transparency was
measured with a Secchi disck scaled in (cm)
and dissolved oxygen (mg/l) was measured
with an oxymeter (WTW oxi 330 i). Except
for water depth, the other variables were
measured at 5 cm depth at every sampling
station and when gill nets were released.
The surface area of a given substrate type was
measured as percent of total area covered by
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that substrate on the bottom surface for each
microhabitat. The following substrates were
identified as: mud, sand, rock and boulder.

Statistical analysis

Canonical correspondence analysis
(CCA) was used to investigate the influence
of environmental variables uporLabeo
species (Legendre and Legendre, 1984). CCA
is a multivariate direct ordination technique
that extracts synthetic environmental gradients
that maximize niche separation in fish
communities. Analyses were conducted with
the Canoco 4.0 program (Ter Braak and
Smilaurer, 2003). Fish data have been
transformed using log;p (x+1) and the
environmental variables have been
standardized prior to the analysis
(Underwood, 1997).

RESULTS

A total number of 3468 individuals of
Labeospp. were sampled:abeo lineatus, L.
weeksij and L. sorex represent 94% of the
total number (1446; 950 and 874 individuals
respectively). As shown in Fig.2, in every site,
L. macrostomug$122 specimens) ard nasus
(76 specimens) were less abundant.

It has also been found that, lineatus
and L. weeksiiare distributed in most sites
while L. sorex L. nasusandL. macrostomus
are usually found to Ngamanzo and Kinsuka
(Table 1).

Environmental variables

Ten environmental variables were
measured in the 7 study sites. Mean values for
each site are presented in Table 2.

Substrate description

The 7 sites differ in terms of substrate
composition (Fig. 3). The upstream sites of
Ngamanzo 1 and the downstream sites of
Kinsuka (1 and 2) are mainly composed of
rocks and boulders, while Ngamanzo 2 is
essentially made of sand and rocks. The
bottom of the three sites studied in Kinkole
(Mipongo, Japon and Molondo) is mainly
composed of sand.
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Species-environment relationships

The canonical analysis of
correspondence (CCA) was applied to the
tables ‘species-sites’ and ‘environmental
variables-sites’ (5 Labeo species, 10
environmental variables and 7 sites).

The ordination of the correlations by
the CCA indicates that axis 1 (eigenvalde (
= 0.64; 0.63, 0.15 and 0.02) is characterized
by water current speed, depth of water and
dissolved oxygen concentration. The
eigenvalues associated to the Monte Carlo test
allowed to select three statistically significant
variables (p < 0.05).

Among the 10 variables studied, the
PO,* concentration had a very low variability
and was automatically suppressed during the
analysis. Depth and speed current are the main
variables positively correlated to axis 1 of
CCA. Water temperature, pH and MQ@re
positively correlated to axis 2 while oxygen,
water transparency and conductivity are
negatively correlated to this axis (Fig.4).

Two groups of sites can be
distinguished from these physico-chemical
variables. Our results show that water current
and dissolved oxygen concentration are
different. Thus sample from Kinsuka 2 are
characterized by lower temperature and higher
dissolved oxygen concentration than samples
from Ngl. The second group (including the 5
remaining sites: Ng1, Mi, Ja, Mo and Kil) is
negatively correlated to depth and speed.
Observations from Ng2 and Kil reveal higher
temperatures and lower oxygen concentrations
and transparency than the 3 sites of Kinkole
(Mi, Ja and Mo).

The species distribution also reveals 2
groups (fig. 5). The first group includes 3
Labeo species I(. sorex, L. nasusand L.
macrostomusand is positively correlated to
the first group of sites (Ngl and Kins2). The
second one includes the specleslineatus
andL. weeksiiand is correlated to the second
group of sites (Ng1, Mi, Ja, Mo and Kil).
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Figure 1: Map of Malebo Pool showing sampling sites (modifieom Burgis & Symoens (1987)).
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Figure 2: Relative abundance dfbeospecies sampled in 7 sites of Malebo Pool fronudgnto
December 2005.
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Figure 3: Substrate composition of sampling sites in MalBbol.
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Figure 5. Ordination diagram of the sampling units at theo tiwst axes produced by the
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Table 1: Distribution of 5Labeospecies sampled in Malebo Pool, Congo River.

Total number of individuals per sampling site

Species

Ngl Ng2 Mi Ja Mo Kil Ki2
Labeo lineatus 3 26 407 575 370 65 0
Labeo sorex 505 0 1 0 0 5 363
Labeo weeksii 0 24 335 201 243 142 5
Labeo nasus 0 0 0 0 0 6 70
Labeo macrostomus 15 0 0 0 0 5 102

Sites: Ng1=Ngamanzo 1, Ng2=Ngamanzo 2, Mi=Mgmnrla=Japon, Mo=Molondo, Kil=Kinsuka 1, Ki2=Kinauk

Table 2: Mean values of environmental variables measurédsites in Malebo Pool, Congo River.

Variables Sampling sites

Ngl Ng2 Mi Ja Mo Kil Ki2
Temperature (°C) 27.9228.68 28.04 28.64 29.10 28.89 28.68
pH 6.20 6.44 5389 6.02 6.20 6.39 6.12
Turbidity (TDS) 13.46 13.17 13.43 13.13 12.48 14.42 13.63
Conductivity (uS/cm) 30.9730.08 28.02 26.55 26.32 28.58 30.67
Transparency (Secchi-depth) (cm) 47.82.17 50.92 50.83 52.04 42.17 50.08
NOs (mg/l) 0.27 042 0.06 0.04 0.24 0.06 0.26
PO, (mgll) 0.28 0.27 029 0.22 0.22 0.21 0.20
Dissolved oxygen (mg/l) 6.58 6.53 6.57 5.99 6.70 705. 7.10
Depth (m) 1433 1.60 2.60 2.04 1.78 2.62 8.02
Current velocity (m/s) 0.41 0.22 0.10 0.13 0.10 90.2 0.47

Ngl=Ngamanzo 1; Ng2=Ngamanzo 2; Mi=Mipongo; Japon; Mo=Molondo; Kil=Kinsuka 1, Ki2=Kinsuka 2.

DISCUSSION

Our objective was to understand the
distribution and microhabitat preferences of 5
Labeo species of the Malebo Pool (Congo
River). This study has distinguished two kinds
of sites in relation to the bottom structure of
the substrates found in Malebo Pool.
According to CCA analysis (Fig 4), depth and
current speed of water including dissolved
0xygen concentration were the main variables
that influenced_abeospecies distribution and
determined habitat partition. Among the 7
species studied,abeo sorex, L. macrostomus
andL. nasusare abundant where water current
is high and the substrate being rocky. These
species are known as rheophilic and preferred
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well oxygenated waters as confirmed in this
studied where dissolved oxygen in the
microhabitats were high. In the same sites,
especially at the rapids of Kinsuka Robert and
Steward (1976); Ferreira et al. (2001); Alcarez
et al. (2005); Lévéque and Paugy (2006) also
found the same results

In the second group which included
Labeo lineatus and L. Weeksii their
microhabitat was characterized by shallow
and substrata that were mainly composed of
sand . weeksii or mud (. lineatug. From
this aspect, water depth, dissolved oxygen
concentration and water current speed are
important environmental parameters
associated to the first axis of CCA (Fig. 5)
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they are negatively correlated to abundance of

L. lineatus and L. weeksii indicating that

these species preferred shallow zones where

substrata were composed of sand and mud.
The correlation betweehabeo sorex

L. nasusand L. macrostomussuggests that

REFERENCES

Alcaraz C, Vila - Gispert A, Garcia-Berthou
E. 2005. Profiling invasive fish species:
the importance of phylogeny and human
use.Diversity and distributions11: 289-
298.

these species preferred deep areas with fast Bond NR, Lake PS. 2003. Characterizing fish-

current and rocky substrate. Also, Brown
(2000); Vadas and Orth (2000); Bond and
Lake (2003) emphasized that depth could be
an important significant variable because it
acted in concert with factor such as sediment.

Conclusion

The Labeospecies studied show a clear
distribution pattern along the environmental
variables gradient in Malebo Pool (Congo
River). Labeo lineatusand Labeo weeksii
cluster in the same sites. These sites are lentic
and shallow. Substrate is made up either of
sand [abeo weeksii or of mud [abeo
lineatug. Adult specimens ofabeo lineatus
were found in deep water but with substrate
made up of sand and mud. The remaining
species; Labeo macrostomus, Labeo nasus
and Labeo sorex are rheophilic. They are
concentrated in the lotic sites where current
was fast and bottom substrate was composed
of rocks and boulders. The water transparency
was relatively high as well as dissolved
oxygen concentration. This study suggests
linear relationships between thebeo spi{s
distribution and the environmental variable
conditions in Malebo Pool, Congo River.

With regard to their morphological
adaptation, we are interested in analyzing in
near future the influence of those
environmental factors upon this type of
distribution among thelabeo spp. and
especially in relation to their food habit.

ACKNOWLEDGEMENTS
Our special thanks are due to Mr.
Héritier Lofungola and Mr. Norbert

Muswambole the fishermen of Kinkole, at our
sampling and fishing station and also to Papa
Bobo the President of fishermen association
of Kinkole and Kinsuka. Mr. Victor Pwema
beneficiated from a CTB grant of Belgian
Technical Cooperation.

513

habitat association in streams as the first
step in ecological restorationAustral.
Ecol, 28: 611-621.

Brown LR, 2000. Fish communities and their
environmental variables, lower San-
Joaquin River drainage, Californi&nv.
Biol. Fish, 57: 251-269.

Burgis MJ, Symoens JJ. 1987African
Wetlands and Shallow Water Bodies
(Zones Humides et Lacs Peu Profonds
d'Afrigue) ORSTOM: Paris.

Chapman LL, Liem KF. 1995. Papyrus
swamps and the respiratory ecology of
Barbus neumayer Environmental
Biology of Fishes44: 183-197.

Culp JM, Davies RW. 1982. Analysis of
longitudinal zonation and the river
continuum concept of the oldman-south
Saskatchewan River systei@an-J.Fish.
Aquat. Sci 39: 1258-1266.

Ferreira CE, Goncales EA, Coutinho R. 2001.
Community structure of fishes and habitat
complexity on a tropical rocky shore.
Env. Biol. Fish61: 353-369.

Feyrer F, Healet M. 2003. Fish community
structure and environmental correlates in
the highly altered southern Sacramento-
San Jaoquin Delta. Environmental
Biology of fish66: 123 - 132.

Hori M, Kawanabe H, Nagoshi M. 1997.
Structure  of littoral communities
organized by their feeding activities. In
Fish Communities in Lake Tanganyika
Kyoto Univ. Press: Kyoto; 277-298.

Ibala Z. 2010. Faune des poisons des rivieres
Luki et Lefini (Bassin du Congo):
Diversité et écologie. PhD thesis, KUL
University, KUL, p. 443.

Kouamélan E, Teugels GG, N’'douba V, Gouli
Gouré BI, Tindiani Koné. 2003. Fish
diversity and its relationships with
environmental variables in West Africa
basin.Hydrobiologia 505: 139-146.



V. PWEMA KIAMFLkt al. / Int. J. Biol. Chem. Sci. 5(2): 507-514, 201

Legendre L, Legendre P. 198#4cologie
Numérique: Le Traitement Multiple des
Données Ecologique@nd edn). Presses
de I'Université du Québec : Québec.

Lévéque C, Paugy D. 200Bes Poissons des
Eaux Continentales Africaines. Diversité,
Ecologie et Utilisation par I'Homme
(2nd edn). IRD : Paris.

Mbomba NB. 1986. Comparative feeding
ecology of Aufwuchs with Ciclid fishes
in Lake Tanganyika with reference to
their developmental change®hysiol.
Ecol, 23: 79-108.

Moyle PB, Light T. 1996. Biological invasion
of fresh water: empirical rules and
assembly theonyBiological conservation
78: 149-161.

Orendt C. 2003. A classification of semi-
naturel northerm prealpine river stretches
based on Chironomid communitiesnn.
Limn. Int. J. Lim, 39: 219-237.

Poll M, 1957. Les genres des poissons d'eau

douce de I'Afrique Annls. Mus. r. Congo
Belge 8(54): 1-191.

Robert TR, Stewart D. 1976. An ecological
and systematic survey of fishes in the
rapids of lower Zaire or Congo River.
Bulletin of the Museum of comparative
Zoology 146(6): 239-317.

Stiassny MLJ, Teugels GG, Hopkins CD.
2007. Poissons d'Eaux Douces et

Saumatres de Basse Guinée, Ouest de

I’Afrique Centrale IRD : Paris.
Suthers IM, Gee JH. 1986. Role of hypoxia in
limiting dial spring and summer

514

distribution of juvenile yellow perch
(Perca flavescensin a prairie marsh.
Canadian Journal of fisheries and
Aquatic Scienced3: 1562-1570.

Ter Braak CJF, Smilauer P. 2003anoco 4
Cambridge University Press: Cambridge.

Tshibwabwa SM, Teugels GG. 1995.
Contribution to the systematic revision of
african cyprinid fish genusLabeo:
species from the lower Zaire river system.
J. Nat. Hist, 29: 1543-1579.

Tshibwabwa SM. 1997. Systématique des
especes du genrdabeo (Teleostei,
Cyprinidae) dans les régions
ichtyogéographiques de basse-Guinée et
du Congo. PhD thesis, University of
Namur, Namur, p. 530.

Underwood AJ. 1997xperiment in Ecology:
their Logical Design and Interpretation
using Analysis of VarianceCambridge
University Press: Cambridge.

Vadas RL, Orth DJ. 2000. Habitat use of fish
communities in a Virginia stream
system.Environ. Biol. Fishes59: 253-
289.

Yamaoka K, Takamura K. 1983. Abundance
and micro - distribution of Cichlid fishes
on a rocky shore of Lake Tanganyika.
Afr. Stud. Monogr.3: 25-38.

Zhang YD, Brzezinski J, Chang H, Stepanek
K, Chen Y. 2011. Spatial structuring of
fish community in association with
environmental variables in the coastal
Gulf of Maine.J. Northw. Atl. Fish. Sgi
43: 47-64.



