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Abstract 

The present study was conducted to get a recent overview of native and exotic 
cyprinid species in Rwandan waters, focusing on the abundance and the diversity and 
to identify those that may be used in Rwandan aquaculture industry. Seven 
hydrological areas were sampled during ten months in 2019-2020. Species 
identification was done by morphometrical analysis and using key guides. Eight 
cyprinid species were recorded. Lower Akagera was the most diversified area in 
cyprinid species (with H’=1.38±0.1 and D=0.29±0.0) and was significantly different 
(p˂0.05) compared to other hydrological areas. This area also showed higher fishes’ 
abundance. Beta diversity displayed higher similarity between Kigali water bodies 
and upper Akagera (SI=0.8), upper Akagera and Akanyaru (SI=0.667), upper Akagera 
and lower Akagera (SI=0.571). Dissimilarity was total; BCI=0.0 between northern 
lakes and Lake Kivu. Cyprinus carpio (RD=60.1±4.8, F=0.57±0.0) and Enteromius 
cercops (RD=18.1±2.0, F=0.43±0.0) were significantly dominant and frequent (p˂0.05) 
compared to other cyprinid species.  Captures of common carps were significant and 
most of the specimens were of big size. Considering their total length and large body 
weight (TL=33.8±3.13cm, BW=3.0±2.12kg), the exotic species Cyprinus carpio revealed 
to be adapted to Rwandan ecological conditions and it can be used in the aquaculture 
industry throughout the country. In parallel, the native cyprinids Labeobarbus 
altianalis (TL=32.2±8.32cm, BW=2.5±1.86kg) and Labeo victorianus (TL=26.5±4.37cm, 
BW=0.5±0.12kg) were recorded with big size, they can also offer potentiality in 
aquaculture sector and further studies on induced spawning and adaptability in 
aquaculture of these cyprinid species are necessary.    
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Introduction 

Cyprinid species are some of the most 
cultivated groups of fish in the world, 
only the common carp (Cyprinus carpio) 
is cultured largely in Africa in spite of 
an array of indigenous cyprinids in 
lakes and rivers across the continent 
(FAO, 2008). Cyprinids are 
characterized by a pharynx with 1-3 
rows of teeth, each row with a 
maximum of 8 teeth. Usually cyprinids 
have thin lips, the plicae or papillae are 
absent; their mouth sometimes is 
suckerlike (Garra and Labeo). Cyprinids 
can possess or not barbels. Their 
premaxilla usually borders the upper 
jaw making the maxilla entirely or 
almost entirely excluded from the gape. 
Usually cyprinids have a protrusible 
upper jaw. Their dorsal fin bears 
spinelike rays in some species. 
Primitive number of chromosomes 2n = 
50, some with 48 but also polyploidy 
exists. Maximum length at least 2.5 m 
to probably 3 m in Catlocarpio siamensis 
and many species are less than 5 cm. 
Concerning the reproductive behavior, 
mainly non-guarders, but in some 
species males build nests and/or 
protect the eggs (Nelson, 1994). 
Rwanda water bodies are host to 
diversity of Cyprinids, some native and 
others introduced since eighties. De 
Vos et al. (2001) identified 24 cyprinid 
species in Rwandan waters, but 22 
species are mentioned in Fishbase (All 
fishes reported from Rwanda). In fact, 
the Rwandan ichthyological fauna is 
not much diversified owing to the 
youth of lakes and the existence of 
natural obstacles (falls) which 
prevented the colonization of the upper 
part of the hydrographic network by 
various species characteristic of the 
Nile basin (Snoeks et al. 1997). Most 
cyprinid species recorded in Rwandan 

waters are native and small sized 
without economic aquaculture interest 
(De Vos et al. 2001). Nevertheless, in 
1979 during a North Korean assistance 
programme, the Asian silver carp 
(Hypophthalmichthys molitrix) and the 
grass carp (Ctenopharyngodon idellus) 
were introduced from Korea for 
aquaculture and/or weed control and 
were brought to some fish ponds near 
Kigali (Welcomme, 1988). Apparently 
silver carp was also brought around 
that time from the Soviet Union against 
recommendation from the Fish Culture 
Office in Kigali. Some of these silver 
carp remained at Kigembe Station, 
others were transferred in farmers’ 
ponds nearby (Welcomme, 1988). It is 
unknown what happened later with 
these fish. The introduced grass carp 
was spawned and fingerling 
production was realized at the Kigali 
Fish Station in the early eighties 
(Welcomme, 1988). Fingerlings were 
transferred to Kigembe Station in 1983 
or 1984 and to Rwasave Station around 
1985-86. However, by 1988 all grass 
carp at Rwasave had died (Welcomme, 
1988). A second transfer to Kigembe 
station was made in the late eighties 
(Welcomme, 1988). They were brought 
into control of Azolla, which became a 
failure. Apparently Lake Karago was 
also stocked with grass carp in the late 
eighties but it is unknown if the species 
established in this lake (Welcomme, 
1988).  According to Plisnier (1989) the 
common carp, the grass carp and the 
Chinese or silver carp might have been 
introduced in Lake Muhazi in 1979. 
Although it appears that a few 
specimens were caught later, 
apparently these species did not 
establish in the lake (Welcomme, 1988). 
In short, there are no recent reports on 
the possible adaptation or dispersal of 
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these various exotic cyprinid species in 
Rwandan watersheds. Moreover, the 
competition between these exotic 
species and native ones has yet to be 
properly assessed. 

Nowadays, cyprinid species show 
some interest for its introduction in the 
aquaculture sector in Africa. In 
particular, it has already been shown 
that common carp can be used to 
diversify and improve aquaculture 
production in some African countries, 
such as those in North or South Africa, 
and other high-altitude countries. But it 
remains necessary to evaluate the 
profitability of such a use of an exotic 
species versus an indigenous 
population to improve fish production. 
It is in this view that Rutaisire et al. 
(2015) realized a study on the gonadal 
recrudescence and induced spawning 
in Labeobarbus altianalis and Chemoiwa 
(2018) conducted studies on the 
reproductive biology of Labeobarbus 
altianalis from river Nyando, Lake 
Victoria basin in Kenya in order to 
introduce this cyprinid fish in 
aquaculture production.  

Rwandan waterbodies have undergone 
disturbances and pollutions since 
eighties (RWFA, 2019). This condition 
may result in changes in abundance 
and diversity on the ichthyofauna. The 
main agro-environmental problems are 
closely associated with the country’s 
rapid and intensive agriculture and 
livestock farming. They include soil 
erosion and land degradation, water 
pollution and an increase in 
greenhouses gases emissions leading to 
climate change (REMA, 2021). These 
environmental disturbances associated 
to the climate could affect aquatic 

biodiversity and specific impacts on 
fishes.  

The present study has been conducted 
in the perspective to get a recent 
overview of native and exotic cyprinid 
species in Rwandan waters, focusing 
on the abundance and the diversity in 
selected geographical areas. In 
addition, the study also aimed to 
identify cyprinid species that display 
potentiality for rearing purposes and 
which may be introduced in the 
Rwandan aquaculture industry.  

 

Materials and Methods  

Study area 

The Cyprinid species have been 
searched in major hydrological areas of 
Rwanda; the rivers Nyabarongo, 
Akanyaru, Akagera and different lakes. 
The sampling was carried out on 
Southern lakes: Lake Rweru, Lake 
Cyohoha, Lake Birara, Lake Sake and 
Lake Mugesera, Eastern lakes: Lake 
Muhazi, Lake Nasho, Lake Mpanga 
and Lake Cyambwe, Northern lakes: 
Lake Ruhondo and Lake Burera, 
Western lake: Lake Kivu. Seven 
hydrological zones have been selected 
for this research: (1) Kigali water bodies 
comprises a section of Nyabarongo and 
Upper Akagera, (2) Rweru-Mugesera 
included a section of Upper Akagera 
and southern lakes, (3) Eastern Kirehe 
consisted of the lower Akagera and all 
sampled eastern lakes, (4) Southern 
Kirehe covered the middle section of 
river Akagera, (5) Akanyaru consisted 
of a section of Akanyaru river, (6) 
Rugezi-Burera-Ruhondo Complex 
covered all northern lakes and 
wetlands, and (7) Lake Kivu (Fig.1). 
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Figure 1. Map of Rwanda showing the major Rwandan rivers and lakes and sampled 
hydrological areas 

Methods  

Fish collection 

A stratified approach was used to 
ensure a representative sample size. 
Fishing sites were visited and local 
fishermen were involved by 
interviewing them on the fish species 
regularly collected (in vernacular 
language: Kinyarwanda), the daily fish 
captures, the fishing devices used, the 
fruitful fishing season etc. Moreover, 
the features of the hydrological area 
(soil, hydrology, ecosystem service, 
socio-economic, pressure or threats…) 
and the moment the site was visited 
were noted. The period of sampling 
was carried out during the dry season 
(from June to October 2019) and the 
rainy season (from January to May 
2020). Sites were visited once per 

season and the contact with fishermen 
(fish observation, fish identification, 
fish counting, fish weighting and 
interview) was all the day especially in 
the morning (6:00 am to 11:00) and the 
evening (4:00 pm to 6:00 pm).  

Fish identification 

Fishes captured by fishermen by 
various fish catching techniques (hand-
gathering, spearfishing, netting, 
angling, and trapping) were used for 
identification. Fish species 
identification was done by 
morphometrical analysis and using 
field guides. This involved the 
measurement and counting of 
characteristic external organs of 
cyprinids and examining the color 
pattern, morphology, lateral lines, fins 
and mouth, and character of the teeth 
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and scales. In addition, all unidentified 
fish on the field were photographed 
and some samples were collected, 
conserved in a solution of 
formaldehyde (5%) for subsequent 
identification in the laboratory. For 
identification, the classification of 
collected fish followed the taxonomic 
keys and guides by De Vos et al. (2001), 
Check list of fishes of Rwanda (De Vos 
et al. 2001), Check-list of the freshwater 
fishes of Africa CLOFFA (Lévêque et al. 
1984) and FISHBASE: short 
description, occurrences, pictures… 
(De Weirdt et al. 2007; Lévêque, 2003). 

Site mapping and species diversity 
indices 

To produce the map displaying the 
areas where the cyprinid fish species 
were recorded, these steps were 
followed: use of the GPS data collection 
on the field, data entry in excel and 
analysis, converting excel to CSV 
format, importing excel to ArcGIS 
using XY data and projecting them to 
Rwanda district boundary, and then 
production of the final map as 
output.  Alpha-diversity and Beta-
diversity values were computed using 
the statistical package EstimateS 
version 9.1.0. Alpha-diversity was 
quantified as species richness (local 
number of species) and as Shannon 
Wiener Index (H’; local number and 
abundance of species). The Beta-
diversity was calculated to examine the 
change in species diversity between the 
different sampled hydrological areas. 
Data were computed by Sörensen 
similarity index and Bray Curtis 
dissimilarity index to compare 
diversity between the different 
sampled hydrological areas (Whittaker, 
2001).  

Statistical analyses 

Data were analyzed using the 
stratigraphic package software IBM 
SPSS Statistics 29.0.1.0. The one-way 
analysis of variance (ANOVA 1) and 
the Scheffe test was applied to compare 
the means on the fish abundance and 
the species diversity (alpha diversity) 
among the hydrological areas. A 
significant P-value of the ANOVA test 
indicated for at least one pair, between 
which the mean difference was 
statistically significant. 

 

Results  

Cyprinid species recorded on 
hydrological areas in Rwanda 

A total of 8 cyprinid species were 
recorded. Three cyprinid species were 
more abundant (A: Abundance), 
dominant (RD: Relative Dominance) 
and frequent (F: Frequency). The 
common carp (Cyprinus carpio) was 
significantly abundant, dominant and 
frequent (p˂0.05) with respectively: A 
=569.0±125.9, RD=60.1±4.8, F=0.57±0.0 
compared to other recorded cyprinid 
species followed by Enteromius cercops 
A=176.0±70.7, RD=18.1±2.0, F=0.43±0.0 
and Labeo victorianus A=116.0±43.8, 
RD=12.0±1.0, F=0.29±0.0. Five other 
recorded cyprinid species showed low 
abundance, dominance and all had a 
frequency F=0.14±0.0. Regarding the 
hydrological areas, with respectively 
H’=1.38±0.1 and H’= 0.98±0.2, the 
Eastern Kirehe (Lower Akagera) and 
Kigali water bodies were more 
diversified in cyprinid fish species with 
the Shannon Index which was 
significantly different (p˂0.05) 
compared to other hydrological areas. 
Rweru-Mugesera (Upper Akagera) also 
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had a better Shannon Index and very 
higher fish abundance. No cyprinid 
fish was collected in the Northern 
lakes: Lake Ruhondo and Lake Burera. 
The Eastern-Kirehe (Lower Akagera) 
and Rweru-Mugesera (Upper Akagera) 
were hydrological areas where 
cyprinid fishes were abundantly 

collected with respectively 255±89 and 
519±123 specimens during both dry 
and rainy season sampling periods 
(Table 1). Globally, higher cyprinid fish 
species concentration was observed in 
the South-East of the Rwandan 
territory (Figure 2).  

 

Figure 2. Map of Rwanda showing the cyprinid species observation areas 

Alpha diversity in the hydrological 
areas 

Of seven sampled hydrological areas of 
Rwanda, the Eastern-Kirehe (lower 

Akagera) was the most diversified area 
and showed high species richness and 
species diversity with respectively   

 

Table 1. Cyprinid species recorded in Rwandan sampled hydrological areas 

Key: *: Introduced in Rwandan water bodies.  -: Not Recorded on the site, LC: Least Concern, NT: Near Threatened, CR: Critically   
Endangered, VU: Vulnerable. - The values express the means and the standard deviation between replication in sampling (Dry and Rainy 
Seasons).  - In the column values with different superscripts are significantly different (p˂0.05) for Abundance, Relative Dominance and 
Frequency.  - In the row values with different superscripts are significantly different (p˂0.05) for diversity indices

Species name
IUCN 

Red List
Abundance

Relative 

Dominance
Frequency

Kigali  water 

bodies

Rweru-

Mugesera 

(upper 

Akagera)

South-

Kirehe  

(middle 

Akagera)

East-Kirehe  

(lower 

Akagera)

Akanyaru

Rugezi & 

Burera 

Ruhondo

Lake  

Kivu 

Cyprinus carpio* VU 13.0±5.7 422.0±82.0 _ 106.0±39.6 28.0±1.4 _ _ 569.0±125.9
a

60.1±4.8
a

0.57±0.0
a

Enteromius cercops LC 37.0±19.8 97.0±41.0 _ 42.0±9.9 _ _ _ 176.0±70.7
b

18.1±2.0
b

0.43±0.0
a

Enteromius kerstenii LC _ _ _ _ _ _ 31.0±17.0 31.0±17.0
c

3.1±0.8
c

0.14±0.0
b

Enteromius pellegrini LC _ _ _ _ _ _ 15.0±4.2 15.0±4.2
c

1.6±0.0
c

0.14±0.0
b

Enteromius apleurogramma LC 16.0±7.1 _ _ _ _ _ _ 16.0±7.1
c

1.6±0.3
c

0.14±0.0
b

Labeo victorianus CR _ _ 44.0±21.2 72.0±22.6 _ _ _ 116.0±43.8
b

12.0±1.0
b

0.29±0.0
b

Labeobarbus ruandae NT _ _ _ 21.0±12.7 _ _ _ 21.0±12.7
c

2.1±0.7
c

0.14±0.0
b

Labeobarbus altianalis LC _ _ _ 14.0±4.2 _ _ _ 14.0±4.2
c

1.5±0.0
c

0.14±0.0
b

Total number per site 66.0±32.5 519.0±123.0 44.0±21.2 255.0±89.1 28.0±1.4 0.0±0.0 46.0±21.2 958.0±286.0

Species richness 3.0±0.0
ab

2.0±0.0
b

1.0±0.0
b

5.0±0.0
a

1.0±0.0
b

0.0±0.0
c

2.0±0.0
b

Evenness 0.89±0.2
a

0.69±0.1
b

0.0±0.0
b

0.86±0.2
a

0.0±0.0
c

0.0±0.0
c

0.91±0.2
a

Shanon Wiener Index (H') 0.98±0.2
ab

0.48±0.1
c

0.0±0.0
d

1.38±0.1
a

0.0±0.0
d

0.0±0.0
d

0.63±0.1
b

Simpson Index (D) 0.40±0.1
ab

0.69±0.2
a

1.0±0.0
c

0.29±0.0
b

1.0±0.0
c

1.0±0.0
c

0.55±0.1
a

Sampled hydrological areas
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H’=1.38±0.1 (Shannon Weiner Index) 
and D=0.29±0.0 (Simpson Index). 
Kigali water bodies and Lake Kivu 
showed also higher Shannon Weiner 
and Simpson indices respectively 
H’=0.98±0.2, D=0.40±0.1 and 
H’=0.63±0.1, D=0.55±0.1 compared to 

the remaining sampled hydrological 
areas. Cyprinid species were not 
observed at Rugezi-Burera-Ruhondo 
and consequently have H’= 0; Shannon 
Weiner Index and D=1; Simpson Index 
(Table 1). 

Beta-diversity: similarity and 
dissimilarity between hydrological 
areas 

The Beta diversity of cyprinid species 
among the sampled hydrological areas 
displayed higher similarity between 
Kigali water bodies and Rweru-
Mugesera SI=0.8, Rweru-Mugesera and 
Akanyaru SI=0.667, Rweru-Mugesera 

and Eastern-Kirehe SI=0.571. The 
similarity Index were middle between  

Kigali water bodies and East-Kirehe-
Akagera, Kigali water bodies and 
Akanyaru with SI=0.5. The 
dissimilarity was total; BCI= 0.0 
between Rugezi-Burera-Ruhondo and 
the Lake Kivu (Table 2).  

 

Table 2. Sörensen similarity index and Bray-Curtis dissimilarity index of sampled 
hydrological areas in Rwanda 

 Sites 

Kigali 

water 

bodies 

Rweru-

Mugesera 

(Upper 

Akagera) 

South Kirehe 

(Middle 

Akagera) 

East Kirehe 

(Lower 

Akagera) Akanyaru 

Rugezi-

Burera-

Ruhondo 

Lake 

Kivu 

 

B
ray

-C
u

rtis d
issim

ilarity
 in

d
ex

 

 Kigali water 

bodies 

 0.8 0 0.5 0.5 0 0 

S
ö

ren
sen

 sim
ilarity

 in
d
ex

 

 

Rweru-

Mugesera 

(Upper 

Akagera) 

0.171  0 0.571 0.667 0 0 

South Kirehe 

(Middle 

Akagera) 

0 0  0.333 0 0 0 

East Kirehe 

(Lower 

Akagera) 

0.312 0.382 0.294  0.333 0 0 

Akanyaru 0.277 0.102 0 0.198  0 0 

Rugezi-

Burera-

Ruhondo 

0 0 0 0 0  0 

Lake Kivu 0 0 0 0 0 0  
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Similarity between cyprinid fish 
community in sampled hydrological 
areasThere was close similarity in  

cyprinid species between the East 
Kirehe (Lower Akagera) and Rweru-
Mugesera (Upper Akagera). These two 
hydrological areas had also similarity 

with the south Kirehe (Middle 
Akagera), the Akanyaru River and 
Kigali water bodies. However, the Lake 
Kivu had not close similarity to other 
hydrological areas of Rwanda (Figure 
3).  

 

 

 

Figure 3. Cluster analysis for the seven sampled hydrological areas in Rwanda

Cyprinid fishes capture and 
morphometrical measurement  

The fish capture varied largely from 
one area to another. It was significantly 
higher in water bodies with wide open 
waters such as at a lake (Lake Rweru, 
Lake Mpanga…), a river and natural 
pond. The average value of capture 
varies from 30-90kg/day on open 
water to 10-20kg/day on wetlands 
areas. The fruitful season of the capture 
was the rainy season. The main 
captured species were the common 
carp; Cyprinus carpio, Enteromius cercops 
and Labeo victorianus with abundance 
respectively 569±126, 176±71, and 
116±44 individuals captured. The 
common carp; Cyprinus carpio captured 

specimens were of big size (TL= 
33.8±2.1cm, BW= 3.0±2.1kg) 
significantly different (p˂0.05) 
compared to all recorded cyprinid 
fishes except the ripon barbel; 
Labeobarbus altianalis. In addition, the 
common carp showed higher catch 
biomass 55.5±10.5 kg/day significantly 
different (p˂0.05) compared to others 
cyprinid fish species. Quite often, 
specimens of big size of the ripon 
barbel; Labeobarbus altianalis 
(TL=32.2±8.32cm, BW=2.5±1.86kg), the 
Victorian barbel; Labeo victorianus 
(TL=26.5±4.37cm, BW=0.5±0.12kg) and 
the Rwandan barbel; Labeobarbus 
ruandae (TL=21.3±4.42cm, 
BW=0.3±0.43kg) were recorded in 
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hydrological areas where these 
cyprinid fish were collected. However, 

all species in the Enteromius genus 
were small sized (Table 3).  

 
Table 3. Cyprinid fishes capture and morphometrical measurement 

Fish species Abundance 
Average body 

weight (kg) 
Total Length 

(cm) 
Average capture 

(kg/day/site  
Cyprinus carpio 569.0±125.9a 3.0±2.12a 33.8±3.13a 55.5±10.5a  
Enteromius cercops 176.0±70.7b 0.025±0.02c 6.7±1.04c 1.1±0.2c  
Enteromius kerstenii 31.0±17.0c 0.042±0.04c 8.4±1.26c 1.6±0.6c  
Enteromius pellegrini 15.0±4.2c 0.068±0.03c 10.3±0.11c 1.8±0.4c  
Enteromius 
apleurogramma 16.0±7.1c 0.022±0.01c 4.9±0.95c 1.0±0.1c  
Labeo victorianus 116.0±43.8b 0.5±0.12b 26.5±4.37ab 4.2±2.1c  
Labeobarbus ruandae 21.0±12.7c 0.3±0.23b 21.3±4.42b 2.2±1.4c  
Labeobarbus 
altianalis 14.0±4.2c 2.5±1.86a 32.2±8.32a 12.8±2.2b  

- The values express the means and the standard deviation between replication in sampling 
(Dry and Rainy Seasons). - In the column values with different superscripts are significantly 
different (p˂0.05).  

Species accumulation curve 

The study had been conducted during 
the dry and rainy seasons, a total of 756 
and 1,160 specimens of cyprinid fish 
were respectively collected with an 
average of 958±286 individuals 
distributed in 8 species for both 
seasons. Although the effort of 

sampling, not more than 5 cyprinid 
species at the Rweru-Mugesera (Upper 
Akagera), 3 cyprinid species at Kigali 
water bodies and 2 cyprinid species at 
the Eastern-Kirehe (Lower Akagera) 
could be recorded in these Rwandan 
hydrological areas as the curves bent 
from those values (Figure 4).   

 

Figure 4. Species accumulation curve
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Discussion 

Cyprinid species occurrence in 
Rwanda 

Eight cyprinid species were recorded in 
sampled hydrological areas during ten 
months of sampling period 
chronologically in dry and rainy 
seasons. Apart the exotic common carp, 
the remaining seven cyprinid species 
were native and observed in their 
natural geographical distribution. De 
Vos et al. (2001) identified 24 cyprinid 
species in Rwandan waters; rivers and 
lakes. The low number of species 
observed relative to De Vos et al. (2001) 
study may have resulted from the short 
time of sampling and inaccessibility of 
sampling in protected lakes in the 
national parks and remote water 
bodies. Sites were visited once per 
season and the contact with fishermen 
was done a day in the morning (6:00 am 
to 11:00) and the evening (4:00 pm to 
6:00 pm). Of eight recorded species, 
three cyprinid species may possess 
potentiality in the aquaculture sector 
considering their interesting 
morphometrical values (body weight 
and total length), these are the 
introduced exotic Cyprinus carpio, the 
native species namely Labeobarbus 
altianalis and Labeo victorianus.  

The common carp: Cyprinus carpio 
(VU) 

Wild stocks are only present naturally 
in rivers draining to the Black, Caspian 
and Aral Sea (Kottelat, Freyhof, 2007). 
A rheophilic wild population in the 
Danube is assumed to be the origin of 
the European species; this population is 
now under threat (Kottelat, 1997). The 
common carp was introduced 
throughout the world. The common 
carp also was introduced and 

translocated to Rwandan waters (De 
Vos et al. 2001). According to 
Welcomme (1988) common carp was 
introduced for aquaculture in 1960 
from Israel. The species is now found in 
the Upper Akagera system (Lake 
Rweru) and is common in Lake Karago 
(a small highland lake north-east of 
Gisenyi). Despite its classification on 
the IUCN Red list as a vulnerable 
species (IUCN, 2021), the common carp 
proliferates under tropical conditions 
where the species has been introduced 
and is therefore considered as a 
potential pest since they can efficiently 
compete for food with native fish 
species (Chirwa et al. 2016, 2019). The 
common carp was particularly 
dominant in Rweru-Mugesera (Upper 
Akagera) and Eastern Kirehe (Lower 
Akagera). In view of adaptability and 
big body size and weight recorded in 
this study TL= 33.8±3.13cm, 
BW=3.0±2.12kg of adult individuals of 
this species in Rwandan waters and 
TL=31cm, BW=40.1kg reported by 
Chugunova (1959), Machacek (2007), 
the common carp may be efficiently 
used in aquaculture sector throughout 
the country.  

The ripon barbel: Labeobarbus 
altianalis (LC) 

Known from the Middle Akagera (De 
Vos, Thys van den Audenaerde, 1990), 
Rusizi River, Lake Kivu, Lake Edward, 
Lake George, Lake Victoria and Lake 
Kyoga drainages, and northern part of 
Lake Tanganyika (Snoeks et al. 
2012).  This is a cyprinid fish with 
native geographical distribution and 
endowed with high potential values in 
the aquaculture sector. The ripon 
barbel; Labeobarbus altianalis was only 
recorded in Eastern Kirehe (Lower 
Akagera) with very low relative 
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dominance. Nevertheless, the species 
has been abundantly observed and 
recorded in Lake Kivu (De Vos et al. 
2001). In view of its body size and 
weight recorded in this study 
TL=32.2±8.32cm, BW=2.5±1.86kg and 
TL=90cm, BW=120kg reported by De 
Vos and Thys van den Audenaerde 
(1990), the ripon barbel has aquaculture 
potentiality and it would be desirable 
to realize first trials of inducing 
spawning on ripon barbel breeders in 
Rwanda for intensive fry production. 
In fact, only a few East African 
cyprinids have been induced to spawn 
(Kembenya et al. 2017). It is widely 
acknowledged that the inability to 
obtain adequate seed supply is a major 
constraint to the initiation or expansion 
of aquaculture (Bromage, 1995).  

The Rwandan barbel: Labeobarbus 
ruandae (NT) 

Known from the Upper Akagera 
system in Rwanda (De Vos et al. 1990; 
De Vos et al. 2001) and Burundi 
(Banyankimbona et al. 2012). This 
cyprinid fish inhabited the Rwandan 
northern lakes. The introduction of 
tilapia and some Haplochromis may 
have been the reason for the decimation 
or extinction of the species in Lake 
Luhondo (De Vos et al. 1990). 
Labeobarbus ruandae was only recorded 
in Eastern Kirehe (Lower Akagera) 
with very low relative dominance. This 
cyprinid it is classified on the IUCN 
Red List Status as Near Threatened; NT 
(IUCN, 2021). Specimens of this 
cyprinid were recorded with 
TL=21.3±4.42 cm and BW= 0.3±0.23kg 
while De Vos et al. (2001) reported the 
body size and weight being a 
maximum TL=26.2cm and BW=0.5kg, 
this cyprinid fish may have 
aquaculture potential and a study on 

the induced spawning and the genetic 
diversity may be envisaged for the 
diversification of fish species in 
Rwandan industry and the restocking 
in some Rwandan water bodies which 
are natural habitat of this barbel in view 
of its IUCN status. 

The Victorian barbel: Labeo 
victorianus (CR) 

Endemic to the Lake Victoria drainage 
(Seegers et al. 2003). Present in Lake 
Victoria and its affluent rivers, Victoria 
Nile, Lake Kyoga (Van Oijen, 1995) and 
in the Akagera system in Rwanda (De 
Vos et al. 2001) and Burundi (De Vos, 
1991). Labeo victorianus was recorded in 
Eastern Kirehe (Lower Akagera) and 
southern Kirehe (Middle Akagera) 
with better relative dominance. 
However, the species is classified on 
the IUCN Red List status as Critically 
Endangered; CR (IUCN, 2021). 
Victorian barbel was recorded with 
TL=26.5±4.37cm and BW=0.5±0.12kg 
but Van Oijen (1995) has reported a 
maximum body size TL=41cm and 
commonly TL=30cm. Thus, this 
cyprinid presents a potentiality in the 
aquaculture sector. Research on its 
induced spawning may be undertaken. 
Indeed, Rutaisire and Booth (2004 & 
2005) carried out studies on 
reproductive biology and induced 
ovulation in Uganda, and the 
aquaculture domestication has been 
prospected by Kembenya et al. (2017). 
From these researches on that fish and 
in a country that is closer to Rwanda 
and with close environmental 
conditions, it can predict the high 
likelihood of obtaining good results if 
similar research is done in Rwanda. In 
view of the interesting morphometrical 
values and the IUCN status of this 
barbel, also a study on the induced 
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spawning and the genetic diversity 
may be envisaged for the 
diversification of fish species in 
Rwandan industry and the restocking 
in some Rwandan water bodies which 
are natural habitat of this barbel. 

Enteromius cercops 

Known to the affluent rivers of Lake 
Victoria in Kenya (De Vos, Thys van 
den Audenaerde,1990; Seegers et al. 
2003), the Malawa River in Uganda 
(Greenwood, 1966; De Vos, Thys van 
den Audenaerde, 1990) and the Middle 
Akagera system in Rwanda (De Vos, 
Thys van den Audenaerde, 1990; De 
Vos et al. 2001). Enteromius cercops was 
recorded in Kigali water bodies, 
Rweru-Mugesera (Upper Akagera) and 
Eastern-Kirehe (Lower Akagera) with 
better relative dominance which was 
significantly different compared to 
other co-genera. This cyprinid fish was 
small size, recorded with 
TL=6.7±1.04cm and BW=0.025±0.02kg 
but De Vos and Thys van den 
Audenaerde (1990) have reported a 
maximum of SL=7.0cm.  Considering 
the morphometrical values of 
Enteromius cercops, this cyprinid fish 
may not display interest in the 
aquaculture sector. 

Enteromius kerstenii 

The cyprinid fish is known in Africa: 
Cunene, Okavango, upper Zambezi, 
and tributaries of the lower Zambezi, 
Save-Runde (Skelton, 1993), Pungwe, 
Buzi (Marshall, 2011) and Kafue 
systems (Bell-Cross, 1976). Also 
recorded in Lake Victoria, Tanganyika, 
Edward and Kivu basins (Greenwood, 
1962), Lake Malawi system (Tweddle et 
al. 1979), the upper Congo system (Poll, 
1976; Balon, Stewart, 1983; Van 

Steenberge et al. 2014) and coastal river 
basins in Kenya (Seegers et al. 2003) 
and Tanzania (Bailey, 1969). Enteromius 
kerstenii was only recorded in Lake 
Kivu with very low relative 
dominance. This cyprinid fish was 
small size, recorded with 
TL=8.4±1.26cm and BW=0.042±0.04kg 
but De Vos and Thys van den 
Audenaerde (1990) have reported a 
maximum of SL=9.0cm. In view of the 
morphometrical values of Enteromius 
kerstenii, this cyprinid fish may not 
present interest in the aquaculture 
sector.  

Enteromius pellegrini 

The cyprinid fish is known in Africa: 
drainage basins of Lakes Kivu, Edward 
and Tanganyika, both in tributaries and 
in lakes (Lévêque, Daget, 1984), also 
observed in Lake Rukwa (Snoeks et al. 
2012). In Democratic Republic of the 
Congo this cyprinid was also collected 
at Pinga (Lualaba, upper Congo River 
basin). Enteromius pellegrini was only 
recorded in Lake Kivu with very low 
relative dominance. This cyprinid fish 
was small size, recorded with 
TL=10.3±0.11cm and BW=0.068±0.03kg 
but Seegers (1996) has reported a 
maximum of SL=11.7cm. Considering 
the morphometrical values of 
Enteromius pellegrini, this cyprinid fish 
may not show interest in the 
aquaculture sector. 

Enteromius apleurogramma 

Known in Africa: widely distributed, in 
the Aswa River, Lake Victoria basin 
including affluent rivers and Akagera 
system, Lake Edward-George system, 
Lake Kivu basin, Lake Tanganyika (De 
Vos, Thys van den Audenaerde, 1990), 
Rusizi River, Malagarazi River 
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(Banyankimbona et al. 2012) and Lake 
Rukwa drainage (Seegers, 1996). Also 
in coastal river basins in Kenya 
(Seegers et al. 2003) and Tanzania 
(Eccles, 1992), in the Lower Lukuga 
River (Upper Congo River basin 
(Kullander, Roberts, 2012) and in the 
Ennedi Plateau of Chad (Lévêque, 
1990). Enteromius apleurogramma was 
only recorded in Kigali water bodies 
with very low relative dominance. This 
cyprinid fish was small size, recorded 
with TL=4.9±0.95cm and 
BW=0.022±0.01kg but De Vos and Thys 
van den Audenaerde (1990) have 
reported a maximum of SL=5.4cm. 
Considering the morphometrical 
values of Enteromius apleurogramma, 
this cyprinid fish may not present 
interest in the aquaculture sector.  

Species diversity and abundance 

The Eastern-Kirehe (Lower Akagera) 
was the most diversified area in 
cyprinid species and was significantly 
different compared to other 
hydrological areas of Rwanda. This 
area showed higher species richness 
and diversity with respectively 
H’=1.38±0.1 (Shannon Weiner Index) 
and D=0.29±0.0 (Simpson 
Index).  Besides, this area also recorded 
higher fish abundance than other 
hydrological areas. This situation may 
have resulted by the fact there is less 
anthropogenic pressure on aquatic 
resources than hydrological areas 
surrounded by dense agglomeration in 
this case Kigali water bodies. De Vos et 
al. (2001) recorded 24 cyprinid species 
and most fish species were encountered 
in the Akagera system. Cyprinus carpio 
and Enteromius cercops were 
significantly dominant and frequent 
compared to other cyprinid species 
with a large number of individuals 

collected, while there were few 
individuals of other species in most of 
hydrological areas. According to 
Welcomme (1988), the common carp 
was introduced for aquaculture in 1960 
from Israel. The species is now found in 
the Upper Akagera system (Lake 
Rweru) and is common in Lake Karago 
(a small highland lake north-east of 
Gisenyi). The capture of the common 
carp was significant and most of the 
specimens were of big size. Despite 
being an exotic species, Cyprinus carpio 
seemed to adapt in Rwandan ecological 
conditions, and therefore the species 
can be used in the aquaculture industry 
throughout the country.  

There was close similarity in cyprinid 
species for most of Rwandan 
hydrological areas but less with the 
Lake Kivu ichthyofauna. This situation 
can result in connectivity between 
water bodies where similarity was 
observed and non-connectivity in 
water bodies for the case of 
dissimilarity. In fact, Rwandan 
territory has two drainage basins which 
include the Nile basin to the East that 
covers a total of 67% and the Congo 
basin to the west covering 33%. The 
Lake Kivu distance in cyprinid fish 
species may result in the fact that it 
belongs to the Congo basin whereas the 
other hydrological areas are part of the 
Nile basin.  An important North-South 
mountain ridge near the western 
border of the country constitutes the 
Congo-Nile watershed, the eastern part 
belonging to the Akagera River system 
which drains to Lake Victoria and 
further to the Nile, the western part 
draining to Lake Kivu and its outlet the 
Rusizi River, hydrographically both 
belonging to the Congo system (De Vos 
et al. 2001). During both dry and rainy 
seasons, 8 cyprinid species were 
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identified in sampled hydrological 
areas. It can be assumed that other 
cyprinid species not recorded in this 
study may be encountered in Lake 
Kivu where 5 cyprinid species were 
identified (Snoeks et al. 1997) and other 
non-sampled water bodies. For 
instance, the lakes located in the 
protected area; the Akagera National 
Park might contain other cyprinid 
species that were not recorded during 
this study. The Rweru-Mugesera 
(Upper Akagera) and the Eastern 
Kirehe (Lower Akagera) provided 
more cyprinid species abundance and 
species richness than other Rwandan 
hydrological areas. However, not more 
than 5 cyprinid species at the Rweru-
Mugesera (Upper Akagera), 3 cyprinid 
species at Kigali water bodies and 2 
cyprinid species at the Eastern Kirehe 
(Lower Akagera) could be recorded in 
these Rwandan hydrological areas 
even though a long sampling time was 
allocated to the research (fig.4). De Vos 
et al. (2001) identified only 24 cyprinid 
species in Rwandan waters and 22 
species are mentioned in Fishbase (All 
fishes reported from Rwanda).  In fact, 
the Rwandan ichthyological fauna is 
not much diversified owing to the 
youth of lakes and the existence of 
natural obstacles (falls) which 
prevented the colonization of the upper 
part of the hydrographic network by 
various species characteristic of the 
Nile basin (Snoeks et al. 1997). 

 

Conclusion 

Height cyprinid species were identified 
in the sampled hydrological areas and 
most were recorded in the Akagera 
River system: Rweru-Mugesera (Upper 
Akagera) and Eastern Kirehe (Lower 
Akagera) areas of medium altitudes 

respectively recorded at 1312m and 
1255m. Exotic species, Cyprinus carpio 
was abundant, dominant and frequent, 
recorded on various hydrological 
areas, mainly captured and can be 
cultured in the Rwandan aquaculture 
industry since the fish seemed to adapt 
in ecological conditions of the country. 
Labeobarbus altianalis and Labeo 
victorianus were big size native 
cyprinid fishes and despite their low 
abundance and frequency in Rwandan 
water bodies, they can offer potentiality 
in the aquaculture sector. Further 
studies on induced spawning and 
adaptability in aquaculture of these 
cyprinid species have to be undertaken 
in the Rwandan territory for the 
diversification of the aquaculture 
industry. In addition, studies on the 
induced spawning and the genetic 
diversity of the identified cyprinid 
species may be envisaged for the 
restocking in some Rwandan water 
bodies which are natural habitat of the 
IUCN red listed recorded cyprinids; the 
Victorian barbel; Labeo victorianus and 
the Rwandan barbel; Labeobarbus 
ruandae. 
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