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Abstract

Small waterbodies are the most threatened freshwater habitats because of the large
ratio between their size and the catchment they drain. The present study assessed
the current and historical changes in the physical, chemical and biological variables
of Lake Kanyaboli, a satellite lake on the northern shores of Lake Victoria in west-
ern Kenya. Primary and secondary data on pH, electrical conductivity (EC), dissolved
oxygen (DO) concentration, temperature, Secchi depth (SD), and nitrate (NO3), nitrite
(NO3), ammonium (NH3), soluble reactive phosphorus (SRP), total nitrogen (TN), and
total phosphorus (TP) and chlorophyll-a (Chl-a) concentrations were utilized in the
present study. The results indicated Secchi depth and chlorophyll-a were the most
erratic of all the analyzed environmental variables studied, exhibiting a range of
0.69 +0.29-0.87 + 0.34 m and 9.03 + 0.81-34.97 + 3.36 pg/L respectively. Two-way
ANOVA yielded no significant interactions between sampling sites and seasons for all
the variables. Except chlorophyll-a, there also were no significant differences among
the sampling sites for the studied variables. Seasonality yielded significant differences
for Secchi depth, dissolved oxygen and chlorophyll-a. The Carlson Trophic Index for
Chl-a and SD indicated Lake Kanyaboli is currently eutrophic, while the TP concentra-
tion indicated hypereutrophic conditions. The lake, however, has fluctuated between
eutrophic and hypereutrophic conditions over the past years. Although historical
water quality data for the lake is scanty and infrequent, most physical and chemical
variables reflected anthropogenic effects on a temporal scale. Interestingly, despite
its eutrophic status, the general lake condition is still relatively good, attributable to
the buffering effect from the extensive macrophytes fringing it. The present study
identified nutrient loading, wetland reclamation and connectivity with the Yala River
through a feeder canal as the management issues of critical concern. Accordingly con-
tinuous monitoring of the lake's water quality to detect anthropogenic effects is rec-

ommended for management intervention purposes.
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1 | INTRODUCTION

Lakes, reservoirs and rivers are essential sources of water for many
rural and urban communities. Human wellbeing depends fundamen-
tally on ecosystem goods and services from these ecosystems, such
as useable water for domestic use, irrigation and fishery resources
(Low et al., 2016; Merga et al., 2020). At the same time, however,
these ecosystems, particularly in developing countries, are experi-
encing water quality problems threatening their ecological integrity
and the associated ecosystem goods and services. Human activities
such as nutrient enrichment, especially phosphorus and nitrogen,
can lead to a degraded water quality. These nutrients originate from
uplands and catchment areas as a result of anthropogenic activities,
including unsustainable land use, untreated municipal and industrial
waste discharges and intensive use of agrochemicals (Nirmala et al.,
1991; Sheela et al., 2011). Massive algal blooms can occur as a result,
causing a shift from clear water to turbid state in shallow lakes and
reservoirs (Ndungu et al., 2015). Significant changes in the biological
structure of lakes, reservoirs and rivers will eventually occur, affect-
ing ecosystem services upon which riparian communities depend.
Exposed to external impacts from the climate, their watersheds and
groundwater fluxes, the trophic state of lakes can readily change
over time (Garn et al., 2003). If the causes of the degrading changes
are known, however, human intervention in lake management prac-
tices can help reduce their adverse effects. At the same time, un-
derstanding how aquatic systems function is complex because of
the interdependencies among chemicals and other substances in the
water and sediments, the aquatic organism populations, the water
temperature, the shape and topography of the water body and the
nature of the surrounding landscape (Melack, 1997).

Water quality variations in lakes can result from spatial and
temporal characteristics, in addition to internal and external fac-
tors such as water inflows and outflows, meteorological conditions,
and physical and biogeochemical processes (Ellah, 2020). Water in-
flows and outflows carry materials (dissolved and particulate) from
drainage basins into lakes and also export materials and heat out
of the lake respectively (Kalff, 2002). On the other hand, precipi-
tation can either introduce solutes or dilute the water body, while
evaporation concentrates solutes and modifies thermal conditions
in the water column (Lesack & Melack, 1991; Talling, 2001). The
impacts of these processes can vary from one lake to another de-
pending on their sizes, catchment area, morphometry and latitude
(Wetzel, 2001). These factors directly influence physical, chemical
and biological variables affecting water, including temperature, pH,
turbidity, electrical conductivity, dissolved oxygen concentration,
biological oxygen demand, suspended solids, nutrients and chloro-
phyll-a concentrations and plankton populations. Previous studies
have documented the effects of such physical, chemical and biologi-
cal variables on the structure and functioning of aquatic ecosystems
(Chapman & Kimstach, 1996; Doyle & Smart, 2001; Lam & Schertzer,
1999; Ngatia et al., 2019; O'Gorman et al., 2016; Oladipo & Williams,
2003; Svobodova et al., 1993; Walker et al., 2007). Of these vari-

ables, the Secchi depth, nutrient concentrations (phosphorus and

nitrogen) and chlorophyll-a concentrations can affect a lake's pro-
ductivity, subsequently dictating its trophic status. Thus, these
variables essentially define the trophic status of a lake or reservoir,
which can range from oligotrophic (poorly nourished), mesotrophic
(moderately nourished) and eutrophic (well-nourished) to hypereu-
trophic (over nourished). A lake's trophic state, however, is not deter-
mined by directly measuring its algae biomass; rather, it is assessed
indirectly by measuring the concentrations of nutrients and chloro-
phyll-a and the water transparency (measured as the Secchi depth;
Carlson, 1977).

Nonetheless, utilization and transformation of wetlands such as
Yala Swamp because of human population growth, poverty and de-
velopment efforts are increasing (Owiyo et al., 2014) despite docu-
mented adverse anthropogenic effects resulting from such factors.
Having been studied for its agricultural potential, Yala Swamp, for
example, has undergone reclamation efforts since 1954 (Kinaro,
2008). The swamp has since experienced dramatic changes, ranging
from extensive communal uses for natural resource extraction such
as fishing, subsistence farming and wood for fuel, to large-scale agri-
cultural development by the Dominion Group of Companies in 2004
(Kinaro, 2008).

1.1 | Chronology of development activities in Lake
Kanyaboli catchment area

Yala Swamp houses Lake Kanyaboli, a satellite lake on the northern
shores of Lake Victoria in Western Kenya. Because of its expanse
and rich diversity of plants and animals, developers have targeted
the wetland since the 1950s, to the chagrin of conservationists
(Muoria et al., 2015). Several events have affected Yala Swamp and
the surrounding water hodies, such as Lake Kanyaboli (Figure 1).
The swamp originally covered an estimated 17,500 ha until the early
1960s when a major reclamation project was undertaken.

Yala Swamp was investigated for its agricultural potential in 1954
by Sir Alexander Gibbs and partners (Anyona, 1997). That study rec-
ognized the high potential of the swamp and 2300 ha of land were
subsequently reclaimed between 1965 and 1970 (Owiyo et al.,
2014). Lake Kanyaboli was cut off from its catchment during the rec-
lamation by a retention dyke erected across the lake's margins. The
event led to construction of a feeder canal and an outlet in 1969 to
facilitate inflow from the Yala River and an outflow from the lake.

Regional government authorities granted a 25-year lease in
2003 for rice cultivation to Dominion Farms Ltd., a Dominion
Group of Companies subsidiary in Edmond, Oklahoma, USA
(Muoria et al., 2015). However, instead of the initially intended
rice cultivation in the 2300 ha, Dominion embarked on other ad-
ditional activities in the swamp beyond rice cultivation, including
dams and weirs, an airstrip and aquaculture (Owiyo et al., 2014).
Expansion of Dominion Farms Ltd. activities resulted in reclama-
tion of more swamp areas initially occupied by local communities,
resulting in a mixed reaction from stakeholders on conserving

the swamp and community needs. Continuous conflicts between
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FIGURE 1 Chronology of eventsin
Lake Kanyaboli and its catchment area in
the Yala Swamp

Events in Lake Kanyaboli and its Cachment

Exploration
Study

1954

the company and stakeholders resulted in subsequent closure of
Dominion Farms Ltd. in 2017.

Lake Kanyaboli is a gazetted National Reserve through Legal
Notice No 158 of 2010 (USAID, 2016). The total area of the reser-
voir is 41.42 kmz, being legally under the management of the Siaya
County Government, with technical and policy support from the
Kenya Wildlife Service. Environmentalists and the Kenya Wildlife
Service also have initiated the listing of the wetland as a Wetland of
International Importance under the Ramsar Convention because of
its biodiversity and provision of ecosystem services (Muoria et al.,
2015).

The continued controversies surrounding Yala Swamp are at-
tributable to consideration of the essential ecosystem services,
including agriculture potential, food, water, papyrus products,
thatching material and water quality and quantity regulation,
among others provided by the wetland. Agricultural activities and
handicraft industry in Yala Swamp negatively influence the ecol-
ogy, hiodiversity and health of Lake Kanyaboli. Poor farming prac-
tices and industrialized agriculture have resulted in sedimentation
and water pollution from pesticides and herbicides (Aloo, 2003).
Moreover, removing vegetation cover (i.e. harvesting bamboos,
logs and papyrus) has led to increased surface erosion, sediment
loads and eutrophication in the lake. These factors affect ecosys-
tem health, thereby adversely affecting ecosystem services and
fish production from the lake. Intensive agricultural activities and
nutrient losses from agricultural areas are considered significant
lake pollution sources through nutrient enrichment (Jarosiewicz
& Witek, 2014).

Further, nutrients such as phosphorus (P) and nitrogen (N)

(referred to as limiting factors) can also enter lakes through dry

Reclamation of
2300 ha
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deposition from the atmosphere, in addition to runoff from sur-
rounding catchment areas, both sources contributing to lake eu-
trophication (Scott & McCarthy, 2010). According to Sterner et al.
(1997), the concentration of potentially limiting nutrients (P and N)
within the biomass at the base of the aquatic food web is a vital
variable regulating ecosystem processes and functioning. Thus, it is
crucial to maintain a nutrient balance between nutrient inflows and
outflows. Lake Kanyaboli, however, has experienced a lack of water
inflows over time because of the construction of the retention dike
originally constructed to reclaim part of the Yala Swamp and Yala
River blockage, negatively affecting the water quality (Aloo, 2003).
Changes in Lake Kanyaboli physical and chemical variables attrib-
utable to agricultural activities and reclamation efforts in the Yala
Swamp, despite construction of the feeder canal from the Yala River
to the lake, have previously been reported (Aloo, 2003; Anyona,
1997; Kinaro, 2008; Okemwa, 1981; Wilfred et al., 2005). Lake
Kanyaboli's ecology is also affected by the economic activities of its
riparian communities.

Accordingly, it is essential to monitor physical, chemical and eco-
logical changes in Lake Kanyaboli in order to better understand the
influence of multiple anthropogenic stressors. The present study,
therefore, reviewed the temporal variations in physical, chemical and
biological variables in Lake Kanyaboli in order to propose possible in-
terventions to circumvent adverse anthropogenic effects on the lake,
focussing specifically on changes in water quality, trophic status, fish
species and chronology of events in the lake and its catchment area
from 1981 to 2020. Also included in the present study is additional
data collected through an ongoing study on the lake's ecology, noting
these data are essential for developing policies on the management

and conservation of the lake and its linked ecosystems.
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2 | MATERIALS AND METHODS

2.1 | Description of study area

The present study focussed on Lake Kanyaboli, an oxbow satellite
lake of Lake Victoria located in the Yala Swamp between latitudes
0°05S5'N and 0°02'N and longitudes 34°09'E and 34°II'E, at 1156 m
above sea level (Opiyo & Dadzie, 1994). The lake has an average
depth of 3 m and covers an area of 10.5 km? (Abila et al., 2008). In
addition to Lake Kanyaboli, Lake Namboyo and Lake Sare are also
found in the Yala Swamp, although Lake Kanyaboli is the largest and
farthest from Lake Victoria of the three lakes (Abila, 2005) (Figure 2).
Yala Swamp is Kenya's largest freshwater wetland, covering 175 km?
along the northern shores of Lake Victoria (Abila et al., 2008). It is a
complex of wetlands in the delta of the Yala River on the northeast
shore of Lake Victoria (Muoria et al., 2015), with Lake Kanyaboli lo-
cated on the northeast extremity of the swamp (Figure 2).

Lake Kanyaboli received water from the Yala Swamp before the
1970s through water drained from the Yala River and backflow from
Lake Victoria (Wilfred et al., 2005). The lake is currently replenished
by direct precipitation and backwash waters from Lake Victoria
through the Goye Causeway and the Yala River feeder canal.
According to Burgess (2008), the surface gravity-fed feeder canal is
about ¢ km long with an estimated discharge of 5 m3/s, ensuring the
water flow is gentle and erosion minimized. This is an improvement
from the initial design of an estimated flow capacity of 1.145 m¥/s
before the maintenance by Dominion farm Ltd.

The region experiences a bimodal rainfall pattern from March
to June and October to December. The latter is a short rainy pe-
riod, while the former is the peak and more extended rainfall pe-

riod throughout the area. Movements of the intertropical zone and

the proximity of Lake Victoria influence the area's climate. The lake

is within the lakeshore belt, which annually receives <1300 mm
(Anyona, 1997).

The Yala Swamp lakes are ecologically and evolutionary import-
ant for preservation of the rich cichlid fish fauna of Lake Victoria
(Gichuki et al., 2005), some having since gone extinct in Lake
Victoria. Lake Kanyaboli and Sare support semicommercial fishing
activities, while very little fishing occurs in Lake Namboyo hecause
of its thick mats of Cyperus papyrus and Phragmites australis render-
ing the lake inaccessible (Abila & Othina, 2006; Wilfred et al., 2005).
Algal species richness in Lakes Kanyaboli, Sare and Namboyo var-
ies from 12 to 43, with blue-green algae being the dominant group
(Wilfred et al., 2005).

Human activities in Lake Kanyaboli and Yala Swamp have impli-
cations for Lake Victoria, and Lake Victoria reciprocally influences
the three satellite lakes (Kanyaboli, Sare and Namboyo) through
backflow (Wilfred et al., 2005). Thus, Yala Swamp has a critical role
in filtering and buffering the waters draining from the Yala River and
the three lakes into Lake Victoria and vice versa (CGS, 2015). Muoria
et al. (2015) noted, for example, that nitrate concentrations in the
water entering Lake Victoria from Lake Sare were 3.61 mg/L, de-
spite other parts of the swamp receiving concentrations as high as
9.84 mg/L because of the buffering effect of the swamp. In addition,
the massive papyrus separating Lake Kanyaboli and Lake Victoria
inhibits faunal exchanges hetween the two lakes.

Lake Kanyaboli is crucial because it contains cichlid popula-
tions that have either been depleted or become extinct in Lake
Victoria. Although viable populations of the native Oreochromis
esculentus and O. variabilis species, for example, are available in
Lake Kanyaboli, they have disappeared from Lake Victoria be-
cause of predation by Nile Perch and other ecological changes
(Abila, 2005). Further, Lake Kanyaboli acts as refugia for six hap-

lochromine species (Lipochromis maxilaris, Astatotilapia nubila,

Lake Kanyaboli

FIGURE 2 Map of Yala Swamp showing
position of Lakes Kanyaboli, Sare and
Namboyo (adapted from Abila et al., 2008)
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Pseudocrenilabrus multicolor victoriae, Xystichromis phytophagus,
Astatoreochromis alluaiudi), in addition to O. niloticus, O. leucost-
ictus, T. zilli, Clarias mossambicus, Protopterus aethiopicus and
Xenoclarias sp. (Aloo, 2003). Fish catches in Lake Kanyaboli, how-
ever, continue to decline because of overfishing and poor fishery
management (BN Kondowe, unpublished data). The lake also is a
vital livelihood source for riparian communities from fisheries, ag-
riculture and handicraft industries. Abila (2005) noted fish is the
most critical wetland product, with 98%-100% of the residents

being dependent on fishing for subsistence or sale.

2.2 | Datasources

Both primary and secondary data were used in the present study.
Primary data on physical, chemical and biological variables, in-
cluding pH, electrical conductivity, dissolved oxygen concentra-
tion, temperature, Secchi depth, and nitrate, nitrite, ammonium,
soluble reactive phosphorus, total nitrogen, total phosphorus
and chlorophyll-a concentrations were collected monthly from
February 2020 to February 2021. Chlorophyll-a data, however,
were collected for only six months, from June 2020 to November
2020. The sampling period covered the wet season (March-June;
October-December) and dry season (January and February; July-
September). Similarly, secondary data on physical and chemical
variables and chlorophyll-a were reviewed from published and
grey literature (i.e. theses and reports). Further, since studies on
the limnology and trophic status of Lake Kanyaboli are limited or
lacking, the results of studies from other African lakes and else-
where were also used to inform the interpretation of data and in-

form management recommendations.

2.3 | Sampling sites

Six sampling sites located in the littoral zone 15 m from the shore
(Sites 1, 3, 4, 5 and 6) and limnetic zone (Site 2) were selected for
monitoring surface water quality in Lake Kanyaboli. The sampling
sites represented various fish landing sites and villages around the
lake (Figure 3), including Site 1 (Gangu), Site 2 (Open Water), Site 3
(Prince's Hotel), Site 4 (Kadenge), Site 5 (inlet from lake side) and Site

6 (outlet from lake side).

2.4 | Sample collection and analysis

Water variables such as temperature, pH, Secchi depth, dissolved
oxygen concentration and electrical conductivity were measured
in situ at all the sampling sites using a YSI multiprobe water qual-
ity metre (556 MPS; Yellow Springs Instruments). Determination of
filterable nutrients, including ammonium (NHD, nitrate (NO;), nitrite
(NOE) and soluble reactive phosphorus (SRP) was conducted in the

laboratory at the University of Eldoret. Surface water samples from

Lakes
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all the sampling sites were collected and filtered immediately in the
field using precombusted 0.4-uym GF/C Whatman filters into tripli-
cates of sampling bottles and placed in an icebox for transportation
to the laboratory for analysis. Filter papers were placed in an icebox
inadark container for analyzing the chlorophyll-a content. Similarly,
unfiltered water samples were collected in triplicate to analyze total
phosphorus (TP) and total nitrogen (TN) concentrations, with their
preservation and transportation to the laboratory conducted in the
same manner as for the filterable nutrients.

Standard colorimetric methods (APHA, 2017) were used
to analyze the NHI, NO3; NO,, SRP, TP and TN concentra-
tions. These methods included the molybdenum blue method,
dichloroisocyanurate-salicylate method, cadmium reduction
method and azo-dye complex formation for SRP, NH, NOj; and
NQ; respectively. TP was analyzed using the ascorbic acid reduction
method, while the persulfate digestion method was used for TN. The
chlorophyll-a concentrations were determined following pigment
extraction from the thawed filters using 90% acetone and following

the APHA (2017) procedure.

2.5 | Dataanalysis

Primary data on physical, chemical and biological variables were
analyzed using descriptive statistics, Pearson correlations and
two-way ANOVA for comparing interactions between sampling
sites and seasons. Where there were no interactions between
sampling sites and seasons, one-way ANOVA was used, followed
by the Tukey's post hoc test for significant mean values among
sampling sites. The data were log-transformed prior to analysis
of variance (ANOVA) to meet assumptions for parametric tests.
Further, the Levene's homogeneity test was used on the original
data to test the equality of variance. Descriptive statistics and
correlation were performed with Microsoft Excel 2015, while the
Levene's homogeneity test and two-way and one-way ANOVA

were done in Minitab 17.

2.5.1 | Trophic status

Carlson trophic status index (TSI) equations, based on Secchi
depth transparency (SD), chlorophyll-a (Chl-a) and TP, were used
to calculate the trophic status of Lake Kanyaboli, as follows
(Carlson, 1977):

TSI (SD) = 10 (6 — InSD/In2) (1)
TSI (Chl—a) =10(6 — 2.04 — 0.68InChl — a/In2) (2)
TSI (TP) = 10(6 — In(48/TP) /In2) (3)

where SDD = Secchi depth (m); TP = total phosphorus concen-

tration (mg/m3); Chl-a = chlorophyll-a concentration (mg/mS); TSI
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FIGURE 3 Map showing sampling sites in Lake Kanyaboli from February 2020 to February 2021

Chlorophyll-a

concentration Total phosphorus Secchi
TSI (ng/L) concentration (pg/L) depth (m)
<30-40 0-2.6 0-12 >8-4
40-50 2.6-7.3 12-24 4-2
50-70 7.3-56 24-96 2-0.5
70-100+ 56-155+ 96-384+ 0.5-<0.25

Source: Sheela et al. (2011).

(SD) = trophic state index based on Secchi depth transparency;
TSI (TP) = trophic state index based on total phosphorus concen-
tration; and TSI (Chl-a) = trophic state index based on chlorophyll
concentration.

The trophic state classifies lakes based on the greenness of a
lake, being a surrogate of the quantity of algal biomass in the water
column (Brown & Simpson, 2001). The Carlson (1977) trophic index
is a commonly used classification of surface waters’ trophic condi-
tions, ranking lakes on a continuous numeric scale ranging from O to
100 as illustrated in Table 1.

TABLE 1 Carlson (1977) criteria for
lake trophic status (TSI)

Trophic status
Oligotrophic
Mesotrophic
Eutrophic
Hypereutrophic

3 | RESULTS
3.1 | Historical changes in Lake Kanyaboli water
quality

Table 2 summarizes the mean annual values for 2020 bhased on
measurements from Lake Kanyaboli, and the mean values obtained
from grey and published literature on the lake. The reviewed litera-
ture identified temperature, pH, Secchi depth and electrical conduc-

tivity as the most studied physical and chemical variables. Only one
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Present study

(2020)

Babu et al.
Jalau (2017)
47

(2015)
7.9

Wilfred et al. (2005)

7.4

Mutune et al. and
7.2

LVEMP (2002)

Maithya (1998)

10.6
17

Anyona (1997)

7.08 +1.36

LBDA
(1988)

References/data sources

Okemwa
(1981)

TABLE 2 Summary of mean physical, chemical and biological variables in Lake Kanyabholi over time from various studies {(minimum and maximum values are highlighted in bold)
Variable

7.05+0.18

10.50 + 0.48
42443 +1.88

6.79
8.28

5.4

DO (mg/L)
pH

8.3

747 +0.44

7.7

27.98 + 0.39

287
27

600 349

EC (uS/cm)

25.6

25.28
0.48

24.5

Temperature (°C)
Secchi depth(m)
SRP (pg/L)

NH; (ug/L)

0.76 + 0.06
51.67 + 9.83

0.67

0.28

0.75

983.33 £ 121.11
210.00 + 23.66

(ne/L)
(ne/L)

2
TP (pe/L)

NO
NO

503.33 + 109.12

306.67 +17.51
3041.67 + 280.10

3

21.46 + 9.94

TN (pg/L)

18.30

Chl-a (ug/L)

Abbreviations: Chl-a, chlorophyll-a; DO, dissolved oxygen; EC, electrical conductivity; NH,, nitrate; NO,, nitrite; NO, nitrate; SRP, soluble reactive phosphorus; TN, total nitrogen; TP, total phosphorus.
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study (Wilfred et al., 2005), however, investigated the chlorophyll-a
concentrations in Lake Kanyaboli (Table 2). The data indicate that
the dissolved oxygen (DQ) concentration has fluctuated between
4.7 and 10.6 mg/L over the years. The pH indicated less variability,
with the current study recording the lowest pH value of 7.05, with
the highest value (8.3) being observed in 2017. In contrast, the elec-
trical conductivity exhibited a declining trend after a peak in 1988
(600 pS/cm) before an increase in 2020 (424.43 uS/cm). Further, the
temperature and Secchi depth also exhibited fluctuations within
the ranges of 24.50-27.98, and 0.28-0.76 m, respectively, over the
years. Anincreased chlorophyll-a concentration was observed in the
present study (21.46 pg/L), compared with the previously reported
concentration (18.30 pg/L) by Wilfred et al. (2005). Unfortunately,
the literature on nutrient levels in Lake Kanyaboli is scarce, limiting
comparability over the years. Overall, except for pH, all the reviewed
physical, chemical and biological variables exhibited considerable
variations over the years. The results revealed intrayear seasonal
variations potentially related to seasonality linked with rainfall and

drought.

3.2 | Trophic status of Lake Kanyaboli

Chlorophyll-a concentrations in 2005 and 2020 indicated Lake
Kanyaboli is eutrophic, while the total phosphorus concentrations
from 2020 indicated a hypereutrophic condition (Table 3). Similarly,
the 2020 Secchi depth also indicated the lake is eutrophic. The
Secchi depth observed in previous studies (Jalau, 2017; LVEMP,
2002; Maithya, 1998; Okemwa, 1981), however, indicated the lake
was eutrophic in 1981 and 2017, while hypereutrophic conditions
were observed in 1998 and 2002 (Table 3). The data from 2020 in-
dicated the TN (3041.67 + 280.10 pg/L):TP (503.33 + 109.12 pg/L)
ratio of 6:1.

The changes in the Lake Kanyaboli water transparency were also
available from five years representing the period from 1981 to 2020
(Figure 4). The Secchi depth in 2020 (0.76 m) was the highest, while

the lowest water transparency was observed in 1998 (0.28 m).

3.3 | Lake Kanyaboli water quality changes

The mean physical, chemical and biological variables between wet
and dry seasons are summarized in Figure 5. The spatial data from six
sites satisfying the homogeneity of variance (p > .05) were pooled
(Table S2). All physical and chemical variables and chlorophyll-a were
high in the dry seasons, except for the pH, which was high during the
wet season in all sampling sites. Significant seasonal variations were
observed only for the Secchi depth (p =.008), and dissolved oxygen
(p =.017), ammonium (p = .002), nitrite (p = .013) and chlorophyll-a
(p =.002) concentrations (Table S1).

Site-wise mean variations indicated Secchi depth and chlo-
rophyll-a varied more than all the water variables studied

(Table 2). Kadenge (sampling site 4) exhibited the lowest Secchi



TABLE 3 Trophic status index (TSI) of Lake Kanyaboli over time based on Secchi depth, total phosphorus and chlerophyll-a concentrations

Chlorophyll-a

(ng/L)

Total phosphorus

{(ng/L)

Secchi depth

(m)

status

TSI

Trophic status

TSI

Trophic status

TSI

Source

64.15 Eutrophic

0.75
0.28
0.48

Okemwa (1981)
Maithya (1998)
LVEMP (2002)

Hypereutrophic

78.37

Hypereutrophic

70.59

Eutrophic

68.12

18.30

Wilfred et al. (2005)

Jalau (2017)

Eutrophic

65.78
63.96

0.67
0.76

Eutrophic

500 93.81 Hypereutrophic 21.46 69.68

Eutrophic

Present study (2020)
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depth (0.69 + 0.29 m), while Open Water (site 2) had the lowest chlo-
rophyll-a concentration (9.03 + 0.81 pg/L). In contrast, Open Water
(site 2) exhibited the highest Secchi depth (0.87 + 0.34 m), while
Prince's Hotel (site 3) had the highest chlorophyll-a concentration
(34.97 + 3.36 ug/L). Two-way ANOVA (Table S1) indicated no signif-
icant interactions between sampling site and season for the physical
and chemical variables (p = .931) and chlorophyll-a (p = .463). There
also were no significant differences between sites for physical and
chemical variables (p > .05), although chlorophyll-a was statistically
different among the sites (p =.000) (Table 2).

There were significant positive correlations among selected
water quality variables (Table 5), including between SRP and tem-
perature (r = .86), NO3 and NHI (r=.68),NO; and NH:l (r=.80), TN
and NH:lr (r =.85), NO3 and NO; (r =.65), NO3 and TN (r = .59), NO;
and TN (r = .57) and NO; and chlorophyll-a (r = .57). Conversely,
Secchi depth was negatively significantly correlated with NHd+
(r=-.77),NOj (r = -.82),NO; (r = -.77) and TN (r = -.64) and chlo-
rophyll-a (r = -.51).

4 | DISCUSSION

Lake Kanyaboli is a strategic waterbody that provides riparian com-
munities with water for domestic purposes, irrigation, livestock
watering and fisheries activities. Data on the ecology of the lake,
however, is scanty despite its socioeconomic importance. Some
notable previous studies on the lake include those on fisheries
and limnology (Mavuti, 1989; Okemwa, 1981), feeding ecology of
0. esculentus (Opiyo, 1991) and a biodiversity survey (Aloo, 2003).
Lack of detailed and consistent studies on the lake's ecology hin-
ders decision-making and conservation efforts. The few studies
on the lake (Table 2) do indicate some water quality and nutrient
variables (temperature, turbidity, electrical conductivity, DO and
pH) have been considered more than other variables (chlorophyll-a,
TSS, ammonium, phosphorus, nitrate and nitrite). The limited stud-
ies on Lake Kanyaboli contrast with other lakes in Kenya such as
Lakes Naivasha, Baringo and Victoria. Ecological studies are well
documented, however, for Lake Naivasha (Gaudet, 1979; Gaudet &
Muthuri, 1981; Kitaka et al., 2002), Lake Baringo (Ballot et al., 2003;
Nyakeya et al., 2018; Ouma & Mwamburi, 2014) and Lake. Victoria
(Hecky, 1993; Kishe, 2004; Ngupula et al., 2012) probably because
of the existing commercial fishing and tourism industry. Thus, the
present study provides a baseline of critical variables (chlorophyll-
a, ammonium, phosphorus, nitrate and nitrite), filling some missing

variables data gaps regarding the lake.

4,1 | Ecological status of Lake Kanyaboli

Available data, including unpublished surveys, indicate that none of
the water quality variables occur in concentrations toxic to aquatic
life. Electrical conductivity has always been below 1000 pS/cm,
while the pH has ranged between 6 and 8 (Table 4). Goshu et al.
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FIGURE 4 Lake Kanyaboli water
transparency over time
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FIGURE 5 Temporal variation in physical, chemical and biological variables in Lake Kanyaboli, February 2020 to February 2021 (Chl-a,
Chlorophyll-a concentration; DO, dissolved oxygen concentration; EC, electrical conductivity; NHZ, ammonium concentration; NO3, nitrite
concentration; NO;, nitrate concentration; SD, Secchi depth; SRP, soluble reactive phosphorus concentration; Temp., temperature; TN, total

nitrogen concentration; TP, total ph

osphorus concentration)

(2017) reported the conductivity of most freshwaters ranges from
10 to 1000 pS/cm but can exceed 1000 pS/cm, especially in polluted
waters or those receiving large quantities of runoff. They also noted
that the pH of most natural waters is hetween 6.0 and 8.5, although
lower pH values can occur in groundwater brines and salt lakes. The
dissolved oxygen concentration in Lake Kanyaboli has been within
the optimum range (Table 4) for most aquatic living resources such
as fish (Svobodova et al., 1993). The data available on chlorophyll-a
from 2005 and 2020 (Table 4) indicated intermediate nutrient con-

centrations (Brown & Simpson, 2001). The nitrogen nutrient species

have also been in a non-toxic range (<10 mg/L), while the phospho-
rus concentration exceeded the recommended limit of <0.1 mg/L,
based on United States Environmental Protection Agency (USEPA)
standards (Fried et al.,
however, hindered trend analysis of the historical nutrient loadings
to the lake.

2003). Lack of data from previous studies,

At the same time, inorganic nitrogen levels in the lake from 2020
indicated the ammonium nitrogen concentration is much higher than
nitrite or nitrate (Table 4), similar to the Lake Naivasha Swamp (Muthuri

& Jones, 1997). High ammonium nitrogen levels, compared with other
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TABLE 4 Mean values (+5D*) of samping sites at Lake Kanyaboli, Kenya, February 2020-February 2021 (mean values with different letters are significantly different at « = 0.05, as

determined by one-way ANOVA followed by post hoc Tukey). Bold values mean the variable is significantly different among sites

p-Value

Lake inlet Lake outlet

Kandenge

Hotel

Open water

Gangu

Variable

795
452
779
918
433
.356
613
992
.835
544
733
.000

0.74 £ 0.25°
28.50 + 1.51°
10.71+ 2.77°

425.81 + 12.99°

0.80 + 0.24*
28.14 + 1.78"
10.86 + 2.04"

422.59 + 8.20°

0.69 + 0.29°
28.26 + 1.26°

0.72 +0.27°
27.86 + 1.03°

0.87 +0.34°
27.49 +0.79*

0.74 + 0.30°
10.84 + 2.99°

27.63 + 1.11°

SD (m)

Temp. (°C)

10.14 + 2.38°
423.37 + 10.69°

9.69 + 2.46"
4238.62 + 10.57°

427.59 + 14.70%

10.76 + 2.03°
423.61 + 9.83°

DO (mg/L)
EC (pS/cm)

pH
NH

7.14 £ 0.10°
941.36 + 839.70°

7.13 +£0.171° 6.68 + 1.50° 7.14 + 0.09° 7.11 + 0.09°
1134.77 + 1042.21° 1023.10 + 1085.10" 1075.82 + 1023.98°

938.13 + 1143.72°

712 +0.09°
786.22 + 999.79°

(pg/L)

+
4
SRP (ug/L)

74.45 + 61.49°
301.01 + 191.51°

44.45 + 60.98° 51.03 + 64.02° 46.99 + 55.16° 48.07 + 56.27°
307.96 + 216"

46.09 + 60.83"
331.43 + 225.70°

31744 + 175.06° 297.23 +197.77°

279.58 + 184.06°
200.41 £ 162.217
3488.47 + 982.08°

3 (ne/L)
NO; (ug/L)
TN (pg/L)
TP (ng/L)

NO

205.56 + 139.78°
2881.66 + 1399.40°

221.90 + 168.96"
2696.22 + 1247.00°

220.72 + 178.41°
2927.87 + 1265.82°

446.57 + 146°

241.27 + 183.66"
3024.04 + 1325.53"

168.51 + 142.43°
3233.03 + 1142.68"
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487.08 + 113.58" + 719.45 + 683.36° 489.85 + 94.357
28.49 + 3.06"

34.97 + 3.367

425.22 + 144.40°

441.88 + + 137.78"

11.29 + 2.03"

2145 + 4.19°

9.03 +0.81"

23.52 +1.11°

Chl-a (ug/L)

standard deviation; SD, Secchi depth; SRP, soluble reactive

Abbreviations: NH, ammonium; NO3, nitrate; Chl-a, chlorophyll-a; DO, dissolved oxygen; EC, electrical conductivity; NO,, nitrite; SD*

phosphorus; Temp., temperature; TN, total nitrogen; TP, total phosphorus.

forms of inorganic nitrogen, are mainly attributable to anaerohic con-
ditions wherein the normal denitrification pathway switches to one
producing ammonia (Muthuri & Jones, 1997). Thus, Lake Kanyaboli is
likely experiencing conditions similar to those in Lake Naivasha, con-
sidering the comparabhility of the two lakes. The results also indicated
elevated total nitrogen concentrations in Lake Kanyaboli, possible re-
lated to inflows from the catchment area and the presence of large
quantities of organic matter such as aquatic vascular plants undergo-
ing decomposition and releasing large quantities of organic nitrogen
(Nichols & Keeney, 1973). Excretory wastes from aquatic animals and
livestock watering in the lake and feeder canal also contribute to the
loading. Livestock grazing in the swamp also contribute to nutrient
loadings from their excretion and egestion, and from runoff (lteba
et al., 2019). Yala Swamp is estimated to support an average of 1820
herds of cattle, 497 goats and 322 sheep daily (Mwaura et al., n.d.).
The observed trend, therefore, may suggest nitrogen available for
plant uptake in Lake Kanyaboli is mainly ammonium ions, meaning am-
monium concentrations are important in determining whether or not
nitrogen is a growth-limiting nutrient (Muthuri & Jones, 1997).

Phosphorus is generally considered a limiting factor in the
aquatic environment because of its often-low ambient concentration
in the water column, meaning that TP availability limits productivity
(Stephen et al., 2020). However, nitrogen rather than phosphorus
often limits phytoplankton growth in tropical and subtropical re-
gions, compared with lakes in the temperate zone (Havens, 2000;
Maberly et al., 2020). The total nitrogen (N):total phosphorus (P)
ratio of 9:1 for phytoplankton was utilized to assess the limiting nu-
trient, with N:P ratios >9 being considered to indicate phosphorus
limitation, whereas ratios <9 are considered evidence of nitrogen
limitation (Salas & Martino, 1991). The N:P ratio of 6:1 in 2020,
therefore, suggested N was a limiting factor for primary production
in Lake Kanyaboli, a finding consistent with other lakes studies sug-
gesting N was the limiting nutrient in tropical regions (Havens, 2000;
Maberly et al., 2020; Salas & Martino, 1991).

All the variables assessed for the year 2020 exhibited high val-
ues during the dry season, except for pH, which exhibited some
variability between the wet and dry seasons. The observed trend
may indicate the combined effects of nutrient enrichment from the
catchment area and saturation of solutes because of evaporation
that reduces the lake water volume and concentrates the solutes,
as noted by others (Lesack & Melack, 1991; Talling, 2001). Further,
Lake Kanyaboli drains the Yala Swamp, which is an active agriculture
site that might be introducing nutrients into the lake through runoff
that subsequently becomes concentrated due to evaporation and
the big catchment area drained by the lake (Wetzel, 2001).

The year 2020 also exhibited a positive and negative correla-
tion between some variables (Table 5). A positive relation between
TN and NO; was observed, a finding in contrast to that of Yu et al.
(2020), who reported TN to be positively and negatively correlated
with NH; and NOE respectively. The positive correlation between
the nutrients may indicate a common source along with remineral-
ization occurring in the lake. A positive correlation also was observed

between temperature and SRP, in agreement with the findings of
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TABLE 5 Pearson correlation coefficients regarding physical, chemical and biological variables of water in Lake Kanyaboli, February 2020
to February 2021

SD Temp. DO EC
Temp. -0.43
DO -0.15 -0.13
EC 0.45 -0.34 0.00
TDS 0.12 -0.42 0.44 -0.02
pH -0.25 0.22 0.21 0.15
NH; -077 0.23 0.23 -0.31
SRP -0.43 0.86 -0.04 -0.21
NO; -0.82 0.28 0.11 -0.33
NO; -0.77 0.38 0.28 -0.36
TN -0.64° -0.02 0.37 -0.04
TP -0.02 -0.16 -0.17 -0.26
Chl-a -0.51 0.12 -0.36 -0.42

pH NH; SRP NO; NO; N TP
0.37
0.17 0.39
0.37 0.68 0.41
0.22 0.88" 0.41 0.65"
0.46 0.85 0.23 0.59° 0.57
0.04 0.38 0.01 0.23 0.31 0.11
-0.30 0.35 0.20 0.57" 0.41 0.17 0.16

Abbreciations: Chl-a, chlorophyll-a; DO, dissolved oxygen; EC, electrical conductivity; NHj,, ammonium; NO3, nitrite; NO, nitrate; SRP, soluble
reactive phosphorus; TDS, total dissolved solids; Temp., temperature; TN, total nitrogen; TP, total phosphorus.

*Correlation coefficient is significant at @ = 0.05.

Saturday et al. (2021). Further as observed elsewhere (Bachmann
et al., 2017), Secchi depth exhibited a relatively strong relationship
with chlorophyll-a and TN. The chlorophyll-a and Secchi depth cor-
relation indicates algae and associated dead organic materials are
significant, although not the only components of particulate materi-
als in the lake related to Secchi depths (Bachmann et al., 2017). The
feeder canal possibly contributes to the non-agal total suspended
material in the lake. Likewise, the relationship between Secchi depth
with TN and TP indicates these nutrients are limiting factors for
algal growth, and that increasing algal biomass decisively reduces
light penetration.

Overall, fluctuating physical, chemical and biological vari-
ables were observed in Lake Kanyaholi for the 1981-2020 period.
These findings perhaps accrue from anthropogenic activities in
Yala Swamp (Kinaro, 2008; Owiyo et al., 2014) that previously af-
fected water replenishment in the lake attributable to blockage
of the feeder canal, in turn producing poor water quality (Aloo,
2003; LBDA, 1988). The non-toxic levels of water quality variables
in Lake Kanyaboli may be attributable to the maintenance of the
feeder canal and an outlet by Dominion Group of Companies in
2004 that facilitated recharge of the lake water. Further, the dense
anchored and floating macrophytes (predominantly Cyperus papy-
rus and Phragmites australis) and Yala Swamp likely help filter the
excess nutrients. To this end, Muoria et al. (2015) also reported
that Yala Swamp plays a vital role as a filter for pollutants arising

from the upper Yala River catchment.

4.2 | Trophic status
A lake's trophic state depends on nutrient availability sufficient to
support primary production and, inturn, can affect alake's clarity and

chlorophyll-a concentration. High nutrient levels in a lake supports

eutrophication, which refers to the directional movement of a lake's
condition from a lower trophic state to a eutrophic state over time,
typically attributable to both natural and human factors. Natural eu-
trophication is the process by which lakes gradually become aged
and more productive. However, excess nutrients (primarily N and P)
from human activities that subsequently enter a lake, including un-
treated or partially treated domestic sewage, agricultural and urban
runoff, etc., can greatly accelerate this process (Sheela et al., 2011).
Phosphorus is considered the algal growth-limiting nutrient to be
addressed in attempting to control eutrophication, with excessive
growths (‘blooms’) of algae resulting from phosphates negatively
changing a lake's water quality.

The chlorophyll-a concentration in 2005 and 2020 indicated
Lake Kanyaboli exhibited a eutrophic status, while the total phos-
phorus concentration from 2020 indicated a hypereutrophic condi-
tions (Table 3). Similarly, the Secchi depth from 2020 also indicated
the lake was eutrophic, although the Secchi depth from previous
studies (Jalau, 2017; LVEMP, 2002; Maithya, 1998; Okemwa, 1981)
indicated the lake fluctuated between eutrophic and hypereutrophic
conditions. These findings suggest nutrient availability in the lake
have been increasing and subsequently leading to its current eutro-
phic status. The agreement between the calculated TSI values based
on Chl-a and Secchi depth infer algae dominate the lake's light at-
tenuation. At the same time, however, the lower TSI value for Chl-a
compared to that for TP indicated less algal material was present in
the lake than expected on the basis of the TP concentration (Havens,
2000). Thus, the 2020 results probably indicate algal growth in Lake
Kanyabholi inversely affected the light attenuation, while its growth
was affected either by a combination of TN and light attenuation,
or any of these two factors. The lake's trophic status changes be-
tween 1981 and 2020 could be linked to human activities in the
catchment area (Yala Swamp). The Yala River initially drained to the

lake after passing through the swamp, facilitating the filtration of
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excess nutrients before they reached the lake (Muoria et al., 2015),

thereby reducing nutrient enrichment and sedimentation. The con-
struction of the retention dike along lake Kanyaboli, however, and
the subsequent construction of the feeder canal from the Yala River
likely reduced the swamp's buffering effect. The situation worsened
in the past after the destruction of the feeder canal, resulting in re-
duced or no water reaching the lake (LBDA, 1988), which possibly
concentrated the nutrients in the lake and leading to more primary
production that induced the lake's eutrophic and hypertrophic sta-
tus conditions (Table 5). After 2004, however, the feeder canal and
an outlet were maintained to improve the lake's water exchange and
trophic status. Nevertheless, the persistence of the lake's eutrophic
status suggests a continued nutrient input from the catchment area

and the remineralization of the nutrients already in the lake.

4.3 | Changes in biological communities in
Lake Kanyaboli

The literature review conducted in the present study indicated that
the Lake Kanyaboli biological community is composed of plankton,
macrophytes, invertebrates and fish. Although diatoms, green algae
and euglenophytes are also present in the lake, the cyanobacteria are
dominant and account for more than 50% of a given sample (Aloo,
2003; Babu et al., 2015; Wilfred et al., 2005). The cyanobacteria
dominance is linked to the nutrient supply from the drainage basin
(Wilfred et al., 2005). Further, livestock watering in such water bod-
ies directly deposit large quantities of organic matter and nutrients
from dung and urine during their excretion and egestion while wa-
tering (Iteba et al.,, 2019; Masese et al., 2020). These nutrients and
carbon sources are fodder for the rapid proliferation of bacterio- and
phytoplankton (Shevah, 2017). Cyanobacteria also become dominant
in eutrophic lakes because of their efficiency in utilizing CO, at high
pH levels, thereby outcompeting other algal groups (King, 1970).
Lake Victoria, for example, exhibits a regular occurrence of cyano-
bacterial blooms in the Nyanza Gulf (Simiyu et al., 2018) and also
experiences an annual shift in its phytoplankton community attribut-
able to enrichment in P and N, and the depletion of Si (Hecky et al.,
2010). Progression of current Lake Kanyaboli conditions, therefore,
could replicate Lake Victoria's water quality problems if unchecked.
Unfortunately, algal blooms can also produce and release sufficient
toxins causing deterioration of both water quality and safety.

The zooplankton community in Lake Kanyabholi is represented
by copepods (Thermocyclops spp.), a few cladocerans and rotifers
(Brachionus spp.) (Aloo, 2003; Mutune et al., 2005). The animal
plankton community is poor in Lake Kanyaboli (Aloo, 2003; Mutune
et al., 2005), probably due to the dominance of cyanobacteria that
can outcompete other phytoplankton. The unpalatability of cyano-
bacteria also inhibits their use as food by zooplankton, resulting in
their dominance in aquatic systems and a poor zooplankton commu-
nity (De Bernardi & Guisanni, 1990).

Lake Kanyaboli supports many fish species, including O. esculen-

tus, O. variabilis, six haplochromine species, O. niloticus, O. leucostictus,

Tilapia zilli, Clarias gariepinus, Protopterus aethipicus and Xenoclarias
spp. (Abila, 2005; Aloo, 2003). At the same time, however, the fish
from Lake Kanyaboli display stunted growth, due perhaps to a lim-
ited food supply since cyanobacteria, which are rarely utilized by
fish, dominate primary production. Opiyo and Dadzie (1994), for ex-
ample, reported that cyanobacteria and green algae were the least
utilized food items by O. esculentus in Lake Kanyaholi and that they
passed through the gut undigested after being ingested. The few
available fish are also experiencing overfishing and poor manage-
ment (Abila, 2005; Aloo, 2003). L. maxilaris and A. nubila are cur-
rently classified as vulnerable, while O. esculentus and O. variabilis
are critically endangered (IUCN, 2019).

4.4 | Threats to Lake Kanyaboli

Lake Kanyaboli faces several serious threats attributable to extrac-
tive services and development activities in the lake and its catch-
ment area. Papyrus, the swamp's most dominant vegetation, and
which provides handcrafts and animal feed resources, is slowly dis-
appearing. The papyrus form floating islands that shelter fish and
protect them from predatory fish species such as Mbiru (O. variabi-
lis), Fulu (Haplochromis nubilus), Kamongo (Protopterus aethiopicus),
Qkoko (Synodontis afrofischeri), Nyamami (Oreochromis niloticus),
Ningu (Labeo victorianus), Fwani (Labeobarbus altianalis) and Adel
(Enteromius apleurogramma) that used to be common in lakes
Kanyaboli, Sare and Namboyo are now rarely found (CGS, 2015).
The lake is probably facing overfishing threats due to uncontrolled
and increasing fishing efforts along with the use of small mesh-size
gillnets (between 1 and 2 inches) (Abila, 2005).

The reclamation of Yala Swamp was undertaken without evalu-
ating its potential effects on the ichthyofauna and ecology of Lakes
Kanyabholi, Sare and Namboyo (Aloo, 2003), which threaten the bi-
ological diversity of the lakes because of continued anthropogenic
activities and lack of relevant data and information. Further, clear-
ance of vegetation around the lake and Yala Swamp facilitate water
runoff, with resultant sedimentation and increasing nutrient loads,
possibly affecting the lake's ecology. Moreover, excess fertilizer, an-
imal wastes and poor agricultural practices in the Lake Kanyaboli
catchment area pose eutrophication and high electrical conductivity
problems for the lake since the inputs of limiting factors (P and N)
affect ecosystem health (Khatri & Tyagi, 2015). On the other hand,
a high electrical conductivity, which depends on the geology of the
catchment and agricultural land use (Hamid et al., 2020), affects po-
table water acceptability by changing its taste (Kah et al., 2016). All
these factors affect the domestic useability of water, fisheries and
recreational value of the lake.

Although massive papyrus separates Lake Kanyaboli and Lake
Victoria inhibiting faunal exchanges between the two lakes, there's a
potential threat of Nile Perch (Lates niloticus) from Lake Victoria col-
onizing the lake. Although Nile Perch is absent in Lake Kanyaboli, it
has found its way into Lake Sare (in Yala Swamp) from Lake Victoria
via the direct link between these two lakes (Gichuki et al., 2005).
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The presence of Nile Perch in Lake Sare possibly contributes to vari-
ations between the fisheries of Lake Kanyaboli and Sare. O. esculen-
tus, for example, while dominating in Lake Kanyaboli, is vulnerable
to predation by Nile Perch, thereby being poorly represented in Lake
Sare (Abila & Othina, 2006). Thus, Lake Kanyaholi's pristine status,
considered a replica of Lake Victoria before the introduction of Nile
perch, is definitely threatened. Further, water hyacinth (Eichhornia
crassipes) patches noticed within the Yala Swamp (Aloo, 2003) are
currently within a 20-50 m radius from Lake Kanyaboli, thereby pos-

ing more threat of their introduction to the lake.

5 | CONCLUSIONS

Understanding the physico-chemistry variability of surface waters,
such as lakes, reservoirs and rivers, and linking them to potential
drivers are essential for developing management and conservation
strategies. The physical, chemical and biological characteristics of
Lake Kanyaboli, (e.g. trophic state index) indicate a strong influence
of human activities on a temporal scale. At the same time, how-
ever, commonly monitored water quality variables (temperature,
DO, electrical conductivity, turbidity/Secchi depth and pH) by
themselves surprisingly indicate Lake Kanyaboliis in relatively good
condition despite the growing threat of human disturbances in its
catchment area. Human influences on the lake are likely to increase
in the future because the adjoining lake areas and its catchment are
under increasing human population and livestock pressures. The
catchment is utilized for growing various crops, using varying levels
of fertilizer application that contain high levels of nitrogen, phos-
phorus and potassium (Wilfred et al., 2005). If unchecked, these
nutrients have the potential to maintain the lake in a eutrophic con-
dition. Because the lake is of significant socioeconomic and ecologi-
cal importance to local communities, strengthening water quality
monitoring is vital to safeguard the sustainability of its ecosystem
goods and services to people living in adjoining areas. Management
and conservation efforts should also foster the lake's role as a ref-
uge for endangered fish species representing remnants of the Lake
Victoria's original cichlids flock. There are fears of extinction of
many haplochromine species in Lake Victoria attributable to preda-
tion by the introduced Nile perch. Accordingly, the following rec-
ommendations, among other measures, are proposed for priority
attention to safeguard the sustainability of the lake, its ecosystem

services and its catchment area:

e Constant monitoring of water quality to enrich the literature
about the lake since there are currently inconsistencies and gaps
in the available data over the years, including nutrient concentra-
tions (inorganic and total N and P) and biological variables such as
plankton composition and chlorophyll-a concentration;

e Strengthening of the Yala Swamp National Reserve guidelines and
regulations on using the wetland and Lake Kanyaboli;

¢ Improved enforcement of fishery regulations, noting that despite

participatory structures (beach management units) being in place

Science, Policy and Management for S

around the lake, the County and National government support is
minimal, resulting in open-access fishing;

* Rehabilitating the reclaimed area of Yala Swamp that is unutilized
in order to restore vegetation to reduce sedimentation and nutri-
ent enrichment in the lake;

* Maintaining the retention dike to avoid direct, unregulated water
entry from the Yala Swamp into Lake Kanyaboli. Routine fish bio-
diversity and fish stock assessment studies on the lake and feeder
canal should also be conducted to monitor the potential introduc-

tion of exotic species.
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