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The reproductive aspect of common carp (Cyprinus carpio L, 1758) in the Amerti reservoir (9°.63
’
 N, 37°. 

23
’
 E) was studied monthly between August 2011 and July 2012. A total of 496 specimens, comprising 

231 males and 265 females were captured during the sampling period. There were no significant 

differences between the sex ratio (
2
 = 2.33; P= 0.126). The mean ± SD of Fulton’s condition factor was 

1.22 ± 0.14 for both sexes. The size at first sexual maturity (L50) for male Cyprinus carpio was 27.2 cm 
fork length (FL) while the females attained L50 at 28.3 cm FL. Absolute fecundity (F) varied between 36955 
and 318584 with a mean ± SD of 170937 ± 13084 for the length group (270-470 mm FL). The relationship 
between F and FL were significant (F=0.224*FL

3.708
, R² = 0.933; p<0.001). The  mean  monthly water  

temperature  that  ranged  from  18.9  to 23.1°C  during  the  study  period  appears  to  favor  year  
round  spawning  of common  carp  in  the reservoir. 
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INTRODUCTION 
 
The rising demand for electric power, potable water and 
irrigation has led to the construction of different dams in 
Ethiopia (Kloos and Legesse, 2010). Furthermore, these 
reservoirs are sources of income and enhanced 
nutritional health by supplying fish protein for the adjacent 
community. Most of these reservoirs are stocked with 
Oreochromis niloticus and Cyprinus carpio or sustained 
themselves with the riverine fish (Tariku et al., 2009; 
Tigabu, 2010). 

The common carp (C. carpio L, 1758) is native to 
coastal areas of the Caspian and Aral Seas (Balon, 
1995). The ability of common carp to withstand various 
environments has made it one of the major exotic species 
to spread throughout the world (Britton et al., 2007; 
Sivakumaran et al., 2003). Despite its benefit in 
commercial fishery C. carpio is regarded as a pest fish 
because of its tendency to destroy vegetation (Miller and 
Crowl, 2006; Zambrano et al., 2001) increase water 
turbidity (Lougheed et al., 1998) and decrease habitat 

heterogeneity for native species (Perrow et al., 1999). 
Natural spawning of C. carpio varies according to 
environmental factors. In tropical  and  subtropical  
regions  carp  usually  mature  during  their  first  year 
and  may  spawn  several  times  within  a  given year 
(Sivakumaran et al., 2003). Female gonad development 
is continuous when temperatures are above 16°C 
(Crivelli, 1981). 

C. carpio was introduced in Ethiopia in 1936 for 
aquaculture (Welcome, 1988); it has been stoked in 
various reservoirs and natural lakes to enhance fish yield 
by filling the available niche (Dagne and Degefu, 2007; 
Tedla and Haile-Meskel, 1981). Even though C. carpio is 
wide spread in Ethiopia little is known about its 
reproductive biology. The aim of this study was to assess 
the adaptability status and reproductive pattern of C. 
carpio in a tropical highland reservoir, including its size at 
sexual maturation and seasons of spawning to enable 
sustainable fishery exploitation. 
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Figure 1. Monthly variation in water temperature and rainfall around Amerti Reservoir (2011- 2012). 

 
 
 
MATERIALS AND METHODS 

 
Study area 

 
Amerti reservoir (9°.63

’
 N, 37°.23

’
 E) is located at an altitude of 

2243 m above sea level. The reservoir was built to supply water to 
the adjacent Fincha reservoir through a tunnel for hydroelectric 
power generation (OADB, 1996). The reservoir was stocked with C. 

carpio, O. niloticus and Tilapia zilli. The water temperature of the 
reservoir ranges between 18.9 and 23.1°C (Figure 1). The 
area has annual rainfall of 1823 mm with long rains occurring 
from May to August and the short rains from November to 
February (Figure 1). 
 
 
Sample collection 

 
Fish samples were collected monthly between August 2011 and 
June 2012 using multifilament gill net having 60, 80, 100 and 
120 mm stretched mesh size. The panel length of each mesh 
size was 25 m and the depth was 3 m. Immediately after cap-
ture, the fork length (FL) and total weight (TW) were measured 
and weighted to the nearest 1 mm and 0.1 g, respectively. Sex 
was determined from gonads of the specimens. The sex ratio 

was computed and Chi-square (
2
) test was used to deter-

mine if it varied from 1:1 (Zar, 1999). 
 

The length-weight relationship was determined using the 
following equation: 
 
W = aFL

b 

 
Where, W: weight in grams; FL: fork length in centimeter. 

  
While, Fulton’s condition factor (FC) (King, 1995) was com-
puted using the following equation: 

FC = W/TL
3
 

 
Where, W: total weight in g; TL: total length in cm 
 
 
Maturity estimation  

 
Length at which 50% of both sexes reached maturity (L50) was 
determined from the percentages of mature fish that were grouped 
in 1 cm length classes and fitted to the logistic equation described 
by Echeverria (1987). The breeding season was determined from 
the percentages of fish with ripe gonads taken each month. The 
absolute fecundity (F) of individual females was determined 
gravimetrically (Bagenal and Braum, 1987), with the number of ripe 
oocytes counted from triplicates of 1 g sub-sample of the ovary. The 
relative fecundity was also estimated from the number of oocytes 

per unit body weight of a matured C. carpio (Sivakumaran et al., 
2003). The relationship between absolute fecundity and fork length 
was determined using least squares regression. 
 
 

RESULTS 
 

A total of 496 C. carpio comprising 231 (47%) males and 
265 (53%) females were captured during the sampling 
period. The sex ratio between females and males 1:1.15 

did not differ significantly from 1:1 (
2
 = 2.33; P = 0.126). 

The fork length of the specimens ranged from 14.0 to 45 
cm (Figure 2), while the weight ranged between 56.9 and 
1535.8 g. The length-weight relationships was curvilinear 
(Figure 3) and statistically significant with W = 0.022 LF 
2.923

 (R² = 0.977, P < 0.001). 
The Fulton’s condition factor (Mean ± SD) of C. carpio 

for  both  sexes  was  1.22  ±  0.14. The value varied from 



262          J. Ecol. Nat. Environ. 
 
 
 

Fork length (cm)

15 20 25 30 35 40 45

%
 F

re
qu

en
cy

0

2

4

6

8

10

12

 

F
re

q
u
e
n
c
y
 (

%
) 

 
 

Figure 2. Length frequency distribution of sampled C. carpio in 
Amerti reservoir. 

 
 
 

 
 

Figure 4. Breading pattern of C. carpio in Amerti Reservoir (August 
2011 to June 2012). 
 

 
 

1.22 to 1.46 for males and 1.23 to 1.77 for females.  
The breeding season of C. carpio was determined from 

percentages of fish with ripe gonads taken monthly from 
August 2011 to June 2012. Breeding was continuous 
throughout the year; however the most intense breeding 
activity was from February to April 2012 (Figure 4). 
During high breeding time, 69 - 86% of the males and 80 
- 85% of the females were found with ripe gonads (Figure 
4). The proportion of fish with ripe gonads was relatively 
low during the months of October and November. 

The size at first sexual maturity for male C. carpio was 
27.2 cm FL while the females attained first sexual maturity 
at 28.3 cm FL (Figure 5). The smallest male found with 
ripe gonads was 15.5 cm FL and weighed 74.3 g while 
the  corresponding  female  was  17  cm  FL  and weighed 

  
 
 
 

 
 
Figure 3. Length-weight relationship of C. carpio in Amerti 

Reservoir. 

 
 
 

 
 
Figure 5. Size at first sexual maturity (L50) for female C. carpio in 

Amerti Reservoir. 

 
 

 
86.9 g. 

The estimated absolute fecundity of female C. carpio 
varied between 36955 and 318584 oocytes per specimen 
with a mean ± SD fecundity of 170937 ± 13084. The 
relationship between F and FL were significant (F = 
0.224*FL

3.708
, R² = 0.933; p<0.001).  Relative fecundity 

varied between 98 284 and 310 964 oocytes kg
–1

 total 
body weight, with a mean of 177 786 ± 48 427 oocytes 
kg

-1 
total body weight. 

 
 

DISCUSSION 
 
Reservoirs  can  result  in  productive  fisheries  based on 



 
 
 
 
their location and management status (Marmulla, 2001). 
Stocking of exotic species can enhance yields, as long as 
they are not influencing the indigenous species which are 
preferred by the community. C. carpio has adapted well 
in the Amerti reservoir with its reproductive trait. 

The reproductive cycle and pattern of gonad develop-
ment of C. carpio in natural ecosystems greatly depends 
on the ambient water temperature (Smith and Walker, 
2004; Tempero et al., 2006). Spawning in C. carpio occurs 
at a water temperature of around 18°C (Fernández-
Delgado, 1990). The mean monthly water temperature 
that ranged from 18.9 to 23.1°C during the study period 
appears to favor year round spawning of common carp in 
the reservoir. Year round breading pattern for C. carpio 
has been reported in other tropical lake (Oyugi et al., 2011). 

Length at first maturity is variable, ranging from 90 to 
430 mm TL for both males and females in wild C. carpio 
population (Fernández-Delgado, 1990; Prochelle and 
Campos, 1985). The first maturity for male and female 
which were 155 mm FL 170 FL respectively did not vary 
from other studies. However, the length at first maturity 
(27.2 cm FL for female and 28.3 cm FL for male) is lower 
than Lake Naivasha were it is 340 mm for male and 420 
mm (LT) for females (Oyugi et al., 2011).  

Length and age at maturity in common carp are related 
to latitude and sex; males often mature before females, 
and fish mature earlier at low latitudes when compared 
with higher latitudes (Tempero et al., 2006). In Amerti 
Reservoir, males matured at smaller sizes (27.2.6 cm FL) 
than females (28.3 cm FL). This may be related to the 
preparation of females to sustain large number of eggs. 
Males attaining maturity at a smaller size than females 
are also reported in both temperate and tropical aquatic 
ecosystems (Britton et al., 2007; Tempero et al., 2006). 

Determination of fecundity and spawning season are 
indispensable in understanding the population dynamics 
of fish species (Sivakumaran et al., 2003). Fecundity also 
explains the degree of invasiveness and ecosystem 
impacts (Bajer and Sorensen, 2010). The mean relative 
fecundity in Amerti reservoir 177 786 kg

-1
 is larger than 

97 200 oocytes kg
-1

 reported in Newzeland (Tempero et 
al., 2006); but comparable with 163 000 eggs kg

-1
 total 

body weight (Sivakumaran et al., 2003). Females C. 
carpio can carry >1000000 oocytes for length groups >60 
cm (Bajer and Sorensen, 2010). 

Maturing at small size with large number of oocytes is 
one of the physiological advantages of the traits of the 
carp which appear to have provided their population with 
resilience to the exploitation by providing rapid growth to 
maturity and the opportunity for early life reproduction 
prior to their capture. 

The establishment and year round reproduction of C. 
carpio in a tropical environment with high fecundity has 
shown that introducing the species to other natural lakes 
with prior indigenous fish can threaten their ecology. 
Indigenous species are expected to have a competitive 
advantage over newly arriving species adapted to different 
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species and resource availability (Vermeij and Dudley, 
2000). However, physiological advantages of displace-
ment by C. carpio have been well documented (Jia et al., 
2008). Once C. carpio is established in a system, eradi-
cation is extremely expensive and in many cases impos-
sible (Zambrano et al., 2006).  

In conclusion, C. carpio introduced in Amerti Reservoir 
has adapted successfully. The long spawning period and 
multiple spawning characteristics of common carp were 
favored by the ambient temperature of the reservoir. Care 
should be taken in introduction of C. carpio to natural 
lakes in similar habitats, as it can disrupt native species. 
Successful fisheries in Amerti reservoir from common 
carp could be established with a minimum catch size of 
28 cm FL, which could be achieved by using gillnet with a 
mesh size of 80 mm and above. 
 

 

ACKNOWLEDGEMENTS 
 

My sincere gratitude goes to the technical staff of Ziway 
Fisheries Resources Research Center, particularly Mr 
Getachew Senbete, Mitiku Bonxa and Dawit Imiru for 
their assistance during the fieldwork. The study was 
financed by the Oromia Agricultural Research Institute 
(OARI). 
 
 
REFERENCES 

 
Bagenal TB, Braum E (1987). Methods for assessment of fish 

production in freshwaters. Blackwell Scientific Publications, London. 

pp. 165-201.  
Bajer P, Sorensen P (2010). Recruitment and abundance of an invasive 

fish, the common carp, is driven by its propensity to invade and 

reproduce in basins that experience winter-time hypoxia in 
interconnected lakes. Biol. Invasions 12:1101-1112. 

Balon EK (1995). Origin and domestication of the wild carp, Cyprinus 

carpio: from Roman gourmets to the swimming flowers. Aquaculture 

129:3-48. 
Britton JR, Boar RR, Grey J, Foster J, Lugonzo J, Harper DM (2007). 

From introduction to fishery dominance: the initial impacts of the 
invasive carp Cyprinus carpio in Lake Naivasha, Kenya, 1999 to 

2006. J. Fish Biol. 71:239-257. 
Crivelli AJ (1981). The biology of the common carp,Cyprinus carpio L., 

in the Camargue, southern France. J. Fish Biol. 18:271-290. 
Dagne A, Degefu F (2007). Proceedings of the 15 the Annual 

conference of the Ethiopian Society of AnimalProduction (ESAP), 
Addis Ababa, Ethiopia. pp.163-171. 

Echeverria TW (1987). Thirty-four species of California rockfishes: 

maturity and seasonality of reproduction. US. Fish. Bull. 85:229-250. 
Fernández-Delgado C (1990). Life history patterns of the common carp, 

Cyprinus carpio, in the estuary of the Guadalquivir river in south-west 

Spain. Hydrobiologia 206:19-28. 
Jia Y, Chen Y, Xie S and Yang Y (2008). Physiological advantages may 

contribute to successful invasion of the exotic Cyprinus carpio into 

the Xingyun Lake, China. Environ. Biol. Fish 81:457–463. 
King M (1995). Fisheries biology assessment and management. 

Blackwell Science Ltd, Oxford. p.341. 

Kloos H, Legesse W (2010). Water Resources Management in Ethiopia: 
Implications for the Nile Basin. Cambria Press, New York. p.415. 

Lougheed VL, Crosbie B and Chow-Fraser P (1998). Predictions on the 
effect of common carp (Cyprinus carpio) exclusion on water quality, 

zooplankton, and submergent macrophytes in a Great Lakes wetland. 
Can. J. Fish. Aquat. Sci. 55:1189-1197. 



264          J. Ecol. Nat. Environ. 
 
 
 
Marmulla G (2001). Dams, fish and fisheries: Opportunities, challenges 

and conflict resolution. FAO  Fisheries Technical Paper. No. 419 
Rome. 

Miller SA, Crowl TA (2006). Effects of common carp (Cyprinus carpio) 

on macrophytes and invertebrate communities in a shallow lake. 
Freshw. Biol. 51:85-94. 

OADB (Oromia Agriculture Development Bureau) (1996). Land resource 
and socioeconomic survey report of common watershed. OADB, 
Addis Ababa, Ethiopia. 

Oyugi DO, Cucherousset J, Ntiba MJ, Kisia SM, Harper DM, Britton JR 
(2011). Life history traits of an equatorial common carp Cyprinus 
carpio population in relation to thermal influences on invasive 

populations. Fish. Res. 110:92–97. 
Perrow MR, Jowit AJD, Leigh SAC, Hindes AM, Rhodes JD (1999). The 

stability of fish communities in shallow lakes undergoing restoration: 

expectations and experiences from the Norfok Broads (U.K.). 
Hydrobiologia 408: 85–100. 

Prochelle O, Campos H (1985). The biology of the introduced carp 
Cyprinus carpio L., in the river Cayumapu, Valdivia, Chile. Stud. 

Neotrop. Fauna Environ. 20:65–82. 
Sivakumaran K, Brown P, Stoessel D, Giles A (2003). Maturation and 

Reproductive Biology of Female Wild Carp, Cyprinus carpio, in 

Victoria, Australia. Environ. Biol. Fishes 68:321-332. 
Smith BB, Walker KF (2004). Spawning dynamics of common carp in 

the River Murray, South Australia, shown by macroscopic and 
histological staging of gonads. J. Fish Biol. 64:336-354. 

 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

 
 

 
 
 
 
Tariku E, Mengistu S, Tussa D, Tugie D, Tadesse Z (2009). 

Proceedings of the 16th Annual conference  of the Ethiopian Society 
of Animal Production (ESAP), Addis Ababa. Ethiopia. pp. 95-102. 

Tedla S, Haile-Meskel F (1981). Introduction and transplantation of 
freshwater fish species in Ethiopia. SINET. J. Sci. 4: 69-72. 

Tempero GW, Ling N, Hicks BJ, Osborne MW (2006). Age composition, 
growth, and reproduction of koi carp (Cyprinus carpio) in the lower 

Waikato region. N. Z. J. Mar. Freshw. Res. 40:571-583. 
Tigabu Y (2010) Stocking based fishery enhancement programs in 

Ethiopia. Ecohydrol. Hydrobiol. 10: 241-246. 
Vermeij GJ, Dudley R (2000). Why are there so few evolutionary 

transitions between aquatic and terrestrial eco-systems?  Biol. J. 

Linn. Soc. 70:541–554. 
Welcome RL (1988). International introductions of inland aquatic 

species. FAO Fish Tech Pap 294:31. 

Zambrano L, Martínez-Meyer E, Menezes N, Peterson AT (2006). 
Invasive potential of common carp (Cyprinus carpio) and Nile tilapia 
(Oreochromis niloticus) in American freshwater systems. Can. J. 

Fish. Aquat. Sci. 63:1903–1910. 
Zambrano L, Scheffer M, Martínez-Ramos M (2001). Catastrophic 

response of lakes to benthivorous fish introduction. Oikos 94:344-

350. 
Zar JH (1999). Biostatistical analysis. Prentice-Hall, New Jersey. pp. 

663. 

 
 
 
 
 
 


