AQUATIC RESEARCH
E-ISSN 2618-6365

AQUATIC O o

Aquatic Research 7(2), 83-92 (2024) e https://doi.org/10.3153/AR24008

Research Article

Length-weight relationship and condition factor for five common
fish species in a recently constructed reservoir
(Tugwi-Mukosi Dam) - Zimbabwe

Nyasha MABIKA!, Terence MAGQINAZ?, Tendai MAKONI?

Cite this article as:

Mabika, N., Maggqina, T., Makoni, T. (2024). Length-weight relationship and condition factor for five common fish species in a recently
constructed reservoir (Tugwi-Mukosi Dam) - Zimbabwe. Aquatic Research, 7(2), 83-92. https://doi.org/10.3153/AR24008

University of Zimbabwe, Department
of Biological Sciences and Ecology,
Harare, Zimbabwe

ABSTRACT

Tugwi-Mukosi is a recently constructed reservoir in the Masvingo Province of Zimbabwe. The
objective of the study was to estimate the length-weight relationship (LWR) and condition factors
(K) of five freshwater fish species collected from the dam. Three hundred eighty-seven fish sam-
ples were caught by gill nets and sein between January and September 2021. The estimated expo-
nent value b varied between 2.814 and 3.228 among the fish species. The b values indicated that
three species (Oreochromis niloticus, Coptodon rendalli and Micropterus salmoides) followed
negative allometric growth (b < 3). In contrast, Clarias garipinus showed isometric growth (b =
3), while Oreochromis mossambicus exhibited positive allometric growth (b > 3). More than 94%
(R? > 0.94) of the weights (responses) variations were explained by the models, so the models fit
the data well. The K values of all the fish species, except for C. gariepinus, ranged between 1.3 -
2.2; this indicates that these species are doing well in the reservoir. This observation suggests that
Tugwi-Mukosi currently provides a favourable habitat for the fish species. The current study's
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findings will give valuable baseline data for assessing the status of fish populations and conducting
ecological surveys for future fish conservation and management.
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Introduction

Fish in tropical and subtropical water systems exhibit var-
iability in growth due to changes in diet composition, en-
vironmental changes, and spawning conditions (Anderson
& Neumann, 1996). Fish body length and body weight are
useful empirical measures in studying fish growth, stock
assessment and, more generally, population ecology, com-
munity, and ecosystem ecology studies (Giarrizzo et al.,
2015; Baitha et al., 2018). Size reflects age, food, and other
physiological and environmental parameters in fish. In the-
ory, size represents age because fish never stop growing,
and size is governed by external circumstances rather than
vice versa. Size variation, therefore, has important impli-
cations for diverse aspects of fisheries science and popula-
tion dynamics (Erzini, 1994).

Since direct weight measurement in the field can be time-
consuming, length-weight regressions have been commonly
used to estimate weight from length (Sinovcic et al., 2004).
The length-weight relationship (LWR), also known as the bi-
ometric relationship model, is a mathematical model that en-
ables length-to-weight and weight-to-length conversions in
stock estimation models and biomass calculation using the
length frequency distribution.

According to the cubic law (W=L?), fish often grow in equal
lengths (Lagler, 1952). However, deviations in length-to-
weight ratios from the cube rule are always possible due to
the many environmental factors that influence the physico-
chemical properties of the waters in which different fish spe-
cies exist. Be that as it may, length-weight parameters of the
same species may change within populations due to feeding,
fishing and reproductive activity, etc. Therefore, data on the
functional LWR of fish species are important for fish stock
assessment and parameters a and b can be used for length-
weight conversion (Hajjej et al., 2010). However, it has been
argued that b may vary at different periods, reflecting gastric
fullness, general appetite condition and gonadal stages (Zaher
et al., 2015).

Length-weight is also used to estimate the condition factor of
the fish species (Blackhart et al., 2006), which shows the de-
gree of well-being of the fish in their habitat (Mac Gregoer,
1959). A high condition factor indicates that a fish is heavier
than a fish of the same length with a lower condition factor
and thus always refers to a deviation from the average LWR
for a population (Le Cren, 1951; Froese, 2006). The condition
factor of fish can be affected by factors such as stress, sex,
season, availability of feeds and other water quality parame-
ters (Khallaf et al., 2003). Studies of LWR and condition fac-
tor are important in fishery assessment and management as

Research Article

these biometric units allow us to gain insight into fish stocks'
overall health and development.

Tugwi-Mukosi (formerly Tokwe-Mukosi) Reservoir was
constructed across the confluence of the Tugwi and Mukosi
Rivers in the Chivi district of Masvingo Province in Zimba-
bwe. Construction of the reservoir began in 1998, was com-
pleted in December 2016 and commissioned in May 2017.
The reservoir started impounding water during the 2016/2017
rainy season but has not yet been fully utilised (Magqina et
al., 2021). There are 17 fishing cooperatives with fishing li-
censes, and the dam yields about 200 tonnes yearly. In addi-
tion, more than 100,000 kapenta and 200,000 fingerlings of
Oreochromis niloticus species were put in the dam in late
2021 for breeding purposes out of a target of 1,5 million fin-
gerlings (Herald, 2021). To date, nine fish species (Oreo-
chromis macrochir, Oreochromis niloticus, Oreochromis
mossambicus, Coptodon rendalli, Clarias gariepinus, Serra-
nochromis thurmbergi, Labeo cylindricus, Mesobola brevi-
analis and Micropterus salmoides) have been identified in the
lake with the cichlids constituting 66.7% of the fish commu-
nity (Magqgina et al., 2021). Despite their commercial im-
portance, no information on these fish species' length-weight
relationships and condition factors is available. Therefore,
the present study aimed to generate baseline data on these pa-
rameters of the five common fish species: Oreochromis ni-
loticus, Oreochromis mossambicus, Coptodon rendalli,
Clarias gariepinus and Micropterus salmoides. The study is
expected to provide valuable information on the health of the
fish populations in the reservoir.

Materials and Methods
Study Area

Located at the confluence of the Tugwi and Mukosi rivers,
the Tugwi Mukosi Dam (20°43'40" S, 30°54'11"” E) is Zim-
babwe’s largest inland water body. The dam is located in the
semi-arid region of the Masvingo province (Figure 1). The
area lies in Zimbabwe’s agro-ecological Region IV, which
has a long-term mean average precipitation of less than 600
mm/year, with the majority of rain falling between October
and April and a precipitation peak reached in February and
mean annual temperature is approximately 20°C (Chazireni
& Chigonda, 2018). Chromic luvisols with isolated patches
of caloric fluvisols occur in the area, and the geology is com-
posed of paragneiss and other high-grade sediments (Gumin-
doga et al., 2014)

Sampling was conducted at Zunga, Kushinga, Gororo and
Rarangwe (Figure 1). The sampled sites are also fishing
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grounds for both artisanal and commercial fishermen. Sam-
pling was done twice monthly using multifilament gillnets
and a seine net between January and September 2021, except
in July, where no sampling was done. The sampling effort
remained constant throughout the study. For the seine netting,
two hauls at each sampling site were performed using a 50 m
net with a mesh size of 12.7 mm in shallow areas less than
1.5m deep. At each site, multifilament gillnets of different
mesh sizes (38.1 mm- 177.8 mm) and 150 m long were laid
in a zigzag pattern late afternoon (1630 hours) and left over-
night. The nets were then pulled out the next morning at 0630
hours. All fish caught were identified to the lowest practical
taxon using external morphological characteristics and iden-
tification keys (Marshall, 2011; Skelton, 2001). The number
of fish caught for different species was recorded, and each
individual's total length (TL) and standard length (SL) were
measured to the nearest 0.1 mm. Weight was measured to the
nearest 0.1g

Data Analysis

The log transformation formula of Le Cren was used to es-
tablish LWRs (Le Cren, 1951). The length-weight equation
W = a L° was used to estimate the relationship between the
weight (g) of the fish and its total length (cm). Using the lin-
ear regression of the log-transformed equation:
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Log (W) =log (a) + b log (L), the parameters a and b were
calculated. Where:

W= Weight (g)
L= Total length (cm)
a= Intercept or the initial growth index

b= Slope/ growth coefficient/ an exponent. b < 3 = negative
allometry

b > 3 = positive allometry
b equal 3 = isometric allometry

Additionally, 95% confidence limits (CL) of the b coefficient
were estimated for each species.

The condition factor ‘K’ was calculated by using the model,
K= W x 100/L? according to Pauly (1983), Where:

W is the weight of the fish (g)
L is the Total length of the fish (cm).

The degree of correlation between the length and weight was
computed by the determination coefficient R2.
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Figure 1. The location of the Tugwi-Mukosi dam in Masvingo province, Zimbabwe
(adapted from Magqina et al., 2021).
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Results and Discussion

Five fish species, namely, O. mossambicus, O. niloticus, C.
gariepinus, C. rendalli and M. salmoides, were collected in
the study. The total number of fish collected was 387, and the
most abundant species was O. mossambicus (151), followed
by C. rendalli (93), M. salmoides (60), C. gariepinus (47) and
O. niloticus (36). Total lengths ranged from 5 cm (O. nilot-
icus) to a total length of 64 cm (C. gariepinus), while weights
ranged from 4.0 g (O. niloticus) to 2550 g (O. niloticus).

Length-Weight Relationships (LWR)

Regression equations obtained from the log and length data
for all fish species showed a positive linear relationship be-
tween the weight and length variables (Figure 2). The inter-
cepts (a) and growth coefficients (b) of the regression models
of the fish species are shown in Table 2. The slope b for O.
mossambicus was 3.229 (3.079, 3.379 CL). This indicates
that O. mossambicus exhibits positive allometry (b > 3)
within the dam. The b values for O. niloticus, C. rendalli and
M. salmoides were 2.877 (2.796, 2.957 CL), 2.712 (2.449,
2.925 CL) and 2.814 (2.408, 3.220 CL) respectively. These
fish species showed negative allometry (b < 3). Clarias
gariepinus showed isometric allometry (b = 3) (2.660, 3.360
CL). All the fish species had a coefficient R? > 0.94 (Figure
2), indicating that most of the variation in the weight (re-
sponse) was explained by the model; hence, the model gives
a good fit for the data.

Condition Factor (K)

Table 2 shows the average condition factors for the five fish
species. O. niloticus and C. rendalli had the highest K value
(2.2), followed by O. mosambicus (1.7) and M. salmoides

Research Article

(1.3). Clarias gariepinus had the lowest (0.7) condition fac-
tor.

The fish length and weight distributions in Tugwi Mukosi
Reservoir showed large variability in fish size, indicating that
the sampling methods were non-selective. The sizes of the
fish caught ranged from the smallest (5.0 cm) to the largest
(64 cm). As for weight, O niloticus registered both the light-
est (4.0 g) and the heaviest (2550 g) specimens. The high
abundance of certain species, such as O. mossambicus, may
be evidence of shoaling behaviour within the reservoir.

The slope of regression line b expresses the relative body
shape of a fish (Le Cren, 1951). Differences in b value can
be attributed to combining one or more factors such as the
number of specimens, gonad maturity, sex, health, habitat,
seasonal effect, etc (Wootton, 1991). According to Bagenal
and Tesch (1978), values between 2 and 4 are consistent for
freshwater fish. The values of b observed in the current study
ranged from 2.814 to 3.228. These b values are in the range
2-4 suggested by Bagenal and Tesch (1978). In the case of C.
gariepinus, b was almost equal to 3.0, implying that the fish
were growing isometrically. This isometric growth pattern in
the length-weight relationship indicated that the fish species
did not increase in weight faster than the cube of their total
length. Therefore, as the body length increases, so does the
weight of the fish. When the value of b is less than 3.0, the
fish experiences a negative allometric growth, as was the case
with O. niloticus, C. rendalli, and M. salmoides in the current
study. This observation suggests that these species have rel-
atively slow growth rates and tend to be thinner. Positive al-
lometric growth, observed in O. mossambicus, occurs when
b exceeds 3.0. In this regard, the fish becomes heavier, re-
flecting the optimal growth conditions.

Table 1. Total lengths and total weights of the five fish species collected from Tugwi-Mukosi Reservoir,
Zimbabwe

Fish species N
Max

Total length (cm)

O. mossambicus 151 10.1 29.0
O. niloticus 36 5.0 52.5
C. rendalli 93 9.2 31.0

C. gariepinus 47 18.6 64.0
M. salmoides 60 11.0 33.0

Total weight (g)
Mean Length Max Mean Weight
17.6 10.0 368.0 122.8
25.0 4.0 2550.0 456.5
17.1 17.0 597.0 134.8
28.8 58.0 1948.0 194.0
21.2 15.3 488.0 137.1

Min= minimum. Max= maximum,
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Table 2. Length-weight parameters and condition factor for the five fish species collected
from Tugwi-Mukosi Reservoir

Species

Length-weight parameters

Condition
factor (K)

b (95% CL) R?

Oreochromis mossambicus ~ -2.052 3.228 (3.079, 3.379) 0.96 1.7
Oreochromis niloticus -1.501 2.877 (2.796, 2.957) 0.99 2.2
Coptodon rendalli -1.321 2.712 (2.449, 2.925) 0.96 2.2
Clarias gariepinus -2.186 3.012 (2.660, 3.360) 0.97 0.7
Micropterus salmoides -1.682 2.814 (2.408, 3.220) 0.95 1.3

The LWR parameters of the fish species were also compared
with data from published literature. In the present study, the
b value for O. niloticus (b=2.877) was lower than that from
Lake Chamo in Ethiopia (b=3.1779) (Shija, 2020), Garmat
Ali River in Iraq (6=3.109) (Mohamed and

Salman, (2021).) and almost the same with that from Lake
Naivasha in Kenya (b=2.860) (Waithaka et al., 2020) and Al-
Massira Dam in Morocco (b=2.838) (Ouahb et al., 2021).
However, our growth coefficient was higher than that for
Lake Mutirikwi (b=2.4478) in Zimbabwe (Runeta, 2014),
Wase Dam in Nigeria (6=1.520) (Yem et al., 2020) and Lake
Coatetelco in Mexico (h=2.469) (Gomez-Marquez et al.,
2008). A few other researchers have also reported isometric
growth of O. niloticus in tropical reservoirs (5=2.96) and sub-
tropical river systems (h=2.93) in India (Alam et al., 2019).
The growth coefficient for O. mossambicus (3.228) reported
in the current study is higher than that for Bhima River
(b=2.88) and Manchar Lake, Sindh, Pakistan (5=3.04)
(Shendge, 2005). The negative allometric value of C. rendalli
(b6=2.712) is consistent with the results of Runeta (2015)
(6=2.8738) in Lake Mutirikwi, Zimbabwe, and Asire Lake
(b=2.88), Nigeria (Ajagbe et al., 2016). The b value for C.
gariepinus (b=3.012) reported in the current study is the same
(6=3.013 as that reported by Torres (1992) in Lake Kariba
and slightly higher than that reported by Nhiwatiwa (2004)
(6=2.75) in two reservoirs in the Manyame catchment, Zim-
babwe, Malilangwe dam (b=2.81), Zimbabwe (Dalu et al.,
2012) and in Nigeria (b=2.794) King (1996). For M.
salmoides, the b value (h=2.814) was similar to that by Tar-
kan et al. (2006) (»=2.830) in Lake Iznik, Turkey, but lower
than those by Taylor and Weyl (2017) in Mankazana)
(b=3.296), South Africa and in Al-Massira Dam, Morocco
(6=3.282) Ouahb et al., (2021).

Our findings in this study show that the LWR parameters for
O. niloticus, O. ossambucus and C. gariuepinus differed from

similar studies elsewhere. These differences may be at-
tributed to food availability (Ricker, 1975), water quality
(Sparre et al., 1989), and biological, temporal, and sampling
factors (Mehanna & Farouk, 2021). Examples of sampling
factors are the catchment area, fish community, fish weights
as measured in each work, time of collection, and laboratory
personal and instrument errors. However, these factors were
not taken into consideration during the present study.

The coefficient of determination (R?) provides good fitness
of the regression equation. The R? values in all the fish spec-
imens were higher than 0.94, indicating a linear relationship
between the length and weight of the specimens. This obser-
vation is consistent with previous studies on fish species from
various water bodies (Egbal et al., 2011). These high values
of correlation coefficients obtained in the present study mean
a good quality of the linear regression prediction for the ana-
lysed fish species and suggest that extrapolation in future
catches can be done for this size range in the reservoir.

All fish species except C. gariepinus had K values greater
than one, indicating perfect conditions in the reservoir (Man-
orama & Ramanujam, 2014). The high condition factor val-
ues for the Cichlid species in the study confirmed that they
are well adapted to the reservoir environment, which is linked
to their ability to support various environmental conditions
(Beyeler & Dale, 2001). According to Montchowui et al.
(2008), Cichlids have highly variable diets and exhibit eco-
logical and behavioural adaptations, justifying their abun-
dance in lake environments. The K value of C. gariepinus
(0.7) observed in the current study is higher than that reported
by Keyombe et al. (2019) (K=0.567 - 0.644) in Nigeria but
smaller than that reported by Iyabo (2017) (K=0.93-0.99) in
Kenya. These differences in K values could be a result of sev-
eral factors such as reproductive cycles, availability of food,
as well as habitat and environmental factors (Morato et al.,
2001)
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Conclusion

In conclusion, the present study on the length-weight param-
eters and their condition factors is the first report on these five
common fish species in Tugwi-Mukosi Reservoir. Three spe-
cies had negative allometric growth; one had positive allom-
etry, and another had isometric allometry. While most fish
species appear to be in good condition, the results of this
study suggest that Tugwi-Mukosi may not yet be an optimal
habitat for some resident fish species because it is a relatively
young reservoir. The high coefficient of determination values
obtained in the assessment of LWRs indicates a good quality
of linear regression prediction for the fish species analysed,
and this may indicate that future catches in the reservoir can
be extrapolated for this size range. These findings add to the
understanding of conservation and sustainable management
of these fish species in the Tugwi-Mukosi dam. Fisheries de-
cision-makers are therefore advised to regularly monitor and
manage anthropogenic activities on the reservoir and catch-
ment to minimise their effects on different habitats, fish
breeding areas, and littoral and pelagic zones in the interest
of the welfare of the fish species. However, it is worth noting
that O. niloticus introduced into the reservoir is an invasive
species and can seriously threaten native fish communities
through competition for food and habitat.
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