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Abstract

Degradation of C. papyrus (papyrus) at Lake Naivasha is the result of a combination
of lowered lake levels and destruction by large grazing mammals, buffalo and cattle,
followed by several smaller species, in addition to more limited direct human clear-
ance. Restoration of papyrus is considered to be of great importance for the future
sustainability of the lake ecosystem. Two different interventions for papyrus (wet-
land) restoration have been proposed: one located around the delta of the Malewa
river, based on ecohydrological principles, the other on land adjacent to the Gilgil
river, adopting more of an ecological engineering approach. Both interventions are
ecologically feasible. However, the principal limitations of both projects relate to
anthropogenic factors and, in this respect, restoration of the Gilgil river is regarded
as the more pragmatic of the two proposals at the present time. Future action should
facilitate the involvement of local communities in any restoration projects at Lake
Naivasha, with particular emphasis placed on the development of economic goods
derivable from papyrus swamps.

Key words: Wetland degradation; Riparian zone; Drawdown; North Swamp;

Ecological restoration.

1. Introduction

Lake Naivasha (0° 45’ S, 36° 26’ E) lies in the
Eastern Rift Valley of Kenya, approximately 80
km northwest of Nairobi at 1890 metres above sea
level with a surface area fluctuating but presently
about 100 km? (Fig. 1) (Harper, Mavuti 2004).
Three river systems provide the main surface
inflow to the lake, entering around the northern
shore (Fig. 2). The Malewa river is the largest
system with a mean annual flow of 153 million
m?, the Gilgil the second largest (24 million m?),
whilst the Karati flows only intermittently during
the rainy season (Everard ef al. 2002).

Lake Naivasha is one of the most important
freshwater resources in Kenya; its hydrology and
biological community have been studied for over

30 years (Harper et al. 2002). Most of the shoreline
was once covered with a narrow fringe of the giant
and highly productive sedge, Cyperus papyrus L.
(Boar et al. 1999). Plant species in the land-water
ecotone, and papyrus in particular, regulate incom-
ing materials, especially soluble and particulate
nutrients (Gaudet 1978a), according to classical
ecohydrological principles (Zalewski 2002; Harper,
Mavuti 2004); when intact, they can be thought of
as “natural purifiers of water” (Kivaisi 2001).

The lake is now eutrophic (Kitaka ez al. 2002)
and a functioning swamp ecotone, protecting both
lake shallows from runoff in the hinterland and the
whole lake from the negative inputs from its catch-
ment, no longer exists (Everard, Harper 2002;
Harper, Mavuti 2004). Nutrient enrichment consti-
tutes part of a wider set of environmental pressures
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Fig. 1. Lakes of the Kenyan Eastern Rift Valley, Naivasha marked in
frame. Saline lakes are underlined to highlight the importance of Lake
Naivasha as a freshwater resource in this semi-arid region (modified

species, although the majority of
these were found only at the land
and water edges, the insides of
mature papyrus swamps being “vir-
tual monocultures” of C. papyrus
(Thompson 1976).

Papyrus has a high photosyn-
thetic and productive potential due
to the presence of C, photosynthe-
sis, a characteristic shown by many
high yielding tropical grasses
(Jones 1986). Jones and Muthuri
(1997) calculated the net primary
production of a C. papyrus swamp
at Lake Nalvasha to be 6.28 kg dry
weight m2 yr'! | which is amongst
the highest recorded productivities
for natural ecosystems; Gaudet
(1978b) had estimated the total net
production of the former North
Swamp to be in the order of 5.85
kg C m2 yr'! . The highly efficient
use of radiation, water and nitrogen
by C, species is considered to have
an important impact on the func-
tioning of wetlands dominated by
these species, such as C. papyrus
(Knapp, Medina 1999).

The ecology of Lake Naivasha

from Vareschi 1978).

(including, inter alia, the introduction of alien spe-
cies, catchment deforestation, overgrazing and ero-
sion, over-abstraction of water and the addition of
human wastes from unplanned settlements) acting
upon the lake, summarised in Becht et al. (2006).

The loss of papyrus now dominates the lake
ecosystem processes and is likely to be the reason
for its continued eutrophication, accelerated by
land use changes. It is potentially the most serious
future issue of the lake; if over-abstraction contin-
ues in the absence of restoration efforts, the lake
will be reduced in size to around a third (~30 km? )
of its present area to effectively resemble no more
than an “alien-dominated muddy pool” (Harper,
Mavuti 2004). Such a trajectory clearly carries dis-
astrous consequences for the lake’s biodiversity
and the livelihoods of the hundreds of thousands
of people who depend upon it.

The greatest area of papyrus at Lake Nalva-
sha was the former North Swamp (11.7 km? )
spanning some 4 km of the north shore and fed pri-
marily by the Malewa river (Gaudet 1979). Prior
to entering the lake, the river diverged into a den-
dritic pattern and disappeared into floating mats of
papyrus (Gaudet 1978a) (Fig. 3).

The land-water ecotone (‘drawdown zone’)
contained a few other emergents such as Cyperus
immensus and C. dives, as well as a few climbing

was formerly regulated through
ecohydrological control exerted on
the inflowing hydrochemistry by
the papyrus of the erstwhile North Swamp. The
once extensive floating mats trapped sediments,
incorporated nutrients into plant and microbial
biomass, removed nitrogen by denitrification in
the swamp mat and released (over a much longer
time period) soluble and organic-bound nutrients
into the submerged and free-floating macrophyte
zones and ultimately the open lake. Gaudet (1979)
estimated the minimum amount of nitrogen fixed
in the upper more aerobic regions of floating mats
of Papyrus in the North Swamp to be 567 kg ha’!

; a later study by Brix (1994) showed that C.
papyrus can have an uptake capacity of nearly
twice this, reachmg peaks of 1100 kg N ha™! yr!
and 50 kg ha™! yr'! for phosphorus.

The significance of this control is that healthy
papyrus swamps act as ecological buffer zones,
moderating changes occurring along river systems
by regulating nutrient flow and recycling. At Lake
Naivasha, however, an effective buffer zone no
longer exists. Harper and Mavuti (2004) hypothe-
sised that lake-wide decline in C. papyrus was due
to a combination of lowered lake levels, increased
access by large herbivores - buffalo (Syncerrus
cafer) and cattle with, in places, complete human
destruction. This was an interpretation of changes
that had occurred particularly since 1988, the last
year in which there had been significant new ger-
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2. Materials and methods

Four sites around the lake
(Fisherman’s Camp, F'C; Kilendegwe,
KD; Manera Estate, ME and Kenya
Wildlife Service Annex, KWS) were
studied (Fig. 4). They were selected
because of known differences in the
recent occurrence of buffalo and other
large mammals. The species and
numbers of animals, as well as the
approximate duration of their pres-
ence, were established for each site
following informal discussions with
landowners at FC (N. Carnelley), KD
(J. Root) and KWS Annex (Kenya
Wildlife Services); Nakuru Wildlife
Conservancy (NWC) surveys (unpub-
lished) were used for Manera, in
addition to personal observations
(D. M. Harper). Each site was then
ranked on an ‘impact index’ between
1 (low) to 4 (high) (Table I).

Data were then recorded at each
site along transects running through
papyrus stands (ranging from
20-246 m in length) recording the
parameters shown in Table II. The
purpose of these measurements was
to make a comparison between the

Fig. 2. The Lake Naivasha catchment. The three principal tributaries are

circled (modified from Everard et al. 2002).

mination of papyrus when a 1 metre vertical rise in
lake level occurred during May 1988, following a
3-year drought (Everard, Harper 2002).

The present study has three purposes: (i) to
provide evidence to test the hypothesis of Harper
and Mavuti (2004), (ii) to assess the feasibility of
proposals (Zalewski, Harper 2001; Githaiga
2008) to restore papyrus at Lake Naivasha, and
(iii) to discuss recommendations for the lake’s
sustainable management.

Maiewg River

condition of papyrus at the four
sites in relation to their accessibility
to buffalo and other animals. Height
above lake level was recorded using
a theodolite. All other measure-
ments were made using tape measures, in a series
of 10 m? quadrats along every 10 m of the
transect.

3. Results

The transects at sites on opposite sides of the
lake confirmed that papyrus had formed a fringing
swamp at a similar vertical height above lake level

e

!t Lok
Noivasha

Fig. 3. Flow of river water under floating mats of papyrus (modified from Gaudet 1978a).
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Fig. 4. Locations of the four study sites around the lake.

at all four sites (Table II), with means that were not
significantly different (overall mean 0.98+0.22 m).
The papyrus stands were of a similar density of

‘clumps’ (distinguishable units of papyrus, wheth-
er living or dead) with a mean of 6.1+0.6 102
clumps ha™! . The average distance between
clumps Varled between 1.10-1.71 m but not sig-
nificantly differently, with a mean of 1.31+£0.45
m (F3 34=1.802, P<0.05; ANOVA).

Fisherman's Ca ‘0

sty E
|

Manera
g Manera |

KWS Annex ',

-

T ¥

pt{ o X

.“ e \
.-. -

llendegwe

“'c »

-

-

.

The first three rows of data in Table II there-
fore describe a band of papyrus growth around
the lake of near-equal density, occurring within a
limited vertical range, defined by the May 1988
water level rise. Sites in the northeast have a
much wider horizontal extent, as the gradient is
far slighter than at sites in the south or west.

The average height of those papyrus stems
which were near-vertical was significantly higher

Table 1. Relative accessibility to buffalo and other species at the four sites.

Site
FC ME KWS
Description Fisherman’s Kilendegwe Manera Estate Kenya Wildlife
Camp Service Annex
Impact index ! 3 4
P (Very Low) (Low) (High) (Very High)
Duration of 3 months before 5+ years
. Never . 3-5 years :
animal presence sampling (continuous)
Cattle up to I]:/Ia}r;yl herdtstlo f
Species and None Buffalo ~20 1000 head, " i O%Cak ©
numbers head buftalo ~100 Wa eTonok,
zebra, and
head .
impala
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Table I1. Parameters recorded along transects through papyrus stands at each of the four sites.

Parameter Site

FC KD ME KWS
Impact index (from Table I) 1 2 3 4
Vertical distance of papyrus fringe above lake (m) 1.08 1.01 1.05 0.77
Frequency of clumps (per 10 m” quadrat) 6.24 5.57 6.45 6.14
Mean distance between clumps (m) 1.32 1.71 1.10 1.11
Horizontal extent of papyrus (m) 15 32 190 246
Gradient through papyrus fringe (%) 7.2 3.2 0.6 0.3
Mean height of stems (m) 2.67 2.69 1.87 0.48
Stems with flowering heads (%) 87.50 26.09 19.54 0.00
Broken stems (%) 15.01 35.22 84.35 100.00
Ratio of living: dead clumps of papyrus 1:0 1:0 1:2 0:1
Frequency of dead clumps (per 10 m” quadrat) 0 0 4.40 6.14
Mean diameter of dead clumps (m) - - 2.39 1.89
Total number of species of plants colonising C. papyrus 3 2 16 19
Mean number of colonising species (per m) 0.14 0.24 1.43 1.30

in FC and KD (the two sites never, or recently
visited by buffalo but never visited by cattle) than
the other two (F3 3,=4.006, P<0.05) (Fig. 5a).
The percentage of stems with flower heads
(umbels) was significantly higher only at FC (Fig.
5b) compared to the other three sites (F3_3,=8.483,
P<0.05), indicating that damage by buffalo visit-
ing in small herds, sporadically over three months,
is enough to reduce stems with flower heads to a
quarter of the total of upright stems. The process
of opening up the swamp, to light and to other ani-
mals, had also commenced by a doubling of the
proportion of broken stems within 3 months, to
one third of the total at KD (Fig. 5c).

Continuous access to large mammals, with-
out any respite of a rise in water level, caused an
opening of the swamp and continued grazing of
young papyrus shoots, which had re-grown from
the centre of clumps to replace damaged photo-
synthetic tissue. This was apparent at ME, con-
taining young, shorter shoots, which reduced the
average height, but this site had only two-thirds
of its papyrus clumps still living (Table II) and
most were overgrown with Pennisetum clandesti-
num (Kikuyu grass).

The most damaged site, KWS, was an un-
farmed property to the south of Naivasha town,
adjacent land either side held small settlements
for farm workers. The lake-edge arecas of KWS
therefore, were refuges for wildlife from the
surrounding farms, which meant that their pres-
ence was more or less permanent. This resulted
in complete destruction of the papyrus, with
100% mortality of the clumps (Table II), all
stems dead and broken, merely sticking out of
half-metre high mounds covered in P. clandesti-
num and acting as a ‘climbing frame’ for 19
other terrestrial species.

4. Discussion

These trends allow a scenario for the decline
of papyrus within the former North Swamp, over
the past decade, to be established:

1. The papyrus fringe at Naivasha occupied the
horizontal extent of approximately 1 vertical
metre (this was the level of water level rise in
May 1988): the four sites sampled contained
recognisable papyrus between 0.77 and 1.08
m. This extends for only a few horizontal
metres at FC and KD, but hundreds of metres
in the northern shore, where the gradient is
much less. Nevertheless, the papyrus swamp
on all gradient shores was naturally intact.

2. Drawdown exposes former lakebed soils, caus-
ing them to dry out and so become more acces-
sible to herds of buffalo. Harper and Mavuti
(2004) suggested that this was caused by two
linked effects. The first was the over-abstrac-
tion of water from the whole basin which has
left the lake approximately 3 vertical metres
lower than it should be naturally since about
1980 (Becht, Harper 2002). The second was
the down-cutting of the Malewa river through
the unconsolidated alluvial sediments of its
delta (cross section shown in Harper, Mavuti
2004), as the lake level lowered and also per-
haps as a result of more extreme flood flows
from a progressively deforested catchment.

3. Large animals enter the swamp as the soils dry,
trampling papyrus in order to access its green
stems and flowering heads and, in the process,
creating paths that remain permanent in the drier
surface sediment. Cattle were observed at the
lake edge on the two northern sites KWS and
ME. They are able to move relatively freely
between private property at the lake edge because
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in this northern area of the lake landowners draw
water from boreholes rather than lake water; thus
no large ditches interfere with movement at
property boundaries and no fences extend
through the legal riparian zone down to the lake
edge. The herdsmen were frequently observed
cutting papyrus flower heads for their livestock.

. Cattle, and other wild animals, such as zebra

(Equus burchelli), waterbuck (Kobus ellip-
siprymnus) and giraffe (Giraffa cameloparda-
lis), subsequently follow the buffalo paths on

4 -

height (m)

the landward edge; individuals of these species
graze off new shoots that would otherwise ena-
ble the papyrus to photosynthesise and so sur-
vive until re-flooded. Increased light availabil-
ity provided by the absence of tall stands of
papyrus enables climbing plants and creeping
grasses (such as P. clandestinum) to overgrow
the remaining C. papyrus, by now reduced to
mounds just a few feet high, within what
becomes an open, hummocky grassland, with
the papyrus soon dying.

stems with flowering heads (%)

A
3_
2_
1_
0 T T
100 -
B
80
60
40 -
N ﬁ “'
0 T T

al}

broken stems (%)

100
Cc
80
60
40 -
20 -
0 T T
FC KD ME

KWS

Sites

Fig. 5. Selected parameters of papyrus stems at four sampling sites (see text for site abbreviations). A - mean height (in
metres, standard error bars); B - percentage of stems possessing flowering heads; C - percentage of broken stems.
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Fig. 6. Aerial photograph of Lake Naivasha with an overlay of the approximate boundaries of the former North
Swamp as it would have appeared in the 1970s (modified from LNRA Aerial Survey 2001 and Gaudet 1977a).

Fig. 7. Detailed aerial photograph of the northern shore taken in 2001 revealing the decline in papyrus cover; what
remains of the once extensive North Swamp is circled in red (modified from LNRA Aerial Survey 2001).
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Fig. 8. Aerial photograph of Lake Naivasha with the Malewa (dark blue) and Gilgil (light blue) rivers highlighted;
the site proposed by Zalewski and Harper (2001) lies within the black box, that of Githaiga (2008) within the white
(modified from LNRA Aerial Survey 2001).

Fig. 9. Healthy fringing papyrus swamp close to Fisherman’s Camp (photo. E. Morrison).
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These trends are largely natural and no
doubt occurred at lower lake levels in the past,
such as during the first half of the 20" Century
and earlier, but would then have been coun-
tered by subsequent water level rises flooding
the paths and revitalising the papyrus. However,
an important distinction between this century
and the last has been the sharp increase in the
human population of the town of Naivasha and
the lake hinterland; numbers have risen tenfold
over the past three decades as employment
opportunities have increased in the labour-in-
tensive floricultural industry around Lake
Naivasha’s shores - from around 7000 in 1969
to around 67 000 in the town alone in 2002
(Lahmeyer 2002). The actual lakeside popula-
tion in 2009 is estimated at close to 500 000
people (R. Ndetei, pers. comm.). The effects of
an increased human population on the lake’s
ecotone are manifest in three ways:

- The area of C. papyrus cover around the whole
lake has been severely reduced to around 10% of
its former area (Harper, Mavuti 2004) such that the
processes outlined above occur within a far small-
er area of swamp and thus are more damaging.

- Even in areas where human access on riparian
land is limited, papyrus is now subject to repeat-
ed human damage arising from: (i) the activities
of both legal fisherman and fish poachers, who
camp overnight on lake shores and light fires
for protection against buffalo (ii) the use of fires
and mechanical means to facilitate the clearing
of swamp for cultivation, (iii) the removal of
papyrus by tourist operators desirous of a view
of the lake, (iv) the destruction of fringing
swamps on those sites where the general public
has wide access, and (v) the free movement of
domestic livestock around the lake edge, partic-
ularly in droughts when Maasai move farther
from traditional pastures.

The number of buffalo counted around the

northern shores of the lake has increased dra-

matically - from a few hundred in the early
1990s to recent peaks of around 1500 individu-
als (NWC, unpubl.). It is believed that these
animals have been driven down from the Eburru
hills to the west (in response to an increase of
people, cultivation and deforestation) and now
permanently occupy the land of the former

North Swamp (H. Simpson, pers. comm.). It

follows, then, that what remains of the papyrus

here is soon to be entirely removed by herds of
buffalo and other grazing species (extrapolating
in this way, conditions recorded at ME will ulti-

mately reflect those at KWS: Table II).

Restoration of the inflow papyrus swamps is
considered to be of prime management impor-
tance for the future sustainability of the lake eco-
system (Jones, Humphries 2001). Two different
interventions have been proposed: one located

around the delta of the Malewa river, based on
ecohydrological principles, the other on land
adjacent to the Gilgil river, adopting more of an
ecological engineering approach. The relative
feasibility of these two proposals is evaluated.

Proposed project sites

Both sites lie within an area of the northern
shore formerly occupied by the North Swamp as
described by Gaudet (1979). The approximate
area that this swamp once covered in the 1970s
has been overlaid on an aerial photograph taken
in 2001 (Fig. 6); what little remains today is
shown in Fig. 7. The ‘riparian limit’ demarcation
denotes that land (below the lake level of 1893
metres above sea level) that was put into the cus-
tody of landowners in 1933 under the Lake
Naivasha Riparian Owners Association and on
which no permanent structures are permitted
(Becht et al. 2006). Natural fluctuations in water
levels over the last 100 years have been in excess
of 12 metres (Harper, Mavuti 2004); the last
major rise was caused by the heavy ‘El Nifio’
rains that fell over Eastern Africa in 1998, caus-
ing the lake level to rise by 2 vertical metres
(Kitaka et al. 2002) (Fig. 7).

Zalewski and Harper (2001) proposed that the
conversion of the Malewa river delta into a sequen-
tial wetland should be the first stage of an integrat-
ed restoration program. The deltas of both the
Malewa and Gilgil rivers lie within the boundaries
of two large, privately owned cattle ranches. One
of these ranches, Marula Estate (¢ 25 000 acres)
plans to restore a similar area of wetland to the west
of the Malewa, ~2 km inland along the course of
the smaller Gilgil river (F. Natta, pers. comm.); the
sites of both proposals are indicated in Fig. 8.

Interventions required

An ecosystem can be considered restored
when it contains sufficient biotic and abiotic
resources to continue its development without fur-
ther assistance or subsidy (SER 2004); the majori-
ty of projects will therefore require the initial
manipulation of both biotic and abiotic conditions.

Abiotic interventions

Zalewski and Harper (2001) suggested that
the construction of a ‘treatment wetland’ either
side of the Malewa could be the first component
of an integrated strategy of restoration. The inter-
vention would consist of three wetlands of a
sequential structure, passing downstream on the
Malewa to the lake in its final flows through the
former North Swamp. The lowest wetland would
have the highest efficiency of organic matter and
nutrient trapping and be located close to the lake,
designed to carry river overflow arising from fre-
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quent, short floods. The second stage would be an
overflow weir which took the heavier rains that
fall during the annual rainy season, and a third
stage taking overflow of floods from the intensive
rainy periods that occur every 5-7 years. Rock-
filled gabions would be incorporated into the
design to raise the height of the river channel at
each weir; the main channel would subsequently
be linked to a series of smaller channels carrying
water into the intended wetland areas.

Githaiga (2008) described a proposal by
Marula Estate to restore an area of the former
North Swamp fed by the smaller Gilgil river to
the west of the Malewa, approximately 2 km
inland from the lake (Fig. 8). Here, the interven-
tion would involve the construction of a barrier
(making “limited use of concrete and steel”)
across the Gilgil to create overspill from the main
channel in order to wet former swamp land either
side of the river, as would have occurred naturally
in times of flood before the process of down-cut-
ting drained the swamp (Harper, Mavuti 2004).
The proposal described the additional down-
stream installation of temporary levees and dykes
(made from “compacted earth materials”) to
reduce flow velocities and so raise the height of
water within the channel; a fish ladder was also
incorporated into the proposal to facilitate
upstream migration (Githaiga 2008).

Despite their design differences, the shared
objective of the two interventions is the emulation
of a flooding regime across former lakebed soils.
The rationale for this is that papyrus seeds are
known to germinate quickly in rewetted sediment
(Gaudet 1977a; Harper, Mavuti 2004); episodic
germination events suggest that C. papyrus at Lake
Naivasha has a persistent seed bank adapted to
take rapid advantage of fluctuations in lake level
(Boar 2006), which the above interventions would
artificially recreate. Sedimentation processes and
biogeochemical trapping provided by the restored
papyrus swamps should act to significantly reduce
the load of suspended matter and nutrients entering
the lake (Zalewski, Harper 2001).

Biotic interventions

Biotic interventions would be minimal since
the seed bank of papyrus in the North Swamp is
likely to have remained viable and seedlings
should re-establish once the sediment is wetted.
The anoxia caused by flooding and the high pro-
ductivity of C. papyrus will act as stressors to
maintain the integrity of the wetland by discour-
aging the further establishment of competitive
species such as climbing plants and creeping
grasses (Harper, Mavuti 2004).

That said, the emergent Typha latifolia
(Common Cattail) has a similar capability to
papyrus in terms of its assimilation of N, but is at
least three times as efficient in its uptake of P

(180 kg ha'! yr'! compared to 50 kg ha'! yr! :
Brix 1994) and, in view of the high concentration
of total phosphorus in the lake recorded by Kitaka
et al. (2002), this species could be considered as
an early biotic addition to the restored wetland.
However, its development would have to be care-
fully monitored since, as with other C, species, 7.
latifolia tends to increase evaporative loss of
water (having a lower water use efficiency than
C, species such C. papyrus) and its unchecked
spreading could jeopardize efforts to keep the
area wet (Jones, Humphries 2002).

Kariuki et al. (2001) suggest that papyrus
could be utilised on a sustainable basis (e.g. as a
renewable fuel source: Jones 1983) if a harvest-
ing strategy was established to take advantage of
its high rate of productivity. A carefully planned
biotic intervention of this sort would also be ben-
eficial in terms of maximising the nutrient uptake
capacity of papyrus, reducing returns to the lake
through leaching and decomposition of dead
material (Gaudet 1977D).

Expected benefits of restoration

Improvements that are anticipated following
restoration pertain to ecological, economic and
educational benefits.

Ecological benefits

Restoring the swamp would facilitate the
recovery of C. papyrus to a level that enabled the
lake ecotone to once again function as (1) a land-
water buffer, protecting lake shallows from surplus
sediments arriving in the Malewa and Gilgil rivers,
thereby reducing siltation, (2) a biophysical filter,
assimilating and recycling excess nutrients from
the catchment, which presently cause the lake to
be eutrophic, and (3) valuable habitat for wildlife
including fish, hippos and birds, amplifying biodi-
versity and improving food chain support.

A functioning papyrus wetland would increase
the supply of clean, fresh water into the lake and,
at the same time, help to maintain its volume since,
under suitable hydrological conditions, water loss
by evaporation from papyrus vegetation is consid-
erably less than from corresponding areas of open
water (Jones, Humphries 2002).

Economic benefits

Maclean et al. (2003) showed the positive
economic value of goods derived from papyrus
swamps in Uganda. At Lake Naivasha, the finan-
cial benefit of restoration can be seen in the ‘natural
service’ provided by healthy, functioning swamps
i.e. the introduction of cleaner water into the lake
system — which provides the domestic needs of
thousands of people living around the shore, as well
for the irrigation requirements of an intensive flori-
cultural industry. The restoration of C. papyrus
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would also be of economic benefit to the lake’s
commercial fishery, which is dependent upon
healthy populations of Oreochromis leucosticus,
Tilapia zillii and Micropterus salmoides; the impor-
tance of the swamp was demonstrated by Hickley
et al. (2004) who found that all three species were
caught in greatest abundance in nets close to the
papyrus fringe, compared to other shore types.

An additional economic benefit would come
from improvements in aesthetic quality and bio-
diversity enjoyed by tourists continuing to visit
the lake, bringing in valuable foreign currency.
Lake Naivasha was once described as “one of the
world’s top 10 bird-watching sites” and “the most
beautiful of the Rift Valley lakes” (Williams
1967); restoring the intrinsic natural beauty of the
shoreline would help to prevent such descriptions
being confined to the past.

Finally, the high biomass production of
papyrus presents a potentially enormous econom-
ic resource and several attempts have been made
to exploit it in the past (e.g. Jones 1983), most of
which have involved paper or board manufacture,
although none were economically viable (Jones,
Muthuri 1985). However, given the high rate of
deforestation in the catchment, and in light of
recent advances in briquette-making technology
(e.g. Legacy Foundation 2009), further investiga-
tions into the potential use of papyrus as a fuel
source at Lake Naivasha are likely to be positive.

Educational benefits

Educational benefits may arise from advances in
environmental literacy and awareness that individuals
gain from participating in, or learning about, ecologi-
cal restoration (Clewell et al. 2005). In the case of
Lake Naivasha, public participation in the project
may be facilitated through cooperation with organiza-
tions such as the Lake Naivasha Riparian Association
(LNRA) and the Kenya Wetlands Forum.

Scientific benefits can accrue if a restoration
project is used for demonstration of ecological
principles and concepts or as an experimental
area (Clewell et al. 2005). Indeed, Lake Naivasha
is part of a worldwide network of ‘Ecohydrology
Demonstration Sites’ (UNESCO 2006) and suc-
cessful restoration of the North Swamp, sensu
Zalewski and Harper (2001), would help to make
the lake basin a perfect demonstration site for
showing ecohydrological principles in the tropics
(Harper, Mavuti 2004).

Logistics and limitations

Using theodolite measurements, Kahurani
(unpubl.) demonstrated that the topography of the
land either side of the Malewa delta is favourable
with respect to the intervention described by
Zalewski and Harper (2001), in that overspill from
the river would flow away from the main channel

to re-wet former lakebed soils as it would have in
the past, prior to the onset of down-cutting.
Similarly, Githaiga (2008) used a laser-based topo-
graphical survey to reveal the surface configura-
tions of old channels, semi-basins and undulations
either side of the Gilgil river, demonstrating that
land previously inundated during flooding events
would receive the overspill created by the inter-
vention proposed by Marula Estate.

However, whilst feasible in situ, the principal
limitations common to both projects are external
and anthropogenic, relating to: (i) sources of fund-
ing, (ii) permits required by government agencies,
and (iii) labour sources and equipment needs.

Funding

In July 2007, WWF-EARPO (Eastern Africa
Regional Programme Office) launched an investi-
gation into the feasibility of a ‘Payments for
Environmental Services’ (PES) scheme in the
Naivasha catchment. Under this scheme it is envis-
aged that companies in the floricultural sector,
which benefit from a plentiful supply of water pro-
vided by the upper catchment, will make small pay-
ments to upstream land-owners and communities.
In return, recipients of these payments will imple-
ment land conservation measures that ultimately
benefit the whole of the Lake Naivasha catchment.
The scheme additionally seeks to finance rehabili-
tation of the riparian zone and, in particular, resto-
ration of the North Swamp, vis-a-vis the design of
Zalewski and Harper (2001) planned at the Malewa
delta (M. Ellis-Jones, pers. comm.).

The PES scheme is now operational, support-
ed by the Lake Naivasha Growers Group (LNGG)
- the organisation that represents the region’s major
commercial horticultural and floricultural compa-
nies. However, given the range of catchment con-
servation measures that need implementing (see
Harper, Mavuti 2004) and the divergent priorities
of different water users, what proportion of these
funds becomes available for restoration of the
lake’s riparian zone remains to be seen.

The financial situation in regard to the pro-
posal associated with the Gilgil river (Githaiga
2008) is distinctly different. Here, the planned
project location lies entirely within the boundaries
of the privately owned Marula Estate, the owner of
which has set aside adequate finances for the
installation and subsequent management of the
intervention proposed (F. Natta, pers. comm.).

Permits

In accordance with the Kenyan Water Act
2002 (Rules 23, 24, 71, 72), before any restora-
tion of the North Swamp can be conducted, the
proposals outlined by Zalewski and Harper (2001)
and Githaiga (2008) would have to be met with
the approval of the Water Resources Management
Authority (WRMA) and the issuing of relevant
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Water Permits. Both proposals would require: (1)
“an authorisation to construct works for the use
of water” (Category 004), and (2) permits for
“abstraction, diversion, in-stream and conveyance
works” (Category 001B) (WRMA 2006).

The WRMA may also ask applicants to sub-
mit a Hydrological Assessment Report, to be pre-
pared by a qualified water resource professional.
Proposals to reclaim an area of wetland (Rule 52)
may additionally require an Environmental
Impact Assessment (EIA), to be conducted by an
independent environmental consultant; any EIA
would subsequently have to be approved by the
National Environment Management Authority
(NEMA) prior to work commencing. However,
an EIA is likely to be approved as the proposed
restorations would broadly constitute a ‘Soil and
Water Conservation Plan’, required by the
WRMA for the “conservation of riparian and
catchment areas” (outlined in Part IX of the Water
Resource Management Rules 2006).

Finally, since restoration is proposed on
riparian land, where the excavation of soil is pro-
hibited (Rule 118), the applicants would have to
make a separate written request to the WRMA
before commencing restoration; any person who
undertakes a proscribed activity on riparian land
without the approval of the Authority is liable to
a maximum fine of Ksh 50 000 or 3 months
imprisonment (WRMA 2006).

Labour

Ideally any intervention should carry a high
level of public participation, involving the efforts
of local volunteers acting under the supervision
of an appointed restoration practitioner. As SER
(2004) assert, ecological restoration “encourages
and may indeed be dependent upon long-term
participation of local people”; this is especially
true in parts of Africa where “restoration is unten-
able unless it manifestly bolsters the ecological
base for human survival”.

However, both proposed interventions are
situated on privately-owned ranches and, as such,
public participation is likely to be strictly limited.
That said, land lying to the east of the Malewa
delta may, in the near future, be subdivided and
sold off as family plots (R. Ndetei, pers. comm.).
Whilst this would clearly increase public access
to the site, the increase in human activity, and in
particular the intensive subsistence cultivation
that would follow, may only act to jeopardize res-
toration efforts. The proposal to restore wetlands
around the Gilgil river, on the other hand, has
been made by Marula Estate, a large cattle ranch
that employs around 2000 individuals - the vast
majority of which are residents of Naivasha and
the surrounding area. Here, local people would be
directly engaged in the intervention and its subse-
quent management (F. Natta, pers. comm.).

Recommendations and strategies for
management

Ecological restoration is meaningless without
reasonable assurance that the project site will be
protected and properly managed into the indefinite
future (Clewell et al. 2005). Given adequate
resources, the initial work proposed by either inter-
vention should take no more than a matter of weeks.
However, a carefully planned program of monitor-
ing and management is essential if the restoration is
to be considered a success in the long term.

Short term

In the first instance, it is recommended that
the physical components of the intervention be
installed to coincide with the arrival of the long
rainy season, which typically falls between April
and June. The reason for this is twofold: (1) to
ensure maximum discharge in the inflowing rivers,
making water available for diversion across former
lakebed soils, and (2) to provide good grazing
opportunities for buffalo and livestock offsite, in an
attempt to reduce pressure on newly germinated
papyrus. In order to completely exclude these ani-
mals, it would be necessary to dig wide ditches or
erect fences around the project site at a significant
cost, the feasibility of which has not been assessed.

Intermediate term

In trials conducted by Boar (2006), it was
found that papyrus seeds germinated and survived
best when sediment was saturated or where water
level was just below the surface, poorly in sedi-
ment that was drying and that seeds did not germi-
nate at all where sediment was flooded. This sug-
gests that the saturation state of the newly wetted
soils will have to be carefully monitored and,
where possible, modified. This could be achieved
by adjusting the height of any channels, dykes and
levees installed (and/or creating new ones where
necessary) in order to maximise the germination
rate of papyrus and so the regeneration of wetland.
To some extent this will be controlled naturally, by
the recession of floodwater back to the main chan-
nel as discharge decreases, and via overland flow
along existing (but presently dry) surface channels
leading towards the lake.

Long term

It is strongly recommended that any interven-
tion adhere to the Society for Ecological Restoration
International (SER) Guidelines for Developing and
Managing Ecological Restoration Projects (Clewell
et al. 2005); indeed, Cairns and Heckman (1996)
believe that efforts coordinated by SER are to be
“used as a model by all restorationists”.

Particular attention should be paid to the
identification of restoration goals. The written
expression of goals provides the basis for all res-
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toration activities and later they become the basis

for project evaluation (Clewell et al. 2005).

Specific ecological and cultural goals of the

present proposals merit careful consideration

should the decision to begin restoration be made.

Two further recommendations of urgency are:
1. Identification of the reference ecosystem: a

model on which to base restoration that will
later serve in the evaluation of the project.
Typically the reference represents a point of
advanced development that lies somewhere
along the intended trajectory of the restoration
(Clewell ef al. 2005); the fringing papyrus
swamp at Fisherman’s Camp (0° 49’29 S, 36°
20’ 09” E) on the south shore of the lake could
be one such reference (Fig. 9).

2. Preparation of performance standards: spe-
cific states of ecosystem recovery that indicate
that an objective has been obtained (Clewell et
al. 2005). Some of these criteria may be satis-
fied by a single observation, for example to
determine whether a channel has been filled;
others will require a program of repeat moni-
toring to document trends towards the attain-
ment of a specified threshold, for example a
particular level of papyrus abundance or rate
of nutrient uptake.

Whilst the proposal of Marula Estate is
perhaps the most straightforward route to resto-
ration (having funds and labour sources in
place), it is important to note that the Gilgil
contributes considerably less to the total inflow
of Lake Naivasha (around 20%) than the
Malewa (around 80%: Becht et al. 2006); it
therefore seems intuitive to restore the wetland
formerly associated with the delta of the larger
river. However, in light of Naivasha’s history of
detrimental anthropogenic changes to the lake
ecosystem (e.g. Harper, Mavuti 2004; Becht et
al. 2006), those responsible for the intervention
may be forgiven for undertaking a smaller scale
project before embarking upon one considera-
bly larger. With an 8 km stretch of the Gilgil
river flowing through privately-owned land,
ample opportunities exist for the testing of eco-
logical theories and the appropriate modifica-
tion of designs prior to embarking upon a larger
scale project at the Malewa delta:

“All changes in a complex mechanism involve
some risk and should be undertaken only after
careful study of all the facts available. Changes
should be made on a small scale first so as to pro-
vide a test before they are widely applied”
(Buchsbaum, Buchsbaum 1957).

However, it should be emphasized that the
restoration of papyrus is just one of a wider set of
conservation measures required for sustainable
management of the whole Lake Naivasha ecosys-
tem, well documented in the literature (see
Harper, Mavuti 2004). For example, successful

restoration of the North Swamp depends in part
on making ecological improvements elsewhere in
the catchment; simultaneous efforts need to be
made to, amongst other things (i) reduce rates of
deforestation, (ii) find economically viable alter-
natives to the conversion of grassland for small-
scale agriculture, and (iii) restore degraded ripar-
ian habitat along the course of the Malewa river -
all of which currently act to increase the amount
of sediment and phosphorus flowing from the
catchment (Kitaka et al. 2002).

Because restoration is proposed within a
Ramsar site, those conducting the intervention
should seek the approval of the Lake Naivasha
Management Implementation Committee (incor-
porating Kenya Wildlife Services, the LNRA, the
LNGG and other stakeholders including repre-
sentatives from the Maasi community), since they
are the organization responsible for the site’s
overall management. Indeed, public appreciation
of the project is essential if long term, lake-wide
restoration of papyrus is to be successful. If the
public favours the restoration, they will protect it
and vest it with their support; if however they are
unaware of the restoration and its (public) bene-
fits they may continue to degrade it or otherwise
disrespect it (Clewell et al. 2005).

Future research should therefore focus on facil-
itating the involvement of local communities in any
restoration projects at Lake Naivasha, with particular
emphasis placed on the development of economic
goods derivable from papyrus swamps, such as the
manufacture of biomass fuel briquettes using simple
screw press technology (e.g. Legacy Foundation
2009) within the frame of a sustainable cottage
industry. Although it seems counterintuitive to
remove biomass from restored plots, a monitored
harvesting strategy is in fact desirable if one is to
maintain the nutrient uptake capacity of papyrus
sensu Gaudet (1977b). In this way, restoration can be
seen to have both ecological and financial benefits.

What’s important is that some form of inter-
vention is made, since the present state of the lake
no longer allows the luxury of waiting on a future
lake level rise to regenerate papyrus in the way
described by Gaudet (1977a); indeed, at the time
of writing (January 2009), the level of the lake is
"visibly dropping" (P. Nicklin, pers. comm.).

5. Conclusions

Degradation of C. papyrus at Lake Naivasha
has been shown to be the result of a combination
of lowered lake levels and destruction by buffalo
and other grazing species, in addition to human
clearance.

The restoration of papyrus in the erstwhile
North Swamp is considered ecologically feasible,
both at the delta of the Malewa and around the
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Gilgil river. However, the present study has
shown that the most patent route to restoration
currently lies with the proposal forwarded by
Marula Estate. The justification for this is three-
fold: (i) sufficient funds and labour sources are
available to conduct the intervention proposed;
(i1) permits required by WRMA have been already
been applied for (F. Natta, pers. comm.) and an
independent EIA completed and submitted to
NEMA (Githaiga 2008: NEMA Certificate
#0905), and (iii) Marula Estate has the ab initio
support of roads and other infrastructure (includ-
ing machinery) needed to facilitate project imple-
mentation. In other words, restoration of the
Gilgil is, at the time of writing, socio-economi-
cally the more pragmatic of the two proposals.
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