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Abstract

Lakes are characterized by dynamic responses to ecological and limnologic disturbances that occur within
a constrained timeframe. Some endorheic lakes in the Kenyan Rift valley are presently regarded as
environmental hotspots because of complex changes that are revealed through multiple proxies; changing
lake levels and surface area, turbidity and sedimentation, proliferation of macrophytes and loss of aquatic
biodiversity. Lake Baringo is characterized by widespread catchment degradation accompanied by high
levels of turbidity during erratic and decline of native fishery based on Oreochromis niloticus
baringoensis. A careful analysis implicates potential natural factors such as catchment topography and
increasing anthropogenic pressure as the main causes of lake ecosystem degradation. This paper
recommends several strategies for restoration of Lake Baringo based on an integrated multi-faceted
approach which combines catchment rehabilitation, pollution control and provision of alternative

livelihoods such as agriculture to the riparian communities.
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1. Introduction

Lakes are fundamental ecosystems for sequestering environmental pollutants, climate
modification, research and extraction of aquatic resources (Dubois et al., 2018). Ecological
goods and services derived from lakes include water, biodiversity and tourism that
support the livelihood of millions of people globally. These unique values have earned
some Kenyan lakes such as Baringo, Naivasha and Nakuru global recognition as
international wetlands under the Ramsar convention and others protected as national
reserves (Ochieng et al., 2007, UNEP, 2009). In addition, lakes Naivasha and Bogoria
provide important sites for geothermal power exploration. Shallow endorheic lakes of the
Kenyan Rift-valley have recently experienced high magnitude of catchment degradation
that tends to exceed restoration efforts due to unprecedented growth in human population
(Omondi et al., 2016). Human activities have been manifestly conspicuous in degraded
lakes, including diversion of influent rivers into dams and impoundments, unplanned land
use changes, water abstraction, pollution and sedimentation and introduction of invasive
species into the lake and its catchment (Leavitt et al., 2009; UNEP, 2009; Hering et al., 2015).
Ecosystem changes have been manifested through multiple proxies, such as soil erosion,
tflooding, turbidity or eutrophication, which have been discussed separately by many

related studies.

In this review, we compare the findings of previous literature to discuss the complexity of
human influence on the aquatic environment which has existed since time immemorial
(Mills et al., 2014). The detectable impacts are revealed through multiple proxies which are

compounded in changing physico-chemical parameters.
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2. Location and biophysical features

Lake Baringo is a tectonically closed freshwater lake located in the Kenyan valley between
the coordinates 0° 36 N and longitude 36° 04 E, ~ 60km north of the equator (KMFRI, 2007).
The lake has a variable surface area which ranges between ~ 108 km? and 140 km? and
covers an estimated catchment area of 6.82 square kilometers (Odada et al., 2006; Omondi
et al., 2016). The lake is also recognized as a wetland of international importance and was
gazette as a Ramsar site in the year 2002 (Omondi et al., 2016). The lake has a shallow
varying bathymetry which has reportedly declined since 1972 due to observable impacts
of siltation, evaporation and diversion of inflowing rivers (Aloo, 2000; Odada & Olago,
2002; Odada et al., 2006). River El Molo, which collects water a long way from the Mau
Forest and flows through fault scarps in Ndoloita and through the Loboi swamp is the
main inflow that feeds the lake. Other influent rivers are Perkerra, Ol arable, Omo, Endao,

Makutan and Chemeron as shown in figure 1.

The lake levels and surface area are controlled by hydrological events; recharge occurs
during the rainy season while water loss mainly occurs through high evaporation rates
during the drought (Omondi et al., 2014). Whereas the main lake is located in a semi-arid
region with high annual evaporation rates (1,650-2,300 mm) that exceed the average
annual rainfall of ~450-900 mm, the lake catchment covers a wide range of climatic zones.
Its hydrographic network spreads to humid areas of Mau Forest which receive bi-modally
distributed rainfall averaging about 2,700 mm annually (KMFRI, 2007). It is evident that
the lake has no conspicuous surface outlet. However, the discovery of splintered lake
bottom which supports this assumption of subsurface drainage through seepage or
percolation which renders the lake its freshwater characteristics (Onyando et al., 2005;

Republic of Kenya, 2014). Unlike lakes Nakuru and Elementaita which are closed saline
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lakes surrounded by escarpments, lakes Naivasha and Baringo are open freshwater

systems surrounded by extensive plains which makes them highly vulnerable to erosion

and sedimentation.
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Figure 1: Maps showing the geographical location, hydrographic network and major inlet rivers

flowing into Lake Baringo (Adapted from Lwenya & Yongo, 2010; Omondi ef al., 2016; Okech et
al.,2019)
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3. Major threats facing Lake Baringo
3.1 Lake surface and water level fluctuations

East African endorheic lakes are highly sensitive to effects of drought and change in rainfall patterns
which controls their water balance (Verschuren 2003; Magny et al., 2007). For instance, since the
year 2002, most Kenyan Rift Valley lakes such as Lake Baringo, have shown marked fluctuations
in water levels which led to a much-reduced lake surface and depth (Johansson & Svensson, 2002).
The recent flooding and increased water levels in many of these lakes attributed to El Nino rains has
been forecasted to bring significant ecological and economic disruptions (Kenya Meteorological
Department, 2015). Endorrheic lakes respond rapidly to high magnitude of hydrological extremes
through marked changes in lake bathymetry immediately after the floods or drawdown. The greater
part of the catchment lies on steep slopes characterized by low and sporadic rainfall which
contributes to high recharge volumes from influent rivers (Jaetzold et al., 2010). For instance,
WARMA (2013) reported that the water levels of Lake Baringo rose to approximately 8.5 m in
August 2012 and submersed the fringe vegetation and most buildings around the lake. The report
provides evidence of a direct nexus between rising lake levels and flooding witnessed in Lake
Baringo catchment which increases the lake surface area and has negatively impacted the riparian

communities. The observed and predicted trend in lake surface area is shown in figure 2.
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Figure 2: Observed and predicted surface area of Lake Baringo for the period 1970-2050 (Adapted
from Odada et al., 2006).

The lake experiences a well pronounced drought as a result of semi-arid climate which causes high
evaporation rates, range between 1650 to 2300 millimeters (Odada et al., 2006), hence damming of

major influent rivers such as Endao, Perkerra, Molo and Ol Arabel to abstract water for irrigation,
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domestic and industrial uses also serve to reduce the lake volume and hence its surface area
especially during the dry season. The dams affect the ecology of the lake by influencing the flow
regime, the sediment inputs into the lake and consequently the biodiversity. A study by Johansson
and Svensson (2002), reports that anthropogenic changes have significantly affected the water levels

of Lake Baringo which has greatly contributed to the decline of its ecological integrity.

3.2 Catchment degradation

The Lake Baringo catchment is threatened by increasing pressure from climate change and rapid
population growth (Omondi et al., 2016). Rapid degradation has been accelerated by unsustainable
land use conversion into urban development, agriculture and industrial expansion, which have been
accompanied by indiscriminate deforestation. Odada et al., (2006) established that the natural forest
cover of the Baringo catchment decreased from 829 km? to 417 km? within the period of 30 years
from 1976 to 2006. Loss of forest cover is a threat to ecosystem benefits such as regulation of the
rainfall patterns, sediment regime, flooding and sustains the ground water recharge. In addition, this
aggravation is likely to accelerate the processes of land degradation because of changing land tenure
from the traditional pastoral nomadism to agro-based sedentary practices (Obando et al., 2016).
Livestock rearing accounts for more than 70 % of the Baringo County's income and livelihoods and
sustains approximately 90 % of the County population (Government of Kenya 2010) and the number
of livestock correspondingly increases with human population. In some areas, land use changes
involving the replacement of natural vegetation with exotic deep-rooted Eucalyptus spp. trees
planted at the riparian zones of rivers have negatively affected stream flows and such factors
contribute to diminishing the lake surface. Nearly all agricultural activities are concentrated on the
upper reaches of the catchment which offer a favourable climate for farming. As a result of soil
erosion, high sediment loads are transported downstream by rivers, wind and other agents into the

lake.
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Figure 3. The process of catchment degradation and loss of ecosystem integrity in Lake Baringo.
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3.3. Sedimentation and Turbidity

Shallow lakes are often susceptible to wind instigated erosion and sedimentation (Wetzel and Likens,
1990). According to Wahlberg ef al. (2003), wind is the most prominent agent which transports
eroded materials from the catchment into the lake ecosystem which reduce the water transparency
by increasing turbidity of the lake waters. Sedimentation also originates from the allochthonous
substances from surrounding areas (Oduor, 2000). Replacement of indigenous phreatophytes with
exotic Eucalyptus sp. has degraded the riverine components, but the major cause of siltation are the
economic activities which provide livelihood to the riparian communities around Lake Baringo,
such as livestock rearing, charcoal burning and crop faming (Lwenya and Yongo, 2010). Studies
have found that Lake Baringo is frequently characterized by extreme turbidity levels of up to 9.5cm
of the Secchi disc reading (Omondi et al., 2016; Odada and Olago, 2003) and the sediment amounts
approximately 1,038, 0000 metric tons/ year (Onyando et al., 2005). Apart from reducing the lake
bathymetry, sediment particles attenuate the light penetrating into the water column affecting the
rate of primary production (Hart, 1992) and affects feeding and reproduction in cichlids (Gardner,
1981). Extreme turbidity has resulted to near extinction of submerged macrophytes and benthic
fauna, and the lake has currently no documented submerged macrophytes due to high turbidity levels.
Turbidity and eutrophication have resulted to declining phytoplankton diversity and the
phytoplankton community is currently dominated by cyanobacteria Microcystis spp. which
possesses the vacuoles for buoyancy and is capable of nitrogen fixation (Odada et al., 2006). Ballot
et al., (2003) reported that the algal biomass in L. Baringo ranges between 1.5-8.2 mgL-!. Various
studies (Wahlberg et al., 2003; Oduor, 2000) have reported extreme turbidity in Lake Baringo,
which has been attributed to re-suspension of the sediment by wind action. Suspended sediments
cause light attenuation which in turn reduces secchi depth. By reducing transparency, turbidity
reduces the rate of photosynthesis, hence indirectly decreasing the level of dissolved oxygen. This
could also be due to fluvial nutrient influx from detritus derived from decaying submerged terrestrial
vegetation, which contributes to growth of phytoplankton, periphyton and zooplankton (Weyl, 2007)
and optimal temperatures which generally influence the physiology and increases metabolism which

favours growth and reproduction in most fish species. Thus, in prolonged periods of decreased water
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levels in the lake there were low species populations. The zooplankton community comprises of 31
species characterized by high dominance of rotifers with approximately 21 species which were

recorded by Omondi ef al. (2011).

3.4 Invasive Plant species

The magnitude of anthropogenic effects to the natural environmental is evidenced substantially in
the disturbance of natural vegetation cover at local and global scales (Edwards and Whittington,
2001), prompting the Neolithic sustainable land-use changes which according to Ruddiman (2005),
were detectable as early as 8000 years ago through the perceived increased atmospheric CO; levels.
Lake Baringo is no exception. Lake Baringo is currently threatened by the invasive plant species,
Prosopis juliflora, locally known as Mathenge weed (Omondi et al., 2016; Odada et al., 2006). The
invasiveness of this species is shown by its fast and efficient propagation through which it has spread
to cover the greater part of this catchment (Mwangi and Swallow, 2005). The plant is deep rooted
and grows into a huge blanket of thicket which smothers the growth of other plants and consequently
leaving the land bare and vulnerable for erosion. The plant also affects the local livestock keepers
because it is a thorny shrub which cannot be fed by livestock, yet it chokes the available grass
(Gichua, 2013). This plant together with Eichornia crassipes pose a threat to the ecology of Lake
Baringo and could easily lead to disruption of the trophic structure. Proliferation of free floating
macrophytes such as Eichhornia crassipes which cover the lake surface is caused by nutrient loading

and runoff which affects biodiversity and ecological functioning of the lake (Omondi et al., 2016).

3.5. Decline in native fisheries

Globally, deliberate introductions of exotic fish species to promote recovery of overfished native
fish stocks and fill the apparently empty niches has often led to serious consequences such as trophic
shifts and biotic competitions in lacustrine ecosystems resulting to loss of native species. This has
been mainly reported in the Lake Victoria ecosystem where Nile perch and four Tilapiine cichlids

were introduced resulting to decimation of native Tilapia and Haplochromine cichlids (Van Zwieten
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et al.,2016; Ouma et al., 2012). For a long time, the lake used to support commercial fishery based
on the native Oreochromis niloticus baringoensis and Clarias gariepinus but the native fishery
declined due to increased human interventions in the catchment. However, introduction of marbled
African lungfish Protopterus aethiopicus led to the decline of the native O. niloticus baringoensis
fishery from about 500 - 600 metric tonnes per annum reported in the 1960s to less than 200 metric
tons per annum by late 1980's (Hickley et al., 2004; Mlewa and Green, 2006), which has been
attributed to predation pressure and completion for habitats with the native species. There is a
growing need to manage the loss of aquatic biodiversity in the face of increasing social economic
demands putting pressure on the available aquatic resources which result in perturbations and
degradation of aquatic ecosystems (UN-CBD, 2018). This can be achieved by increasing the number
of ecological niches which creates habitat complexity, with a high species diversity expected in more
heterogeneous habitats (Oberdorff et al., 2011). In the order of importance, Jansea et al. (2015)
categorized the main drivers for loss of biodiversity in inland aquatic ecosystems into hydrological
or climatic, land use and eutrophication respectively, citing that about 60-80% of the species are lost
due to severe hydrological disturbance through wetland conversion, encroachment of riparian zones,
damming of streams and eutrophication. Therefore, the constructed dams may encourage
accumulation of sediments rather than allowing for the formation of depositional features
downstream and consequently loss of riverine habitats such as riffles, oxbow lakes, deltas, alluvial
fans, braided rivers, levees and coastal shores. In addition, dams cause fragmentation of the river
continuum which interrupts the upstream spawning migrations of potamodramous fish such Labeo
cylindricus and Barbus gregory whose remarkable decline in Lake Baringo has been previously
attributed to damming of the major influent rivers feeding the lake (Nyamweya et al., 2012; Hickey
et al., 2004). According to Britton et al., (2009), O. n. baringoensis tends to maximize their
reproduction and growth when the lake levels increase and turbidity decreases, which results to
increased abundance of O. n. baringoensis in lake catches. Although there have been concerted
efforts made to revive the fishery, such as the ongoing culture trials, the current fishery largely

depends on and is dominated by the introduced African lungfish, Protopterus aetiopicus.
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4. CONCLUSION AND RECOMMENDATIONS

The lake Baringo ecosystems are marred by a combination of both natural and human-caused factors
that threatened its existence and productivity. Lakes are highly sensitive ecosystems that are easily
degraded by anthropogenic and environmental threats. The problems facing Lake Baringo are
complex and multi-faceted, and therefore various insights to understand and resolve them would
need an integrative multi-faceted approach that cut across different disciplines. Part of the
integrative multifaceted approach to catchment restoration is to replant indigenous vegetation within
the catchment and riparian zones, which have shown little progress due to lack of co-ordination by
individual institutions, the nature of the landscape, the insufficient funding and lack of political will

to support such initiatives (Lwenya and Yongo, 2010). The study suggests the following:

* Soil erosion from the upper reaches of the catchment should be mitigated through building gabions,
terraces and contour farming to reduce the sedimentation and turbidity levels. The sediment flow to
the rivers draining to the lake should be prevented by planting suitable phreatic plants on the flood
plains that captures them such as cactus. This can counteract the reducing water levels which come
from the huge amount of sediment deposition. Construction of check dams and semi-circular bands
to reduce overland flow rate to counteract the effects of brought about by construction of the dams
across the feeding rivers. Implementation of laws and regulations concerning the conservation of
this fragile ecosystems such as the ones about deforestation, riparian lands and wetlands to prevent
the encroachment and reduction of the catchment surface area, the degradation of the lake's
ecosystem. Provision of alternative livelihood to fishing and sedentary farming remains a viable
option to reduce exploitation pressures on lacustrine resources. This can be possible through micro-
enterprises, harnessing and production of solar power energy. This approach serves to restore
vegetation cover, although, also challenged by fragile soils with low nutrient content and poor
physical properties for water infiltration and storage which is a characteristic of arid and semi-arid
land (ASAL) (Jaetzold et al., 2010). Appropriate mechanical and biological mechanisms should be

adopted for controlling the invasive species such as the water hyacinth.
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