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Abstract

Many small reservoirs exist throughout Southern Africa, and with adequate man-
agement have the potential to contribute significantly to food security. The fisheries
and limnology of the newly created Chitsuwa Reservoir in Zimbabwe were studied
with the objective of generating information to support the development, manage-
ment and sustainable use of fisheries to enhance the socio-economic status of ri-
parian communities. Based on gill nets of various mesh sizes, it was confirmed that
the reservoir is presently inhabited by a fairly diverse fish community comprising
ten species belonging to five families (Clarias gariepinus; Coptodon rendalli; Labeo cy-
lindricus; Marcusenius macrolepidotus; Micropterus salmoides; Momyrus longirostris;
Oreochromis mossambicus; Oreochromis niloticus; Serranochromis microcephalus; and
Tilapia sparrmanii). Oreochromis niloticus dominated the reservoir with respect to both
abundance, biomass and catch. The index of relative importance revealed O. niloticus
and M. macrolepidotus were the most important species. Results from the Canonical
Correspondence Analysis revealed a clear division of the fish species that followed
the environmental variables. Although fisheries may benefit from the invasive M. sal-
moides and the established O. niloticus, their presence in the reservoir is a cause for
concern for conserving native congeneric species that risk extirpation through docu-
mented mechanisms. The results of the present study suggest sound management of
the reservoir is required to raise its potential of supporting the livelihoods of the sur-
rounding communities with a predicted annual fish yield of 61.5 t/year. Management
of this reservoir should involve the local communities, empowering them so that they

practice sustainable non-destructive fishing methods.
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1 | INTRODUCTION

Reservoirs, lakes, canals and small seasonal floodplains less than
10 km? (1000 ha) in area and rivers <100-km long are considered
small water bodies (Marshall & Maes, 1994). In spite of their wide-
spread distribution, these aquatic systems have been largely ne-
glected in hydrological and water resource research because of their
small size. In Southern Africa alone, the total number of small water
bodies is estimated to be between 50,000 and 100,000 (Verheust,
1998). About 86% of these water bodies (excluding South Africa) are
found in Zimbabwe, including 12,000 small dams (<10 ha or 106-
m?3) stretching over an area of 126,089 ha (Ersal, 1994). Most of the
small dams are built across seasonal rivers that dry up during the dry
season (Marshall & Maes, 1994).

While most of the reservoirs were constructed to serve one pur-
pose, they often end up serving many other roles. Among the ser-
vices offered by these impoundments are fishery resources (Jackson
& Marmulla, 2001). Inland fisheries contribute over two-fifths of the
world's reported finfish fisheries and aquaculture production (Lynch
et al., 2016). Inland fisheries barely remain part of any high profile
global fisheries assessment, however, because of the lack of reliable
data (Cooke et al., 2016; Lynch et al., 2020). Moreover, the appar-
ent low proportion of fish harvested from inland fisheries globally
does not reflect the importance of inland fisheries in today's soci-
ety (Bartley et al., 2015). Nevertheless, inland fisheries can be vital
for food security and national economies of many African countries
(Marshall & Maes, 1994; Weyl et al., 2007). The African Union has
identified fisheries as a priority investment area in Africa (NEPAD,
2005). More than one-third of the continent's population consume
fish as its main source of animal protein and micronutrients (NEPAD,
2014). Approximately 12.3 million people in the continent work in
various sectors of fisheries which produce an estimated annual total
of US$24 billion in terms of economic value (NEPAD, 2014).

Most African fisheries are exploited for food, either for sale or
subsistence consumption (Marshall & Maes, 1994). For small reser-
voirs, subsistence consumption is given much consideration since
their overall yield may be inadequate for sale. If well managed in tra-
ditional ways, and experiencing a low fishing intensity, many of these
fisheries can be productive and aid the socio-economic services of
local communities (Marshall & Maes, 1994). While the economic
contributions of small reservoirs have not been fully established,
evaluating the gross value of the estimated yield could be a good
indicator (Weyl et al., 2007). In most cases, however, prior biological
and fisheries data are sparse or absent, thereby limiting the direct
estimation of fish production in dams (Weyl et al., 2007). Yield pre-
dictions are crucial for effective management of their fisheries, how-
ever, which can be produced using various morphoedaphic models
based on chemical and physical yield covariates (Marshall & Maes,
1994; Schlesinger & Regier, 1982).

Construction of these small reservoirs interferes with river func-
tioning and hydrological cycles producing many changes in the cy-
cles and biodiversity of the affected rivers (Mhlanga et al., 2020;
Mustapha, 2011). Impacts of damming include alterations in the

natural flow regimes with subsequent changes in flow speed and
volume, water temperature and oxygen concentration (Mustapha,
2011; Wetzel, 2001). A profound effect of such damming is re-
flected within the status of fish populations, mainly due to the
creation of new micro-habitats (Mustapha, 2011). Water released
downstream of a reservoir is regulated according to water inputs
from the drainage basin, as well as the water uses water (Wetzel,
2001). Downstream rivers and their biological communities, includ-
ing fish, are also affected by dam walls, which act as impenetrable
barriers for fish movements (Bergkamp et al., 2000; Marshall, 2011).
Accordingly, this disruption of fish migratory patterns may lead to
species decline or speciation (Marshall, 2011).

Damming can also promote and facilitate the introduction
and establishment of invasive alien species (IAS), which are major
threats to biodiversity in global freshwater ecosystems (Johnson
et al,, 2008). Damming increases colonization opportunities for
IAS, thereby enhancing their subsequent establishment suc-
cess (Havel et al., 2005; Kolar & Lodge, 2000; Shea & Chesson,
2002) and subsequent opportunities to spread across landscapes
(Johnson et al., 2008). Successful fish introductions could poten-
tially transform fisheries (Marshall & Maes, 1994). In fact, the in-
troduction of non-native fisheries to enhance fisheries has become
a common practice in Southern Africa over the years (de Moor &
Bruton, 1988). Examples include the introduction of common carp
Cyprinus carpio (Linnaeus, 1758), largemouth bass Micropterus sal-
moides (Lacépéde, 1802), smallmouth bass M. dolomieu, spotted
bass M. punctulatus (Rafinesque, 1819), rainbow trout Oncorhynchus
mykiss (Walbaum, 1792) brown trout Salmo trutta (Linnaeus, 1758),
Nile tilapia Oreochromis niloticus (Linnaeus, 1758), Tanganyika sar-
dine Limnothrissa miodon (Boulenger, 1906) (Ellender et al., 2014)
and crayfish (Madzivanzira et al., 2020, 2021). Some of these intro-
ductions, however, threaten the freshwater biota through competi-
tion, predation, habitat alteration, disease transfer and hybridization
(Ellender et al., 2014).

Variations in the volume and distribution of annual rainfall in
Zimbabwe, coupled with the few perennial rivers, have necessitated
the impoundment of many rivers to ensure adequate water sup-
plies. Chitsuwa Reservoir was created by Zimbabwe Platinum Mines
(Private) Limited (Zimplats) by impoundment of the Munyati River
in 2015, with the primary objective of providing water for its indus-
trial operations. Oreochromis niloticus was introduced into the reser-
voir in 2015 to promote fisheries around the reservoir. Despite the
overwhelming importance of small reservoirs in the development
of fisheries in Zimbabwe, exploitation of these resources remains
essentially unorganized, resulting in inadequate documentation of
the fish yield and catch composition. Studies on fish communities in
Zimbabwe have been carried out mostly on large reservoirs, includ-
ing lakes Chivero and Kariba, with only a few having been conducted
for smaller water bodies. As a newly impounded small reservoir,
Chitsuwa Reservoir provided an opportunity to study its general
fish composition and catch per unit effort (CPUE), as well as to pre-
dict the yield of the reservoir. Accordingly, the present study pro-
vides a baseline for future monitoring and tracking changes of the
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reservoir's natural dynamics over time and for assessing the impacts

of human activities on the reservoir and its watershed.

2 | MATERIALS AND METHODS

2.1 | Studyarea

The present study was conducted in the Chitsuwa Reservoir
(30°21'20.68", -18°49'52.08"; 1255 m.a.s.l) located along the
Munyati River, which borders three communal districts of Mhondoro-
Ngezi, Kwekwe and Chirimhanzu, close to central Zimbabwe (Figure 1).
Based on the ichthyological classification of regions in Zimbabwe,
Chitsuwa Reservoir is located in the Middle Zambezi central region
(see Marshall, 2011 for ecological classifications). It covers an area of
275 ha submerged in the water extending in communities of afore-
mentioned districts. The reservoir has a capacity of 30,500 ML.

cy and Management for Sustainable Use

2.2 | Fish sampling

Fish sampling in the reservoir was carried out from 24 to 29 April
2018. The reservoir was divided into sections, and a representative
site to deploy the fishing gears, with four sites chosen for this pur-
pose (Figure 1).

Two monofilament gillnets, consisting of panels ranging from
1.5" to 6", with mesh intervals of 0.5” and a 2-m height, were de-
ployed at each sampling site. Each net panel measured 20 m in total
length. The gill nets were set at 15:30 h and collected in the fol-
lowing morning at 07:30 h, allowing a soak time of approximately
16 h upon being collected, the fish were sorted according to mesh
size, identified using the keys of Marshall (2011) and Skelton (2001),
measured for standard and total length (to the nearest mm) using a
fish measuring board and weighed (to the nearest g) using a scale.
The gonadal status was assessed using a simplified scale of Bagenal
and Braum (1968).

ZIMBABWE

@ulawayo

|
18.8°S

\/\/‘

Legend
| City
® Sampling site

1.2 km Munyati River

[ Chitsuwa Reservoir

I
30.4°E

FIGURE 1 Map of Chitsuwa Reservoir showing sampling sites
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2.3 | Sampling for environmental variables

Water samples were collected with a 3-L Rutner sampler at 1-m
intervals from the bottom of the lake to the water surface. The
samples were integrated in a 20-L bucket and temperature, pH,
dissolved oxygen (DO) total dissolved solids (TDS) concentrations,
electrical conductivity and turbidity (NTU) were measured using a
pH, conductivity and DO metre (HACH, LDO, Germany). A Secchi
disk was used to measure water transparency. A sub-sample of the
integrated water was taken and placed in ice for laboratory analysis.
The methods described in Bartram and Balance (1996) were used to
analyse the water for nitrate, reactive phosphorus (RP), total nitro-
gen (TN), total phosphorus (TP), ammonia, chemical oxygen demand
(COD), biological oxygen demand (BOD) and chlorophyll-a (Chl-a)
concentrations.

2.4 | Data analysis

241 | Fish community composition and diversity
The Shannon-Wiener Diversity Index (Shannon & Wiener, 1949)
was calculated using PAST version 3.1 (Hammer et al., 2001). The
Shannon-Wiener index was calculated as follows:

H = —=pInp; (1)

where p; = proportion of individuals found in species i.

2.4.2 | Index of relative importance

The index of relative importance (IRI; Pinkas et al., 1971) was used
to determine the most dominant species in the reservoir by number,
weight and frequency of occurrence, calculated as follows:

IRI=(%N+ % W) x (%FO) (2)

where %N and %W = percentage contributions of each species by
number and weight to the total catch; and %FO = overall percentage
frequency of occurrence of each species.

The IRI gives a better representation of the ecologically import-
ant species than the weight, number or frequency alone. An IRI
>10% suggests the species is dominant, while 1% < IRl < 10% sug-

gests a common species (Hu et al., 2019).

2.4.3 | Catch per unit effort

Fish catch data were grouped according to mesh size and catch
per unit effort (CPUE) was calculated as the quantity of fish (kg)
per 200-m net per night. The Shapiro-Wilk test of normality con-
firmed the fish data were not normally distributed (W = 0.097,

p < .05). Accordingly, a Kruskal-Wallis test was performed to as-
sess significant differences with respect to CPUE among sampled
sites.

A chi-square goodness-of-fit test was used to test whether or
not the overall sex ratios for the sites sampled were significantly dif-
ferent from the common sex ratio of 1:1.

2.44 | Environmental variables

Kruskal-Wallis tests were performed to test for differences in
physiochemical characteristics between sampled sites using
STATISTICA Version 7 (StatSoft, 2006). A CCA was performed
to explore the relationship between the physicochemical vari-
ables and the relative abundances of fish. Prior to the multivariate
analysis, all physiochemical variables (except for pH, which was
already logarithmic) were log-transformed to reduce skewness in
the data.

2.4.5 | Fish yield prediction
First estimates of the total potential fish yield were obtained with
the Marshall and Maes (1994) model, as follows:

Yield (kgha ' year~!) = 23.281 x (EC/MD)%*’ 3)

where EC = mean electrical conductivity pS/mZ); and MD = mean
depth of the impoundment (m). The model considers the effects of
reservoir fertility and electrical conductivity, as well as the mean depth

of the reservaoir, in the prediction of the fish yields.

3 | RESULTS

3.1 | Fish community composition and diversity

Ten species belonging to five families (Centrarchidae [M. salmoides
(Lacepéde, 1802)]; Cichlidae [Coptodon rendalli (Boulenger, 1897);
[Oreochromis mossambicus (Peters, 1852)]; [O. niloticus (Linnaeus,
1758)]; [Serranochromis macrocephalus (Boulenger, 1899)]; [Tilapia
sparrmanii (Smith, 1840)]; Clariidae [Clarias gariepinus (Burchell,
1822)]; Cyprinidae [Labeo cylindricus (Peters, 1852)]; Momyridae
[Momyrus longirostris and Marcusenius macrolepidotus (Peters, 1852)])
were observed in the Chitsuwa Reservoir (Table 1). The frequency
of occurrence of C. gariepinus, M. lepidotus, O. mossambicus, O. niloti-
cus and T. sparrmanii was 100%, while other species were absent at
some sampled sites. The overall species diversity was 1.90, with that
of all the sampled sites exceeding 1.50 (Table 1). The lengths and
weights of fish caught ranged from 78-mm (T. sparrmanii) to 655-
mm (M. longirostris) and 10-g (T. sparrmanii and O. niloticus) to 3435-g
(M. longirostris), respectively (Table 2).
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TABLE 1 Relative abundance, species diversity, per cent number (%N), per cent weight (%W), per cent frequency of occurrence (%FO) and
the per cent index of relative importance (%IRI) of fish species sampled in Chitsuwa Reservoir, April 2018

Site Site Site Site

Species 1 2 3 4 Total
Clarias gariepinus 2 4 2 3 11
Coptodon rendalli 2 1 0 1 4
Labeo cylindricus 3 1 3 0 7
Marcusenius macrolepidotus 14 8 12 14 48
Micropterus salmoides 1 1 2
Momyrus longirostris 1 0 5
Oreochromis mossambicus 2 3 12
Oreochromis niloticus 6 18 12 13 49
Serranochromis 4 0 3 4 11
microcephalus
Tilapia sparrmanii 3 2 1 2 8
Taxa 10 8 7 8 10
Number of individuals (N) 38 38 36 45 157
Shannon Diversity Index (H) 1.95 1.56 1.61 1.77 1.84

3.2 | Index of relative importance

According to the IRI, O. niloticus and M. macrolepidotus were the
most important species, accounting for 52% and 21% of the total
catch, respectively (Table 1). The IRl for the other species was less
than 10% (Table 1).

3.3 | Catch per unit effort

Of the fishing gears used, nets of mesh sizes of 4” to 6" produced
the overall highest contributions to the total catch (Figure 2). For
all the gears, O. niloticus contributed 67% of the total catch, with
the remaining species representing less than 10% of the catch. For
a 200-m gillnet with different mesh sizes, the overall CPUE was
10.9 kg/200-m net per night. There were no significant differences
in the CPUE (H (3) = 0.94; p = .82) between the sampled sites. The
mean CPUE of each gillnet panel ranged from 0.7 to 1.6 kg/20 m net
per night. The relative contribution of each fish species to the bio-
mass of each net panel indicates O. niloticus was the most common
species across the panels (Figure 3).

The female to male sex ratio between the sampled sites was not
significantly different from a 1:1 ratio (;(2 = 0.60; df = 3; p = .90).
The breeding classes of each fish species in Chitsuwa Reservoir are
highlighted in Figure 4. The percentage of actively breeding fish was
high (69%), compared to the inactive breeding fish (21%) (Figure 4).

3.4 | Environmental variables

The mean physicochemical variables from the sites where gillnets
were set are presented in Table 3. All sites were fairly uniform with

%N %W FO IRI %IRI
7.01 4.45 100.00 6.09 6.09
2.55 3.21 75.00 2.29 2.29
4.46 1.68 75.00 2.45 2.45
3.18 9.28 50.00 20.50 20.50

30.57 7.99 100.00 0.39 0.39
1.27 0.19 50.00 3131 3:31
7.64 5.23 100.00 6.84 6.84

31.21 66.90 100.00 52.15 52.15
7.01 0.74 75.00 3.09 3.09
5.10 0.33 100.00 2.88 2.89

respect to the physicochemical variables, displaying no significant
differences (H, p > .05; Table 3).

The CCA triplot (Figure 5) was generated after extracting and in-
tegrating data from the fish community with the 16 physicochemical
variables. The eigenvalues for the two first axes were 0.09 and 0.07,
respectively. Axis 1, accounting for 48.92% of the variance, was pos-
itively correlated with temperature, pH and TN. Axis 2, accounting
for 34.51% of the variance, was positively correlated with turbidity,
RP and TP, and was negatively correlated with TDS, temperature,
nitrates, TN and BOD. Labeo cylindricus, S. macrocephalus, M. macro-
lepidotus, C. rendalii and T. sparrmanii were correlated with DO, nitro-
gen, pH, BOD and negatively correlated with RP and TP (Figure 5).
Micropterus salmoides were correlated with clearer water, electrical
conductivity, TDS, ammonia and negatively correlated with COD
and turbidity. Oreochromis niloticus, O. mossambicus and C. gariepinus
were positively correlated with deeper waters with high phosphorus
concentrations and negatively correlated with DO, TN, nitrates, pH
and BOD (Figure 5).

3.5 | Yield prediction
According to the fish yield prediction formula of Marshall and Maes
(1994), the estimated fish yield for Chitsuwa Reservoir is 61.5 t/year.

4 | DISCUSSION

The present study of Chitsuwa Reservoir presents a post-
impoundment checklist of its ichthyofaunal composition, diversity
and CPUEs. The results from this baseline study are essential to
establish a point from which future mensuration and predictions
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mossambicus

26 23

597.61 +46.58
29.27 + 3.33

1555

10
15

226.31 + 7.84
101.27 +4.28

320

63

28792 + 9.85
118.55 + 4.96

400
143

81
90

Oreochromis niloticus
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45

128

85

Serranochromis

microcephalus

18.13 + 2.11

26

7175 +2.34 10

80

63

90.00 + 3.62

105

78

Tilapia sparrmanii

can be calculated. The present study confirmed the presence of ten
species in Chitsuwa Reservoir belonging to five families. The ich-
thyofaunal was fairly diverse, although the species richness was
low, which is a general characteristic of small reservoirs (Marshall
& Maes, 1994). Similar reservoirs in Zimbabwe studied by Dalu et al.
(2013) and Dube and Kamusoko (2013) where eight species were
observed in both Malilangwe Reservoir and Insukamini Dam, which
have a similar surface area as Chitsuwa Reservoir. A diverse aquatic
community in a reservoir provides a greater probability of main-
taining ecosystem conditions when it is subjected to perturbations
(Yachi & Loreau, 1999).

Oreochromis niloticus dominated the fish catch with respect
to both biomass and number of individuals, making it a species of
relative importance. This species, which is native to the Nile Basin
(Trewavas, 1983), was introduced into Zimbabwe by fish farmers in
the late-1970s (Chifamba, 1998) and is presently widespread in the
country (Marshall, 2011). The documented robustness traits of O. ni-
loticus explain its dominance in Chitsuwa Reservoir, considering it
was introduced in 2015. However, this species could have also been
present in the Munyati River, which is connected to the invaded Lake
Kariba, prior to the damming of the river. The introduction of O. ni-
loticus into river systems in southern Africa is a cause for concern
for conserving the native congeneric species that risk extirpation
through hybridization and competition arising from habitat and tro-
phic overlaps (Firmat et al., 2013; Weyl, 2008; Zengeya et al., 2015;
Zengeya & Marshall, 2007). The impacts of O. niloticus introduc-
tions are well documented in Southern Africa, including extensive
hybridization and introgression with native O. mossambicus in the
Limpopo River system, South Africa (D’Amato et al., 2007; Firmat
et al., 2013), replacing the native Kariba bream Oreochromis mortim-
eri (Trewavas, 1966) in Lake Kariba (Chifamba, 1998; Tweddle, 2010),
Three-spotted tilapia Oreochromis andersonii (Boulenger, 1912) exist
in the Kafue River, Zambia (Deines et al., 2014). It is highly likely
that other native cichlids in Chitsuwa Reservoir, including O. mos-
sambicus, C. rendalli, S. microcephalus and T. sparrmanii, are at risk of
extirpation or will be localized in isolated habitats, because of the
robustness of O. niloticus.

Despite the well documented adverse effects of O. niloticus to
aquatic ecosystems, it remains one of the most widely cultured and
propagated fish species in aquaculture and stock enhancements in
the southern Africa sub-region (Zengeya et al., 2015). Managing
species that possess both benefits and negative impacts (classified
as conflict-generating species in Zengeya et al. (2017)), however, is
complicated. Oreochromis niloticus is the most common fish species
in Zimbabwe, constituting the dominant tilapia caught by artisanal
and commercial fishermen. It is also produced intensively under
aquaculture (Hamandishe et al., 2018). Decisions on the manage-
ment of O. niloticus, therefore, should be based on the trade-offs
between socio-economic benefits and potential adverse ecological
effects (Zengeya et al., 2017). In most cases, the contribution to food
security is considered more important than the underlying ecolog-
ical impacts (Ellender et al., 2014). Micropterus salmoides is another
non-native fish species in the reservoir, also being widespread in
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FIGURE 3 Relative contribution of each fish species to biomass
of each net panel in Chitsuwa Reservoir, April 2018

Zimbabwe. This species was first introduced in Zimbabwe in 1932
and has been widely distributed by anglers, government agencies
and individuals (Marshall, 2011). The ecological impacts of M. sal-
moides are also relatively well documented (e.g. Khosa et al., 2020;
Takamura, 2007) and is a conflict-generating species since it is a pop-
ular angling species in Zimbabwe (Marshall, 2011).

Although they may not yield as much as larger ones, small trop-
ical reservoirs are productive with proper management (Marshall &
Maes, 1994). There is an estimated total annual yield of 60-t from
the reservoir, although this estimate should only be viewed as being
very preliminary and only applied with caution. The fish production
in Chitsuwa Reservoir indicates that, if efficiently managed, this res-
ervoir could produce fish that can sufficiently support the livelihoods

15" o 35" 4" 45" 5o 5.5 6" 6.5"
Mesh size
B C. rendalli B L. cylindricus OM. macrolepidotus B M. salmoides

B 0. mosambicus @ O. niloticus B S. macrocephalus  OT. sparmanii

of the local communities around the reservoir. Typical management
approaches for an inland fishery include effort and gear restrictions
(Sara et al., 2017). Effort restrictions include closed seasons, de-
marcation of fishing areas and taking turns to fish, while gear re-
strictions typically restrict gear dimensions (Weyl et al., 2007). The
fish catch is comprised of sizes that are marketable on a commer-
cial scale. During the survey, traders from the nearby town of Ngezi
were seen buying fish from fishermen, providing evidence of how
the Chitsuwa fishery is supporting local livelihoods. Demand for the
resource is likely to increase, however, coupled with unemployment
rates in Zimbabwe, which will collectively result in overexploitation.
The local leadership, especially the traditional leaders, should be in-
volved in managing the reservoir so that the fishery is sustainably
exploited for present and future benefits. Chitsuwa Reservoir falls
within the sub-tropical region in which rainfall is defined by season-
ality, which affects water levels, resulting in large decreases during
the long dry season (April to October) because of evaporation, use
by the local community and industrial uses by ZIMPLATS. Thus,
fishing should be regulated in strenuous months since the reservoir
water surface area would be lower.

The fish catch composition can vary seasonally and between
years, with the CPUE estimates determined during the present study
only describing the fishery as it was during that time. Changes to the
limnological system could result from ageing of the reservoir, which
can cause a trophic upsurge attributable to the decay of inundated
organic matter (van der Lingen, 1973) and, in turn, result in high fish-
ery productivity. A trophic burst was characterized in Lake Kariba by
high fish production, as well as the proliferation of the Kariba weed
Salvinia molesta (Balon & Coche, 1974). Other changes that can be
expected in the reservoir as it ages, including climate change-related
impacts that could affect fishery yields as being experienced in Lake
Kariba (see Magadza et al., 2020).
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TABLE 3 Mean (+SE) of physiochemical variables from sampled sites in Chitsuwa Reservoir, April 2018

Variable/site 1 2 3 4 Mean p

Depth 5.25+0.35 13.50 +0.20 12.05 +0.15 7.10 +0.70 9.48 +1.30 .08
Temperature (°C) 21.80 +0.10 21.60 + 0.10 21.75 + 0.05 21.65 + 0.05 21.70 + 0.04 .32
pH 6.87 +0.01 6.27 +0.02 6.18 +0.00 6.25+0.01 6.39 +0.11 .10
DO (mg/L) 5.25+0.05 5.15+0.05 4.95 + 0.05 5.10+0.20 5.11+0.06 .37
Conductivity (pS/cm) 87.80 +0.00 85.35+0.05 81.05+0.05 80.10 + 0.00 83.58 +1.19 .08
Turbidity (NTU) 15.30 + 0.30 13.60 + 0.60 17.05 + 0.05 23.85 +0.05 17.45 + 1.48 .08
Transparency (m) 0.68 + 0.00 0.71 +£0.01 0.50 + 0.01 0.49 +0.01 0.59 +0.04 .09
Nitrate (mg/L) 0.02 +0.00 0.02 + 0.00 0.01 + 0.00 0.01 + 0.00 0.02 + 0.00 .08
TDS 56.50 +0.50 55.50 + 0.50 52.50 +0.51 51.00 +0.00 53.88 +0.85 .09
RP (mg/L) 0.12 + 0.00 0.20 +0.00 0.08 +0.00 0.16 + 0.00 0.14 + 0.02 .08
TN (mg/L) 0.15+0.00 0.09 +0.00 0.09 +0.01 0.09 +0.00 0.10 +0.01 .20
TP (mg/L) 0.17 + 0.00 0.28 + 0.00 0.15+0.01 0.50 +0.02 0.28 + 0.05 .08
Ammonia (mg/L) 0.02 +0.00 0.02 +0.00 0.03 +0.00 0.02 +0.00 0.02 +0.00 .08
COD 10.00 + 0.00 9.00 + 0.00 14.00 + 0.00 12.00 + 0.00 11.25+0.73 .07
BOD 3.50 +0.00 3.10 + 0.00 4.00 + 0.00 3.20 +0.00 3.45+0.13 .07
Chlorophyll-a (mg/L) 0.004 + 0.00 0.005 + 0.00 0.003 + 0.00 0.004 + 0.00 0.004 + 0.00 .08

Abbreviations: BOD, biochemical oxygen demand; Chlorophyll-a, chlorophyll-a concentration; COD, chemical oxygen demand; Conductivity,
electrical conductivity; DO, dissolved oxygen concentration; nitrate, nitrate concentration; RP, reactive phosphorus concentration; TN, total nitrogen

concentration; TP, total phosphorus concentration.

The physiological tolerance of fish prescribes the environment
in which their survival and reproduction are possible (Rougier et al.,
2005). The high percentage of actively breeding fish indicate good
water conditions for the fish. Ordination of the fish species by CCA
also demonstrated that the species variation patterns were sig-
nificantly related to the environmental variables of the reservoir,
which significantly explained the principal variations in the fish

composition. The CCA revealed a clear division of fish species in
accordance with their ecological requirements. Depending on the
time of the year, therefore, a series of environmental variables in
the reservoir may affect the spatial distribution of its ichthyofaunal
community.

The results of the present study demonstrated that Chitsuwa
Reservoir is dominated by fish species that can be exploited for
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FIGURE 5 CCA triplot showing
relationships between fish species and
environmental variables in Chitsuwa
Reservoir, April 2018
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subsistence consumption, with the surplus being sold. There is a
need to sustainably manage this reservoir so that it continues to
provide its ecosystem services for the livelihoods of the riparian
community. Because of the informal subsistence and nature of most
small scale fisheries, their socio-economic contributions are often
not captured in national statistics. Thus, the Zimbabwe Parks and
Wildlife Management Authority (ZPWMA) should work with the
local leadership in managing this resource and ensure that records
of fish catches are collected so that statistics derived from these
small reservoirs can determine the total yield from inland fisheries
in Zimbabwe, as well as globally. Such information also has historical
value for future research, as well as for the sustainable management
of this reservaoir.
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