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ABSTRACT

The water level increased in the Lake Naivasha leading to its merging with Lake Oloiden
forming an estuary. A study was done monthly, for one year in the Lakes Naivasha and Oloiden:
with an objective to investigate the variation in water quality variables and their effect on
zooplankton along a salinity gradient in the Lakes Oloiden and Naivasha. Water quality
variables were measured in situ and the zooplankton sampled in each of the sites. The Lake
Oloiden had higher total dissolved solids (0.41+0.085 mg/l), salinity (0.310+0.065 ppt),
temperature (21.54+2.19 o C)), conductivity (0.58+0.1 puS/m) and pH (8.51+0.3) compared to
Lake Naivasha. Temperature, pH, conductivity, total dissolved solids were lower than previous
findings while dissolved oxygen was similar. Brachionidae had the highest number of species,
however its density was lower as compared to Daphnidae, Sisidae and Cyclopoidae.
Cyclopoidae had a negative correlation with the conductivity and total dissolved solids while
salinity's correlation was positive ain Lake Naivasha: its correlation was positive with
conductivity and total dissolved solids and negative with salinity and dissolved oxygen in Lake
Oloiden. There was variation in the water quality variables and all families had associations
with water quality variables in Lake Oloiden while only Lake Naivasha’s Cyclopoidae had.
Further research should be done on zooplankton variation with depth post water level rise.

Keywords: Salinity; Salinity Gradient, Water Quality Variables; Zooplankton Species.
INTRODUCTION

Hydrological changes did occur in Lake Naivasha; water-level increased leading to its
merging with Lake Oloiden (Ballot et al., 2009; Nyangau, 2021). The Lake Oloiden is alkaline-
saline while Lake Naivasha is a fresh-water (Hubble & Harper, 2002). This phenomenon led to
the creation of an estuarine environment. A salinity gradient is a distinguishing feature in an
estuarine environment. Salinity is a major factor which defines the ecosystem and plays a critical
role in defining the structure and functioning of aquatic biota (Telesh & Khelebivich, 2010).

The chemical and physical processes in an estuary vary non-linearly: its biological,
physical and chemical features a may be distinguished by a high productivity. Zooplankton
community are diverse and they occupy many intermediate trophic levels; they are sensitive to
changes in the aquatic ecosystem they occur which makes them indicators (Suther et al., 2019).
The ecosystem conditions dictate the zooplankton type, structure, population and the
productivity in the pelagic (Telesh & Khelebivich, 2010). Although, zooplankton species
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diversity may also be defined by biotic components e.g., competition, predation (Telesh &
Khelebivich, 2010; Mironga et al., 2014).

In the Neva estuary (riverine fresh water and saline water mix) the zooplankton
community structure varied on regularity. At instance where there was an increase in the salinity;
the rotifer biomass decreased to 10% (0.37 PSU) and was 45% (3.85 PSU) and some euryhaline
species were favored e.g., Keratella cochlearis baltica. There was a variation in the number of
species. At salinities >3 PSU the dominant fresh water copepods: Mesocyclop sp. and
Thermocyclop sp. were largely replaced by brackish water species. The species composition in
relation to cladocera varied insignificantly; the biomass reduced with the increase in the salinity
(Telesh & Khelebivich, 2010). Salinity is an important environmental factor that may shape the
biodiversity and richness of zooplankton. Investigation along the salinity gradient may provide
information that is key in understanding zooplankton distribution (Yuan et al., 2020). The
dissolved oxygen was a key factor that affected the distribution of zooplankton species in Lake
Naivasha: sites with Pontederia crassipes had low dissolved oxygen and a lower number of
zooplankton species (Mironga et al., 2014). Little is known about the variation various water
quality parameters and their effect on the zooplankton community along the salinity gradient in
Lakes Oloiden and Naivasha. Thus, the objective of the study in investigating the variation in
water quality variables and their effect on zooplankton along a salinity gradient in the Lakes
Oloiden and Naivasha (Mavuti & Harper, 2006).

Materials and Methods
Study Site

The study was done monthly, for one year in the Lake Oloiden (00050’S, 36017°E) and
Lake Naivasha (00046°S, 36022’E) (Ballot et al., 2009). A transect was drawn from Oloiden ST1
to Malewa and two additional sites in Lake Naivasha were added in the sampling. The study
siygaes were: Oloiden ST1, Oloiden ST2, Oseria, Midlake, Malewa, Crescent (a crater lake
connected during high water levels) and Korongo (a lagoon that’s connected to Lake Naivasha).
The Oloiden ST2 and Oseria were connected due to the high-water levels. Oseria had its
shoreline covered by a light layer of Cyperus papyrus and Pontederia crassipes mat and their
density increased depending on the wind direction. The Lake Naivasha study sites also had these
plants at the edge: with exception of Midlake (open water) Figure 1.
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FIGURE 1
A MAP SHOWING LAKE NAIVASHA AND LAKE OLOIDEN AND THE
RESPECTIVE STUDY SITES (OPENSTREETMAP.ORG, 2021).
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Water Quality

The water quality parameters were measured in situ using a YSI Multiparameter meter in
each site: temperature, dissolved oxygen, conductivity, total dissolved solids, salinity and pH.

Zooplankton Sampling

A zooplankton net (60 um) with a flow meter at the mouth was towed for two trips at 1-
2m/s: where readings were recorded prior and after towing (aided in the calculation of the
volume of water filtered through). Thereafter, the sample obtained was preserved (adding drops
of 4% formalin). In the laboratory, the sample was measured and a subsample of 1ml was diluted
in 10ml of distilled water. Counting was done using a Sedgwick Rafter cell (paralel scanningq),
under a compound microscope (x100) with aid of identification keys (Sarma & Elias-Gutiérrez,
1999; Suther et al., 2019; Dang et al., 2015). The volume of water that was sieved through
zooplankton net was calculated using the standard formulae as stated in EPA GLNPO, 2016.

Statistical Analysis

One-way Analysis of Variance (ANOVA, 95% CI) was utilized in checking the
variations in water quality variables; while Pearson’s correlation was done between water quality
and zooplankton (One tailed, 95% and 99% CI). ANOVA and Pearson’s correlation were done in
Statistical Package for Social Scientists (SPSS) while the zooplankton density was calculated in
R (version 4.3.1).

Results
Water Quality

The temperature was significantly different between the study sites and lakes (P<0.05)
and Lake Oloiden’s was higher than Lake Naivasha (Table 1). Dissolved oxygen (DO) had
significantly differences (P<0.05) between the study site; Korongo (5.85 + 1.46 mg/l) had the
lowest and Midlake (6.82 £ 1.66 mg/l) had the highest. Lake Oloiden's dissolved oxygen was
similar to Lake Naivasha's. The study sites and lakes’ conductivity were significantly different
(P<0.05) and Lake Naivasha’s was lower compared to Lake Oloiden’s. Total dissolved solids
(TDS) were significantly different (P<0.05) amongst study sites and lakes. A significant
difference in the study sites and lakes’ salinity was noted (P<0.05) and Lake Oloiden’s was
higher as compared to Lake Naivasha; Oloiden ST2 (0.312 ppt) had the highest. The difference
between the study sites and lakes’ pH were significant (P<0.05): Lake Oloiden’s was higher than
Lake Naivasha’s (OpenStreetMap, 2021).
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WATER QUALITY IN THE VARIOUS SIT-II-:EJISE)IIeNlLAKE OLOIDEN AND LAKE NAIVASHA
Oloiden ST1 | Oloiden Oseria Midlake Malewa Crescent Korongo
ST?2

Temperature®C | 21.96+1.12 21.12+3.25 | 20.8+2.8 20.08+3.84 | 21.97+1.23 | 21.39+0.67 | 21.74+1
DO (mg I7) 6.29+2.2 6.57+1.3 5.95+1 6.73+1.3 6.54+0.8 5.87+0.9 5.88+0.7
Conductivity 0.58+0.1 0.58+0.1 0.19+0.04 0.18+0.04 0.18+0.04 0.17+0.04 0.19+0.4
(uS m)
Salinity (ppt) | 0.31+0.07 0.31+0.06 | 0.098+0.02 | 0.096+0.02 | 0.093+0.02 | 0.096+0.02 | 0.098+0.02
pH 8.56+0.2 8.46+0.4 7.68+0.4 7.65+0.2 7.52+0.2 7.45%0.3 7.62+0.2

Zooplankton Density

Branchionidae had the highest number of zooplankton species: Brachionus falcatus
(Oloiden ST2) had the highest abundance, Brachionus plicatilis was only present in Oloiden ST1
and ST2 while Brachionus forficula was only present in Malewa. Brachionidae had a higher
density in Oloiden ST1 and ST2 as compared to the rest of sites while Trichocercidae density
that was lower.

Moina macropa had the highest abundance followed by Thermocyclop crassus,
Mesocyclop sp. then Diaphanosoma sarsi. Lecane lunaris was only in Oseria similar to Plationus
patulus in the Midlake and their density was not high. Trichocercidae, Lecanidae and
Brachionidae had a low abundance as compared to the rest of the families (Daphnidae, Sisidae
and Cyclopoidae) (Table 2).

TABLE 2
THE ZOOPLANKTON DENSITY (INDIVIDUALS PER LITRE) IN THE RESPECTIVE STUDY SITES IN
LAKE OLOIDEN AND LAKE NAIVASHA.

Oloiden ST1 | Oloiden ST2 | Oseria | Crescent | Korongo Midlake | Malewa

Brachionidae

Brachionus caudata 7,934 11,035 3,348 15,492 6,283 15,603

Brachionus angularis 26,336 1,759 3,394

Brachionus 3,376 1,759 6,283

calyciflorus

Brachionus 2,701 3,518 7,935 5,654 3,394 3,601

diversicornis

Brachionus forficula 3,601

Brachionus plicatilis 8,103 12,314

Brachionus falcatus 34,033 85,319 3,637 3,665 5,656 7,201
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Brachionus 2,976 3,394

quadridentalus

Plationus patulus 6,788

patulus

Lecanidae

Lecane lunaris 2,975

Trichocercidae

Trichocerca similis 2,025 1,759 7,439 3,394 3,601

Sididae

Diaphanosoma Sarsi 36,212 32,691 64,436 | 57,205 53,544 117,000 | 83,116

Daphnidae

Moina macropa 121,971 97,633 1 219,193 185,468 227957 234,945
91,053

Cyclopoidae

Tropocyclop prasinus | 3,376 4,691 8,802 5477 14,136 63,070 10,442

prasinus

Microcyclops varicans 11,902 | 11,619 14,136 81,454 18,003

varicas

Mesocyclop p. 57,736 42,132 73,581 | 86,185 83,768 87,007 116,873

Thermocyclops 58,933 50,856 105,772 | 126,623 135,547 918,324 | 145,228

crassus

Branchionidae was present in all study sites except the Cresent; its density was low as
compared to Daphnidae, Sisidae and Cyclopoidae (Table 3).

ZOOPLANKTON DENSITY OF THE VARIOUSTE%I?/I?;LIES IN THE RESPECTIVE STUDY SITES OF
LAKES NAIVASHA AND OLOIDEN

Taxonomic Oseria Crescent Korongo Midlake Malwa Oloiden Oloiden
group ST1 ST2
Brachionidae | 1,988 - 2,736 2,514 3,751 10,311 14,463
Lecanidae 2,976 - - - - - -
Trichocercidae | - 7,439 3,394 3,601 - 2,026 1,759
Sisidae 57,205 64,436 117,000 3,116 53,544 36,212 32,691
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Daphnidae 219,194 191,052 227,957 227,957 185,468 121,971 97,633

Cyclopoidae 57,476 50,015 80,839 80,839 61,897 30,011 24.420

Correlation amongst water Quality Parameters and Zooplankton Families

Brachionidae negatively correlated with the conductivity, temperature, total dissolved
solids, salinity and pH while it positively correlated with the dissolved oxygen in the Lake
Oloiden (Table 4). Trichocercidae, Sisidae and Daphnidae had a positive correlation with all the
water quality variables except for the dissolved oxygen. Cyclopoidae positively correlated with
the TDS and conductivity while salinity and dissolved oxygen’s was negative. Brachionidae
negatively correlated with Trichocercidae, Sisidae and Cyclopoidae but positively correlated
with Daphnidae. Trichocercidae positively correlated with Cyclopoidae, Daphnidae, Sisidae
while it negatively correlated with Brachionidae. Sisidae and Cyclopoidae negatively corrrelated
with Brachionidae; positively correlated with Trichocercidae while the earlier also positively
correlated with Cyclopoidae and later also positively correlated with Daphnidae and Sisidae.
Daphnidae had a positive correlation with all the families.

The temperature had a positive correlation with the dissolved oxygen, conductivity, total
dissolved solids and pH. Dissolved oxygen positively correlated with temperature and pH and
negatively correlated with the conductivity, total dissolved solids and salinity. The conductivity
and TDS had a positive correlation with the temperature pH, TDS and salinity while the
dissolved oxygen’s correlation was negative. There was a negative correlation of salinity with
the dissolved oxygen and a positive correlation with pH, conductivity and TDS. pH’s correlation
with all the variables was positive.

Table 4
PEARSON CORRELATION OF ZOOPLANKTON FAMILIES AND SOME WATER QUALITY
VARIABLES IN LAKE OLOIDEN (TEMP =TEMPERATURE AND, COND=CONDUCTIVITY
((P=0.01)**, (P=0.05)*)
Branchio | Trichocer | Sisid | Daphni | Cyclopo | Tem Con | TD | Salin
nidae cidae ae dae idae p DO d S ity pH
Brachioni
dae 1 _1** _1** l** _1** _1** 1** _1** _1** _1* _1**
Trichocer
Cldae _l** l l** l** 1** 1** _1** 1** 1** 1** 1**
SlS'dae _1** 1** 1 1** 1** 1** _1** 1** 1** 1** 1**
Daphnida
e _1** 1** 1** 1 1** 1** _1** 1** 1** 1** 1**
Cyclopoid 0.71 | 0.08 | 0.09*
ae _1** 1** 1** 1** 1 0 0 * * * 0
Temp (0 0.26 | 0.14 | 0.1* 0.29
C) _1** 1** 1** 1** O 1 ** ** * 03 **
0.26 0.33 | 0.35 | 0.38* | 0.15
DO 1** _1** _1** _1** _1** **% 1 **% **% * **
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Cond 0.14 | 0.33 0.93 | 0.95* | 0.17
(U.S/m) _1** 1** 1** 1** 1** ** ** 1 *%* * *%*
TDS 0.1 | 0.35 | 0.93 0.93* | 0.14
(mg/I) _1** 1** 1** 1** 0.08** * ** *%* 1 * *%*
Salinity 0.38 | 0.95 | 0.93 0.15
(ppt) 1** 1** 1** 1** _0.09*7\- 0 *%* *%* *%* 1 *%*
0.29 | 0.15 | 0.17 | 0.14 | 0.15*
pH _l** 1** 1** 1** O *%* ** *%* *%* * 1

Cyclopoidae had a negative correlation with the conductivity and total dissolved solids
while salinity’s was positive in the Lake Naivasha (Table 5). Brachionidae negatively correlated
with Trichocercidae. Trichocercidae’s correlation with Daphnidae and Brachionidae was
negative. Daphnidae negatively correlated with Trichocercidae. The temperature positively
correlated with the dissolved oxygen and TDS while it negatively correlated with the salinity.
Dissolved oxygen’s correlation was negative with the conductivity, TDS and salinity while
temperature and pH’s was positive. The conductivity positively correlated with the TDS, pH and
salinity while the dissolved oxygen’s correlation was negative. Total dissolved solids had a
positive correlation with the dissolved oxygen, conductivity, salinity, pH while temperature’s
was negative. Salinity had a negative correlation with the temperature and a positive correlation
with the conductivity and TDS. The pH’s correlation was positive with the temperature,
dissolved oxygen, conductivity and TDS.

Table 5
PEARSON CORRELATION OF ZOOPLANKTON FAMILIES AND SOME WATER QUALITY
VARIABLES IN LAKE NAIVASHA ((P=0.01)**, (P=0.05)* AND A (COULDN’T BE CALCULATED
BECAUSE AT LEAST ONE VARIABLE WAS CONSTANT)).
Branchio | Lecan | Trichoce | Sisi | Daphn | Cyclop | Te Co | TD | Sali
nidae idae rcidae dae idae oidae | mp | DO | nd S nity | pH
Brachion 0707 ] 07|08 - 0.8
idae 1 a -1** 0.1 -0.8 -0.19 1 6 9 3 0.83 6
Lecanida
e a 1 a a a a a a a a a a
Trichoce 09109 | 01|04 - 0.9
rcidae -1** a 1 -0 -1* -0.64 9 1 6 1 0.46 9
01 03| 03] 05 - 0.1
Sisidae 0.1 a -0 1 0.02 -0.65 2 1 5 1 0.41 4
Daphnid 0.2 04 | 04 0.2
ae -1 a -1* 0.1 1 0.38 8 0.4 1 9 0.43 6
Cyclopoi 00| 00|01} 00] 01| 00
dae -0 a -1 -1 0.59 1 5 3 *k | gE* * 2
Temp (0 -1 a 1 0.1 -0.2 -0.05 1 02 | 00 | 0.0 - 0.2
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C) * | 4 | g% | 014
0.2 03| 03 | 03*| 03
DO -1 a 0.9 03 | -01 003 | * | 1 | 3% |e*| * | **
Cond 00 | 03 08 | 0.83 | 0.0
(uS/m) -1 a 0.2 0 | 031 | -0a% | 4 | 3| 1 | err | *x | gex
TDS 00 | 03| 08 075 | 0.1
(mg/1) -1 a -0 1| 049 | -0.09%% | gFx | B | oxx | 1 | *x | 3e*
Salinity 01| 03]08]|07 0.0
(ppt) -1 a -0 4| 048 | -0.0%% | grx | x| e Bk | 1 | 2
02030001 -
pH -1 a -1 0 | 062 | 002 | ** |+ | gex | 3% | 019 | 1
DISCUSSION

The Oloiden ST1 and ST2 (Lake Oloiden’s) temperature, conductivity, total dissolved
solids, salinity and pH were higher as compared to Lake Naivasha (Hubble & Harper, 2002;
Ballot et al., 2009). Temperature was as per the previous findings in Lake Naivasha (Ndungu et
al., 2014). pH, conductivity, total dissolved solids and dissolved oxygen was lower than the
previous findings (Ballot et al., 2009) Salinization may have occurred in the Lake Naivasha due
to its merging with Lake Oloiden (Nielsen et al., 2003). All changes in the salinity, water level,
temperature may have an influence on residential and ecological community (D’alelio et al.,
2022). The temperature increased with the dissolved oxygen, conductivity, total dissolved solids
and pH increase in Lake Oloiden increase. Dissolved oxygen increased with the temperature and
pH and decreased with increase in the conductivity, TDS and salinity increase. A rise in the
temperature allows phytoplankton to photosynthesize; producing a by-product of oxygen (led to
increased DO) and hydroxide ions (Kathiresan, 2013). The increase in hydroxide ions led to an
increase in pH and total dissolved solids: which in turn led to increase in the conductivity.
Dissolved oxygen rose with temperature and pH increase; while it decreased with the
conductivity, total dissolved solids and salinity (Suthers et al., 2019).

The conductivity and TDS increased simultaneous with the temperature pH, TDS and
salinity while it decreased with dissolved oxygen’s increase. An increase in ions led to more
electrical conductivity; which increased the temperature, pH, TDS and salinity (Nielsen et al.,
2003). The Oloiden ST2 had the highest conductivity, TDS and salinity; which could be due to
increased ionic content based on the complexity of biogeochemical processes taking place in an
estuary (Telesh & Khelebivich, 2010). Salinity decreased with the dissolved oxygen increase and
simultaneously rose with pH, conductivity and TDS. Decomposition of organic matter may have
taken place and thus the production of hydrogen ions; increasing the pH, conductivity and total
dissolved solids (Ndungu et al., 2014). pH increased with all the variables increase: hydroxide
and hydrogen ions affect the pH; increment in ions allows more electric ion conductivity which
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may led to increase in other variables i.e., temperature, dissolved oxygen, conductivity, TDS and
salinity (Nielsen et al., 2003).

The temperature rose as dissolved oxygen, TDS and pH increased while it decreased with
the salinity increase in the Lake Naivasha. Once the temperature increased there was
photosynthesis that took place which produced oxygen and hydroxide ions; leading to an
increase in pH and TDS (Kathiresan, 2013). The dissolved salt in the water contribute to the
salinity; increment in ionic component affects it (Nielsen et al., 2003). Dissolved oxygen
decreased as the conductivity, TDS and salinity rose: increased simultaneous with the
temperature and pH. A decrease in dissolved oxygen could be due to decomposition of organic
matter; comes in through discharge from the catchment and detritus from acacia trees (Vachellia
xanthophloea) that fell into the water post water level rise. The Midlake had the highest
dissolved oxygen while Korongo’s was the lowest: the open water site had no fall of trees in the
water as compared to Korongo; an edge site. The high detritus may have contributed to the lower
dissolved oxygen in Lake Naivasha than previous (Ndungu et al., 2014). Increased conductivity,
TDS and salinity could be due do production of hydrogen ions during respiration; increasing
ionic content (Ndungu et al., 2014); in turn affected the amount of salt that was dissolved
(Kathiresan, 2013).

Conductivity increased simultaneous with the TDS, pH and salinity while contrasting
with dissolved oxygen. Increased conductivity was due to increase in ions: inorganic material
and dissolved salt; contributing towards increase in pH, TDs and salt respectively (Nielsen et al.,
2003). The total dissolved solids increased with temperature, conductivity, salinity and pH
increase while it decreased with dissolved oxygen’s increase; could be due to photosynthesis
then respiration that took place (Kathiresan, 2013). pH increased with the temperature, dissolved
oxygen, conductivity and TDS increase. The PH in Lake Naivasha was lower than its previous
(Ballot et al., 2009; Ndungu et al., 2014). Its increment could be due to temperature rise:
phosynthetic organisms utilize it and produce more dissolved oxygen and hydroxide ions;
contributing to the increment in TDS then conductivity.

Seventeen zooplankton species were identified in Lake Naivasha; which was line with
previous findings in L. Naivasha (Mironga et al., 2014) and Lake Oloiden’s were 12 species. The
changes in an ecosystem may be noted by the species composition and density; there were
differences in species composition in Lake Naivasha (Kathiresa, 2013; Mironga et al., 2014). All
the species that belonged to Brachionidae were present in Oloiden ST1 and ST2 with exception
of Brachionus quadridentatus quadridentatus, Plationus patulus patulus and Branchionus
forficula. Brachionus caudata’s density was highest in Crescent, followed by Malewa and
Oloiden ST2. Oseria’s abundance was the lowest as compared to Oloiden ST2; showing non-
linear variation in an estuarine condition (Telesh & Khelebivich, 2010).

Brachionus angularis was only present in Oloiden ST1, ST2 and the Midlake; Oloiden
ST1 had the highest density while Oloiden ST2 had the lowest. There may be attributed to
variations caused by salinity (Telesh & Khelebivich, 2010). Brachionus calyciflorus was present
in Oloiden ST1, ST2 and Korongo (had the highest density). Korongo was a lagoon; site
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prevailing conditions may affect abundance (Mironga et al., 2014). Brachionus diversicornis was
present in all sites except Crescent: Oseria had the highest density while Oloiden ST2’s was less
than its half yet both were estuarine; there may be higher productivity and non-linearity (Telesh
& Khelebivich, 2010).

Brachionus forficula was only present in Malewa while Plationus patulus patulus was
only present in the Midlake. Brachionus plicatilis was only present in Lake Oloiden and Oloiden
ST2’s was higher; could be due to its estuarine nature. It had high temperature; which my favor
high primary productivity and cascading to zooplankton. Brachionidae decreased with increase
in the conductivity, temperature, total dissolved solids, salinity and pH while it increased with
the dissolved oxygen in Lake Oloiden. which was line with previous findings in L. Naivasha
(Mironga et al., 2014). That was confirmed by density of Brachionus falcatus (Yuan et al., 2020).
although, there were variations prevailing site conditions may affect biodiversity (Mironga et al.,
Trichocercidae, Sisidae and Daphnidae density increased with the increase in all water quality
variables except the dissolved oxygen in the Lake Oloiden. On the contrary the only specie
belonging to Sisidae and Daphnidae had the highest density in the open water site (Midlake);
which had the highest dissolved oxygen tallying with Mironga et al. (2014). Cyclopoidae density
increased with the TDS and conductivity increase; decreased with dissolved oxygen and salinity
increase. The density of all its species decreased with the increased salinity. Environmental
factors may impact the zooplankton community (Telesh & Khelebivich, 2010).

Cyclopoidae: Tropocyclop prasinus prasinus was present in all the study sites and the
Midlake’s had the highest abundance. It was followed by Korongo, Malewa then Oseria; Oloiden
ST2’s density was almost half of Oseria; variations in salinity may have an effect on the density
(Yuan et al., 2020). Microcyclops varicans varicans was present only in Lake Naivasha and the
Midlake’s abundance was the highest, which could be due to its high dissolved oxygen. All the
other sites in the Lake Naivasha had some Cyperus papyrus and Pontederia crassipes which may
contribute to the reduction of DO (Mironga et al., 2014).

Mesocyclop sp abundance was high: although Lake Oloiden sites were lower than Lake
Naivasha’s; salinity may affect biodiversity. Malewa had the highest density while Oseria’s was
higher as compared to Oloiden ST2; non-linear variation in an estuarine ecosystem (Telesh &
Khelebivich, 2010) and variations in salinity (Yuan et al., 2020). Thermocyclops crassus also
had the highest abundance in Lake Naivasha; more than twice Lake Oloiden’s; prevailing
environmental variables may have favored. Consequently, Oseria’s density was twice Oloiden
ST2’s. Thus, there is high productivity in an estuary; although there was non-linearity was
exhibited (Telesh & Khelebivich, 2010).

There was high variability in the Daphnidae specie density: its highest was in the
Midlake, followed by Malewa then Oseria while Oloiden ST2’s was the lowest. The Midlake had
the highest dissolved oxygen; thus, site conditions may affect abundance and distribution
(Mironga et al., 2014). Moina macropa (Daphnidae) was present in all the sites while Lecane
lunaris (Lecanidae) was present in Oseria only; the earlier family may be used as an indicator of
ecosystem health since its more tolerant to variations. All the Cyclopoidae species were present
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in all sites except Microcyclops varicans varicans (Oloiden ST1 and ST2). Salinity may be an
influencing factor that may limit the plankton community.

The Brachionidae decreased with the increase in Trichocercidae, Sisidae, Daphnidae and
Cyclopoidae in Lake Oloiden. On contrary was the abundance of Trichocercidae; salinity may
have a negative effect on rotifer abundance. Density results conquered with Cyclopoidae,
Daphnidae, Sisidae (Yuan et al., 2020). Sisidae and Cyclopoidae decreased with increase in
Branchionidae and increased concurrent with Trichocercidae, while earlier increased with
Cyclopoidae increase and later also increases increase Daphnidae and Sisidae. Density results
conquered for Brachionidae for both and Daphnidae for Cyclopoidae; may be well adapted for a
saline environment (Yuan et al., 2020). Daphnidae increased as all the families did increase: its
density was the highest; although contrary to previous findings in a saline environment (Velasco
et al., 2019). Structural characteristics in the zooplankton community may show unevenness with
changes in salinity (Yuan et al., 2020).

Cyclopoidae density decreased with the increase in the conductivity and total dissolved
solids while it increased with increase salinity in Lake Naivasha. The Crescent’s had the lowest
abundance and its TDS was characteristic; ions influenced by crater rocks (Guto et al., 2022). A
Brachionidae decreased with increase in Trichocercidae: density decreased in Korongo and the
Midlake. Biodiversity may have direct relation to stability and resilience to changes that may
occur (Gain et al., 2008). Trichocercidae’s decreased with Daphnidae and Brachionidae increase:
in line with density of Daphnidae. Daphnidae density increased with Trichocercidae’s increase;
density results contrasted. Changes may occur at organismal level and finally affecting the
zooplankton community (Velasco et al., 2019).

CONCLUSION

Temperature, pH, conductivity, total dissolved solids were lower than previous findings
while dissolved oxygen was similar. Brachionidae had the highest number of species, however
its density was low as compared to Daphnidae, Sisidae and Cyclopoidae. Cyclopoidae had a
negative correlation with the conductivity and total dissolved solids while salinity had a positive
correlation in Lake Naivasha: its correlation was positive with conductivity and total dissolved
solids and negative with salinity and dissolved oxygen in Lake Oloiden. There was variation in
the water quality variables and all families had associations with water quality variables in Lake
Oloiden while only Lake Naivasha’s Cyclopoidae had. Further research should be done on
zooplankton variation with depth post water level rise.
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