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Introduction

Lake Naivasha is a closed freshwater lake basin of

2
approximately 150 km area, at an altitude of 1890 m above

sea level, the highest and most fresh of #hé eastern Rift

Valley lakes. It 1lies about 100km to the north of the

capital, Nairobi.

It has alwaye been of economiec value to the human
inhabitants of its hinterland. Cattle watering by Maasail
has given way this century to settled azricultgre which is
heavily depengent upon lake water for irrigation. Naivasha
town is an agricultural centre both for the lake shore farms

and the ranches and smallholdings of the adjacent Kinangop



plateau. A commercial fishery has been built up over the
past 30 years on introduced species with the product
,wxuowdma to Nairobi and Nakuru. The lake is also a centre
for tourism and recreation which has been growing ever since
the firast mUOdw fishing began in the late 1920s8. Tourism is
smi sustained by the lake's proximity to Nairobi on a good
road; by its fishing; sailing and by the diversity of its
flora and fauna. Most recently, the area has become
industrially significant as a consequence of the development
of Olkaria, Just to the south of the lake, as a site for
geothermal energy generation, producing about 15X of Kenya's

total.

The lake receives drainage water from one large perennial
stream draining the Nyandarua mountains, the river Malewa

2
(drainage area 1730 km ) and two ephemeral streanms, the

2 .
Gilgil (420 km ) and the Karati. Lying in an area of past

volcanic activity, there are four lakes, three of which are
at least partially connected. The main lake 1is fairly
shallow, with the deepest area at its mo:dzximmdmnu nsa. at
about 8 m at 1983 water level (Fig 1). Within the lake, at
its eastern side, is a submerged crater whose highest rim
gection forms Crescent Island and whose basin forms the
deepest part of the lake, 18m at the 1983 water level. At
low water levels this 1s separated from the main lake and

becomes chemically distinct. A small more alkaline lake,

2
Oloidien (5.5 km in area) is adjacent to Naivasha at its

EFIGURE 1 Depth map of Naivasha

based upon the 1983 level of

1889 m a.s.1l. from Ase (1986) but
with deepest points from 1982

and 1984 grab surveys of Clark et al
(1987).
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southern end, separated by papyrus awamp but is connected to
it at times of high water levels. Within 3 km of the
western shore lies an isolated, highly alkaline, crater lake

2
- Sonachi - with an area about 0.2 km .

History of the Lake

The lake has only a short written history, though known to

Maasai and other original inhabitants of the Rift Valley for

centuries. In 1885, Thompson described it as "a
rapyrus-£fringed lake", «..."there are no figh though
Hippopotami are numerous. One remarkable characteristic is

that it is the habit of enormous numbers of wild duck.
These literally cover considerable areas at certain seasons
of the year" (Thompson 1885). Its earliest record is that,
according to Maasai oral history, there was a period
immediately before the arrival of the first Europeans when

the lake was completely dry (Sikes 1936, Edmondson 1977).

Evidence concerning climates and lake levels prior to last
century has come from cave excavations to the south of lake
Elementaita, levelling of ancient shorelines (Leakey 1931,
Nilsson 1939, Washbourne 1967) and most recently,
examination of cores from the deepest part of the lake

(Richardson & Richardson 1972). There 1s agreement from

these studies that the former climate of the Rift was far
wetter than the present-day and that &a much larger 1lake
existed around 10,000 and 12,000 B.P. (Before Present),
following a period of maximum aridity between 15,000 and
13,000 B.P. (Street & Grove (1972)). Nilsson (1939) gave the
level as about 40 m higher than the present lake, whilst
Bishop (1971) and Richardson & Richardson (1972) suggested
it was more than 100 m higher than present, overflowing
Njorowa gorge at the south of Naivasha and cutting the 1lip
to its present bheight. These high lake levels were
maintained for several thousand years, to about 5,700 B.P.,
indicated by a stable planktonic diatom asaémblage in the
basal 3 m of the lake core (Richardson & Richardson 1972).
For the next 1,500 years the 1ake» level fell to
approximately present-~day levels, then dried out for a short
period of perhaps not more than 100 years at around 3000
B.P. For the last 3000 years, variations in diatoms from the
core indicate that the lake has fluctuated considerably with
levels generally below .those of the present day. However,
at the end of last century the writings of the Eurocpean
travellers 4indicate that the lake level must have been
rising between the years 1880 to 1895 to a maximum height of
1899 m a.s.1. (above sea level) (Sikes 1936, Ase et al
1986), which is some 10 m greater than any level since that
time. Levels then declined in a drought which 1lasted for
about 4 years at the turn of the century so that when

continuous recording commenced in 1908 the level was 1894 m



a.s.1 (Ase et al. 1986). Since 1908 continuous records have
‘"been EWH:dmwnmu at several places and these are combined in
Fig 2 (taken from Ase (1982) and updated with data from the
Ministry of Hydrology). This shows a general decline to a
low point in the decade 1945 - 1955 of around 1885 m a.s.l.,
which would have given the lake a maximum depth of 15 m and
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an area of about 100 km . There was then a period of rapid

increase in 1961-3 to just over 1890 m, a level retained for
about 10 years and followed by a decline of 2.5 m in the
early 1970s. An increase occurred again over the last four
years of dvm.nmomnm and by late 1982 the level had exceeded
1890 m, where it remained for about a year. Since early
1984 the 1level has been falling steadily and in 1986 was

about 5 m below its 1983 peak, similar to that reached in

the 1950s.

The lake level fluctuations do not show any Wmamﬂﬂw

‘ relationship with local rainfall, except that periocds of

" exceptionally high rainfall are followed by lake level rises

(eg 1922, 1930, 1961-3), and annual evaporation always
exceeds annual rainfall (Ase et al 1986). In a statistical
analysis however, Vincent et al 1979) suggested that the

lake level is an indicator of the long-term pattern of

high-level climate, particularly the penetration of -

equatorial westerlies and their influence on land above 2500
m a.s.l. Evidence for this hypothesis comes from the

correlation of monthly lake level change with high altitude
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SURE 2 Annual fluctuations in the surface water level of
ke Naivasha (compiled from Ase (1982) and most recent records
the Ministry of Hydrology).




meteorological stations such as Equator at 2700 m, and
AnOGanwdHo: of lake level with the altitude of the mmo:d of
the Lewis Glacier on Mount Kenya, which is SW facing. Long
term lake level fluctuations showed close similarities with
Lake Turkana, whieh also has no visible outlet and a
mountainous catchment, compared to no similarities with the

fluctuations in Lake Victoria.

The freshness of the lake water, upon whieh 1ts biological
diversity depends is of interest, since there is no visible
outlet yet a perennial inflow, at least 1in the Malewa
river. Initially there was assumed to be some undiscovered
subterranean outlet (Gregory 1922) together with very dilute
inflows (Worthington 1932). This view was refined by Gaudet
& Melack (1981) who showed that the lake was hydrologically
a seepage lake, with input via groundwater seepage in the
northern area and outflow in the southern section. They
concluded that the lake remained fresh partly because of its
dilute inflows and seepage losses but additionally Dbecause
of biochemical and geochemical sedimentation removing

certain solutes.

History of Limnological Studies on the Lake

The lake's bilology was first investigated in 1929 by the

.wmﬁot Sladen Expedition to the Rift Valley Lakes. (Jenkin
1932, 1936) and again by the Cambridge Expedition to the
East African Lakes 1in 1930-31 (Beadle 1932, Worthington
1932). Measurements on the lake by the two expeditions were
not extensive over time because numerocus lakes were covered,
but all flore and fauna collected was identified ana
published in the next few years. Following these
expeditions there iz a gap of spme thirty years when little
limnology was reported. However, studies on other major
Rift Valley 1lakes, particularly those exploited as
fisheries, continued and in the 1960s Talling & Talling
(1965) brought together earlier work with extensive
investigations of their own on the chemical composition of
African lake waters. These confirmed Naivasha as a low
salinity alkaline lake dominated by Sodium and Bicarbonate

ions. It was placed in their 'Class 1I°' lakes all with

electrical conductivity below 600 Em\oi . Studies of the
lake's chemistry were extended in the late 1970s by Melack &

Gaudet (1981) on the major ions.

In 1961 the first unintentional immigrant species to have a
marked effect on the lake's ecology, the floating water fern
Salvinia molesta Mitch. wag reported (van Someren 1972). The
ecology and distribution of all the aqguatic plants was
subseauently investigated by Gaudet (1976a, 1976b, 1977,
1980, ) with particular reference to the papyrus swamps and

the ecology of the drawdown zone. This led to studies of




the nutrient relationships of the swamp communities (Gaudet

1979, 1980, Gaudet & Muthuri (1981)).

The plankton of the 1lake was 1little studied other than
Qualitatively by Lind (1965, 1967) and briefly by Millbrink
(1977) until Melack (1979) made comparative measurements of
the primary productivity ow the Naivasha basins together
with Winam Gulf (Lake Victoria) between 1973 & 74. A
sucegsion ON.SOmedm followed up until 1981 so that for
seven years aspects of the phytoplankton biomass and

productivity were more or less continuously

studied
(Kallquist 1978, 1979, Njuguna 1983, Kalff & Watson 1986).
The work of Njuguna, in particular, related phytoplankton to
:L&HHm:d supply. Concurrent with Njuguna's work the first
study of the zooplankton since the 1930s expeditions was

carried out, by Mavuti between 1978 and 1980 (Mavuti &

Litterick 1981).

The ecology of the littoral and benthic macroinvertebrates
has hardly been studied at all through this period. Some
observations from 1971 and 1973 were reported by Millbrink
(1977) but with minimal species identification. Work on the
introduced crayfish (see below) was carried out through the
1970s (Lowery & Mendes 1977a, 1977b, 1977c¢) and 1is being
extended by Oluoch (unpublished). Benthiec invertebrates were
considered by Siddiqui (1977) in his examination of fish

diets and Watgson et al (1970) in their examination of the

diet of duck and coot, but neither study related stomach

70

contents to availability in the lake.

The lake was opened to commercial fishing in 1959 and this
provided the initial stimulus to further investigations of
the ecology of the fish and their food web. Major reports
on the progress of the fishery were produced by Garrod &
Elder (1960), Mann & Ssentongo (1969), Okorie (1972),
Malvestuto (1974), and Siddiqui (1977, 1979). Additional
research was carried out on hybridisation of tilapia (Elder
& Garrod 1961, Elder et al. 1971); on the breeding biology
of Tilapia by Hyder (1969, 1970) and aspects of the the

parasitology of Tilapia by Malvestuto & Ogambo-Ogoma (1978).

Larger vertebrates other than fish have also been 1little-
studied with the exception of duck by Watson et al (1970),
Watson & Parker (1970), Van Someren (1982), Fish Eagles by
Brown (1971), and the general collection of species records
(Williams 1970). The introduced coypu have been studied by
Gosling (1976) and Gibson (1973) and a range of vertebrates
examined for pesticide residues (Lincer et al (1981). This
is surprising since the vertebrate species are the main
basis of tourism. There are numerous naturalists' reports
of a decline in the diversity of birds seen in +the period
following water-1ily loss compared with the more stable
period of the lagoons in the 1970s, but there are no precise
measurements or clear explanations. There have certainly

been dramatic changes in numbers of birds. For example

there were thousands of duck and coot in the 1970s up to
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1981 when 35,000 were censussed in the first 3 months of
‘that year (Van Someren 1982). Two years later, at a higher
water level and in the absence of any submerged, macrophytes
(Harper 1984) ducks and coot could only be counted in a few
tens over the whole lake (C. Taylor pers comm) . Other
recent changes have included an increase in the number of
resident flamingos to mm<mwww hundred in the Crescent island
aresa, together with about a thousand terns for most of

1985-6 feeding on small amphibians and crayfish in the 1lake

shallows (C. Taylor pers comm. ).

Other vertebrates about which there is little current
information are amphibia, coypu, otters and the other major
aquatic mammal, hippopotamus. This latter species has a
high but unknown density of perhaps several hundred

individuals at the lake. Some of these are in conflict with

agricultural activities.

The physical limnology of the lake was investigated to a
.certain extent in many of the above studies, particularly
those on the plankton, so that scattered measurements of for
example, temperature and Secchi dise transparency exist over
the past two decades. However little detailed work has been
done, except recently on the water balance, lake depth and

bottom topography by Ase et al (1986).

No single study had attempted to treat the lake as an

ecosystem and examine all its major components concurrently

BNM N

until the short studies described in preliminary form by

Harper (1984), although all work up to the late 1970s was
synthesised in a report (Litterick et al (1979) prepared for

the International Conference on African Limnology held in

Nairobi (Symoens et al 1981).

Work which has most recently been carried out describes the
ecology and distribution of the zoobenthos (Barnard & Clark
1986, Clark et al. 1987), the ecology of submerged aquatic
macrophytes (Rich & Harper 1987)., the phytoplankton
(Brierley et al., 1987), the zooplankton (Harper 1987), the
birds associated with Salvinia (Taylor 1987), the feeding
ecology of fish fry (White 1982. Robotham' 1987) and the
ecology of catchment stream invertebrates (Biggs & wWHSDMQ
1987). Such an approach is now essential because of the
complexity of the interactions in the lake which have arisen

as a result of the high number of introduced species or

'accidental' arrivals. These began sixty years ago.

SPECIES INTRODUCTIONS TO THE LAKE

Prior to 1925 there had only been a single species of fish

in the lake, an endemic zoo-planktivorous small-tooth carp

( (Vine.). It 1is assumed that
Aplocheilichthves antinorii .

this paucity of fish species, highly unusual in a tropical
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lake, was due to the earlier periods of drying-out. In 1925

and 1926 the mouth-brooding cichlid Oreochromis spilurus
niger (Gunther) was introduced by the Kenya Game and
Fisheries Department. This flourished in the littoral fringe

of the 1lake (Trewavas 1983) and in 1927 the American

Large-Mouthed Bass (Micropterus gsalmoides Lacepede) was

introduced to feed on it and..provide the basis of a sport
fishery (Elder et al 1971). Both species were successful
until the 1low water levels of the late 19408 - early 1950s
when they appeared to have died out (Litterick et al.
1979). Bass were re-introduced ow several occasions between
1951 and 1956; in 1956 together with a second cichlid, the
herbivorous Tilapia 211114 (Gervais). The batch of T. 2111414
unintentionally contained some individuals of QOreochromig
leucostictus (Trewavas). These species have been the basis
of a commercial fishery, which opened 1in 1959 and whose
fortunes have fluctuated since that time (see below). To

them were added the Louigsiana Red Swamp Crayfish

(Erocambarus clarkii (Girard)); introduced in 1970 (Parker
1974) to broaden the range of the commercial fishery and
exploited since 1975 (Lowery & Mendes 1977). The most recent
introduction is the only natural one - a small riverine
fish, Barbus amphigramma Blgr. which first migrated down to
the lake from the Malewa during the high water levels of-

1982 (Harper 1984) and has been present in large enough

quantities since then for commerecial exploitation.

M4

Several other fish species have been introduced over the
past 50 years without lasting success. Sporadie reports of
the trout Salmo gairneri (L.) derive from introductions to
the catchment streams for sport. Three cyprinodont species

were introduced for mosquito control - Gambusia sp.,

and Lebistes reticulstas Peters, of which only
Oreochromis

Poecilia sp.
the latter was found in 1982 (Harper 1984).
niloticus Linnaeus was introduced in 1965 and was assumed to
however, trial

have disappeared since 1969. Recently,

fishing during 1986 recorded +this species 1in Oloidien and
unconfirmed reports from fishermen suggest its presence in
the main lake (Muchiri, unpublished data). There are also
unconfirmed reports of Nile Perch (Lates niloticus (L.))
illegally introduced in the 19708 turning up sporadically in

fishermen's nets in the 1980s.

The first unintentional arrival at the lake, as noted, was
S. meolesta in 1961. It was known in ornamental ponds and was
available from aquarists in Nairobi in the 19508 (Mitchell
1969). This was closely followed by the coypu (Mvocastor
covpus (Molina)) which had been imported to the Kinangop for
fur-farming in 1950. Individuals escaped and arrived at

Naivasha from 1965 onwards (R.Mennell pers comm); by the

early 19708 there were large populations.

Salvinia initially was seen as more of a potential threat

than a real problem because its effect on the new reservoir

at Kariba was well-known (Boughey 1963). For the first few
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years spraying the plant with herbicide whenever it was

discovered kept it under control, but it inereased in area

2

in the late 1960s, covering 2-3 km (Mitchell 1969). By 1973

it had spread along the whole of the lake shoreline (Gaudet

1976). Biological control with the orthopteran Paulinia

acuminata was tried, but with little more success than the

herbicide treatment - without 100% control of the plant, its

vegetative reproduction ¢an quickly make up any losses

(Sculthorpe 1967).

Biological methods of coypu control were alsoc tried.

Pythons were introduced, the descendents of which are still

reported to exist in areas of the North Swamp of the lake.

However, these were ineffective and a rapid coypu population

increase occurred in the early 1970s (Gosling 1976).

Individuals were widely observed feeding on water 1lilies

(J.Haynes pers comm) and 1ily shoots made up a major part of
their diet (Gibson 1973). Water lilies had disappeared from
the eatern part of the lake by 1973-4 (R.Mennell pers.
comm. ), and from the rest of the lake by the end of the
decade. Coypu are generally blamed for the disappearence of

water lilies, although there is no conclusive proof of this

and it 1s possible that both Salvinia and Procambarus were

also involved in the lilies’ disappearence.

Between 1976 and 1979 there was a rapld rise in water levels

coupled with a spread of Salvinia. Wind-blown floating mats

/6
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of up to about 15 km together with papyrus islands became a

ooaim:nwmow feature of the lake from 1979 - 1983 (Gaudet &
Falconer 1983, Harper 1984). These must have inhibited the

growth, or re-growth of water lillies.

Over the same period, between its first introduction to the
eastern part of the 1lake in 1970, and 1976 Procambarus
spread throughout the 1littoral regions. Its periods of
successful reproduction followed periods of lake level rise
(Lowery & Mendes 1977). It is omnivorous but many closely
memama species are known to have severe effects upon
aquatic macrophyte communities (Mugnussen et al. 1975). It

-2
is likely that the high crayfish densities (up to 4 m

reported by Lowery & Mendes (1977)) also had an impact upon

the water lilies.

The UOquUMwuﬁﬁ of introducing additional fish species to
the lake in the future was mentioned by Malvestuto (1974)
and by Siddiqui (1977). who showed in a study of the diets
of the three major species that zooplankton were almost
completely unexploited. Subsequent work (White 1982, Harper
1984, Robotham 1987) Muchiri unpublished) has shown that
zooplankton are important food items in the 1littoral for
O.leucostictus fry and B.amphisgramma but the open water
zooplankton do not appear to be exploited (White 1982),
except at high water levels when local aggregations of fry
around papyrus islands have access to open water zooplankton

(Harper 1987). The only native fish species, A, antinorii
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Leydig was 1introduced to the eastern area of the

lake 1n
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1980. This species dominated the zooplankton in 1982 and

early 1983 (White 1982, Harper 1984) but

R

its numbers have

w
fluctuated periodically since then (unpublished “ /
observations). However the densgity, biomass and production , i
of the native zooplankton sgpecies is high (Mavuti & HW i
Litterick 1981) wo that introduction of a planktivorous fish NW.I
could be sustained. Research into the effects of fish - ~ b
predation on zooplankton elsewhere (Broocks & Dodson 1965) at MW
least offers the ability to predict the mmm&oam of a future ~ A
fish introduction - a luxury which has not been available in &

the past. However, as pointed out on several occasions in

the past, the unexpected effects of the several

introductions to Naivasha indicate that caution has to be

used in considering any further ones.
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The Lake Fishery

A commercial gilill-net fishery was opened in 1959,

exploiting
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Q.s8. niger a
nd T. zilldd
. The latter was initially onl
v
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=3
mall proportion of the catch: th
s e first few

years of the
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pidly

rising water level which was robab not favourable for the
P ly
g E°S O. =2illiid.
feedin and nestin behaviour of Q. niger was

P >4 ¥ i Q.s8. niser
very soon replaced b a hybrid between anad o,

leucostictusg
(Elder et
al 1971) which dominated the catch

through the
ea
rly 19608. From 1964 +to 1976 th
e water level

remained high
gh and was stable within a range £
o about 2 m
.

resulting in ¢t
he formation of lagoons and 1i
ttoral zone
s

exten ve ed by phy . q (
t si ly colonis macrophytes Siddiqui 1979) found

that lagoo
ns we
re preferred habjitat for the herbi
rbivorous,

substrate-breeding I. zilliil whilst the lagoons and littoral

were preferred
by Q. leucostictus
with the accumulations of

detritus
provid
ing 1ts major food socurce hi
- chironomia

a ae. M t s an a sappeared by
lLarv o8 hybri d all QO.s., niger had di
a ]

1971, and th
is was attributed by Siddiqui (1979)
9 to the

disappearence of their referred habitat, weed-~f 8 <l in
P r
~free breed <

and nursery
gro
unds. By 1975 the cichlid catch w
as about

74% Q. leucostictus
, 26
% T. zillii (Siddiqui 1977). By 1985

following the
high water levels and disappearence of 1
agoons

in the ear
1y 1980s, the catch was less than 2% T. zilldi
and

98% Q. leuccostictug nt
8 (Departme of Fisheries unpublished

data).

The gross ton
n
age of fish harvested from the 1lake h
as

fluctuated ¢
onsiderably in the three decades of the fish
shery;

2o

the yield of cichlids an

the nets

and 10cm DY 1970 with &

d bass is shown in Fig 3- Initially

used were 13 and 14 cm, preduced to 11 cm bV 1961

period in the late 1960s when sizes

n order tO sustain a frozen fillet

down to 7.5 em were used 1

a rapid decline in

fPactory (siddiqui 1977). There was
catches in 1970-72 which siddiquil (1977) attributed to
overfishing. There Was strict enforcement of the 10cm mesh

by the Fisheries Uﬂ@@ﬁdam:d fsrom 1973 onwards nﬁuddmdﬁnf et

al. 1979) . although Malvestuto (1974) showed that the 10cm

mesh size caught Q. leucosgtictus at about 20 cm 1ength which

was only 3ecm or 6 months past maturity. giving them & very

short time to breed prlor to mXUHOHdeHosu

The fishery started to recover after 1975-6. with bass

catches, albeit at & lower level, pieking uP first. This

was probably & conseguence of the cprayfish PﬂﬂdOﬂCO«HOB in

1970, since bY 1975 cpayfish were thriving and siddaiqui

found them to make UP 78% of pass diet AmHoaHacw 1977) -

to recover. exploited

After 1977 cichlild catches began

initially at a lower intensity.

Malvestuto (1L974) had also suggested that water level

wwcndcmﬁuo:m affected the fishervy as they have been shown to
do elsewhere in Africa. There has been a clear

oowdmmuosawsom petween 1ake water level rises and £fish
catches 2~-3 yesars 1ater (Fig ) for the last daecade. This

is pelieved to result from an increasée in U%OQCOdP<Hd% in
the lake caused bY the release of nutrients grom the

mw‘




newly-flooded littoral zone during periods of level rise
’

and a decline in productivity in a littoral zone of bare
.

formerly profundal mud during a UW%HOQ of water level

decline.

Siddiqui (1977) also implicated the spread of Salvinia as a

factor in the decline of fish catches. This may be true, as
.

during the high water levels between 1978 and 1982 which

resulted in the formation of large covered lagoons and mats

of
mobile Salvinia there was a rapid decline in catches in

1981-82 following only a small water level decline in 1980

However it is likely to have affected T. zillii more than Q.
leucostictus
and cannot be considered further in the absence

of clear relationships between Salvinia and fish

In the last two years a new fishery has come into being, for

amphiesramma
B which is taken in the mouth of the Malewa as

the fish move into. the river to spawn at the beginning of

the long rains. The catch of this species, taken in

locally-made scoop hnets was about 20% of the total

commercial catch in 1985. (Fisheries Department unpublished

statisties). It is difficult to predict the future of this

fishery, but it seems unlikely to be secure since a large

irrigation weir on the Malewa 1s virtually impassable to

upstream migrants. The lake populations must therefore be
replenished each year by new recruits from the river

populations rather than their own stock.

Debate about the management of the fishery has centred

around the fishing intensity of currently-exploited species

and the pros and cons of potential new species. An

alternative, complementary strategy, might be to consider

those species which have thrived in the 1lake at any time in-
the past together with the probable reasons for this, Wsa to

actively stock them when no:anHosm.H: the lake return.

Thus Q. nigex, a riverine fish which prefers weed-free
conditions feeding on the mud surface, probably did well in
the 1920s - LOs Dbecause the lake level was declining. It
disappeared in the 1950s as the lake level stabilised and
the lagoons and 1littoral became colonised by a stable
macrophyte zone. This species and its hybrid may also have
been favoured by periods of rapid water level rise - before
macrophytes form a stable zone - as occurred in the first
few years of the commercial fishery. T, zillii has been
more successful in the reverse conditions, those of stable
water level with a dense macrophyte zone, as it was in the
early 1970s in the mailn 1ake and as it is, at least as far
as the macrophyte zone is concerned, in Olcidien. Trial
fishings in Oloidien show that in 1986 it made up about 25%
of the population compared to only 2% in the main lake

(Fisheries Department unpublished data).

It could be predicted, 1if this explanation is correct, that
T.zi11ii will dincrease in importance if the late 1980s

conditions are a repeat those of the late 1940s, with a low
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advantageous, however, to draw up and operate some kind of
management plan. The most immediate threat of further
change comes from agricultural clearance of lake~edge
papyrus in the current phase of lake drawdown. Lake levels
were last as low in the decade 1945 - 55 but during <<his
period the papyrus swamps which developed on the exposed
mudflats were dense and extensive, such that in the northern
part of the lake, between the river inflows, that they
provided safe haven for those fighting the Colonial
administration (R.Mennell pers comm). By 1986, almost the
entire aree of the Gilgil inflow was cleared of papyrus, and

2
12 km of papyrus swamp was reduced to 2, provoking popular

concern (Anon 1986). One of the major consequences of the
lack of swamps and fringing papyrus will be the loss of
'buffering' capacity for silt and nutrients brought in by
the river inflows (Viner 1975, Gaudet 1980) together with
any protection from inflows of fertilisers or pesticides
applied to the adjacent land (Njuguna 1985). The value of
swamps and the need for their conservation i1is well
appreciated by the scientific community (eg. Mavuti 1982,
Howard-Williams & Thompson 1985) and the issue 1s slowly
becoming politicelly important (Anon 1986). Despite the
extensive knowledge about the Nalvasha swamps in particular
and African swamps in general (eg Howard-Williams & Gaudet
1985) the changes in the Nailvasha papyrus must be a focus of

future research.




An important factor hindering the development of effective
ecosystem management is the lack of continuousg limnological
monitoring. When the intensity of research was at 1ts
height in +the 19708, with several scientists based at
Nairobi University working concurrently, detailed accounts
of the ecology of the phytoplankton, zooplankton, aquatic
plants and water chemistry were produced. This work was not
followed by any continuous 1longer-term monitoring, with the
result that 1n the 19808 information on the submerged
aquatic plants and zooplankton was at least partly out of
date. The possibility that such work might be set up in the
future 18 now improved by the establishment in 1983 of a
meddemm and Wildlife training College at Naivasha, and by
the increased number of trained Biology graduates i1in the
Government Departments. In the meantime, minimum baseline
limnological data is provided by co-operative groups of
scientists and volunteers from several countries working on
the 1lake for short periods of dintensive study. This
supplements the steady stream of individual higher degree
DSW specialigsed research projects in providing information

upon which future management strategies can be based.

:&ﬁ.

Acknowledgements

The authors wish to thank the Office of the President, of

of Kenya, for research permission granted to

the Government
s e
D.M.Harper to carry out research at Lake Naivasha; th

or

Ooffice of the President and the Director of Fisheries £
t
gsecondment of S.M.Muchiri to carry out a higher degree 3&

Leicester University; and the British Council for sponsoring

the higher degree.




Re ferences

Anon 1986. Do we sit back and watech a lake die®? Daily
Nation, Nairobi, April 11th 1.986.

Age,L.E., 1982. Lake Naivasha - ensotvattenssjo i Kenyas
Rift Valley och des vattenstandvariationer. Svensgk
Geografigk Arsbok 58: 157-169.

Ase L.E., Sernbo,K. & Syren,P., 1986. Studies of Lake
naivasha, Kenya, and 1its drainage area. Naturgeogrfiska
Institutionen Stockholms Universitet Forsningsrapport 63, 75
pages.

Barnard,P.C. & Clark,F. 1987. The larval morphology and

ecology of a new species of Ecnomus from Lake Nailvasha,
Kenya. Aguatic Insects 8,3, 175-183.

Beadle,L.C., 1932. The waters of some East African lakes in

relation to their flora and fauna. Journal of the Linnean
Society of London. Zoology: 38, 157-211

Bishop,W.W., 1971. The late Cenozoic history of East Africa
in relation to Hominoid evolution. In TIhe Late Cenozoilc
Glacial Ageg Ed by K.K.Turekian, pp 493-527.

Boughey,A., 1963. The explosive development of a floating
weed vegetation on Lake Kariba. Adamsonis 3, 49-6G1.

Brierley,S.J., Harper,D.M. & Thomas,R.H. 1987. Water
chemistry and phytoplankton studies at Lake Naivasha;
short-term spatial and temporal variations. This volume

Brooks,J.L. & Dodson,S.I., 1965. Predation, body size and
composition of plankton. Science 150, 28-35.

Brown, L. H, 1971. All's well (so far) et Lake Naivasha.
Africana 4, 11-212

Clark,F., Beeby,A. & Kirby,P., 1987. A study of the
macro-invertebrates of Lakes Naivasha, Oloildien and Sonachi,
Kenya. This volume .

Edmonson,R.N., 1977. Lake was dry land once. Dally Nation
Nairobi 3rd March 1977

Elder,H.Y., 1966. Report on the investigation into the
Tilapia population of Lake Naivasha, Kenya. EAF-FRO
Qccasional papers no.l 21 pages.

Elder,H.Y. & Garrod,D.J., 1961. A natural hybrid of Tillapias
nigra and Tilapilia leucosticta from Kenya Coclony. Nature
London: 191, 722-724.

Elder,H.Y.,Garrod,D.J. & Whitehead,P.J.P., 1971. Natural

hybrids of the African cichlid fishes Tilapia spilurs nisra
and T. leucosticta: a case of hybrid introgression.

L8

Biolomical Journal of the Linnean Society. London: 3,
103-146.

Garrod,D.J. & Elder,H.Y., 1960. The Fishery on Lake
Neivasha. Reports of the East African Freshwatexr Fisherles
Research Qrganisetion: 1960, 24-25. : -

Gaudet,J.J. 1976a. Salvinia infestation on Lake ZWH<mmrm in

East Africa (Kenya). In Aguatic weeds in South East Asis Eds
by N.Varshney & J.Rzoska, Dr W. Junk Bv, Tha Hague pp
193-209.

Gaudet,J.J., 1976b. Nutrient relationships in +the detritus
of a tropical swamp. Archiv fur Hvdrobiolosile: 78, 213-239.

Gaudet,J.J., 1977. Natural drawdown on Lake Naivasha (Kenya)

and the formation of papyrus swamps. Aguatic Botanw: 3,
i-47.
Gaudet,J.J., 197¢. Seasonal changes in nutrients in a

tropical swamp: North Swamp, Lake Nailvasha. Jouprnel of
Ecolosy: 67, 953-981.

Gaudet,J.J., 1980. Papyrus and the ecology of Lake Naivasha.
National Geosraphic Socilety Research Reports: 12, 267-272.

Gaudet,J.J. & Falconer,A., 1982. Bemote sensine for tropical
freshwater bodles: the problem of floatineg lislands on Lake
Nalvagha. Report from the Regional Remote Sensing Facility,
Box 18332, Nairobi. U4 pages.

Gaudet,J.J. & Melack,J.M., 1981. Major ion chemistry in a

tropical African lake basin. Freghwater Biology: 11,
309-333.

Gaudet,J.J. & Muthuri,F.M., 1981. Nutrient regeneration in
shallow tropical lake water. Verhandlungen JInternationale
Yereinigung fur Theoretische und Angewandte Limnolomie: 21,
725-729.

Gibson, M., 1973. A study of the covpu Mvocastor gcovpus
Molina in Lake Naivasha. Unpublished M. Se. theeis,
University of Aberdeen, 35 pages.

Gosling,L.M., 1976. Coypus in Kenya - a preliminary survey.
Typesecript report in the document collection of W.Emn:mHH
Esq., now property of National Museums of Kenya.

Gregory,J.W., 1921. The Rift vallevs 2and geology of East
Africa. Seeley, Service & Co, London. U479 pages.

Harper,D.M., 198L. Recent changes in the ecology of Lake

Naivasha, Kenya. Verhandlungen Internationale Verelnieung
fur Theoretische und Ansewandte Limnolosie: 22 1192-1197.

27




Harper,D.M., 1987. The ecology and distribution of
zooplankton in Lakes Naivasha and Oloidien. This volume

Howard-Williams C. & Gaudet,J.J., 1985. The structure and
functioning of African swamps. In The ecology and
management of African wetland vegetation Ed by P.Denny. Dr
W.Junk, Dortrecht, pages 153-175.

Howard-Williams,C. & Thompson,K., 1985. The conservation and
management of African wetlands. In The ecology angd
management of African wetland vegetation Eds by P.Denny. Dr
W.Junk publishers, Dortrecht pages 203-230.

Hyder,M., 1969. Gonadal development and reproductive
activity of the cichlid fish Tilapia leucosticta (Trewavas)
in an equatorial lake. Nature, London: 224, 1112.

Hyder,M., 1970. Gonadal and reproduction patterns in Iilapia
leucosticta (Teleostei:Cichlidae) in an equatorial lake:
Lake Naivasha, Kenya. Journal of Zoology: 162, 179-195.

Jenkin,P.M., 1932. Reports on the Percy Sladen Expedition to
some Rift Valley lakes in Kenya in 1929 -I. Introductory
account of the bioclogical survey of five freshwater and

alkaline lakes. Annals and Magazine of Naturasl History
Series 10: 9, 533-553.

Jenkin,P.M., 1936. Reports on the Percy Sladen Expedition to
some- Rift Valley lakes in Kenya in 1929. VII: Summary of the
ecological results with special reference <to the alkaline

lakes. Annals and Magazine of Natural History Series 10:
13, 137-308

Kalff.J. & Watson,S., 1986. Phytoplankton and its dynamics
in two tropical lakes: a tropical and temperate zone
comparison. Hvdrobiologia: 138, 161-176.

Kallquist,T., 1978. Limnological investigations of lakes in
Kenya, 1976-77. ZIechnical Report 6. Kenya Ministry of Water
Developnent, Nairobi, 71 pages.

Kallquist,T., 1979. Limnological investigations of Lake
Naivasha. Technical Report Ministry of Water Development,
Nairobi, 19 pages.

Leakey,L.S.B., 1931. The Stone Age cultures of Kenva.
Cambridge University Press, 288 pages.

Lincer,J.L., Zalkind,D., Brown,L.H. & Hopcraft,J., 1981.
Organochlorine residues in Kenya's Rift Valley lakes.
Journal of Applied Ecolosy: 18, 157-172.

Lind,E.M., 1965. The phytoplanl: sn of some Kenya waters.

Journal of the East African Natv.al History Society: 25,
76-91.

30

Lind,E.M., 1968. Notes on the distribution of phytoplankton

in s8some Kenya waters. British Phyvcological Bulletin: 3,
481-493.

Litterick,M.R., Gaudet,J.J., Kalff,J. & Melack,J.M., 1979.
Ihe limnolosy of an African lake. Lake Nailvasha. Kenva.
Unpublished report produced for the SIL-UNEP workshop on
African Limnology (Inland waters: their ecology and
utilisation), Nairobi December 1979.

Lowery,R.S5. & Mendes,A.J., 1977a. PErocambsarus <clarkli in
Lake Naiwvasha, Kenya and its effects on established and

potential fisheries. Aguaculture: 11, 2111-121.

Lowery,R.S. & Mendes,A.J., 1977b. The bioclogy of PRrogambarus
clarkii i1in Lake Naivasha, Kenya; with a note on its
distribution. Freshwater Cravfish: 3, 203-210.

Lowery,R.S. & Mendes,A.J., 1977c. The Lousiana Red Swamp

crayfish in Kenya. East African Natural Historv Society
Bulletin 1977, 9-11.

Magnusson,J.J., Capelli,G.M., Lorman, I.0: & Stein,R.A.,
1975. Consideration of ecrayfish for macrophyte control. In
Water guality manasement throush biolomical control Eds by
P.L.Brezonik & J.L.Fox, University of Florida pages 66-714

Malvestuto,S., 1974. The fishes of lake hnhaivagha: their
biloloav. exploitation and management. Mimeo report to the
Director of Fisheries, Government of Kenya, 37 pages.

Malvestutoe,S. & Ogambo-Ogoma, A., 1978. Observations on the
infection of Tilapia leucosticta (Pisces: Cichlidae) with
Contracaecum (Nematoda: Heterocheilidae) in Lake Naivasha,
Kenya). Journal of Papasitolomv: 64, 283-284.

Mann,M.J. & Ssentongo,S.W., 1969. A f£irst reoort on a survey
of the figh and fisheries of Lake Naivasha. Kenva. East
African Freshwater Fisheries Research Organisation.

Mavuti,K.M., 1981. Wetlands and shallow water bodies in
kenya: characteristics and general status of knowledge.
Promotion of Science and Technolosgy. Kenva: 5, 48-58.

Mavuti,K.M. & Litterick,M.R., 1981. Species composition and
distribution of zooplankton in a tropical lake, Lake
Neivasha, Kenya. Archiv fur hvdrobiolosie: 93, 52-58.

Melack, J.M., 1979. Photosynthetic rates 1in four tropical
African freshwaters. Ereshwater Biolosyv: 9, 555-572.

Millbrink,G., 1977. On the limnology of two alkaline lakes

(Nakuru and Naivasha) in the East Rift Valley system in
Kenya. Internationale Revue der Gesampten Hvdrobiolosie: 62,

3




Re ferences

Anon 1986. Do we sit back and wateh a lake die® Dailly
Nation, Nairobi, April 11thn 1986.

Ase,L.E., 1982, Lake Naivasha - ensotvattenssjo 1 Kenyas
Rift Valley och des <Ddﬂmsmﬁm=n<DdHDnH05mw. Svengk
Geografisgk Argbok 58: 157-169.

Ase L.E., Sernbo,K. g Syren, P., 1986. Studies of Lake

naivasha, Kenya, and its drainage area. zbhbhnnbhhhhhkb
Institutionen Stockholmg Universitet Forsning

pPages.

Barnard,P.C, & Clark, F. 1987. The larval morphology and
ecology of a . new species of Ecnomug

from Lake Naivasha,
Kenyva. Aguatjc Insects 8,3, 175-183.

Beadle,L.C., 1932, East African lakes in
relation to their £

lora and fauna. Journal of the Linnean
Soclety of London, Zoology: 38, 157-211

The waters of some

Bishop,W.w., 1971, The late OmSONOHo‘
in relation to Hominoiq evolution,

Glacial Ages Ed by K.K.Turekian,

history of East Africa

In The Late Cenozoic
pPp 493-527,

Boughey, A. , 1963. The explosive development of a floating
weed vegetation on Lake Kariba. Adamgonia 3, 49-~G1,

demﬂHmt.m.q.. Harper,D.M. & Thomas,R.H. 1987. Water
chemistry and phytoplankton studies at Lake Naivasha;
short-term Spatial and temporal variations. This volume

Brooks,J.L. & Dodson,Ss.1I,, 1965. Predation, body size ang
composition of plankton. Scilence 150, 28-35.

Brown,L.H, 1971, All's well (so far) at Lake Naivasha.
Africana 4, 11-12

Clark,F., Beeby, A. & Kirby,P., 1987.
macro-invertebrates of

Kenya. Thig Yolume

A study of the
Lakes Naivasha, Oloidien ana Sonachi,

Edmonson,R.N., 1977. Lake was dry land once.

Raily Nation
Nairobi 3rd March 1977
Elder,H.Y., 1966. Report on the investigation into the

Tilapia population of Lake Naivasha, Kenya. EAE-FRO
Qccasional papers no.1 21 pages.

Elder.H.Y. & Garrod.D.J., 1061. A natural hybridq of Tillepia

bhmhbm:nHFPbbe leucosticta from Kenya Colony. Nature
London: 191, 722-724.

MHQmH.m.<.«mmddon.U.u. & Whitehead,P.J.P., 1971. Natural

hybrids of the African cichlid fishes Tilaoia spilurs nigra
and I. leucosticta: a case of hybrid introgression.

L8

ARSELRER

SN

1 3 al of the Linnean Society., London: 3,
103-146.

Garrod,D.J & Elder,H.Y., 1960. The Fishery on Lake
.D.J.

Naivasha. Reports of the East Afrjican Freshwater Fisheries
Research Organisstion: 1960, 24-25. )

mwcamﬁ.u.u. 1976a. Salvinia infestation on Lake. Naivasha in

weeds South East Asle Eds
East Africa (Kenya). In Aquatic in = e e
by N.Varshney & J.Rzoska, Dr W. Junk Bv,

193-209.

Gaudet,J.J., 1976b. Nutrient relationships in d:M MMMWWWMN
of a tropical swamp. Arprchiv fur Hyvdrobioclozie: 78,

Gaudet,J.J 1977. Natural drawdown on Lake Naivasha (Kenya)
v I,

: 3
and the formation of papyrus swamps. Aguatic Botany .
1-47.

a
Gaudet,J.J., 1979. Seéasonal changes in nutrients in

tropical swamp: Nerth Swamp, Lake Naivasha. dournal of
Ecologv: 67, 953-981.

cology of Lake Naivasha.
Gaudet,J.J., 1980. Papyrus and the e vy Nmﬂlmﬂm..
National Geosraphic Soclety Regearch Reports

tropical
Gaudet,J.J. & Falconer,A., 1982. Remote sensing for

freshwater bodies: the problem of f£loating PththmMMHWMWn
Report from the Regional Remote Sensing ’
Nalvasha.

Box 18332,. Nairobi. 4 pages.

Gaudet,J.J. & Melack,J.M., 1981. Major 1ion chemistry HMPW

»J.J. : .
tropical African lake basin. Freghwater Biologsy
309-333.

Gaudet,J.J. & Muthuri,F.M., 1981. Nutrient regeneration in

s P

shallow tropical lake water. VYerhandlungsen HanHbDHWbbWWW
und Angewandte Limnologile

Vereinisunes fur Theoretische

725-729.

Myvocastor covpusg
Gibson,M., 1973. A gtudy of the covpu

Melins i1n Lake Naivasha. Unpublished M. Sc. theeis,
University of Aberdeen, 35 pages.

ey.
ling,L.M., 1976. Coypus in Kenya - a UHQHHEHSWHM MMMN»WH
MowmmOkun report in the document collection o N
MMD now property of National Museums of Kenya.

geology «f East
Gregory.J.W., 1921. The Rift vallevs MBM By
Africa. Seeley, Service & Co, London. 7

o Mo . change the ecolo of Lake
Harper,D.M., 1984 Recent h ges in z2y
.

Internationale Vereinigung
Naivasha, Kenya. VYerhandlungen omie: 22 1192-1197.
und Angewandte Limnol
fur Theoretische

27



Harper,D.M., 1987. The ecology and distribution of
zooplankton in Lakes Naivasha and Oloidien. This volume

Howard-williiams C. & Gaudet,J.J., 1985. The structure and
functioning of African swamps. In The ecology ang
management of African wetland vegetation Ed by P.Denny. Dr
W.Junk, Dortrecht, pages 153-175.

Howard-Williams,C. & Thompson,K., 1985. The congervation and
management of African wetlands. In The eg¢ologv and
menagement of African wetland vegetation Eds by P.Denny. Dr
W.Junk publishers, Dortrecht pages 203-230.

Hyder,M., 1969. .Gonadal development and reproductive
activity of the cichlid ¢fish Tilapia leucosticta (Trewavas)
in an equatorial lake. Nature. London: 224, 1112.

Hyder,M., 1970. Gonadal and reproduction patterns in Tilapia
leucosticta (Teleostei:Cichlidae) in an equatorial lake:
Lake Naivasha, Kenya. Journal of Zoolosmy: 162, 179-195.

Jenkin,P.M., 1932. Reports on the Percy Sladen Expedition to
some Rift Valley lakes in Kenya 1in 1929 -I. Introductory
account of +the biological survey of five freshwater and
alkaline lakes. Annals .and Magazine of Natural Histopy
Series 10: 9, 533-553.

Jenkin,P.M., 1936. Reports on the Percy Sladen Expedition to
some-Rift Valley lakes in Kenya in 1929. VII: Summary of the
ecological results with special reference to the alkaline
lakes. Annals and Magazine of Natural History Series 10:
13, 137-308

Kalff.J. & Watson,S., 1986. Phytoplankton and its dynamics
in two tropical lakes: a tropical and temperate zone
comparison. Hvdrobiologia: 138, 161-176.

Kallquist,T., 1978. Limnological investigations of lakes in
Kenya, 1976-77. Technical Report 6. Kenya Ministry of Water
Development, Nailrobi, 71 pages.

Kallquist,T., 1979. Limnological investigations of Lake
Naivasha. Technical Report Ministry of Water Development,
Nairobi, 19 pages.

Leaskey,L.S.B., 1931. The Stone Asge gultures of Kenve.
cambridge University Press, 288 pages.

Lincer,J.L., Zalkind,D., Brown,L.H. & Hopcraft,J., 1981.
Organochlorine residues in Kenya's Rift Valley lakes.

Journal of Applied Ecology: 18, 157-172.

Lind.E.M.. 1965. The phytoplanl on of some Kenya waters.
Journal of the East African Natv.al History Socilety: 25,

30

S E_'-v =m. SR e s P
sAFREARES T HA & BETERAT S 5o

x
*
v

i
1
§

ML

- - EE R, o2l i
el & TPREIRl A SIS LRI S S

Lind,E.M., 1968. Notes on the distribution of phytoplankton

in some Kenya waters. British Phyvcological Bulletin: 3.
481-493.

Litterick.M.R., Gaudet,J.J., Kalff,J. & Melack,J.M., 1979.
The limnolosy of an African lake, Lake Nalvasha. Kenva.
Unpublished report produced for the SIL-UNEP workshop on
African Limnology (Inland waters: their ecology and
utilisation), Nairobi December 1979.

Lowery,R.S. & Mendes,A.J., 1977a. Procambarus clarkii in
Lake Naivashs, Kenya and its effects on established and
potential fisheries. Aguaculture: 11, 111-121.

Lowery,R.S. & Mendes,A.J., 1977b. The biology of Procsmbarus
clarkii in Lake Naivasha, Kenyas with a note on its

distribution. FEreshwater Cravfish: 3, 203-210.

Lowery,R.S. & Mendes,A.J., 1977¢. The Lousiana Red Swamp

erayfish in Kenya. East African Natural Higtoryv Scciety
Bulletdin 1977, 9-11.

Magnusson,J.J., Capelli,G.M., Lorman, I.0: & Stein,R.A.,
1975. Consideration of cecrayfish for macrophyte controcl. In
Water gauslity managzement throusgh biolosical control Eds by
P.L.Brezonik & J.L.Fox, University of Florida pages 66-74

Malvestuto,S., 1974. The fishes of lake nailvagha: their
blology. exploitation and management. Mimeo report to the
Director of Fisheries, Government of Kenya, 37 pages.

Malvestuto,S. & Ogambo-Ogoma, A., 1978. Observations on the
infection of Tilapia leucosticta (Pisces: Cichlidae) with
Contracaecum (Nematoda: Heterocheilidae) i1in Lake Naivasha,
Kenya). Journal of PRarasitolosv: 64, 283-284.

Mann,M.J. & Ssentongo,S.W., 1969. A fipst report on a survey
of the f£ish and fisheries of Lake Naivasha. Kenva. East
African Freshwater Fisheries Research Organisation.

Mavuti,K.M., 1981. Wetlands and shallow water bodies in
kenya: characteristies and general status of Kknowledge.
Promotion of Science and Technolosy. Kenva: 5, 48-58.

Mavuti,K.M. & Litterick,M.R., 1981. Species composition and
distribution of zocoplankton in a tropical 1lake, Lake
Neivasha, Kenva. Archiv fuy bvdrobiologie: 93, 52-58.

Melack, J.M., 1979. Photosynthetic rates 1in four tropical
African freshwaters. FEreshwater Biolosv: 9. 555-572.

Millbrink,G., 1977. On the 1limnology of two alkaline lakes

(Nakuru and Naivasha) in the East Rift Valley system in
Kenya. Internationale Revue der Gesampten Hvdrobilolosle: 62,

3




Kenya), 2 pages. r
o van Someren, G.R.C., 1982, Report on a survey of wildfowl MM ﬂ
lake Naivasha. Unpublished report in the National Museums » £

Mitchell,D.s., 1969. Salvinia ©on Lake Naivagha.

Unpublighed , Kenya.
report in collection of R.Mennell Eggq. (now in National limatie
Museum of Kenya), 8 pages. i Street,F.A. & GroveA.T., 1972. Environmental and dM ne  Amn
implications of late Quaternary lake-level fluctuatio
Nilsson,E., 1938. Pluvial lakes in East Africa. Geologiska Africa. Nature London: 261, 385-390. %
Foreningens Forhandlingar: 60, 423-433. ' . and
Symoens,J.J., Burgis,M. & Gaudet,J.J., 1981. The hth”MWMosm #
Njuguna,s., 1982. Naivasha Lakes. Swara: 4 (3), 8-12 of African Inland waters. United a @
. Utilisation 7
t Programme, Nairobi. 191 pages. i
Njugune,s, 1983. Nutrient - productivity lati in Environmen . :
three tropical lakes. Naivasha basip. Kenva. Ph.D. Thesis, Talling,J.F & Telling,I.B., 1965. The chemical composit on
University of Nairobi, Kenya. of African lake waters. Internationale Revue der
Hvdrobiologie: 50, 421-U463.
Njuguna, s, , 1985. Ecological Problems in Kenya's lakes and ‘
rivers. Swara: 8 (6), 31-33.

Taylor,C.D., 1987. The <feeding of the African 1lily trotter
o o «C.D. i
Emrwnmﬁm:n 0& drm?mx NBQﬁrmQHWﬁ%HUCﬁHOBOWHB<mdd0UdmdmmHSMDPKPBPDWWde
mzmH<WWUD

fishery. (East African Freshwater Fisheries Research )
Organisation Annual Report) 1972, 18-23,

Okorie,0.0., 1972.

Trewavas,E., 1983. Iilapiine fishes of the geners

Sarotherodon. and Danakilia. British Museum of
the Lousiana Red Swamp Qreochromls
Parker,I.s.C., 1974, The status of

tural History, 583 pages.
cravfieh in Lake Naivaghag. I.S.C.Parker Widlife Na

Services,
Nairobi, 45 pages.

Thompson, J., 1884. Through the Masal country to Victoria

: 6, 690-712.
nza. Geographical Society: ’
Rieh, T. & Harper,D.M., 1987. Agquatie macrophytes of Lake Nya

Naivasha. This volume

Viner,A.B., 1975. The supply of minerals to tropical lakes
»A.B. .

and rivers (Uganda). In Coupling of land and water savstems
Richardson,J.L & anuwdnmo:.b.n.. 1972. History of an o B B HESLES. Eortri metiie Tae et Ba il
African Rift lake and its climatiec implications. Ecological e v A. .
Monoegraphg: 42, 499-534, vincent,C.E., Davies,T.D. & Beresford,U.C., Hwﬂmw nMMmew
. changes in the level of Lake Naivasha, Kenya as an n i
~=e—RObotham, P. L., 1987. The distribution, feeding habits ang of EUuBtoPlal Westeblieh svay Test Ateloa, Elimatin R
growth of Oreochromis leucostictus (Trewavas) in - iy Change
newly-flooded shallow littoral regions of Lake Naivasha. ' iroves
. Waeshbourne, C., 1967. Lake levels and Quarternary

London: 216
in the Eastern Rift Valley of Kenya. Nature '
Sculthorpe,C.D., 1967. Ihe biology of 2guatie vascular 672-673.

plants. Edward Arnold, London, 610 pages.

: cks
~ Watson,E., Singh,T. & Parker,I.S.C., 1970. The auMMbMMﬁM% 8,
Slddiqui,A.Q., 1977. Lake Naivasha (Kenya, East Africa) and coot on Lake Naivasha. East African Wildlife
fishery and its management together with a note on the food

131-244.
habits of the fishes. Bilological Conservation: 12, 217-227.

Parker,I.S.C., 1970. The ecology of Lake

Watson, E. & of some

Siddiqui,A.qQ.., 1979. Changes in the fish species. composition zmH<mmww The identification and description T,
5 : Scientist:
in Lake naivasha, Kenya. Hvdrobiologia: 54, 131-138. important components for a model. African
: s in Lake

Sikes,H.L., 1936. Notes on the hydrology of lake Naivasha. White,P.R., 1982. UThe feeding ecology of fish MMM Littonal
dournal of the East Afpica and Uszanda Natural Histopry Naivasha, Kenya and ' their effect mMMos Snbuanelty &F
Societv: 13, 73-84. ‘ zooplankton).  Unpublished M.Se.  thesis,

London.
van Someren, G.R.C., 1972. A note on Salvinia in Kenya and

Southern Rhodesia. Unpublished report in the collection

of
R.Mennell Esgq. (now 1library of the national

Museums of

marmere,

o

33




williams,J.G., 1970. A field guide Xo Ihe National Rarks of
East Africa. Collins, London, 352 pages.

Worthington, E.B., 1932. Scientifie results of the Cambridge
expedition to the East African lakes, 1930-31-1. General
introduction and station 1list. Journal <f the Linnean
Soclety of London. Zoologyv: 38, 99-120.



