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Abstract
This study evaluated trends in lake level changes and there impacts on the fishery production
of Lake Baringo to inform policy and decision making for sustainable management of the
resource. Fisheries play an important role in the economy of Kenya. This contributes to
nutrition and food security, employment and income generation as well as improvement of
livelihoods. Water level changes and fish data were collected in predetermined sampling
stations (Northern, Central and Southern) in lake Baringo. Potential water level change effects
on fish production and physicochemical parameters were identified from a Pearson correlation
analysis of the data collected on the lake in a long-term scale (1960-April 2021). The results
showed a positive trend between the water level changes and the fish catches. However, a
strong negative correlation was depicted between water level and key physicochemical
parameters such as conductivity, total nitrogen (P < 0.001), turbidity and fluoride (P < 0.05) as
well as the water quality index (P < 0.001). This study recommends the need of the integration
of water quality assessment approaches and further research on fishery status, based on
individual species, in relation to water quality changes in the lake.

Key words; Lake Level, Fisheries Ecology, Management, Ecology, Production
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1.0 Introduction
Water levels of lakes fluctuate naturally as a result of seasonal or long-term imbalance between
the amounts of water entering (by inflow, precipitation, runoff, and groundwater) and leaving
the lake (by evaporation and outflow). The magnitude of those fluctuations depends on factors
such as the morphology of the lake and its watershed, the ratio of their areas, intensity of rainfall
events, and rates of delivery of rainfall to the lake, as well as on factors determining water
losses such as outflow fluxes or wind speed and air temperature that impact evaporation. Lakes
fluctuate seasonally between maximum levels, usually at the end of the rainy season, and
minimum levels at the end of the dry season.
These natural fluctuations are an inherent feature of lake ecosystems, essential for the survival
and well-being of many species that have evolved to suit their life cycle to those fluctuations,
and needed for a range of ecosystem services (Gasith and Gafny 1990, Wantzen et al. 2008).
However, extreme or untimely water level fluctuations have undesirable effects on the biota,
the ecosystems, and riparian communities (Bond et al.2008). The influence of water level
fluctuations on fisheries production has been widely studied in rivers, lakes and reservoirs
(Kolding et al 2016). In many African Lakes these changes tend to enhance productivity and
influence breeding and food availability and Species composition (Gownaris et al., 2015;
Kolding et al., 2016 Kolding and van Zwieten, 2012). Evaluation of water levels fluctuations
in relation to fishery production provides useful information for resource management.
Lake Baringo is located between 0°30′–0°45′N and 36°00′–36°10′ E, approximately 60 km
north of the equator at an altitude of 975 m above sea level. The lake has a surface and
catchment areas of about 140 km2 and 6,820 km2 respectively and a mean and maximum depth
of 5.9 m and approximately 10 m respectively, at high water levels (Omondi et al 2014). On
the lake are situated 5 islands, the biggest being volcanic Kokwa Island, from which a number
of hot-springs discharge into the lake. River Molo and Perkerra are perennial rivers that drain
their waters into the Lake, while Endao, Mukutani and Or Arabel are seasonal. The Lake has
five fish species which are commercially exploited, namely: Protopterus aethiopicus, Barbus
intermedius, labeo cylindricus, Clarias gariepinus and Oreochromis niloticus baringoensis.
However, the lake has recently been experiencing rising water levels occasioned by heavy
downpour recorded last year triggering the necessity to evaluate the impacts of lake level
changes on fisheries ecology and production.
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1.1.1 Objective
The main objective of this study was to evaluate the impacts of lake level changes on
fisheries ecology and production in Lake Baringo.
2.0. Materials and methods
2.1. Study area
Lake Baringo is a fresh water lake which lies at 0°36´N, 36°04´E, approximately 60 km north
of the equator at an altitude of 975m asl. The surface covers slightly over130 km2 with wide
changes of the area consequence of climatic changes. Its depth varies with an average of about
5.9 m and the deepest point being about 10 m at high water levels (Omondi et al 2014). The
catchment area is about 6820 km2and includes a large part of the western escarpment of the
Rift Valley. Annual rainfall pattern in Lake Baringo region follows the passage of Intertropical
Convergence Zone (ITCZ) and various wind patterns resulting in long dry periods and short
wet seasons. This follows the normal binomial pattern with the long rains occurring at April to
June and short ones at October to November/ mean annual rainfall varies between 1200 mm in
the highland areas to less than 600mm within the lake region (Sanyu 2001), mean annual
temperatures are usually higher than 30oC. Several rivers drain into the lake including Endao,
Makutan, Ol Araban which are seasonal, while Molo and Perkerra are perennial (Figure 1)
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Figure 1. Map of Lake Baringo depicting the various predetermined sampling stations
(Northern= N, Central= C, and Southern= S).
2.1.2 Sampling
Both water quality and fish landing stations were selected in three divisions from the northern
part to the Southern part of the lake (Northern, central and southern) to cover the entire lake
for the physicochemical parameter and the lake yields sampling. A total of 9 stations (N1, N2,
N3, C1, C2, C3, S1, S2 and S3) were selected in the three divisions (Northern, central and
southern) of the lake for water quality sampling while the fish landings data used in this study
were collected from three major fish landing beaches named Kampi Samaki, Ngenyin and
Komolion selected based on their location in northern, central and southern sectors of the lake
and their accessibility.
Stations N1, N2 and N3 were earmarked to cover the northern zone. Stations C1, C2 and C3
were chosen to cover the central zone whereas, the southern zone was represented by S1, S2
and S3 (Figure. 1). Hydrological data were obtained from the water resources authority
(WARA) in Rift Valley Basin in the form of daily lake level recordings that were averaged on
a monthly and annual basis for the period from 1956 - 2018.
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Collection of fisheries data (total biomass and fish composition) was done every month and
focuses on three beaches which are considered major in the area covering the northern, central
and southern sides of the lake to allow the coverage of the whole lake. Lake Baringo fisheries
data used in this study included fisheries yield and value data from 1995- April 2021 and
growth data in particular condition factors (Total length and weight) for 1995-April 2021. Data
on species composition of yield (2008 – 2020) The relative condition factor (Kn) was estimated
for each species for the same period following Cren’s equation (Cren, 1951) modified and
adopted by Ondhoro et al. (2016):
𝑊𝑖

Kn = 𝑎𝐿i𝑏

(1)

where Wi is an observed individual fish weigh and Li is observed individual fish total length.
The regression constants were obtained from the overall length-weight relationship (W = aLb)
derived by pooling data for all the water systems (Ondhoro et al., 2016).
Growth rate and production have the advantage that they measure dynamic processes which
relate to water quality over any desired time scale.
2.1.3 Data analysis
The significant differences of measured physicochemical parameters between sampling years
were tested on log-transformed data using one-way analysis of variance (ANOVA one way).
The means of the measured parameters with significant differences between years were then
compared using the Tukey-Kramer pairwise multiple comparison test and thereafter correlated
with the hydrological indices. Then, Pearson product-moment correlation coefficient and
Spearman rank correlation coefficient (non-parametric) were used to indicating the
relationships between the fisheries and hydrological variables as well as between
physicochemical parameters and hydrological indices. Both coefficients are given as no
attempt was made to determine whether or not the various variables were normally distributed.
The time series trend lines between hydrological, fisheries and selected water quality
parameters were plotted and fitted smoothly using a locally weighted-Scatterplot smoother
(LOWESS) (Cleveland, 1979) in Sigma plot at a smoothness parameter (f) of 0.2. All the
analysis was implemented in the MINITAB software package.
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3.0 Results
3.1

Lake water levels

Results show that the lake water levels (WLy) have fluctuated highly between 1956 and 2020
with a minimum of approximately 1.47 m in 1956 and a maximum of 13.95 m during 2017.
The lake levels have changed by an averaged magnitude (WLamp) of 2.25 ± 2.00 m over the
same period. The overall mean value of the lake level was 4.06 ± 3.20 m (Figure 2). The WLy
generally decreased from 1983-1987, increased from 1987-1989, slightly decreased from 19891997 and then greatly fluctuated with increased trends from 1998-2020. Half of the years (32
years) showed positive WL changes, with the greatest value of ~ 4 m, and the other half showed
the negative WL changes, with the minimum value of – 5 m. Lake Baringo water level
seasonality for the period from January 2020-April 2021 indicates that the water level was at
its lowest point in January 2020 (1.1 m) and peaked in November 2020 (4.5 m) (Figure 2). The
lake water levels have changed within a month during this period by an average magnitude
(WLamp) of 0.14 ± 0.11 m and between months with an averaged magnitude (WLamp) of 0.21
± 1.12 m. Ten months showed positive WL changes, with the greatest value estimated at 0.86
m and the other 6 months were characterized by negative WL changes, the minimum value
being – 3.94 m.
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Figure 2. Trends in Lake Baringo’s hydrological variables:

11

This trend indicates that the meteorological variations in the region are the main drivers of the
lake level fluctuations. This is also supported by a comparison of historical trends of Lake
Baringo water levels and rainfall in the Rift Valley region collected at the Eldama Ravine
station (Figure 3), a station with long term data and with a strong positive correlation (R= 0.81)
with other local meteorological stations in the Lake catchment. The depth frequency showed
that for 25% of years, the average depth of the lake was about 2 m, for 20% of years, the
average depth was 3 m, during less than 10% of years, the mean depth of the lake reached 4 m.
Additionally, only for less than 5% of the years, the lake means depth ranged between 10-14
m during the period from January 1956-Apri 2021. Also, the lake area-lake depth relationship
showed significant dependence (R2 = 0.74) of the lake area on the lake depth and that the lake
has a flat bottom and drops in depth rapidly. Thus, in current conditions, a 1m increase in lake
depth leads to ~ 90 km2 increase in lake area (F.
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Figure 3. Lake Baringo mean annual water level and precipitation 1960-2020.
3.2 Fisheries and hydrological indices relationship
Annual fisheries yield in Lake Baringo from 1982-2020 has fluctuated greatly from
approximately 8 metric tons in 1994 to 465 metric tons in 2000, averaging close to 187 metric
tons (Figure 4). These results indicate that the water level changes are the main drivers of fish
species biomass in the lake. Average monthly fishery yield from 1995-2020 showed seasonality
in fishery yield an indication that the lake is more productive from April to August where its
fishery peaks and later slows from early September to March
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Only two species out of the four species show a positive correlation between condition factor
and lake levels (B. intermedius) and between the condition factor and the max annual lake
water level amplitude (O. niloticus). This result shows a kind of biological dependency of B.
intermedius and O. niloticus on the water level in the lake, while C. gariepinus and P.
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Figure 4. Lake Baringo fishery yield in metric tons and Lake water levels (WL)

Table 1. Pearson correlation coefficient between mean annual condition factor and the five
hydrological indices of the four most important fish species caught at Lakeside station
V1

v2

r

n

prob

SS

O. niloticus
condiction factor (Kn)
condiction factor (Kn)
condiction factor (Kn)
condiction factor (Kn)
condiction factor (Kn)

MA lake level
Delta level
Max annual amplitude
∆Lev(y)+ ∆Lev(y-1)
WLs (WLamp + Wldelta)

-0.045
-0.260
0.691
-0.121
0.143

13
13
13
13
13

0.884
0.390
0.009
0.693
0.640

NS
NS
**
NS
NS

P. aethiopicus
condiction factor (Kn)
condiction factor (Kn)
condiction factor (Kn)
condiction factor (Kn)
condiction factor (Kn)

MA lake level
Delta level
Max annual amplitude
∆Lev(y)+ ∆Lev(y-1)
WLs (WLamp + Wldelta)

-0.478
0.098
0.084
-0.073
-0.043

13
13
13
13
13

0.099
0.750
0.785
0.813
0.890

NS
NS
NS
NS
NS

C. gariepinus
condiction factor (Kn)

MA lake level

-0.454

13 0.119

NS

13

condiction factor (Kn)
condiction factor (Kn)
condiction factor (Kn)
condiction factor (Kn)

Delta level
Max annual amplitude
∆Lev(y)+ ∆Lev(y-1)
WLs (WLamp + Wldelta)

0.158
-0.148
0.275
0.226

13
13
13
13

0.607
0.630
0.364
0.458

NS
NS
NS
NS

B. intermedius
condiction factor (Kn) MA lake level
0.811
13 0.0008
***
condiction factor (Kn) Delta level
0.154
13 0.615
NS
condiction factor (Kn) Max annual amplitude
0.228
13 0.453
NS
condiction factor (Kn) ∆Lev(y)+ ∆Lev(y-1)
-0.349
13 0.242
NS
condiction factor (Kn)
WLs (WLamp + Wldelta) -0.272
13 0.369
NS
SS: Statistical significance, ‘y’ in subscript parentheses gives, if any, the time lag between variables.
NS, not significant, *** is significant at 0.1% level, and ** is significant at 1% level.

3.3 Water level and physicochemical parameters relationship
Selected physicochemical parameters and nutrient loads measured in the lake 2008 - 2020 and
their statistical analysis results (one-way ANOVA) indicates that three physicochemical
variables (NO2–, SiO44– and NH4+) showed no significant differences between years while
others were highly significantly (P < 0.001) different during the study period. Dissolved oxygen
(DO) concentrations ranged between 5.56 ± 0.4 mg/L in 2019 and 7.17 ± 0.7 mg/L in 2009
while the water temperature levels varied from 25.04 ± 0.8 °C in 2016 to 27.54 ± 1.2 °C in
2009. The turbidity levels were low in 2016 (9.89 ± 6.3NTU) and high in 2011 (185.90 ± 106.3
NTU) while the lake reached its minimum averaged depth of 3.38±0.5 m in 2011 and peaked
in 2020 with an averaged depth of 10.75 ± 2.9 m. Lake conductivity contents fluctuated
significantly between years with a peak in 2011 (769.54 ± 43.8 µS/cm) and a lower averaged
value of 378.22 ± 43.9 µS/cm measured in 2018. The lake productivity measured as
chlorophyll-a changed over time between a minimum level of 3.07±0.8 µg/L in 2013 and a
maximum value of 30.67±25.8 µg/L in 2020.
There was no significant relationship among all the hydrological indices and the ratios (TN:TP
and DIN: SRP) estimating the nutrient loading into the lake except between the mean annual
lake levels and DIN:SRP. Overall, these results show that all the ‘various’ hydrological
variables, representing short-term oscillations and alternations in their trends. seem to explain
a high rate of the changes in the physicochemical parameters (Table 2)
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Table 2. Statistical summary of selected physico-chemical parameters of Lake Baringo for
the period 2008 – 2020, Kenya. Figures with different numbers are significantly different
between years.

Sampling period in years
2008

2009

2010

2011

2012

2013

2014

Parameter

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

DO (mg/L)

(5.93±0.8)abc

Temp.(°C)

(26.40±0.9)abcde

EC (µS/cm)

(552.83±50.9)d

pH

(8.72±0.3)ab

(8.47±0.2)bc

(8.73±0.2)ab

(8.72±0.3)ab

(9.23±0.5)a

(8.49±0.2)bc

(8.39±0.1)bc

TUR (NTU)

(82.46±6.1)bc

(84.20±21.0)bc

(73.69±10.5)ce

(185.90±106.3)a

(128.1±5.5)b

(56.05±16.4)cdef

(31.86±12.8)ghij

Depth (m)

(4.89±0.2)ef

(5.05±0.2)def

(4.29±0.5)ef

(3.38±0.5)f

(4.50±0.8)ef

(5.55±0.4)def

(6.71±0.6)cde

F– (mg/L)

(11.49±0.6)ab

(7.17 ±

0.7)a

(27.54 ± 1.2)a

0.6)ab

(6.77 ±
(27.42 ±
1.3)abc

(6.69 ±

0.4)abc

(26.77 ± 1.5)abc

0.5)abc

(6.56 ±
(26.73 ±
2.4)abcd

0.9)abc

(6.07 ± 0.7)abc

(25.7± 1.1)abcd

(25.65 ±0.9))cde

(6.44 ±

(604.17±38.9)cd (651.28±39.2)bc (769.54 ± 43.8)a (717.96±74.5)ab (558.13±46.9)cd

(456.53±47.5)e

(12.95±0.3)a

(10.64± 0.9)abc

(11.9±0.8)ab

(12.73±0.7)a

(12.62±0.5)a

(5.99±4.1)cde

Secchi (cm)

(28±

4.2)de

(32.06±3.4)de

(32.64±2.6)de

(20.82±7.3)e

(15.26±4.0)e

(26.06±2.8)e

(45.36±5.5)cd

Chl a (µg/L)

(8.57±7.0)a

(4.98 ±3.2)b

(5.16±2.5)b

(4.71±1.9)b

(4.13±1.6)b

(3.07±0.8)b

(3.16±1.1)b

TP (µg/L)

(146.66±90.1)b

(240.35±26.2)b

(209.76±23.3)a

(210.27±24.3)a

(104.79±39.4)b

(89.03±15.7)b

(77.37± 29.8)bc

PO43– (µg/L)

(17.21±11.6)b

(23.67±18.4)b

(41.76±6.2)a

(39.59±9.2)a

(20.26± 10.7)b

(17.71±4.5)b

(12.75±2.6)bc

–

1.91 ± 0.01

1.81 ± 1.1

2.78 ± 1.7

2.36 ± 1.5

9.09 ± 7.9

10.85 ± 6.4

10.01 ± 6.9

–

NO3 (µg/L)

(5.41±1.3)a

(6±3.8)b

(6.37±1.4)b

(5.96±1.5)ab

(13.93±7.7)c

(15.29±5.8)d

(15.13±6.4)d

TN (µg/L)

(66±0.01)cde

SiO44– (mg/L)

27.23±5.0

19.66 ± 6.3

23.45±4.3

21.62±2.3

19.79 ± 1.1

19.22 ± 0.7

19.00 ± 1.8

26.47 ± 23.5

21.75 ± 17.8

22.99 ± 8.3

23.90±8.2

34.23 ± 12.2

37.13 ± 3.8

29.36 ± 7.4

NO2 (µg/L)

+

NH4 (µg/L)

(170.63±155.5)d (380.91±16.3)bc (380.71±10.4)bc (523.6±193.9)ab (603.27±133.8)a (492.55±227.4)ab

Sampling period in years (continuing)

Parameter

2015

2016

2017

2018

2019

2020

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

F

P

(5.81±1.1)c

4.36

0.000

0.1)abc

0.4)bc

Temp.(°C)

(25.15 ± 0.7)de

(25.04 ± 0.8)e

(25.16±1.2)cde

(25.28 ± 1.3)cde

(26.84±1.1)ab

8.03

0.000

EC (µS/cm)

(427.39±30.6)e

(396.47±16.1)e

(387.34±23.4)e

(378.22±43.9)e

(421.29±33.6)e

(445.70±85.7)e

49.36

0.000

pH

(8.18±0.2)bcd

(8.02±0.1)cd

(7.81±1.2)d

(7.61±0.2)d

(8.15±0.1)bcd

(7.83±0.6)d

17.55

0.000

TUR (NTU)

(14.58±4.9)efij

(9.89±6.3)defhi

(15.50±3.8)def

(21.10±4.5)fj

(32.93±0.8)cdef

(86.9±0.5)bcdef

21.84

0.000

Depth (m)

(8.04±0.7)bcd

(8.69±0.2)abc

(9.45±0.1)ab

(10.3±0.3)ab

(9.77±0.3)abc

(10.75±2.9)a

35.88

0.000

±0.3)e

(2.80±0.7)de

(2.51±0.4)e

(2.23±0.5)e

(1.82±0.3)de

(2.03±0.4)bcd

16.66

0.000

Secchi (cm)

(57.22±12.3)c

(106.21±19.9)b

(126.49±6.3)a

(146.76±5.8)a

(133.49±8.4)a

(52.25±16.5)c

113.21

0.000

Chl a (µg/L)

(7.10±3.4)c

(5.41±2.8)b

(4.82±2.3)b

(4.23±2.1)b

(5.50±1.7)b

(30.67±25.8)d

10.08

0.000

TP (µg/L)

(37.32±4.4)bc

(57.34±0.1)b

(47.33±0.2)b

(52.34±0.01)b

(64.46±0.02)b

(76.58±62.2)c

13.1

0.000

(13.17±6.0)bc

(12.96±0.2)b

(13.07±1.9)b

(13.01±0.12)b

(8.30±1.5)d

(3.56±4.9)c

34.07

0.000

6.08 ± 0.4

8.05 ± 0.11

7.07±0.2

7.56 ± 0.5

7.14 ± 1.3

6.73±9.4

1.11

0.367

3– (µg/L)

PO4

–

NO2 (µg/L)

(1.97

(6.42 ±

0.8)abc

(6.05 ±

(mg/L)

(6.20 ±

0.7)abc

DO (mg/L)

F–

(5.98 ±

0.8)abc

15

(5.56 ±
(26.30 ±
0.2)abcde

ANOVA

NO3– (µg/L)

(11.84±1.5)c

(13.48±0.2)ce

(12.66±1.1)ce

(13.07±1.2)ce

(19.10±0.3)f

(25.14±22.1)g

2.69

0.011

TN (µg/L)

(240.06±57.4)cd

(366.30±31.12)f

(303.18±16.2)f

(334.74±1.1)f

(175.29±25.1)d

(15.83±11.1)e

59.87

0.000

18.92 ± 2.3

18.96 ± 0.12

18.94±2.1

18.95 ± 1.6

23.19 ± 2.1

27.43±37.2

0.12

0.994

28.79 ± 9.8

29.07 ± 0.21

28.93±5.6

29.00 ± 0.1

38.79 ± 0.3

48.58±65.2

0.55

0.813

4–

SiO4 (mg/L)
+

NH4 (µg/L)

Alk.: Alkalinity; TUR: Turbidity; EC. Electrical conductivity; DO: Dissolved oxygen; TP: total
phosphorus; TN: total nitrogen and Chl.a: chlorophyll-a

4.0

Discussion

The results of this study showed good associations between lake water level, fisheries yield,
and water quality parameters after correlation of each of the fishery and water quality variables
with the hydrological indices. These relations show the impacts of hydrological variables on
the fisheries productivity of Lake Baringo. Studies have shown that seasonal fluctuations in
water level are related to fluctuations in fish productivity (Junk et al., 1989; Kolding, 1993;
Wantzen et al., 2008). The higher the water level in an ecosystem fluctuates, the higher the
fluctuations in the average fish productivity (Kolding et al. 2016). Changes in the Littoral
habitat of Lake Baringo influences ecological functions that boost fishery production in a semiarid area where fishing is the principal activity for the riparian communities. Decline in Lake
level leads to large losses of the open water habitat in the lake reducing the carrying capacity
of species that dominate its pelagic habitat. According to Anton (2016) and Karp and others
(2019) the higher the average change in lakes water levels the higher the fisheries production
or yields.
The effects of habitat variations and their distribution on the fisheries of Lake Baringo are also
functional of human population densities settlement around the lake. The three divisions (north,
central and south) of the lake were differently affected by rising water levels, depending on the
human activities along the shores. Apart from habitat availability, two important factors
observed to be affecting fisheries productivity were nutrient-loading and high turbidity of
waters entering the Southern part of the lake from River Molo and Perkerra. Additionally, the
wind blowing from the south side constitutes another important factor affecting the lake
productivity by mixing the bottom and surface waters.
The relations between hydrological indices and the physicochemical parameters have been
examined by pearson’s correlation and the results showed a highly significant negative
correlation between the mean annual water level and most of the physicochemical parameters
including the water quality index, indicating that the water level variations are the major drivers
of the water quality changes in the lake.
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4.1 Conclusion
This study has shown that seasonal fluctuations in water level are related to fluctuations in fish
productivity, where a positive trend between the water level changes and the fish catches was
noted. During the sustained rainy years, the size of the lake increased leading to more habitats,
suitable for breeding of fish especially O. niloticus. A highly significant negative correlation
between the mean annual water level and almost all the physicochemical parameters including
the water quality index was observed, indicating that the water level variations were the major
drivers of the water quality changes in the lake.
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