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ABSTRACT

Biometric measurement provide crucial information on fish growth and aquatic habitat
well-being. This study offers the first comprehensive elucidation on biometric indices and
reproductive biology of Cyprinus carpio var. communis in Lake Arekit (Ethiopia). A total of 209
fish were collected (ranging between 8.8 and 51.3cm in total length (TL), while 16.99-2,498.3g
total weight (TW)) using gillnets during June 2022 to May 2023. The overall sex ratio (male,
M; female, F) was 1:0.66 and significantly varied from the hypothetical sex ratio (1:1) (x> =
8.85, p<0.05). The length-weight relationship of C. carpio var. communis was TW =
0.0392 xTL2792 with a ‘b’ value of 2.792, which indicated a negative allometric growth pattern
with r? values of 0.99. The condition factor of C. carpio showed significant variations between
sex and months, with a mean value of 4.01+£0.49 (p<0.05) while the Fulton condition factor
showed no significant difference between sexes and months. Fecundity variation was better
correlated with length (AF = 152.06XTL'®7°, r2 = 0.795; p<0.05) than with weight (AF =
1541.2XTWO1, 12 = 0.6523; p<0.05). The fecundity ranged between 46,214 and 210,271
eggs/fish, with a mean of 127,516.6+53,447.1 eggs/fish. Breeding activity peaks in March and
June, coinciding with a rise in water temperature. The size at first maturity (Lm.,) was found
to be 32.28cm and 28.83cm of total length for females and males, respectively. Our findings
would be very beneficial in planning the sustainable management of C. carpio in Lake Arekit
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and nearby ecosystems.

1. Introduction

The common carp (Cyprinus carpio), a freshwater fish,
has been successfully introduced into freshwaters
worldwide (Yaqoob, 2021). The C. carpio, first intro-
duced to Ethiopian waterways in 1936 for aquacul-
ture (Welcome, 1988), has shown fantastic adaptation
in various reservoirs and natural lakes, and it cur-
rently constitutes an important fishery (Kebede et al.,
2018). The widespread dispersion and success of
C. carpio introductions are largely attributable to
their adaptability to various environmental circum-
stances (Tesfaye & Wolff, 2014). Even though C. carpio
has been widely introduced into Ethiopian waterbod-
ies, there is scanty knowledge of its growth pattern
and reproductive biology in natural waterbodies
(Mekonnen et al., 2019; Tessema et al., 2020).

SUBJECT
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biology; zoology

According to Tessema et al. (2020), the relation-
ship between length and weight is crucial to fish
biology, physiology, and ecology. Tesfaye and Wolff
(2014) claim that it is possible to compare fish life
cycles across geographic locations, species, and pop-
ulations using information on length and weight.
According to Syed et al. (2020) and El-Aiatt (2021),
fisheries biologists frequently employ an index to
gauge the ‘well-being’ of fish. This index may be cal-
culated using length-weight relationships. According
to Tesfaye and Wolff (2014), an essential aspect of
fishery biology utilized to evaluate the general health
of populations is fish condition. The condition factor
also provides information when contrasting two pop-
ulations that are living in specific feeding, density,
and climatic conditions; when determining the
period of gonadal maturation; and when monitoring
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a species’ level of feeding activity to determine
whether it is effectively utilizing its feeding source
(Mekonnen et al, 2019; Tessema et al., 2020). To
maximize fishery production, it is crucial to discover
the environmental determinants of this variance
because fish conditions might vary both within and
between populations.

In order to manage fisheries effectively and to
bridge the knowledge gap in fisheries basic sciences,
it is crucial to understand fish reproductive biology
(Tessema et al, 2020; Wagaw et al, 2022). Since
these traits may differ regionally, it is crucial to iden-
tify the reproductive traits of fish in each environ-
ment for effective fisheries management (Dereli
et al, 2022). Fish species differ greatly in terms of
fecundity, even among individuals of the same spe-
cies, size, and range (Shinkafi & Ipinjolu, 2012). This
may be due to the population’s members’ varying
success at feeding before spawning (Tessema et al.,
2020), as well as the release of the eggs in batches
(Shafat et al, 2016). Fecundity can vary depending
on species (Mohamad et al., 2020), body size, gonadal
weight, age classes, and other factors (Kebede et al.,
2018). Fecundity and gonado somatic index, two cru-
cial demographic traits necessary for comprehending
a species’ life history, are critical components of
reproduction (Shafat et al., 2016).

Figure 1. Study area (Lake Arekit, Ethiopia).

Several studies on the reproductive biology of C.
carpio have been undertaken in several water bodies
in Ethiopia, including Hailu (2013) in Amerti Reservoir,
Abera et al. (2015) in Lake Ziway, Mekonnen et al.
(2019) in Lake Lugo, and Tessema et al. (2020) in Lake
Hayq. Cyprinus carpio is introduced in Lake Arekit, sit-
uated in the Gurage Zone, Ethiopia (Figure 1). There
has never been research done on the biometric index
and reproductive biology of C. carpio, yet this lake is a
significant habitat and fishing location for the species.
In order to enable sustainable fishery exploitation, this
study sought to provide knowledge on a few aspects
of reproductive biology and environmental factors
related to the reproductive pattern for the species of
C. carpio in Lake Arekit, Ethiopia, including the
length-weight relationship, sex ratio, Fulton’s condition
factor, fecundity, and seasons of spawning.

2. Materials and methods
2.1. Study area

Lake Arekit is situated at 370°53'30" and 380°10'00" E
and 70°59'30" and 80°16'00" N in Ethiopia. It is found
at an elevation of 2820-2950 meters above sea level.
The lake's surface area is 130ha, and its average
depth is 2.5m (Figure 1). This lake is located in the



Central Ethiopia Regional State, 220km from Addis
Ababa and 70km from Wolkite. The lake doesn't
have an outlet and receives its water from adjacent
watersheds and direct rainfall. According to Enawgaw
and Wagaw (2023), Lake Arekit has an alkaline pH
range of 7.29-11.31, dissolved oxygen concentrations
of 6.8-16.7 mg/L, a temperature range of 25.8-29.8°C,
turbidity readings of 154 NTU to 317 NTU, and a
water transparency range of 4.3-16.1cm. The lake
also has significant levels of inorganic nutrients,
including phosphate, which ranges from 2.12mg/L to
5.26mg/L, and nitrate, which varies from 2.19mg/L
to 10.64mg/L (Enawgaw & Wagaw 2023).

The lake provides irrigation services to the com-
munity (Tilahun et al, 2022). Lake Arekit also sup-
ports phytoplankton, dominated by Cyanophyta and
Bacillariophyta such as Microcystis aeruginosa,
Cylindrospermopsis raphidiopsis, Anabaena spiroides,
Pediastrum duplex, Aulacoseira granulate, Navicula
schroeteri, and Nitzschia palea (Enawgaw & Wagaw,
2023). The lake is also known for its outstanding avi-
fauna diversity, with mainly Blue-Winged Goose
(Cyanochen cyanoptera) (endemic), White-collared
Pigeon (Columba albitorques), Thick-billed Raven
(Corvus crassirostris), and Wattled Ibis (Bostrychia
carunculata) (endemic to both Ethiopia and Eritrea)
inhabiting the lake (Tilahun et al, 2022). In Lake
Arekit, the sole fish species present is the common
carp (Cyprinus carpio var. communis).

2.2. Sample collection and data analysis

For this study, 209 fish specimens were collected
monthly from three different sites between June
2022 and May 2023 in Lake Arekit. Fish samples were
transported to the Wolkite University Biology
Laboratory for the measurement of total length (TL)
to the nearest 0.1cm and total weight (TW) to the
nearest 0.1g. The Cyprinus carpio var. communis sex
determination was made by macroscopic gonadal
examination according to the shape and color of
gonads (Bagenal, 1978).

2.2.1. Sex ratio
The sex ratio was determined, in accordance with
Geffroy and Wedekind (2020), by contrasting the pro-

portions of the two sexes in the fish population.
x=M
F

Where X = sex ratio; M = number of male fish;
F = number of female fish.
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The difference in population sex ratio was exam-
ined using chi-square (x?) analysis.
Oi—Ei)’
sl
Ei
Where Oi is the observed value and Ei is the
expected value.

2.2.2. Length-weight relationship

The allometric equation TW=a x TL (Ricker, 1975)
was used to determine the relationship between
total length (TL) and total weight (TW) for the entire
sample and separately for each sex. This equation
can be translated into logarithmic form as follows:
Log TW=Log a+bXxLog TL, where TW and TL are the
total weight and length, respectively, and ‘a’ and ‘b’
are the regression constants.

A Student’s t-test was used to analyze the b value.
According to b values, the relationship adopts an iso-
metric growth pattern (b=3.0), a negative allometric
growth pattern (b<3.0), or a positive allometric
growth pattern (b>3.0) (Tesfaye & Wolff, 2014).

2.2.3. Condition factor (CF) and fulton condition
factor (FCF)

Each fish’s Condition Factor (CF) was determined
using the formula CF=TW/TL® x 100, where CF
stands for condition factor, TW for total weight (g),
TL for total length (cm), and ‘b’ for the coefficient
of allometry value determined using the length-
weight equation (Bagenal 1978). The formula used
to compute the Fulton Condition Factor (FCF) is as
follows: FCF=TW/TL?® x 100, where FCF stands for
Fulton Condition Factor, TW stands for Total Weight
(g), TL stands for Total Length (cm), and ‘3’ is for
ideal fish growth (isometric). It is important to
highlight that this parameter was assessed every
month for the entire population and separately for
each sex. The analysis of variance (ANOVA) test was
used to statistically test the condition factor (CF)
and Fulton condition factor (FCF) with a 95% con-
fidence level.

2.2.4. Spawning season and fecundity

The stages of gonad development were categorized
as follows: stage O-immature; stage 1-resting; stage
2-developing; stage 3-ripe; stage 4-running; stage
5-spent; and stage 6-recovering (Bagenal, 1978). The
spawning season is determined following the
monthly fluctuations of the gonad somatic index
(GSI), calculated using the following formula:
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GSl = GW x100

(Pefa-Mendoza et al., 2005)
According to Bagenal (1978), fecundity was calcu-
lated gravimetrically by counting the number of
mature oocytes in triplicate from an ovarian subsam-
ple weighing 1g. An equation (F=GWn (m), where n
is the number of eggs in the sub-sample and m is
the weight of the ovarian sub-sample, was used to
estimate the total fecundity (Le Cren, 1951). The rela-
tionships between fecundity, total length (TL, cm),
and total weight (TW, g) were investigated using
regression analysis. The relationship is represented by
the following equations: F=mTL" and F=aTW® where
F=Fecundity; TL=Total Length (cm); TW=Total
Weight (g); m, n, a, and b are parameters to be esti-
mated. One-way analysis of variance (ANOVA) and
the non-parametric Kruskal-Wallis test (p=0.05) were
used to examine the significance between the abso-
lute fecundity and GSI of C. carpio in Lake Arekit.

2.2.5. Length at sexual maturity (Lmg,)

The length at which 50% of both sexes reached
maturity (Lms,) was determined by modelling the
proportion of mature individuals to their respective
length classes based on the following logistic func-
tion (Echeverria, 1987):

1

" (ES

Where P=percentage of mature fish by length
class, L=total length class, a and b are model coeffi-
cients. This analysis allows the estimation of the 95%

Table 1. Summary of monthly sex ratio (males: females) of
Cyprinus carpio var. communis in Lake Arekit.

Month Male (n) Female (n) Sex ratio X2

January 6 4 1:0.67 0.4

February 1 6 1:0.55 147
March 1 10 1:0.91 0.05
April 10 5 1:0.50 1.67
May 8 1 1:1.38 0.47
June 20 6 1:0.30 7.54*%
July 16 13 1:0.81 0.31

August 15 7 1:0.47 291

September 10 8 1:0.8 0.22
October 8 4 1:0.50 1.33
November 6 3 1:0.5 1.00
December 5 6 1:1.2 0.09
Total 126 83 1:0.66 8.85%

*Chi-square test is significant at p <0.05.

confidence intervals for Lmg, The Lmg, was esti-
mated using the equation:

a

Lmy,=——
50 b

Data were analyzed using ‘Solver’ in the Microsoft
Excel program (Tokai, 1997).

3. Results
3.1. Sex ratio

During the sampling period, 209 Cyprinus carpio var.
communis were caught, ranging from 8.8 to 51.3cm
in total length and 16.99 to 2,498.3g in total body
weight, with 126 males (60.29%) and 83 females
(39.71%). The male-to-female sex ratio (1:0.66) dif-
fered significantly from the ideal male-to-female sex
ratio (1:1) (x> = 8.85, p<0.05) (Table 1).

3.2. Length-weight relationships

The values of 0.99 for the determinant coefficients
(rY) for combined sexes, females and males, were
highly significant. A b-value less than 3 in the length-
weight regression equation for C. carpio var. commu-
nis in Lake Arekit indeed indicates negative allome-
tric growth for the combined sexes (2.792), females
(2.794), and males (2.789) (Table 2; Figure 2).

3.2. Condition factor (CF)

The variance in the mean CF of C. carpio var. communis
in Lake Arekit is shown in Table 3. With a mean of 4.01,
the CF of C. carpio var. communis ranged from 3.29 to
6.47. The CF for males and females ranged from 3.29 to
5.80 and 3.38 to 6.47, respectively (Table 3). The CF in
C. carpio var. communis exhibited significant variations
between males and females (p<0.05). For male C
carpio var. communis, the Fulton Condition Factor (FCF)
values ranged from 1.63 to 3.18, with a mean value of
1.89. The FCF values for female C. carpio var. communis
ranged from 1.59 to 3.11, with a mean value of 1.93.
The mean FCF value for C. carpio var. communis’s com-
bined sexes was 1.91+0.2. The difference in mean FCF
between male and female C. carpio var. communis in
Lake Arekit was not statistically significant (p>0.05).

Table 2. Length-weight relationship of Cyprinus carpio var. communis from Lake Arekit from June 2022 to May 2023.

Sex N TW=a x TL° Log TW=Log a+bxLog TL a b r

Female 83 TW = 0.0394TL27% Log TW=-0.0394+2.794 x Log TL 0.0394 2.794 0.99
Male 126 TW = 0.0393TL?7%° Log TW=-0.0393+2.789 % Log TL 0.0393 2.789 0.99
Combined 209 TW = 0.0392TL27%2 Log TW=-0.0392+2.792x Log TL 0.0392 2.792 0.99




Figure 2. Length-weight relationship of female (a), male (b)
and combined sexes (c) of Cyprinus carpio var. communis in
Lake Arekit.

Table 3. The mean Condition Factor and Fulton Condition
Factor of C. carpio var. communis from Lake Arekit from
June 2022 to May 2023.

Sex Mean+SD Minimum Maximum
Condition Male 3.80+0.36 3.29 5.80
Factor (CF) Female 4.33+0.49 3.38 6.47
Combined 4.01+0.49 3.29 6.47
Fulton’s Male 1.89+0.20 1.63 3.18
Condition Female 1.93+0.26 1.59 3.11
Factor (FCF) Combined 1.91+0.23 1.59 3.18

The results of the analysis of variance (ANOVA)
between the monthly Condition Factor (CF) mean
values revealed a significant difference (p=0.014)
(Table 4). Table 4 shows that the mean monthly con-
dition factor for C. carpio var. communis in Lake
Arekit varies from 3.77 to 4.38. However, the mean
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Table 4. Temporal mean Condition Factor (CF) and Fulton
Condition Factor (FCF) of C. carpio var. communis from Lake
Arekit from June 2022 to May 2023.

Month Mean CF+SD Mean FCF+SD
January 4.03+0.64* 1.90+0.25°
February 4.00+0.31% 1.91+0.14°
March 4.00+0.35% 1.89+0.13°
April 3.85+0.35% 1.86+0.10°
May 4.33+0.825 2.02+0.41°
June 3.77+£0.232 1.84+0.13°
July 4.16+0.54% 1.96+0.28°
August 3.88+0.29° 1.88+0.10°
September 3.97+0.36® 1.85+0.09%
October 3.88+0.37% 1.86+0.10°
November 3.94+0.69° 1.92+0.342
December 4.38+0.68 2.04+0.44°
Total mean 4.01+0.49 1.91+0.23

Note. Values with different letters (a, b, ¢) within a column are signifi-
cantly different at p<0.05 level (Tukey test is applied).

monthly values of the Fulton Condition Factor (FCF)
were not significantly different (ANOVA, p>0.05) and
varied from 1.84+0.13 in June to a peak of 2.04+0.44
in December (Table 4).

3.3. Gonado somatic index (GSI)

Male and female C. carpio var. communis followed
roughly the same pattern, according to monthly fluc-
tuations in the Gonado-Somatic Index (GSI) (Figure
3). The mean monthly GSI values in females ranged
from 5.05 to 17.07 and displayed significant monthly
variations (p<0.05). Female GSI values peaked
between March and the end of June (Figure 3). This
suggests that C. carpio var. communis breeds in the
lake during the minor rainy season and up until the
start of the major rainy season. While the GSI value
of male C. carpio var. communis ranged from 3.6 to
8.76 with a mean of 5.68+4.01 (Figure 3) and exhib-
its significant variations between months (p <0.05).

3.4. Fecundity

Thirty-four (34) mature females of C. carpio var. com-
munis were examined for fecundity. The total length
of the measured C. carpio var. communis’s varied
from 24.1cm to 51.9cm, and its weight ranged from
290.5g to 2,498.5g. The total fecundity varied
between 46,214 and 210,271 eggs/fish, with a mean
absolute fecundity (AF) of 127,516.6+53,447.1 eggs/
fish. The relationship between total body length,
weight, and absolute fecundity was positively cor-
related; the fecundity-length relationship was AF =
152.06 xTL'7° (r? = 0.795), and the fecundity-total
weight relationship was AF = 1541.2xTW% (12 =
0.652) (Figure 4).
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Figure 3. Gonado Somatic Index (GSI) monthly trends for females and males C. carpio var. communis from Lake Arekit from

June 2022 to May 2023.

Figure 4. (a) Length-fecundity and (b) Weight-fecundity
relationship of C. carpio var. communis in Lake Arekit from
June 2022 to May 2023.

3.5. Length at sexual maturity (Lm,)

The size at first maturity of the fish in the current
study showed a significant difference between sexes
(p<0.05). Male C. carpio var. communis reached sex-
ual maturity at a size of 28.83cm, whereas females
did so at a size of 32.28cm (Figure 5). The smallest

male with ripe gonads was 21.5cm and weighed
196.89, whereas the comparable female was 24.1cm
and weighed 438.44.

4. Discussion
4.1. Sex ratio

This study, which compared the findings with those
of the same fish species in other regions, is regarded
as the first to examine the biological traits of C.
carpio var. communis in Lake Arekit (Ethiopia). The
results of the current investigation revealed that
there were significantly more male C. carpio var. com-
munis than females, with a sex ratio of 1:0.66 (Male:
Female). The findings concur with Nyaboke et al.
(2014) who report a sex ratio of 1.63:1 (Male: Female)
for C. carpio in Lake Naivasha (Kenya). According to
Mert and Bulut (2014), C. carpio captured at Turkey’s
Damsa Dam Lake had a sex ratio that was skewed in
favors of males. However, populations of the same
species in Amerti Reservoir (Hailu, 2013), Lake Ziway
(Abera et al., 2015), and Lake Langeno (Kebede et al.,
2018) (Ethiopia) had been noted to have more
females than males. The imbalance in the ratio of
male to female may result from behavioral differ-
ences between the sexes, which make one sex easier
to catch than the other, or from differences in habi-
tat preference brought on by variations in sexual
maturity stages over the spawning season (Wagaw
et al, 2022). Additionally, there are a number of
other potential causes for differences in sex ratio dis-
tribution, including temperature-dependent sex
determination (Mert & Bulut, 2014), the presence of



hormone-like substances in the environment (Bohlen
& Ritterbusch, 2000), sex-selective mortality based on
predation (Quinn & Buck, 2001), or intersexual differ-
ences in life span or behavior (Passos et al., 2014).

4.2. Length-weight relationships (LWR)

The LWR for C. carpio var. communis in the current
study has a stronger correlation coefficient (r? =

Figure 5. Length at first maturity (Lms,) for males (a) and
females (b) C. carpio var. communis in Lake Arekit from
June 2022 to May 2023.
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0.99), which suggests that length increases with
weight. This finding is consistent with previous
research on C. carpio from lakes and reservoirs in
Ethiopia (Hailu, 2013; Kebede et al., 2018; Mekonnen
et al., 2019; Tessema et al., 2020). Since the ‘b’ values
of C. carpio populations residing in various localities
in Ethiopia and some other countries ranged from
1.9455 to 3.423 (Table 5), the parameters of the
length-weight relationship of C. carpio var. communis
in Lake Arekit are comparable to those of the earlier
research (Table 5). According to our findings, the
exponent ‘b’ of the length-weight relationship for
male, female, and both sexes of C. carpio exhibited
negative allometry growth (b<3), which deviated
significantly from the ideal isometric growth pattern
(b=3). Previous research indicates that C. carpio
showed a similar negative allometric growth pattern
in Amerti Reservoir (Hailu, 2013) and Lake Ardibbo
(Asnake & Mingist, 2018) (Ethiopia), with ‘b’ values of
2.92 and 2.82, respectively. But El Moata et al. (2005)
and Karatas et al. (2007) noted positive allometric
growth for C. carpio, reporting ‘b’ values of 3.423 and
3.32, respectively. The variations in growth pattern
(b-value) could be related to differences in age,
maturity, sex, stomach fullness, disease, parasite
infestation and associated environmental factors
such as seasonality (Wagaw et al., 2022).

4.3. Condition Factor and Fulton Condition
Factor (FCF)

According to Ricker (1975), the fish population’s
Condition Factor (CF) values alter depending on fac-
tors such as sex, gonad development, age, growth,
seasonal fluctuations, and feeding conditions. In the

Table 5. Length-weight relationship for C. carpio of the previous studies.

Study area Sex N a b R? Author/s
Almus Dam Lake Q+3 307 0.0084 332 0.9437 Karatas et al. (2007)
Deroua 0.005 3423 0.9825 El Moata et al. (2005)
Lake Lugo Q+3 591 0.0189 2.853 0.9269 Mekonnen et al. (2019)
Amerti reservoir Q+3 496 0.022 2923 0.977 Hailu (2013)
Damsa Dam Lake Q 63 0.0181 2.9689 0.915 Mert and Bulut (2014)
d 97 0.0278 2.8507 0.903
Q+3 160 0.0219 2.9040 0.900
Oubeira Lake 3 322 0.6923 2.3484 0.8239 Sara et al. (2016)
Q 198 0.9712 1.9455 0.7156
Q+3 360 0.018 2.802 0.929
Kizihrmak River Basin Q+3 301 0.001 3.138 0.93 Birecikligil et al. (2016)
Atatlirk Dam Lake Q 106 0.024 2.847 0.95 Yiice et al. (2016)
3 125 0.034 2.807 0.95
Q+3 231 0.029 2.847 0.95
Foum El-Khanga Dam Q 198 0.017 2.865 0.974 Sahtout et al. (2017)
d 149 0.024 2.765 0933
Q+3 347 0.018 2.859 0.963
Current study Q 83 0.0394 2.794 0.99
3 126 0.0393 2.789 0.99
Q+3 209 0.0392 2.792 0.99
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current investigation, there were statistically signifi-
cant differences in the CF between the sexes and
months (p<0.05, t-test) (Tables 3 and 4). For females,
the mean CF was computed as 4.010£0.49 (ranged
from 4.33 to 6.47) and for males, 3.80+0.36 (ranged
from 3.29 to 5.80) (Table 3). In terms of mean CF,
females outperformed males, and the differences
were statistically significant (p<0.05, Table 3). The
higher condition factor for the females could be
attributed to high gonad maturity and high fat accu-
mulation. Further, metabolic stress during maturation
or spawning, as well as changes in feeding activity,
may be responsible for the difference in CF values
between females and males (Jonsson & Jonsson,
2014). In numerous lakes, C. carpio has been shown
to have a similar condition (Karatas et al., 2007; Hailu,
2013; Tessema et al., 2020). The changes in the mean
CF between the months in the current investigation
were statistically significant (p<0.05, Table 4). In
December and May, the maximum mean condition
factor was computed as 4.38 and 4.33, respectively
(Table 4). Similar results were observed by Sara et al.
(2016) and Sahtout et al. (2017), who discovered that
the winter and summer seasons had the greatest val-
ues of the condition factor. These temporal variations
in the CF of C. carpio var. communis in Lake Arekit
may be related to the availability of food consumed
during various months, the degree of gut fullness,
and other environmental factors (Tessema et al,
2020; Wagaw et al., 2022).

It is evident that the mean FCF of the C. carpio
var. communis in Lake Arekit is greater than the FCF
at the Foum El-khanga Dam (FCF = 1.57) (Sahtout
et al.,, 2017), Damsa Dam Lake (FCF = 1.58) (Mert &
Bulut, 2014), Lake Hayq (FCF = 1.22) (Tessema et al.,
2020), and Amerti Reservoir (FCF = 1.22) (Hailu,
2013). The average FCF value, however, was less than
that reported for C. carpio in the Guadalquivir River
in southwest Spain (FCF = 1.94) (Fernandez-Delgado,
1990). The mean condition factor has been employed
as a crucial instrument in signaling health, growth,
and feeding intensity (Bagenal, 1978; Froese, 2006).
This has contributed to the understanding that Lake
Arekit offers favourable conditions for the growth of
the C. carpio var. communis population.

Between sexes and months, the Fulton Condition
Factor (FCF) did not show any statistically significant
differences in the current investigation (p>0.05)
(Tables 3 and 4). The mean FCF for females
(1.93+£0.26) was higher than that for males
(1.89+0.20), but the differences between sexes were
not significant (p>0.05, Table 3). The population’s
FCF was assessed to be 1.91+0.2 and ranged

between 1.84+0.13 (in June) and 2.04%+0.244 (in
December). Between-month variations in the mean
FCF were not statistically significant (p>0.05, Table
4). The present findings are supported by those of
Tessema et al. (2020), who found no statistically sig-
nificant difference in the Fulton Condition Factor
(FCF) of C. carpio between sexes and months in Lake
Hayq. However, this condition factor may be impacted
by factors such as sex, age, species type, maturity,
body fat buildup, and environmental factors (Wagaw
et al.,, 2022).

4.4. Gonado Somatic Indexes (GSI)

Gonado-Somatic Indexes (GSI) demonstrated in the
current investigation that C. carpio var. communis
reproduces year-round in Lake Arekit. According to
Kebede et al. (2018), the tropics often have very little
seasonal variation in water temperature and photo-
period, which makes it easier for many fish species
to spawn throughout the year. All fish species, how-
ever, have distinct peak times for mating throughout
the year that are largely influenced by food supply
and water temperature (Durant et al., 2007). In the
present study, the gonado somatic index of C. carpio
var. communis from Lake Arekit showed a significant
variation during seasonal fluctuations (p<0.05).
According to Sahtout et al. (2017), the gonado
somatic index is considered an indirect tool for esti-
mating a species’ spawning season. The GSI was low
in both males and females of C. carpio var. communis
throughout the late summer months of July, August,
September, October, November, and December. Due
to their larger gonads, females had higher GSI values
than males. Males have lower gamete production
energy expenditure than females, which accounts for
their lower GSI values (Tessema et al., 2020).
Cyprinus carpio spawning starts when the water
temperature reaches about 18°C (Ouellet et al,
2021). Higher GSI values were seen for both males
and females in the current study between the
months of March and June. Males and females
showed peak GSI values of 8.76 and 17.89, respec-
tively, which were statistically significant (p<0.05).
According to Enawgaw and Wagaw (2023), this may
be related to Lake Arekit’s higher water temperature
readings of 27.36°C. Similar to this, it has been
reported that the peak breeding season for C. carpio
occurs between February and April in Amerti
Reservoir (Hailu, 2013), March and July in Fincha
Reservoir (Degefu et al, 2012), and February and
April in Lake Hayq (Tessema et al., 2020). However,
the average water temperature in Lake Arekit, which



varied from 25.8°C to 29.8°C throughout the study
period, seems to favor year-round spawning of C
carpio var. communis. Other Ethiopian lakes and res-
ervoirs have recorded C. carpio breeding all year
round (Degefu et al., 2012; Hailu, 2013; Kebede et al.,
2018; Tessema et al., 2020).

4.5. Fecundity

The fecundity of C. carpio var. communis in Lake
Arekit ranged from 46,214 to 210,271 mature eggs/
fish, with a mean absolute fecundity (AF) of
127,517 +53,447 eggs/fish, corresponding to fish
total lengths of 24.1 and 51.9cm. This finding devi-
ates from earlier research on the fecundity of C
carpio in different Ethiopian water bodies. According
to Hailu (2013), C. carpio fecundity ranged from
36,955 to 318,584 and had a mean of 170,937 eggs/
fish in Amerti Reservoir, and for C. carpio in Lake
Ziway, fecundity ranged from 75,645 to 356,745 with
a mean of 210,538 eggs/fish (Abera et al., 2015). The
estimated fecundity, however, is greater than that
found in earlier studies for the same species in Lake
Langano (Kebede et al, 2018) and Lake Hayq
(Tessema et al, 2020). According to Smith (2004),
depending on their body size, C. carpio can produce
between 500,000 to 3 million eggs per individual
spawning. Significant variations in fecundity between
individuals of the same species in various bodies of
water frequently indicate various reproductive meth-
ods. Fecundity may differ within a species due to
various environmental habitat adaptations (Blanck &
Lamouroux, 2007). According to Usman et al. (2015),
fecundity is better correlated with temperature
change. Additionally, the variation in fecundity may
be explained by the varying food abundances among
the population’s members (Pefa-Mendoza et al.,
2005). Also, Tsadik and Bart (2007) noted that fecun-
dity increased with higher feeding levels. Fecundity
variation in the current study had a stronger correla-
tion with overall length (> = 0.795, p<0.05) than
with total weight (r> = 0.652, p<0.05). The absolute
fecundity increased in Lake Langano (Kebede et al,
2018) and Dal Lake (Mohamad et al., 2020) in a
direct proportion to increases in the weight and
length of C. carpio.

4.6. Length at sexual maturity (Lm,)

Males of the C. carpio var. communis species matured
earlier than females in the current study. Other stud-
ies also support the idea that males can mature at
smaller sizes than females (Degefu et al, 2012;
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Table 6. Length at maturity (Lmg,) of C. carpio as deter-
mined by different authors at different times.

Study lake/Reservoir Male Female Author/s

Fincha Reservoir 24.5 37.5 Degefu et al. (2012)
Amerti Reservoir 27.2 28.3 Hailu (2013)

Lake Zeway 27.2 28.7 Abera et al. (2015)
Lake Naivasha 54.0 49.0 Mutethya et al. (2020)
Lake Langano 27.6 28.2 Kebede et al. (2018)
Lake Ardibo 19.24 19.23 Mekonnen et al. (2018)
Lake Lugo 19.3 19.2 Mekonnen et al. (2019)
Lake Hayq 17.5 215 Tessema et al. (2020)
Lake Marmara 39.6 43.7 Dereli et al. (2022)
The present study  28.83 32.28

Mutethya et al., 2020; Tessema et al., 2020) (Table 6).
In the present study, 50% of C. carpio var. communis
were sexually mature at lengths of 32.28cm for
females and 28.83 cm for males. According to Degefu
et al. (2012) and Abera et al. (2015), respectively, 50%
of C. carpio individuals from Fincha reservoir and
Lake Ziway had total lengths of 24.5 and 37.5 and
27.2 and 28.7cm for males and females, respectively
(Table 6). But in Lake Marmara, individuals mature
sexually (Lmg,) at a total length of 39.6cm (male)
and 43.7cm (females) (Dereli et al., 2022), 54.0cm
(males), and 49.0cm (females) (Mutethya et al., 2020).
According to Wagaw et al. (2022), the typical abiotic
as well as biotic variables in these areas, such as
water temperature, salinity, photoperiod, or amount
of available food, can be responsible for these vari-
ances in Lmg, in different research areas. For instance,
at higher temperatures than at lower ones, many
organisms grow more quickly and reach maturity
earlier (Wootton et al., 2022). The size at maturity
should decrease with rising temperatures because
higher temperatures accelerate the maximum rate of
gonadal growth more than they accelerate the rate
of mass-specific assimilation (Angilletta et al., 2004).
Additionally, the shortened length of the first sexual
maturity can point to a species’ vulnerability to over-
exploitation, which can have detrimental effects on
population, recruitment, and preservation and lead
to biological reactions like fish maturing at smaller
sizes (Portner & Peck, 2010).

5. Conclusion

The objective of the current study was to compile
the first thorough baseline data on C. carpio var.
communis from Lake Arekit in Ethiopia. Future
research on this species’ morphometric relationships,
spawning patterns, and reproductive behaviors in
the region will benefit from these findings. According
to this study, C. carpio var. communis in Lake Arekit
showed length-weight relationships that followed a
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curvilinear pattern with a statistically significant neg-
ative allometric growth pattern (b=2.79). In compar-
ison to the predicted 1:1 hypothetical distribution,
the sex ratio (1:0.66, M:F) of C. carpio var. communis
in Lake Arekit was statistically significant. Both male
and female C. carpio var. communis remained in good
physical condition during the study period in Lake
Arekit. The TL and TW of C. carpio var. communis
were substantially associated with fecundity. Cyprinus
carpio var. communis breeds in Lake Arekit between
March and June, with a peak spawning period in
May. Thus, fishing periods ought to end during these
intense spawning months. Length at sexual maturity
(Lmg,) was 32.28cm in females and 28.83cm in
males, respectively. So the present study forms an
important database for the conservation and man-
agement of C. carpio var. communis in Lake Arekit.
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