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INTRODUCTION

J. HOORWEG

The East African Coast stretches from the Horn of Africa in Somalia to halfway down
Mozambique; extending north and south of th'e:eq'u'ator it covers an approximate distance
of 3000km. The continental shelf is faiﬂrl’y'hérrdw with gentlé slopes and variations in sea
water level have profoundly influenced the coastline relief. The sea floor s characterised
by sandy bottoms and rugged formations of old coral rock; the landside has limestone cliffs
and outcroppings with elevations of 30m and more (Frazier, 1993). The ecological
variation along the coastline is perhaps less thah:expvected over such a long distance. The
semi-desert in Somalia is followed by forests, scrub- and grasslands in Kenya and Tanzania
interspersed by the estuaries of the large rivers reaching the Indian Ocean. Most of this
coastline is lightly inhabited with less than 10 persons/km? (Stuart & Stuart, 1995). Large
parts in Kenya, Tanzania and Mozambique have higher densities and have been populous
for centuries.
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Coral reefs, wetlands, mangroves, and coastal forests are important ecosystems of the
East African Coast that have received different degrees of attention from conservationists
-and ecologists. Coral reefs are- among the most complex marine systems with great biodi-
versity that are found offshore of all East African countries. Mangrove forests are
widespread, except in Somalia, and they provide nurseries for fish and crustaceans and
- protect the coastline from erosion. Coastal wetlands are meeting grounds of marine and
terrestrial spéoies.'lmportant estuaries are those of the Juba, Tana and Rufiji Rivers. The
coastal forests, finally, have seasonal rainfall with a prolonged dry season; they contain
relatively large numbers of endemic species. '

Kenyan Coast
Kenya has had a reputation for natural beauty and its conservation since the last century,
particularly in respect to the highland savannah and its large mammals. Many areas are now
protected. According to its recent list the Kenya Wildlife Service manages 25 National
Parks, 29 National Reserves and three sanctuaries covering more than 40,000km? and it is
also responsible for game control elsewhere (KWS, 1996). In addition, there are Forest
Reserves and areas that have been designated as National Monuments.! To maintain this
heritage requires dedication and effort but also financial resources, manpower and
expertise. The need for ccological conservation versus population pressure and economic
exploitation is a recurrent theme in nature and wildlife management. Recent ideas about
community participation are an attempt to combine conservation and exploitation. To
guxde and assist these efforts has created even greater need for envnronmental expertise,
Coast Provmce offers a mix of topographxcal and agro-ecologxcal zones quite different
from those of the hlghland areas. The coastal plam reaches land inward to the foot plateau
which is followed in turn, by the coastal range rising to 200- 300m altitude and, ﬁnally, the
dry hmterland the Nyika plateau. Different agro—ecologlcal zones alternate over relatively
short distances Gaetzold & Schmidt, 1983). The coconut-cassava zone is generally close to
the coastline, followed by the cashewnut-cassava zone and the livestock-millet zone in the
hinterland. The so-called coastal strip, an ‘area extending 15-20km inland, has a distinct
social and cultural heritage. Historically it belonged to the Omani Sultanate and has a
strong Islamic presence. Today it is still the most populated part of the coast. The impor-
tant ecosystems, mentioned above, are all found there. ' '
‘The coastal strip extends over an derial distance of some 450km but the actual length of

1. Forest Reserves resort under the Department of Forestry; National Monuments under the National
Museums of Kenya.
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the seafront is around 600km. It éonsists of coral.reefs, bays, estuaries, creeks, rocky cliffs,
sandy beaches and dunes. In the far south at the border with Tanza_nia, there are extensive
mangroves and coral reefs with near-shore islands such as Wasini. About 50km north, the
first concentration of tourist hotels is found in Diani. Mombasa Island lies in a creek system
with natural harbours on both sidcs.v_gM,ore',hote_l concentration stretches for about 20 km
to the north of Mombasa. Rugged. coast and _the-_deep water creeks of Mtwapa and Kilifi
follbw. The shallow Mida creek is the next landmark, Halfway.up the coast, the reef ends
in Malindi, the second largest town in the coastai strip. Geologically and ecologically, the
region north of Malindi is quite. different from that to the south. Along Ungwana Bay,
landscape and habitation change 31gn1ﬁcantly The beaches are long and sandy, open to
the sea with rolling breakers; the coastal plain which has been narrow until now, widens
and along the Tana River extends much further inland, The coastline consists of dunes and
scrub vegetation and is Spa,rselyzinhabitecfi, only interrupted by what is known as the Tana
River Delta with wetlands and mang:ovés__ and the limestone cliffs of Ras Shaka (Frazier,
1993). To the north, the.remote Lamu archipelagois little developed and consists of near-
shore islands, coral reefs, bays, creeks and large mangrove forests.

The coral reefs of Kenya are mainly of the fringing type; closely following the coastlme
and often linked to the mainland at low tide. The reefs are interrupted where rivers are
discharging into the sea.but there is-a more or less continuous stretch of 200km between
Shimoni and Malindi. Reefs also exist north of the Tana River in the Lamu-Kiunga area.
There are few corals between the Sabakl and Tana Rivers as a result of the dlscharge of
freshwater . and sediments. The Kenyan reefs provnde examples of the. abundant
productivity of these marine eco_systefms_.thh many. coral species, and a great variety of fish
and other reef animals. Of the four ecosystems mentioned earlier, the coral reefs are
probably threatened-most because they suffer the combined effects of different factors.
They are affected by siltation of the main rivers but are also being attacked by natural
enemies, notably sea urchins (McClanahan & Obura, 1996). 'They are also-affected by
pollution of Aunproceésed sewage from beach hotels and urban areas. T hey suffer the
effects of shell and coral collection and intense exploitation by fisheries of different types.
Finally, they are inevitably damaged by tourist trips to coral gardens. -

Coastal wetlands are associated with rivers and other outlets. They experience a daily
cycle of wet/dry conditions in creeks and bays or seasonal flooding in deltas and estuaries
and combinations of the two. Wetlands are productive ecosystems particularly where fresh
and salt water meet with rich plant and animal communities. They provide breeding and -
feeding habitats for wildlife, including birds following migration routes from Europe and
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Asia. The major wetlands are the swamps of the Tana Delta, roughly 30x20km in size,
which expenence strong seasonal expansion after the rairis in the highlands; the area and
its ecosystems have received little study so far. The Tana and Sabaki Rivers-are the only
- rivers- that - originate in-the highlands; they experience théeffects of upstream
deforestation and sedimentation, but also’pollution from agricultural and industrial waste.
The other rivers, such s thie Ramisi, draw their water from within the coastal region,
catchments that appear less affected by these factors, so far (see chapter 4). Howevet,
some rivers that used to be permanent have now become sessonal in nature, probably as 2
result of the' upstream felling of trees and cultivation of river borders. The major creeks,
such as Mombasa, Mtwapa, and Kilifi have deep water anchorage. Other creeks such as
Midz and Takaungu are shallow and fall largely dry at ebb tide. The brackish bottoms of
the creeks and bays (such asin Gazi) offer suitable habitat for mangroves.
" “The mangove ecosystein consists of tree canopy; mud environment and flood channels.
There are eight mangrove species in Kenya which occur in fringe mangroves or as devel-
oped forests in creeks or bays; in the latter case, often withi zonation by species (Ruwa;
1996). By 1980, Kenya had an estimated 53,000 ha of mangrove forest according to an
often quoted estimate (Doute et al., 1981). The major concentration is in the remote
‘Lamu District where two-thirds to three-quarters of the mangrove forest is situated
although there is uncertainty about the actual areal. Ferguson (1996) estimated that the
marigrove hectarage existent in Lamu District is larger, by about a third. By all accounts
the mangrove forests are in decline because of loss of areal (see chapter 8) but also by a
decrease in density and maturity of mangrove stands (see chapter 7). Mangroves are of
ecolegical and economic importance and offer suitable habitat for fish, shellfish, insects,
birds and- mammals. It also produces fuelwood and timber for building and boat
' construction. Mangroves are in decline because of reclamation of land for other purposes
(such as salt ponds; shrimp farms-and tourist facilities); because of increased subsistence
use 25 building material and firewood; and because of commercial, often indiscriminate,
felling. Mangrove forests are gazetted under the Forest Act and permits are needed for
exploitation. The surveillance capacity of the government, however, is limited and
ineffective and, as a result, there is a lot of abuse of these regulations.

“Remaining coastal forests in East Africa are estimated at about 3000km? of which about
660km? is situated in Kenya (Burgess ef al., 1996). The latter includes the Arabuko-
Sokoke forest which covers some 420km2 and is the largest single block of indigenous for-
est remaining in the East African lowlands. It consists of forest and woodland and mixed
forest of different types and has great biodiversity, both as regards flora and fauna: Nearly
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. 600 higher plant species have been identified together with many butterfly species and
there is a concentration of :rare birds (KIFCON, 1995). Shimba Hills.Forest has an even
greater biodiversity. The smaller kaya forests vary from a few hectares to over 400ha in
size and their current number is estimated at 40 (Githitho, 1997). In the past they have
been protected, as sacred places.and burial grounds by the local population. Because c_)f the
demand for-arable land and forest products both the large forests and the kayas are under
threat. Also threatened are some of the rare birds that find a habitat there (see chapter 9)..

History and Population

The coastal region has a long cultural history. Arab trade and settlements were already un-
der way around the millennium. Arab and Swahili settlement have left traces all along the
Coast. There are ruins in Gede and Jumbe; settlements that were probably deserted be-
cause of shortages of drinking water. A Chinese envoy visited Malindi early in the 15th
century (Martin, 1973). Portuguese explorers reached Mombasa in 1498 leading to intet-
mittent occupation until the end of the 18th century. At the beginning of the 19th
century the Sultan of Oman moved his court to Zanzibar and established suzerainty over a
narrow strip along the East African Coast. The coastal strip in Kenya remained nominally
under the Sultan of Zanzibar but effectively the British administered this part of the
country smce the end of the 19th century. In 1963 thrs special status came to an end and
the region )omed the rest of Kenya at Independence '

* Coast Province has the third area of population concentration in ‘Kenya, after the
Central and Western regrons of the country, with 1.8 million inhabitants in 1989 (CBs,
1994) Kwale Krhﬁ Malindi and Mombasa Districts account for almost 80 per cent of the
populatton Together with the lower part of the Tana River and the sparsely populated
Lamu District, they form the coastal region. Taita- Taveta and the upper part of Tana River
are situated mland The economic development of the region has not kept pace with
other parts of Kenya Coast Province scores comparatively low on development mdlcators
such as child mortahty, childhood malnutrition and literacy rate. Living conditions in large
parts of the province are harsh and estimates place the incidence of rural poverty at forty
per cent which is higher than in Kenya as a whole (Hoorweg et al., 1995).

“The main African populatton the Mijikenda, originate from southern Somalia. Accordmg
to oral tradition, they started to move into the region at the turn of the 17th century al-
though there now appear to be indications that their presence dates from much earlier
(Helm, personal communication). Settling in fortified hill-top villages, kayas, they
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chianged to a miore dispersed form of habitation in the nineteenth century (Spear, 1978).
By that time, the lands in the coastal plain were mainly in the hands of resident Arabs and
Swahiliwho had developed large plantations (Cooper, 1981). After the-abolition of slavery,
this plantation ecb’nOmy'dec_lined and many Mijikenda joined ex-slaves living on unproduc-
tive plantations. As part of the transfer arrangements-leading to Independence, the
existing - often dormadnt - land rights of the Omani and' Zanzibari owners were fully
recognised by the newly independent government. Migration to- the coastal plain
increased further in the 1960s and many people settled on unused parts of estates or on
state-owned land. Some of these lands later became official settlement schemis where
land adjiidication was done by the Government. Many people, however, remain squatters
or are uncertain about the status of the-land on which they live. At the same time there
was in:migration  from -up-country groups such as Luo, Kamba and Kikuyu seeking
employment and business opportunities. Effectively, there is also a floating population of
European and American tourists numbering an estimated 50,000 annually (CBS, 1994).

- As a result, the southern half of the Kenyan Coast consists of a-mixed population, more
varied than elsewhere in Kenya with exception of the major towns, made up of Arabs,
Swahili Shirazi, Indians, Mijikenda (who are themselves divided in nine sub-tribes 235 the
name says), other groups from the Northern Coast (such as the Bajun), up- country
Kenyans, and foretgn residents. Apart from economic and cultural differences, there exist
profound rehgtous and educattonal differences between these groups. Many observers
haye speculated about the causes of the lag in economic development of the regton and
the local attltudes towards economrc initiatives and employment Drfferent causes have
been postulated such as detrtmental health conditions; poor educational levels that persist
today, neglect by successxve central governments lack of economic dnve and cultural
att1tudes towards achrevement Another factor that is less often mentroned is nevertheless
1mportant in the coastal Stflp Although the native Africans are the largest group, thetr
settlement in the coastal strrp post -dates that of some of the other groups and large
numbers of them have 1no securtty of tenure. A transient attitude towards land is further
enhanced by the extravagant prtces that are being paid for land near the seafront or other
places suitable for tourist devel opment Many people have no legal tenure and as ltkely as
not have a family hlstory of land dtspossessron This has resulted in communtttes that are
less cohesrve than those srtuated inland, ‘where leayas are good examples of communtty
conservatton although even here control appears to be breakmg down (see p 10) By and

2. The most populous subgroups are the Giriama, Duruma and Digo followed by the Chonyi and Rabai: Quite
small in number, yet culturally distinct, are the Kauma, Jibana, Kambe, Ribe.
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large, in many parts of the coastal strip, community control over common resources is poor
and this allows. all kinds of political and economic manipulation. = : ,
Because of this combination-of political, educational and other factors, the local popula-
tion has, on: the one hand, a deep rooted suspicion of outsiders,particularly outsiders who
" take economic or,:for that matter, environmental initiatives. On the other hand, if ap-
proached conviricingly enough by their leaders, they are easily swayed into exploitative
ventures for relatively little reward often against their own long-term interest. This has led
to-:a: cutious state of suspicion and apathy on one hand, and political manipulation and
economic exploitation.on-the other hand. Mostly, however, a state of indifference prevails,
. in-which neither economic opportunities are taken up, ner strong forces are developed for
resource consetvation.3

Envirb_nmental- Priorities

The coastal environment: is threatened by naturally occurring processes, growing subsis-
tence needs of the population, and increased econbmi_c exploitation. The national plan
lists the following coastal and marine issues for environmental action: silt and sewage
threats to reefs; overexploitation of reef fisheries; overharvesting of maﬁgrove‘ trees; do-
mestic and industrial pollution; sewage and waste disposal; management of fresh water
supply;and salination of groundwater (MENR, 1994).

- Coastal-erosion-and increased sedimentation (particularly of the Sabaki River, the last
stage of the Athi-Galana river system which flows through some major population areas)
are examples of natural processes that affect the coastal environment.- The increased im-
pact:of sediments and pollution are having adverse impacts on marine flora and fauna, in
particular; the coral reefs are being threatened by siltation. The increased sedimentation
load, on the other-hand, has also resulted in the expansion of the dune fields near the
mouth of the Sabaki River (see chapters 2 and 3). Coastal erosion affects man-made struc-
tures but.also threatens habitats of certain marine organisms. Together these factors pose
 threats to the biodiversity of the ‘estuarine and coral reef ecosystems.

- The coastal region lacks adequate water resources and is a net importer of water; there
is scarcity for domestic, industrial and agricultural use. Piped water is drawn from Mzima
'Spréggs and the Sabaki River but the infrastructure is obsolete and suffers.frequent break-
downs. As a result; many boreholes have been sunk with heavy consumption of groundwa-

ter. Water quality.is threatened from at least two sides, namely overexploitation (see chap-

3. This was written before the recent outburst of violence in August '97.



8 Hoorweg

ter 6) and increase in population combined with poor sanitation (see chapter 7). As a re-
sult, where water is present it is often contaminated, polluted or saline. Microbial contam-
ination is one of the main causes of watér borne diseases. Pollution of surface water is also
a-concern. The national scarcity of energy also affects-the coastal areas with. frequent
breakdowns and even rationing of electricity and consequent environmental problems aris-
ing from the use of conventional énergy sources. The high rate of charcoal production that
~ reportedly exists in the hinterland requires attention.
.- Domestic and industrial waste pose increasing problems. Domestic sewage conitributes
about 10-20 per cent to' pollution loads, and industrial effluents account for 50-60 per -
cent. Most sewage is produced in Mombasa which accounts for. more than 70 per:cent of
pollution loads. Waste management systems in Mombasa are largely dysfunctional: it is
“estimated that only 60 per cent of domestic garbage is collebted; the sewage treatment
~system is absent or non-operational (Munga et al., 1993). There is also the impact of
industrialisation in-the: rural areas. For example, mining and extraction industries are
heavily polluting or damaging e.g., a local cement factory with severe aerial emissions; 2
local calcium factory using mangrove wood as energy source; and local sand mining which
threatens the water table. . ' o
. In the inland areas, households rely on crop cultivation, livestock and off-farm.employ-
ment; and environmental issues centre around problems arising from rural development in
marginal areas. The effects of heavy land use are increasing, notably the high rate of char-
coal production, overgrazing and erosion. In the coastal strip, apart from agriculture and
‘employment, a substantial though unknown amount of income is derived from exploitation
of coastal resources; notably fishing, other aquatic activities, mangrove harvesting and the
tourist industry. Because of its-combination of tropical climate, natural treasures and
historical sites, the region attracts heavy. tourism. In 1993, beach hotels accounted for
more than 60 per cent of all bed-nights in the country and this figure has been increasing
(CBS,1994). Coastal tourism is mainly limited to the coastal strip-and the sea.front which
places a heavy burden on the reefs and beaches (Visser & Njuguna; 1992). Tourism-related
activities such as hotel construction, furniture making and curio production use large
numbers of hardwood trees and mangroves. .

Population increase is tied in with growing commercial exploitation. 'This concerns, par-
ticularly, mangrove forests that are being overexploited; overfishing with the result that,
at the very least, individual catches are going down; logging and 'cuiting of saplings which
threaten forest resources; and sand and soil harvesting. without subsequent rehabilitation.
Although these activities may provide a source of income of exﬁployment for the local
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populatidﬁ, the main proceeds of these economic activities are probably going elsewhere:
Several of these resources are finite and if current trends of exploitation continue
unchecked they will not only be exhausted but certain aspects of the coastal environment
will suffer irreparable damage.

Envxronmental Management and Research
Over the past decades, there has been an mcreased envxronmental concern for coastal
areas everywhere. Coastal zone management, the sustainable use of coastzl resources, is
now high on the international agenda. In Kenya, the. first integrated management and
action strategy was developed in 1996 for Nyali- Bambun an area of heavy tourist
concentration, north of Mombasa. The plan was drafted by a teﬁm consisting of six
governmental and non-governmental organisations and identified 2 number of priority
-areas requiring action: land use; water supply; ﬁshenes and cntxcal habitats such as
mangroves, coral reefs and beaches (ICAM, 1996). Because of the nature of the selected
area, this plan focused on:containing the envxronmental effects of heavy tourism.
Environmental concerns elsewhere in the Coast are the responsibility of the Provincial
Administration, the Ministry of Environment and Natural Resources, various line ministries,
local authority and parastatal orgaﬁisations. A number of researeh organisations have an
active presence as well. The main actors are briefly outlined below; smaller organisations
and projects also exist which have more restricted objectives.4

The District Environment Officers come under the Office of the President. They are
. Dlsmct Officers charged with the environmental co-ordmatnon of govemment depart-
ments non govemmental organisations and various interest groups. They are also ex-
pected to organise action in case of environmental preblems that come to the fore. This
requires mobility and expertise to be able to monitor ongoing issues but reality is differ-
ent. The Environment Officers are often ill-equipped, particular as regards transport
(Muriga'sia, 1997). Sometimes, they are responsible for more than one district. They need
training but they are also in need of neutral advisors as well as supporting research.

- The Coast Development Authority (CDA) is a parastatal cofporation charged with
development planning and co-ordination for the region but also facilitating individual
projects. One important responsibility is the monitoring of extraction and use of natural
resources, especially mining, water catchment and soil.conservation. CDA has taken a lead
role in the first attempt at integrated coastal management (Mwandotto, 1997).

Kenya Wildlife Service (KWS) is an important organisation since-there are ﬁve Marine

4. More information about environmental management research and trammg is presented in Hoorweg

(1997).
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Parks and six Marine Reserves that cover about: 100km se front in all.5 It also plays-a major
role in raising public awareness of conservation and protection. issues. KWS has recently

~ established.a marine research unit in Mombasa that has as priority subjects marine re-
sources, endangered species, pollution and resource exploitation (Muthiga, 1997).

Kenya Marine and Fisheries Research Institute (KMFRI) is also a national organisation;
it has 2 mandate to undertake research and advise onthe ‘state of aquatic résources and
the environment. It has established eight research centres throughout'"the country with

the langest for marine and coastal waters, in Mombasa The pmnary focus is ‘on asséssment
of existing fish stocks and determination of sustainablé exploitation levels. Apart from fish-
eries, subject areas are marine organisms, mangroves, resource exploitation, and marine
pollution (Wakwabi, 1997). Mention als0 can be made of the Coral Reef Conservation
Project which focuses particularly on the impact of human activities on coral reéfs and that
has atesearch and training programme in placé.

" The National Museums of Kenya (NMK) have an initerest and expertise in biodiversity
research. Together with KWS and the Forest Department, they are involved in research
and conservation of the lowland forests. The National Museums have hosted, in some form
or other, activities such as the Kenya Indigenous Forest Conservation Programme, Cénitre
of Biodiversity, 'Keny'a Resource Centre for Indigenous Knowledge, Birdlife International
and other individual projects (Robertson, 1997). Of late, the traditional conservation of the

: kayas by the elders appears to be faltering and these forest patches are threatened by

loggmg actlvmes and encroachment by the population. The Coastal Forest Conservation

Unit, is a recent NMK—pro;ect to protect the kayas by means of gazettement of these

forests as Nauonal Monuments as well as strengthenmg traditional protectlon and offenng

altemauves to over explontatlon (Gxthxtho 1997).

~School .of Environmental Studies ‘

Moi University, School of Environmental Studies (MUSES), has a national mandate for re-
search on sustainable resources in Kenya and to assist in policy formulation that encour-
ages friendly exploitation of resources. At the start, in 1984, the emphasis was on
postgraduate teaching at M.Phil. level, butin- 1995 the ;Sr‘ogramme expanded the number
of M.Phil: admissions and started a D.Phil. programme. Research activities will focus on
three areas: (i) Moi University campus surroundings, south of Eldoret; (ii) Homa Hills Field
Research Centre near Lake Victoria; and (iif) Coast Environment Research Station-in

5. Marine Parks are situated at Malindi, Watamu, Mombasa, Kisite and Mpunguti. Marine Reserves are at
Kiunga, Malindi, Wakamu, Mombasa, Diani/Chale and Mpunguti. Terrestrial Parks and Reserves in the
coastal area are; Shimba Hills, Dodori, Boni, and Tana River Primate Reserve.
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Malindi. For its coastal prografnme, MUSES has identified eight:research.themes that:have
to provide scientific information for planning and management purposes: water & energy
resources; land use & human settlement; coastal resources exploitation; public health &
environment; toutism & environment; biodiversity & ecosystem dynamics; oceanography;
and environmental legislation & enforcement (MUSES, I997a)

The Coast Environment Research Station (CERS) in Malmd1 was started in- 1996 to liaise
with other coastal orgamsatlons concemed with environmental issues (MUSES 1997b)
The:main objectives of the station are facnhtatmg research, organising conferences/semx-
nars, and publishing and documentation. Malindi was selected asa base for activities for
several reasons. Firstly, because of the environmental richness w1th1n the Malmdn wcmxty
Malmdl & Watamu Marine National Park with extensive coral reef formations; the Sabaki
River estuary including the Mambrm sand dunes; the Arabuko-Sokoke Forest harbourmg
umque plant and animal species; ‘and the Mida Creek Marine National Reserve with ex-
tensive: mangrove forests. Secondly, Malindi is situated at the edge of the fertile and popu-
lated coastal strip and the drier north, along Ungwana Bay and the Tana River, giving easy
access to different habitats. Thirdly, land has been acquired on the southern bank of the
Sabaki River. This land has a varied habitat consisting of sandy dunes, mangroves, low lymg
riverside and higher old dunes. Construction of a field station is in progress that will pro-
vide accommodation for visiting scholars together with modest laboratory and lecture facil-
ities.

Post-Graduate Research

Research before 1996 was concerned with sedimentology, dune vegetation, groundwater,
mangroves and birdlife i m dxfferent locations in the coastal smp areas of Kwale, Kilifi and
Malindi District (Fig ,1.1)._,‘_50 far, seven M.Phil. studies and one Ph.D. study ~have been
completed. Abuodha and Mausila worked on sediments and dunes of the Sabaki Rivef;
Munyzo studied sediments in the- Shirazi-Funzi Lagoon in the far south. Anyango and
Mzuga studied groundwater in Kwale District; the former in relation to sea water
" intrusion, the latter in respect of water quality and contamination. Ouko and Kamau were
concerned -with- mangroves, the ﬁrst assessed the condition of mangrove swamps wnth
different degrees of exposure to human explontatlon the latter studied biological aspects
of mangrove conservation and regeneration in Ngomeni. Matiku selected Arabuko-Sokoke
Forest where he studied one of the threatened bird species. The respective theses were
rewritten during a workshop in Mombasa from 7-15 August, 1996, organised for that
purpose and the resulting papers constitute this monograph.
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Figure 1.1 Map of Soutbern Kenya Coast with study locations
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- The physical characteristics of Malindi Bay are reviewed by Abuodha (Chapter 2).
Oceanographic and meteorological factors are discussed, notably the effects of the:alter-
nating monsoons in conjunction with the East African and Somali Currents-as well as the
tidal patterns. Geographical and geomorphological characteristics are reviewed and the
major coastal events and morphological developments are-dated against Holocene and
Pleistocene periods. The chapter pays particular attention to dune formation and coastline
~ movements. Since the 1960s, the coast of Malindi Bay has experienced considerable shore-
line: movement and a large dune field has developed. The most likely cause is an increase
in sedimentation of the Sabaki River. As a consequence, the agrieultural lands, recreational -
facilities, and settlements next to the mobile sand dunes are threatened. The process is
furthered by devegetation of stabilised dunes through overgrazing and clearing..

- Coastal dunes receive, store and release excess beach sand. The dunes act as a buffer
‘against storm waves and winds. In addition to absorbing the force of the waves, the. dunes
shelter communities land inward and assist in the retention of freshwater tables against
saltwater intrusion. They are also important as nature reserves. Dune vegetation plays a vi-
tal role in the growth and stabilisation of dunes since it grows with the developing dune
and regenerates when the dune is.damaged. The root system and vegetation is capable of
binding loose sand but when the mantle of vegetation is broken, dune movement can be
accelerated to a point where plant growth cannot keep pace with the shifting sand. The
study by Musila describes the composition, structure and distribution of the dune
vegetation and the factors which affect its distribution (Chapter 3). More than 150 plant
species were recorded on the dunes next to the Sabaki River. Fifteen plant communities
‘were identified in nine geomorphological units with a distinct zonal distribution of the
plant communities. . : o

The Shirazi-Funzi Lagoon, in the South, is one of the shallow bays along the Kenyan
Coast. It is fed by the Ramisi River and has important mangroves and fish breeding
grounds. Cliffs, beaches, channels, sandbars and mangrove islands.are the main features of
the lagoon which is dominated by terrigenous sediments, comprising mostly-of fine quartz
sand. Munyao studied the extent to which sedimentation poses an environmental threat to
tﬁis;particular ecosystem (Chapter 4). This study also assessed the main socio-economic
activities in the lagoon, fisheries and mangrove exploitation. ' .

Due to regular water shortages from the main water system there is increasing use of
groundwater with a danger of overexploitation and possible seawater intrusion..Anyango
studied this issue in Kwale District in an area-which hosts many tourist hdtels but where
there is also an extensive network of shallow boreholes for the rural population and he did
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find. confirmation that sea water is intruding further (Chépter 5). Extraction, however, is
“not the-only dariger-to water quality. Another danger follows frem increased population
density and poor sanitation. Mzuga studied the pollution of groundwater in-a sandstone

aquifer and- coral stone aquifer, comparing samples from boreholes, wells and springs

T(Ch'apter--é‘)'. The waters found in the sandstone area are still potable and generally-useable
for most domestic and livestock purposes but this is not the case for the coral stone area.
All the wells and: springs: that were sampled were. contaminated to-a greater or lesser
extent, something which needs urgent attention. Boreholes had the least contamination
but there was a relation between degree of contamination and nearness-of pit latrines..
= :Mangrove forests playa significant role in the coastal economy. Human exploitation,

however, accélerated by-a growing population, is-causing changes in the biological diver-
sity, Zonation and structure of the natural-ecosystem. Ouko-studied the mangrove situation

in four:major mangrove:stands in relation: to nearby habitation and human exploitation

(Chapter-7): Biological indicators, such as mangrove complexity and stand diameter, reveal
- a.clear-cut order of mangrove development and maturity, starting from Shimoni which:ap-
pears least-affected, to Mida Creek, Ngomeni and Gazi. which is most affected. Different
species of mangroves, however, appear differently affected by the harvesting by loeal peo-
ple-and by licensed operators. The latter; whether licensed or unlicensed, increasingly re-
sort to uncontrolled cutting and even:clear-felling.

*-Kamau compared the current status and extent of mangrove forests vis-a-vis that in the
1960s.and futther focused:on the biological aspects of mangrove conservation and regen-
eration::(Chapter 8). He studied macro flora and macro fauna of -mangrove forests at
Ngomeni, and the physical and chemical properties of the soils. His conclusion is-that
mangrove forests are being over-exploited, and that the hectarage has been decreasing
‘because-of the expansion of aquaculture and saltworks, and because of uncontrolled ex- -
ploitation to provide timber, poles, and firewood. This has led to a decline in forestry pro-
‘ductivity and macroinvertebrate species diversity,.and has led to changes in physical and
‘chemical properties of:the soil. Rehabilitation conservation, and sustainable utilisation of
the mangrove forest resources is still possible.-

" Terrestrial forests, like the mangroves, are also threatened by overcutting and logging.
Matiku studied how this threatens the fauna, in this case the East African Akalat, a bird that
is restricted to a few sites on the-East African-Coast (Chapter 9). The. best predictors for
Akalat presence were mossy logs and vegetation cover at low height; while sites -without
‘Akalat had higher numbers of cut stems. This indicates that human activities (i.e., logging
-and-collection -of dead wood) affect the population density and distribution of the Akalat
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by affecting vegetation structure suitable for this bird. Urgent measures to provide alter-
natives to fuelwood need to be addressed to lower the illegal exploxtatlon of trees Wthh
contmues largely unhmdered
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GEOLOGY, GEOMORPHOLOGY, OCEANOGRAPHY AND
METEOROLOGY OF MALINDI BAY *

J. ABUODHA

- Introduction . A

Malindi Bay covers the area between Ras Ngomeini Peninsula in the north and Leopard
Point in the south, a shoreline of about 45 km. It encompasses the townships of Malindi
and Mambrui and the Sabaki River estuary. The earliest geological work in the Malindi area
involved geological mapping by Thompson (1956). In 1968, the United Nations assigned
the Delft Hydraulics Laboratory (Delft Hydraulics, 1970) to investigate the causesof the
increased siltation from-the Sabaki river in Malindi Bay and on the beaches of Malindi.
Their main aim was to propose.measures for counteraction and protection of the Malindi
beach. They conducted echo sounding to determine reef levels and depth in the offshore

* This paper is 4 revised version of a chapter in the forthicoming Ph.D. thesis by the author.
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area. The data collected were on near shore currents and wave patterns. This study also
included feasibility site investigations for the proposed harbour at Malindi. Schroeder
(1974) conducted reconnaissance fieldwork on the sedimentology of the Malindi coast and
~ shelf environments.

. During the survey trips of RV Ujuzi, in the period between 1979 and 1981, oceano-
graphic data were collected by the Kenya Marine and Fisheries Research Institute (KMFRI)
in the area covering Malindi Bay and Ungwana Bay. These investigations were performed
to determine the nature of the Somali Current. Extensive data on ocean current speed and
direction were collected. These data have been given in project work reports no. 1, 2 and
3, respectively for the survey activities in 1979, 1980 and 1981 (KMFRI, 1981). Besides the
data on‘current:movements, climatological data with regard t6 wind direction and speed
are also included; part of the data has been published by Johnson et al- (1982).

Hove (1980a) conducted some preliminary studies on segimentation in the modern de-
positional environments of Malindi which included beaches and the Sabaki estuary. A brief
description of the submarine geomorphology of the submerged continental margins was
also incorporated. Halse (1980), a consultant geologist, was contracted by the Government
of Kenya, Ministry of Environment and Natural Resources to determine the locations of
heavy mineral deposits in the aréa stretching from Malindi to Lamu, and assess the viability
of their exploitation. During the period ranging from 1974 to 1988, Oosterom (1988) car-
ried out investigations on the soils and geomorphology of the south-eastern part of Kenya,
including Malindi.

In the 1980s, a number of geological investigations were carried out, especially on the
southern coast of Kenya. They are mentioned here because similar rock outcrops are pre-
sentin the Malindi area. The studies mainly-involved stratigraphy, palaeontology, structural
geology, .and coastal terraces in the context. of the geological history of this area starting
with.the:break-up of Gondwanaland to.Quaternary-events. Notable literature: on these
topics-are Hove (1980b), Cannon et al. (1981), Ase (1981), Braithwaite (1984) and-Rais-
Assa (1988). : S o S

* Information on‘seasonal movement of the suspended sediment plume from the Tana
and:Sabaki:Rivers into Malindi Bay and northward to Ungwana Bay was presented by Brakel
(1984). The decline of the Malindi reef complex mainly due to-siltation was studied by
Blom et al. (1985). This topic has recently been revisited by Obura (1996) who detected a
correlation between the suspended sediment load of the Sabaki and the thickness of silt
accumulation on the coral reefs. Abuodha (1989) studied the morphodynamics and sedi-
ment dispersion patterns in the near shore area causing the segregation and deposition of
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heavy minerals in the beach area between-Malindi-and Fundisa:

In 1993, during the Kenya] -Dutch Expedition aboard the RV Tyro (in which this author
part1c1pated) in the western Indidn Ocean, the physical, chemical, biological and geological
aspects of the marine enwronment were. documented Wave climate characteristics based
on information gathered by shnps of passage from 1949 can be retrieved from the
Meteorological Office and Main Marine Data Bank (1990) in London:

Data on the Sabaki river flow dlscharge rates has been collected by the Ministry of Wa-
ter Development from the 19603 More receritly, Mwongela (1996) has done studies on
the physical-chemical parameters that control vegetatton distribution in the Malindi Bay

“sand dunes. Besides the aforementioned; some pertinent’ information on the historical
changes of the coastline over the past 40 years can be obtamed froma series of aerial pho-
togmphs datlng from 1954 to 1994

Oceanographic and Meteorological Factors

The coastal belt of Kenya experlences an equatorlal (tropical) monsoon climate with south-
east trades prevanltng from April to October and north-east monsoon from November to
March (Kenya Meteorologtcal Department, 1984). The duration of the transition period
varies from year to year although Johnson et al. (1982) have suggested that the switching
takes place within 10 days dur'ing which the directions are variable. KMFRI (1981)
recorded that wind direction, both in 1979 and 1981 changed in March to a southerly di-
rection while in 1980 this happened in April. fn,Noyember, at the start of the north-east
monsoon period, the wind changed its direction to north-easterly. Gales are rare, but trop-
ical storms may occasionally reach the coast. Findlater (1973) concluded that the winds are
controlled in the main by low-level air current with a well-defined core in the western pe-
riphery of the Indian Ocean. Charts prepared by the Meteorological Office and Main Ma-
rine Data Bank (1990) based on long-term observations show that the winds blowing from
the sea develop a dominant component that is almost parallel to the coastline and that the
average strength of the south- east monsoon is greaterthan the north-east monsoon (Fig
2.1). The coastal wind system is inﬂuen'ced'b}'ra_’ land breeze which develops at nightanda
moderate sea breeze towards midday, reaehing its maximum during the afternoon. Wind
speeds seldom.exceed 14 m/s during both monsoon seasons. Gusts of 16 m/s occur locally
and are most frequent in the transition months of March/Aprll and October/ November

(Mahoney, 1980).

A noteworthy feature of the offshore cn‘culatmn are the ma]or currents running paraliel
and close to the Kenyan coast, dominated by 2 constant northerly flowing (Fig 2.2) East
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Figure 2.1 Wind rose for Kenya coast based on observations* by RV Ujuzi (KMFRI, 1981). -
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Figure 2.2 Currents off the Kenya coast based on observations* byRV U]uZt (KMFRI, 1981).
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- Figure 2.3 Wave characteristics and current movement off the Malindi coast, 1%9—89
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African Coastal Current (E.A.C.C)). The south-east monsoon wind regime reinforces the
northerly flow of EA.C.C. which may attain speeds of about 1 m/s inshore and about 2-m/s
‘offshore. The north-east winds not only work against the E.A.C.C. direction but also aug-
‘ment a southerly flowing current from the north, called the Somali Current. Though fre-
- quently strong, these currents are concentrated into narrow. flows so that at more than 150
km from the shore, they are often quite weak. The annual variations in the speed and
thickness of the coastal currents are only slight to the south of about 2°S. To the north,
however, the Somali Current reverses in direction during the year in accordance with the
- monsoon wind regime and is therefore an example of a wind-driven western boundary cur-
rent. In a model of the dynamics-of western boundary currents, Johnson et al. (1982) have
shown that the Somali Current penetrates some distance south before turning seaward ata
zone also characterised by up welling. During unusually strong north-east monsoon it may
penetrate as far south as Mombasa situated at approximate latitude 4°S (Williams, 1970). .

From where the reversing Somali Current and the northward flowing East African
Coastal Current meet (approximately 2°S) originates a seaward flowing current called the
Equatorial Counter Current (E.C.C.). The position and timing of the switching action is
probably triggered by a doming shelf topography known as the North Kenya Banks besides
the actual influence of the wind field. It has been determined, however, that the switching
of winds and currents is not exactly synchronous (Mahoney, 1980; Brakel, 1984). It was also
observed that closer to the shore off Malindi Bay, at shallow depths of less than 100 m, the

current direction was variable throughout the year, with a-dominating southerly flow
* tendency (KMERI, 1981). The author noted that monsoon winds did not seem to affect the
current direction at the shallow part of the shelf and concluded that the water movement
here is probably a mixture of the “escaping waters" out of Ungwana Bay, tidal currents and
the flow of the Sabaki River. _ S

The tides are semi-diurnal; falling within the meso-tidal range of 3-4 m. There seems to
be a significant.correlation between the occurrence of spring tide and neap tide on one
hand, and on the other, the southerly and northerly drift of sediment plume which imply
that the tidal currents may be effective within the littoral transport system. The strongest
winds (8-14 m/s) are induced by the south-east trades. These generate-large waves and
swells. During this period, April to October, the coastal zone is also subjected to rare tropi-
cal storms with strength greater than 14 m/s. The dominant direction of waves breaking
upon the beach is southerly. (Fig 2.3), and about 70 per cent of the deep-water wave
height at the breaker point is'dver_ 1 m (Bertlin, 1977). This season is also associated with
cloudy and overcast skies. It is also noteworthy that during this period erosional scarps are
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invariably evident over large sections of the coast. Light winds with speeds ranging from 4-
6 mys and:smooth calm seas are representative of the north-east monsoon. Theréfore, from
November to March-,- the dominant direction of the breaking waves is from north-east (Fig
'2.3) and about 45 ‘per cent of them attain wave heights higher than 1.m. This is not
surprising; because the winds are much weaker during the north-east monsoon. Based on
ship data, Turyahikayo (1987) concluded that four wave regimes exist which include the
two transition regimes when the wave directions are rather confused. Also important in
this observation is that the March/April and November transitions involve a-clockwise and
anti-clockwise shifts respectively with significant reduction in wave strength. Observations
from 1949 to 1989 show that heights above 1.m are the most frequent with an annual
average-of about 64 per cent (Meteorological Office and Main Marine Data Bank, 1990).
The waves, carrying the sediment, release their energy at the breaker. point and transmit
shoaling ' waves-towards the beachi; this factor has important implications on the supply of
sediment to the beach.
- The-coastal -areahas 2 humid-climate with average rainfall of 1058 mm/year (Kenya Me-
teorological Department, 1984). There are two rainy seasons respectively referred to.as
the:long rains and the short rains. The first wet months are April/May with over half the
annual precipitation falling between April and June, during the south-east monsoon. This
coincides with the penetration of a narrow zone of higher wind speeds across the Kenyan
coast (Findlater, 1973). A study of statistical relationships between tropospheric winds and
occurrence of rainfall over-the western half of the Indian Ocean and East Africa has shown
(Parker, 1973) that reduced wind strength due to upward advection is associated with the
rainfall during May-October. The precipitation is usually concentrated in storms and show-
ers. The second wet spell occurs during October/November when:the air current begins to
retract into the southern hemisphere and becomes markedly weaker. The total precipita-
tion during:this season is relatively small. There is no real dry season: (with: zero precipita-
tion as long-term average) due to the effect of the Indian Ocean, although the potential
evaporation averages about 1904 mm/year which is nearly twice the mean annual precipi-
tation. The.driest months according to climatological data (Kenya Meteorological Depart-
ment, 1984) for'the years 1949-1980 were January and February, with an average monthly
rainfall of less than 20 mm and number of rainy days averaging two. The amount of rainfall
seems to increase from north to south. . ’
Monthlyvariaﬁon‘s‘in air temperature from normal are slight, and closely related to the
sea watet temperature. From July to September the temperature average is 25°C, while in
other months, it is from-27-28°C. Diurnal temperature variations are usually within the
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range of 79°C; although the maximum and. minimum temperatures recorded at the four
 coastal stations (kamu, Malindi; Mombasa and Shimoni) are 36°C and-19°C.

The wind-wave environment and ocean currents are related to ,t_he-béﬁch-,sur,f_-zdncand
~ dune ‘morbholdgy-(Shont & Hesp, 1982) and should be regarded as one unit-and not in iso-
lation. Additionally,. wave energyreaching:the shore was determined in-the main by the
strength; durationi and fetch of wind blowing over the sea surface, and further influenced
by attenuation:and refraction across the continental shelf and near shore zones.

Continental Shelf :

The continental shélf of East Africa is commonly:narrow and its features are scantily-docu-
mented. While some data on sounding are available on-old bathymetric charts and:even
more recently by Johnson et.al. (1982), a detailed description of the. shclf:f’eatu-res;is -not
yet possible. During the RV TYRO Expedition covering the western Indian Ocean in 1993,
the continental shelf topography was determined using seismic.profiling-and sediment dis-
tribution on the ocean floor mapped (Abuodhia, in prep.). In the Malindi-Bay area the width
of the shelf is between 3 and 25 km, attaining its maximum width off-Ungwana Bay.-The
shelf edge lies‘at comparatively shallow depths, mainly between 60-100 m.

“The development of this shelf:is connectéd: with glacio-eustatic events and-tectonic
episodes since the Permo-Triassic period (Hove. 1980a). It has been classified as an Afro-
trailing edge. type by Inman & Nordstrom (1971) and: Shepard (1973)..Along certain
straight segments of the coast;:the shelf is markedly-absent, suggesting a-fault origin: This
occurrence is supported by a sudden drop of the sea-floor topography off the Kenyan coast
which is attributed to the postulated Ruvu-Membasa fault. ‘This fault apparently- maintains a
NNE-SSW orientation throughout. Examination of bathiymetric charts for.the Kenyan coast
indicate that indentations along the:coast such as:around the Ungwana Bay area-are related
to: widening of thie shelf, whereas narrow zones are generally associated with headlands
and islands, for example, in the vicinity of Mombasa Island. - '

-‘The continental slope is generally characterised by gentle gradients of about:1:20 to.the
shelf edge and shows dissected appearance probably due to previous: sub-aerial flivial
action. This means that the continental slope was exposed when the sea level was so.low
(about 100 m below present) that fluvial action could affect the continental shelf, perhaps
during the Mindel glaciation, i.¢:, Kamasian Pluvial using thie East African pluvial terminol-
ogy. This, .in addition to:coral reefs. give it a rugged relief.. In the northern sections; off-
shore sand bars or submerged ridges elongate parallel to the shoreline are superimposed
on the gentle relief. The crests of these ridges may.be partially exposed during low tide:
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Also characteristic of the continental slope morphology are the marine terraces at about -8
m, and -35 m (Thompson, 1956) and -5 m and -15 m (Read, 1981) which probably corre-
spond to levels of the shoreline during the various stages of eustatic decline.

Investigation of sediment distribution off the Kenyan coast during the Tyro Expedition
of 1993 (Abuodha, in prep.) showed that in general, sand appears to be the principle con-
stituent of the shelf floor, with mud dominant in the deeper water. In addition to bioclastic
and authigenic carbonate accumulation, the Sabaki and Tana rivers also supply terrigenous
material to the continental shelf, representing a zone of high sedimentation rates. The
bioclastic component is mainly derived from the break-up of coral reefs. Thus the Malindi
shelf with its bioclastic and terrigenous sources could provide a model for sediment mixing
on a narrow continental shelf, which in combination with information on wind and wave
climate would explain sediment budgets in the littoral and dune systems.

Sediment Sources and Supply

The Sabaki and Tana Rivers have a considerable discharge, 3.0 x 108 m3/year and 4.7 x 109
m3/year (Brakel, 1984) respectively and the terrigenous sediment load has dominated the
development of the coast (Delft Hydraulics, 1970; Ojany, 1984; Abuodha, 1989; Arthurton,
1992). Recent reports suggest that the influx of sediment, particularly from the Sabaki
River, has been on the increase and that sediment is spreading southward leading to active
accumulation (Bird, 1985). The inlet in front of the Sabaki is characterised by the occur-
rence of spits, bars and offshore plume. In addition large submarine deltas have been
formed which Hove (1980b) believed to be related to the salt-wedge effect.

Two sedimentological provinces are recognised along the Kenyan coast: north of
Malindi the beaches and dunes consist of medium to fine terrigenous sand with small quan-
tities of carbonate; from the Silversands Beach southward to Mombasa-Diani area the beach
sands are mainly biogenic (Abuodha, 1992). The source of the terrigenous deposits
composing the Malindi shores is the Sabaki river, in the south and probably the Tana river,
in the north. Their mineral assemblage characterises the sediments as residues of disinte-
gration of the Mozambican Belt metamorphic rocks drained by the upper courses of these
rivers.

The Sabaki and Tana Rivers approach the coast in a narrow channel and a broad flood
plain, respectively. The sandy shores near Malindi have their major part of the deposits de-
rived from the Sabaki River (Abuodha, 1989; Abuodha & Nyambok, 1991) resulting from
weathering of rocks inland. The Tana River system is connected with widespread deltaic
environments dominated by silt/clay deposition (Ojany, 1984). It is also possible that the
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ancient coastal formations such as the Mazeras and Mariakani sandstones which are incised
by the Sabaki River channel provide an additional supply of sediments. Thompson (1956)
and Williams (1962) have reported the presence of heavy minerals in these older forma-
tions which are also concentrated in modern-day beaches and dunes.

A recent study by Abuodha (1992) of beach deposits between Malindi and Shimoni in
the south revealed that a great deal of carbonate sediments making up the beaches is de-
rived from the adjacent reefs and cliffs. This is particularly so where the shoreline is bor-
dered by fringing reefs. At Kilifi, Mtwapa and Mombasa creeks, the reef is interrupted by
the outflow of fresh water and sediments from the local streams, the valleys of which are
deeply incised into the coral limestone. The only minimal contribution of terrigenous ma-
terial into the littoral system is these small streams which originate from the coastal
Shimba Hills (Munyao, 1992). In the vicinity of the river mouths and creeks, the beaches
consist predominantly of clastic materials but further away, carbonate content increases
rapidly.

The clastic material transported by the Athi-Galana-Sabaki system is entrained by waves
and currents which sort the material mainly according to size and density, such that the
beach receives only the sand-size fraction and silt/clay-size fraction is transported offshore
to form part of muddy shelf deposits. The sorting action by waves further causes enrich-
ment of heavy minerals on the upper shore face (Abuodha & Nyambok; 1991). Micas are
transported further than are quartz sands. The alternating tidal streams, in combination
with the ocean currents and wave-induced long shore current is the major factor in sand
distribution near the Sabaki delta. The contribution of each of these factors is a subject of
further research, although initial observations show a dominance of tidal currents (Munyazo,
1996). The winds are also affecting additional sorting on the berm and dune environments
by the selective removal and redeposition of the lighter fraction in the prevailing wind di-
rection.

Observations around Leopard Point reefs near Malindi and Watamu show that terrige-
nous sediment dispersal in the near shore area adversely affects coral reef development
(Blom et al., 1985; Delft Hydraulics, 1970; Obura, 1996). Hove (1980b) attributed the sil-
tation problem of Malindi Bay to the southward sediment drift during the north-east mon-
soon coinciding with the main Sabaki floods. Analysis of Landsat imagery to depict seasonal
dynamics of suspended sediment plumes from the Tana and Sabaki Rivers was carried out
by Brakel (1984) who showed that a southward plume from the Sabaki River predominated
during the north-east monsoons, while a northward plume dominated during the south-
€ast monsoons.
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. Figure 2.4 Geological map of the coastal zone in the Malindi area
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‘Clusters of heavy mineral placers containing economically valuable minerals are located
north of Malindi, in the Sabaki River delta, in the neighbourhood of Ras Ngomeni Peninsula
and on the beaches of Ungwana Bay barrier islands (Thompson, 1956; Abuodha &
Nyambok, 1991). The detrital heavy minerals of Malindi and Ungwana Bay shores consist
predommantly of trtamferous species (hematite, iimenite and magnetite) with subordinate
amounts of garnet, zircon and rutrle Monazite, augite, tourmaline and hornblende are
present in negligible quantities.

Geological Setting
The East African coast is an Afro-trarlmg edge type’ (lnman & Nordstrom 1971) ‘which has
experienced a general uplift since the PlloPlerstocene The southem Kenya coast consists
of an assemblage of geomorphologlcal and sedrmentologlcal features of littoral and aeolian
origin, which show its past development through erosional and deposmonal sequences. In
- a broad sense; these fossil elements recorded suggest eustatrc sea level oscillations and/or
climatic change. Furthermore isostatic and differential tectomc movements have consid-
erably influenced the coastal conﬁguratron

PALAEOZOIC- MESOZOIC ROCKS

The Paleozoic-Mesozoic outcrops (Fig 2. 4), stratigraphy and plate tectonic processes of
coastal Kenya have been descnbed by Cannon et al. (1981) and Rais -Assa (1988) in relation
to the rifting along the north-eastern part of Gondwanaland and the genesis of the proto-
Indian Ocean. The vertical and horizontal movements associated with the break- -up of
Gondwanaland took place during the Permo-Triassic tnmes and the ultimate marine incur-
sion took place during the Jurassrc (Kent, 1974) The underlymg sedimentary sequence
. consists of _the Upper Carbomferous Taru Grits overlain by the Permo-Triassic Karroo rep-
. resented by the Duruma S'andstone Series (Caswell, 1956; Thompson, 1956). The Tertiary
sediments are represented by the Baratumu Beds (sandstones with subordinate shales and
limestones) of the Miocene and the Marafa Beds of the Pliocene and (Fig 2. 4). The latter
comprises sands and sandstones with subordinate shales and mars. Thompson (1956) dated
them as Pliocene to Early Pleistocene based on the determination of fossil forammlfera '
‘The Magarini Sands comprise unconsolidated quartzose sands which locally include gravels
or clays and can broadly be subdivided into two different stratigraphic members. The
Lower Member is formed by Plio- Pleistocene: fluviatile sands (Caswell, 1953; Williams,
1962; Oosterom, 1988). The Upper Member was dlstmgmshed in the Malindi area by
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Thompson (1956) as sands of aeolian origin. Both Caswell (1953) and Thompson (1956)
considered them to be of Pleistocene age.

PLEISTOCENE AND HOLOCENE DEPOSITS

Durtng the Pleistocene the Malindi coast was affected by global eustatic sea level oscilla-
tions which are reflected in its geomorphologtcal and sedtmentologtcal features. The se-
quence of events that operated along the. Kenyan coast and their equtvalents in the Alpine
glacial htstory of Europe are: presented in Table 2.1. The' exrstmg correlattons of Pleis-
tocene sediments with parttcular sea level stands have been neither sattsfactory nor unan-
imously accepted The following account is based on Caswell (1956), Thompson (1956),
\Vrlltams (1962), Braithwaite (1984) and Oosterom (1988)

f Brtef descriptions of the Pleistocene hthologtcal units:are given by Oosterom (1988) for
the coastal rocks and unconsolidated dep051ts In this stratigraphy three main types of
Pleistocene formations are .identified along: the coastal plain from the west to the east.
They are known as the Fossil Reef Complex, Lagoonal Sands and Clays, and Wind-blown
Sands. The basement is’ probably a narrow wave cut platform paved on the underlymg
Cretaceous and Jurassic formations during the Early Pleistocene. :

The Fossil Reef Complex consists of an assemblage of coral limestone, calcaremtes and

intercalations of quartz sands, sandstone pebbles, silt and calcareous algae. Outcrops of a
Fossil Reef Complex formation are found between Shimoni in the- south and the Ras
Ngomeni penmsula in the north, a coastline distance of approxtmately 200 km. This reef
formation extends 3-5 km from the present shoreline, underlymg the coastal plain, and at-
tains elevations of up to 30 m above sea level; However, Caswell (1956) determined from
borehole records that the limestone may reach to a depth of 60 m below sea level, hence 2
maximum of about 90 m-may be assumed for their thickness. The North Mombasa Crag,
comprising of calcareOus sand, shelly sands and clays (marls) are the sediments which form
the foundation of the Fossil Reef Complex. This ‘basal’ unit has been interpreted by,
Bratthwatte (1984) to be a product of mid- Phocene crustal. movements and considered to
be of sub-aerial origin during aperiod of low sea level stand. Caswell (1953) recommended
a Middle Pleistocene age for the Fossil Reef Complex by connecting the reef build-up with
the second interpluvial (Table 2.2). In a later study of the Pleistocene limestones of the
Kenyan coast, Braithwaite (1984) concluded that these deposits formed about 125,000
years ago when sea level ultimately stood 15-20 m above its present position. -
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" In the Malindi area, the Lagoonal Sands and Clays (Fig 2.4) correlates with the Kilindini
Sands of Caswell (1953), the Pleistocene Sands of ThompSon (1956) and the red sandy lat-
erite of Braithwaite (1984). The sands comprise mainly quartz sands with subordinate silts
and clays. Williams (1962) proposed a lower Upper Pleistocene age based on the presumed
age of a terrace he identified at +12 m. The quartzose Lagoonal Sands and Clays deposits

. are considered tobe comernp’oraneou's with the Fossil Reef Complex; based on théir fossil

. "'faunzf:(Caswell,“1-1953; Thompson,~1956). Due to the small extent of the local drainage
basin, only covering the coastal zone, Caswell (1953) concluded that clastic sediments
were derived from the nearby Duruma Sandstories of the Permo:Triassic and from the Early
Pleistocené Magarini Sands. The fact that the Lagoonial Sands and Clays and coral reef for-
mations are regarded as more or less contemporaneous suggests-that the rate of clastlc

_ sedimentation was rather low since the corals flourished despite the siltation. '

- “The-Wind-blown Sands correlate with the Gedi Beacon Sands of Thompson (1956) and
Pleistocene Dune Sands of Williams (1962). The latter has equated the three dune genera-
tionis he recognised as isochronous with the cutting of the corresponding platforms on top
of which they are placed, at 60 m, 36 m and 9 m respectively. Thompson (1956) also re-
gards the Upper Pleistocene Sands and Gedi Beacon Sands in his sequence to be contem-
poraneous and coincident with the 36 m terrace. The suggested age of Upper Pleistocene
by Thompson was based on the assumption that aeolian sands were detived from the con-
tinental shelf when sea level dropped from the 36 m terrace during that time. The
’cocquinaé'are’v:promlnently exposed at Watamu Beach, Vasco da Gama Pillar at Malindi and
Ras Ngomeni Peninsula (Fig.2.4) and consists of wind-blown, carbonate-rich deposits, de-
rived from beach materials, mainly shells. These aeolian deposits are strongly cross-bedded
which led Thompson (1956) to misinterpret them as offshore bar deposits. A sporadic dis-
tribution of related dunes are present along the southern coast of Kenya. Ase (1981) has il-
lustrated that the system continues northward into southern Somalia, a coastline distance
of approximately 2000 km. Recent deposits comprise Recent Dune Sands Recent Beach
Sands and Tldal-Flat Deposnts and Recent Alluvium. -

'THE 1ATE QUATERNARY DUNE' SEQUENCE
Wllllams (1962) and Oosterom (1988) have correlated the timing for the development of
~ dune ridges in-the Malindi area with that of marine terraces. Table 2.2 gives postulated
episodes of dune development in the context of the Pleistocene and Holocene events,
based on earlier studies. The Plio-Pleistocene Magarini Sands, whose Upper Member was
distinguished by Thompson (1956) as aeolian deposits, is added to the three duné genera-
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‘tions that were recognised by Williams (1962). According to a recent classification by
Oosterom (1988) there are two additional dune generations which eccupy the two
Holocene levels. At Malindi, these dune generations are gx,empliﬁéd- by a dune ridge with
| grey water repellent soils and the cocquinas between Watamu and Ras Ngomeni Peninsula.
It is noteworthy that two of the dune generations overlie Williams' (1962) shore platforms
at 36 m and 9 m. These shore platforms are equivalent in age and height to similar shore
features where fossil corals at the base of dunes have separately been dated by Th230.1j234
to 240,000 BP and 130,000 BP (Braithwaite et al., 1973). -

- Inview of the above classification, recognition of at least six main phases ¢ of dune actmty
.,(dune generations) is possible. Quaternary eustatic sea level oscillations could trigger dune
formation by increasing thé_ mobility of shelf sediments whereas during low sea levels there
woufd be a surplus of sand for feeding of the aeolian system. As mentioned before, dune
:fopm;ition is related to sea level fluctuations and sediment supply by rivers.:Human
activities, reactivatiohof existing dunes and morphodynamic transformations have also
been cited in this regard. Both Hesp & Nordstrom (1990) and Orme (1990) have con-
cluded that in Late Pleistocene and early Holocene times large amounts of sediment were
exposed on the continental shelf. Then the disequilibrium conditions created by the post-
glacnal marine transgression, in combination with aeolian reworking, resulted in the accu-
mulation of sand dunes. It is further speculated that when the sea level stabilised at about
7000 BP and a simultaneous reduction in sand supply prevailed, the dunes were stabilised
by vegetation. If the radiocarbon dates given by Ase (1981) for the shore levels below 10 '
m datum are correct, then all Holocene dunes could be considered younger than 3000 BP.

- There is sufficient evidence in the present area of dune remobilization during the
- Holocene to make them .comparable with other studied cases world-wide (Pye, 1983 and
- Orme, 1‘990). However, there is also little consensus on the spatial and temporal effects of

reactivation related to the Holocene. Data presented by Oosterom (1988) argues from ev-

idence of aeolian reworking of beach ridges and foredunes that a dry phase is likely to have
~occurred at about 2200 BP. The falling sea level concept for terrace development could
also relate dune formation to the same events. Retreating sea level exposes shelf deposits
to aeolian activity, which may result in the consequent accumulation of coastal dunes. In
this model, lower emergence rates are indicated by higher dune formations. _

. The youngest dune ridges are underlain by deposits of the Flandrian Transgression
(Abuodha, 1989). A relict spit connecting the southern reach of the former extensive
Ungwana Bay to form the Ras Ngomeni tombolo is actually the foundation upon which
these aeolian sediments were deposited. The Sabaki River channel, incised into the Pleis-
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tocene coral reef, can be considered to predate the formation of the terraces and their as-
sociated dunes: From this assumption, it is therefore inferred that this river has been the
major source of beach 1and acolian sand.

Geomorphological Setting - :

The Kenyan coast shows great dwersrty in the configuration.of the shoreline consisting of
sandy beaches, dunes creeks muddy tidal flats and rocky shores bordered by cliffs. In the
Malmdn area a detarled mterpretatron of sequenttal aerial photographs reveals that the
coast here is deposrtlonally emergent In partrcular the area has experienced a prograda-:
tron of up to 750 m éver the last 40 years. Ata location next toa seaside resort (most hkely
the Gilani Beach), Brrd (1985) reported beach progradanon of up to 150 m between 1975
ind 1981 alone, and attnbuted thrs toa southward long shere drift from the Sabaki delta i in
contrast to prevrous observatlons that indicated sediments. drifted north toward Ras
' Ngomem Further north, O)any (1984) has reported that the Tana River sediments have
resulted ina progradatlon of the coasthne near Krpml and there has been an advance of
the. mangrove shores in the sheltered bays behmd the Lamu archtpelago The northern
coast is also characterised by a prommence of sand dunes and tombolos, exemplified at Ras
Ngomeni, in addition to recogmsed hrgher 1and uphft and arching, all being features that
indicate a shoreline of emergence. This is dlso supported by the fact that features like
creeks are more common in the Mombasa- Kilifi area than'in Malindi. The creeks should:
normally indicate a shoreline of submergence, but the submergence could have occurred:
earlrer than the more recent emergence (Ase 1981) Desplte these observatrons .
Oosterom (1988) has recorded deltaic features in the nerghbourhood of the Lamu
Archrpelago that show evidence of submergence Therefore, within the classification pro- :
posed by Johnson (1919), the Kenyan coast would be characterrsed as a compound-typé.
coast, although individual segments may quahfy as emergent or submergent coastlines.
The Mida. Creek, just south of Malmdl unhke similar creeks around Mombasa island,
Mtwapa and Kilif; shows no evidence of old tiver va]]eys and itis therefore difficult to say
that its origin is srmrlar to the latter three localities. o ,'2
 There is 2 remarkable transition m coastal morphology north and south of Malindi. Inf
the southern section, the coastal plain is 3-6 km wide and attains elevations of up to 50 m;
its landward boundary is marked by the rise of the Foot Plateau, whose elevations: range-»f
from 60-140 m. The landscape here is also characterised by a series of fossil dunes and ma-
rine platforms (terraces) which occur in decreasing height above MSL; down to the present
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-beach and (even lower) the reef platform. At the end of this section more details on coastal
terraces are given. The coastal plain is:composed of emerged Quaternary coral reef rock,
infilling into reef lagoons and channels, and of coastal sand dunes. These rocks form cliffs
and an extensive reef platform on their seaward margin which is a prominent coastal
feature from Vasco da Gama Point southwards to Shimoni. The.cliff height is.generally 10-
15 m and is largely associated with elements of wave erosion:leading to a slow but signifi-
cant rate:of retreat. However, for most of its extension, it is paralleled and protected by a
fringing reef which abuts against the seaward edge of the platform: At some portions of the
coast, pockets of beaches accumulate behind the fringing reef at the foot of the cliffs. Such
examples of extended beaches are found at Diani and Kikambala. Occasionally; for instance
at Shelly Beach, there are beach ridges or berms of recent origin. These isolated beaches
are narrow and steeply inclined in more protected areas. North of Mombasa, near Nyali
‘Beach, small sand dunes and offshore bars are characteristic features.

~ The tidal range and the position of the fringing reef platform concentrate wave action at
two different levels. The lbwer level (reef edge) where waves break, experiences more
intense wave abrasion, resulting in a rough surface with numerous small stacks and cavities.
The upper-level is characterised by weathered undercut cliffs with frequent caves or iso-
lated beaches with beach berms. The distance from the shore to the outer reef edge varies
from 13 km. Along the southern coast, the reef development is continuous except in the
vicinity of creeks and estuaries. Geomorphological features of the coast around the
Mombasa area were documented by Abuodha (1992). - . .
- . The coastal plain broadens northwards, reaching widths of more than 50 km where the
Tana and Sabaki (Galana) Rivers have deposited-considerable amounts of sediments. The
foreshore area between Malindi and Mambrui generally consists of wide low-gradient ex-
tensive beaches. The Malindi beaches are characterised by runnel and swash bars which
must be studied in detail to provide a better understanding of shoreline morphodynamics.
There are also a series of low-lying-subhorizontal berms on which aeolian processes are
dominant. These are succeeded inland by an array of complex dune ridge systems of up to
50 m in height. The dune ridges in association with the raised reef flat are particularly
prominent between the Sabaki mouth and Mambrui. The dunes connected with the lowest
coastal terrace are active and transgression over the older dunes is noticeable. The
foredune development forms an intrinsic part of the dynamics of littoral-aeolian processes.
The beach ridges, closely associated with the dunes are of variable Holocene age (Ase,
1981) and altitude. The stabilised foredunes north of Mambrui, which fringe the landward
side of the bays invariably show undercutting due to waves/wind erosion at the toe result-
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ing in dliffs measuring about 1.0-1.5m in hejght. The modern béach ridges are charac-
terised by absence of vegetation and scattered pebble-size pumice particles. .-
-~- Ras Ngomeni, 2°peninsula located about 20-km north of the Sabaki delta, consists of a
small remnant of Pleistocene coral limestone linked by a spit deposit to the mainland; post-
-dated by dune development. The genesis of this feature is described.in the previous
section. In areas north of Ras Ngomeni (Ungwana Bay) different conditions prevail. Low
coastal relief appears to be.associated with tectonic subsidence and fiéld observation shows
‘that Holocene marine transgression has largely destroyed the older dune-barrier island
systems. The area today. is occupied by lagoonal flats subject to spring tide flooding via
tidal:channels. The low elevation shoreline sand bars or barrier islands constitute the active
beach: Mangroves-grow in'muddy (tidal flat) or lagoon areas behind the dunes-and barrier
islands. A typical setting of this nature is found around the Robinson Island. Further.inland,
to the west of the bay, relics of the Quaternary dune sands occur as raised scrub covermg
an environment of low-lying lagoonal sand and clay flats. S
The marine terraces of the coastal zone of Kenya (Fig 2.5) have been classnﬁed as the
‘Marafa Terrace (+80-to +120 m), Changamwe Terrace (+45 to +70 m), Ganda Terrace
(+20to 37 m), the Kilifi Terrace (+15 to +18 m), the Malindi Terrace (+7 to +10 m) and
the Shelly Beach Terrace (+4.5 m). However, it is'only the lower four levels that are con-
sidered to have formed during the Pleistocene based on datings by Oosterom (1988). The
present reef platform which is 2 prominent feature of this area occupies the level 2 m. It is,
however, not possible using the available information to ascertain whether this marine ter-
race is of Pleistocene or Holocene, although Braithwaite (1984) gives the time of its for-
mation to-be 30,000 years ago when sea level paused at its present position.-

Conclusion - ,
Shorelines of many coastal areas are fringed landward by sand dune systems, though their
occurrence and physical appearance depend on-a combination of suitable factors. These are
sand supply, wind regime, beach geometry, tidal range, precipitation, back shore phys-
iography, vegetation and human.activities. Sand dunes can be thought of as migrating bed-
forms resulting from wind action, and they can be stabilised by vegetation, which traps the
moving sand-and tends to bind it. They will,-of course, develop only where the wind sys-
tem is favourable, and large reserves of sand in the coastal zone and the beach sediments
fall into the appropriate size range: : '

Bagnold (1954) and a host of other coastal geomorphologists have provided general ex-
planations for dune formation. The clastic material that reaches the coastal region via the
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mainland drainage system are worked over by waves and currents (sorting action). The re-
sulting fine size material spread on the beach is picked up by wind and transported mland
(aeolian transport). The abundance of fine srze material together wrth the effect of mors- .
ture and vegetation are ideal conditions for dune building. According to-this school of
thought there should be a correspondrng rncrease in the'wind shear velocrty to mairitain
sand transport. This is achieved by the adjustment of the bare sand surface into a dune
form, especially if the sand laden wind encounters an obstacle. Jennings (1964)-and Pye
(1991) have suggested that coastal dunes are less likely to develop in the humid tropics, ;
citing a plethora of climatic factors mhrbrtmg therr formatron The exrstence of such a large,
dunefield near Malindi is in apparent contradiction with the latter view. -

~ Since the 19605, the coast of Malindi Bay has expenenced unprecedented hrgh rates of
shoreline progradatron and a large transgressrve duneﬁeld has developed (Bird, 1985 \
Abuodha, 1989; Arthurton;, 1992) The fundamental cause.of this occurrence is considered
to be an increase in sediment transport volume by the’ Sabaki River. As 2 consequence, the
agricultural lands recreational facilities, and settlements next to the mobrle sand dunes are
threatened-with this incursion. The predrcament is.augmented further by anthropogenic
influences such as devegetation of stabilised dunes through overgrazing and clearing. Thus
the management ‘of this area would require knowledge of morphodynamic processes
operating, so that-effective mitigating procedures could be implemented.
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COMPOSITION, STRUCTURE AND DISTRIBUTION OF
COASTAL DUNE VEGETATION BETWEEN
MALINDI AND MAMBRUI

W. M. MUSILA

Introduction

Sandy ocean beaches are quite often backed by sand dunes. Dunes are accumulations of
sand in ridges or mounds landward of the beach berm formed by natural processes and
usually parallel to the shoreline (Ranwell, 1972). Dunes originate where wind energy is
sufficiently strong to transport unconsolidated sediments or weathering residues, especially
sand. Dune vegetation plays a vital role in growth and stabilisation of the dunes as it is able
to grow with the developing dune and to a certain extent to regenerate when the dune is
damaged. Vegetation is an effective stabilising tool because it is capable of binding loose
sand with their root system and grow up with more sand deposition unlike other sand
barrier. This indicates that when the mantle of vegetation is broken, the dune movement
is accelerated to a point where plant growth cannot keep pace with the shifting sand.

41
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Coastal dunes receive, store and release excess beach sand. The dunes act as a buffer
against storm waves and winds. The frequent temporary asymmetric sediment exchange
between beach and dune is an important natural process for maintaining both morphologi-
cal stability and ecological diversity. In addition to absorbing wave attack, the dunes shel-
ter landward communities and assist in the retention of freshwater tables against saltwater
intrusion. They are also important as nature reserves.

An extensive strip of sand dunes has been formed over a wide stretch of both sides of
the Sabaki River. Dune building is very active due to the large supply of sand from the
Sabaki River and has resulted in a unique variety of different dune types (Abuodha, 1989).
However, the natural vegetation has been greatly destroyed as a result of overgrazing and
also clearance of vegetation for building materials and fuelwood. This:liasled to sand drift
to some neighbouring non-dune areas as'well as loss of biodiversity. -~ © -

So far, studies on the coastal dunes of Kenya have 'méinly been sedimentological
(Abuodha, 1989). This study hence provides an ecological understanding of the sand dunes
~ and will be a guide for the management and conservation techniques appropriate for this
fragile ecosystem. The'study objectives are:

* To compile a checklist of the flora on the sand dunes;

* To investigate the distribution of plant species in relation to the geomorphologic units
in the sand dunes; :

* To investigate the relationship between the vegetation distribution and edaphic factors
among various geomorphological units.

Study Area

GEOGRAPHICAL LOCATION - - . , : Lo

The study area is in Malindi District, a 10km coastal strip between Malindi and-Mambrui

town. Itis situated between the latitudes 3°06’ and 3°12". It covers an‘area of 700ha with

about 4km to the sduth of Sabaki River and 6km between Mambrui town and Sabaki River
Wind plays.an important role in dune formation and the winds in this area depend on

monsoonal air currents. The soils of the coastal plains where the study area lies are mainly

fine sand which are well,-dra_ined,;deep yellowish brown and vary}from sandy to loamy tex-

ture. These soils are chemically poor because of slow chemical weathering.



Materials and Methods

SAMPLING TECHNIQUES - C : RS :

‘The geomorphology of the area was determined using dxrect observatlon and analysis of
aerial photo mosaic and the findings recorded. The floristic composition in these zones was
“determined using the transect and quadrat methods. Six transects perpendicular to the
.shoreline were demarcated (Fig 3.2). Soil samples were taken from each quadrat to de-
“termine the chemical composition and texture.

- PLANT IDENTIFICATION AND SOIL ANALYSIS <
Plants found were identified in the field using keys and illustrations by Dale & Greenway
-(1961) and Agnew (1974). Plants which could not be identified in the field were taken to
the Nairobi University Herbarium and National Museums of Kenya Herbarium for identifi-
cation.

Sand samples were separated into different fractions using sieves of —0.1 to +4.0 phi
‘mesh sizes. The sample fractions in each sieve were then weighed separately, and in order
to describe them, grain size was analysed according to Fay (1989).

CHEMICAL ANALYSIS OF SOIL , .

The following methods were used; pH using a pH-meter, Organic ‘Carbon using the
method of Walkey and Black, total Nitrogen using the Kjedahl method, total Carbonates by
dlsplacement method, Phosphates by Bray and Kurtis No.1 Method and CaO, MgO, K20
and N2;0 by X-tay fluorescence spectrometry (XRY) method Catmn Exchange Capacity

(CEC) was also determined by successive leachmg of soils with 1M sodlum acetate of pH
.8.2 (Handouri, 1995).

DATA ANALYSIS » |
- Information recorded during the field study together with a mosaic of aerial photographs

were used to describe the geomorphological units. A stereoscope-and pamllax bar were
used to measure the elevation of each geomorphologxcal unit. The umts were then identi-
fied depending on their form. B
- Using quantitative data of cover, frequency and densny, Importance Value Indlces _
(1.V.L) were calculated for all the species in each geomorphologxcal unit. Plant commum-

ties were derived from the plants which had the highest unportance mdexes in each geo- .
morphologlcal unit. The Importance Value Index data set was combined into a smgle data -
set. This was re-analysed by TWINSPAN (Hill, 1979) to determine the synecological rela-
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 Figure 3.1 Location of the sand dunes near the mouth of the Sabaki River
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Figure 3.3 Geomorphological units of the sand dunes near Sabaki River
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tionships between species and to see if the geomorphological units were distinct enough
"to be separated on the basis of their floristic composition. .

Using SPSS, one-way ANOVA was computed to find out whether there were any signifi- -
cant differences in soil chemistry among various geomorphologlcal units. Tukey test was
then computed to check in which specific geomorphological units the variations occurred.

Forward stepwise regression analysis (Greig-Smith, '1983; Zar,' 1984; Kent & Coker,
1992) was computed to check which soil parameters affected the distribution of the plants
more than others.

Results! and Discussion
DUNE VEGETATION
The dune vegetation was distributed in different geomorphological units namely; the
beach berm, unridged dune platform, transgressive dunes 1, 2, and 3, primary and sec-
ondary slacks, drowned valley, incipient foredune ridges and fossil foredune ridges (Fig
3.3). The vegetation of the Kenyan sand dunes was grouped in four categories: sand
binders, herbs, shrubs and forest woodland. These four groups were found to occur in dif-
ferent geomorphologic units depending on sand dynamics.

A total number of 156 plant species was recorded belonging to 130 genera and 60 fami-
lies. The largest family was that of the Gramineae with 17 different species accounting for
11 per cent of the total number of plant species. The second largest family was formed by
the Papilonaceae having 16 different species accounting for 10.3 per cent of the total

number of plant species. The dominant genus was Digitaria represented by 6 different
species:

SPECIES RICHNESS & PIANT COMMUNITIES

The total number of species and the growth forms of specnes recorded in each geomorpho—
logical unit are shown in Table 3.1. The species richness is hlghest in the fossil foredune
ridges (62), moderate in the drowned valley (40) and lowest in the transgressive dune 2
(2). This indicates that the species diversity is higher in the fossil foredune ridges than in
any other geomorphological unit. The fossil foredune ridges have also the hnghest number
of tree species, while the other geomorphologlcal zones were occupied mainly by grasses
and herbs. A detailed description of the different gedmorpholbgical zones is beyond the
scope of this paper. However, the dnfferent plant communities characterising these zones
are described below.

1. Detailed results are given in Musila (1996).
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Table 3.1 Species ncbnmsand dgﬁeremgmwtb forms bygeomorpbologzcal umts o

“Species | T Growthfonn

0| 2(n0)..| Grass . Herbs  Shrabs .~ Trees Climbers |. - -
B 5. . 1. . .3 ... 1. .. - .
c 4 1 2 1
F 23 6 9 4 1 3
G 26 6 6 9 1 4
I 30 8 15 5 1 1|
N 40 8 18 9 2 3
K 62 4 20 17 14 7

Key . ‘ ' .

.. BBeachberm > """.. . " E- Transgressive dune 2 I:Primary and Secondary slacks

C-Unridged dune platform ~ F-Transgressive dune 3 N- Drowned valley .
"D-Tmnsgresswe dune 1. : G-Incipient foredune ndges K- Fossil foredune ridges

BEACH BERM -
Two plant communities were rdentlﬁed in this zone namely; Ipomoea pes caprae (L)
R.Br.and Halopyrim mucronatum (L) Stapf. The L pes caprae community was found to
be more dominant on the beach berm seuth of Sabaki River. L pes caprae is stoloniferous
in nature with long creeping runners which develop adventitious roots at the nodes. This
species is characterised as a sand binder due to this growth pattern. It had the highest
LV.I:(68.8).: This indicates that it contributes most to the vegetation of the entire zone. -
Some accompanying shrub, herb and sedge species were also present in this community. -
The H.mucronatum community is a grassland community occurrmg north of the Sabaki
River. With cover ranging from 30-50 per cent it is the only plant specres in thls
| commumty This rhrzomatous gmss grows up 1o 50cm or more in herghr and raprdly pushes
through the sand usmg 1ts hard and sharp aprces of the rhrzomes and advenurrous roots.

UNRIDGED DUNE PLA'I'FORM (EMBRYO AND SHADOW DUNES) . ,_

It hasa specres rnchness of four, wrth two plant species bemg herbs, one a grass and the
other a shrub Two planr commumues were identified namely: H mucronatum and
Haembstaedza gregoyzz C. B Clarke The charactenstxcs of the former were already de-
scribed above. It occurs north of the Sabaki River and has the highest IVI (146 6) in this
unit. The H.gregoyii community is common to south of the Sabaki Rrver Itisa ﬂeshy
~ creeping herb and forms a carpet-like mat on the embryo dunes and is 2 sand binder.
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TRANSGRESSIVE DUNES
These are active and mobile dunes which form long, wave-like ridges separated from éach
~ other by flat bottomed troughs or interdune flats. The mobility of these dunes affords little
opportunity for the development of plant cover. In total, this zone has a species richness of
- 24 (Table 3.1). Transgressive- dunes 1 and 2 have very scanty vegetation which:is either
grass or herbal in nature. Transgressive dune 3 has a species richness of 23 with most of the -
plant species being herbs. It is in this zone that trees and.climbers first appear (Table 3.1)
- indicating that it may be more stable than the other transgressive dunezones. Three plant
communities were identified, namely; H.mucronatum, I pes caprae.and Cordia
‘somalensis Batet.

- The H.mucronatum is a high-grass-community which occurs north of the Sabaki River
‘in transgressive dunes. 1-and 2 with the highest LV.L:in both transgressive 1 and 2 (112.8 &
166.9). It grows vigorously.especially when covered by sand, which enables it to survive in
this mobile region. As this grass grows, it forms sand bars. A few strands of I pes caprae
are also present. .

The I pes caprae is a herbland community which occurs south of.the Sabaki River in
transgressive dune 1. It is the dominant species and H.gregoyii is the other accompanying
plant (see earlier description). The plants in this community are scantily distributed with.
cover ranging from 1-to 25 per cent. They occur mostly:on the deflation -plains between
the transverse dunes.

. - The C:somalensis is the first woody shrub community to become established on mobile

dunes. Structurally, this community forms a thicket. It occurs on transgressive dune 3 zone,

further from the sea, u‘sha’lly after the more active mobile dunes. Sandhills occur in this’
zone thickly vegetated by woody shrubs including Azima tetracantha Lam:; Phyllantbus

reticulatus Poir. and Pluchea discoridis (L) Dc.

- The transgressive zone 3 has a higher species richness with 23 as compared to the other
geomorphological units covered so far. The cover of this community ranges from1 to 75
per cent with C.somalensis having the highest cover. P.discoridis is especially common

- south of Sabaki River. Stunted trees of Dobera glabra (Forsk.) Poif. are-also common to
the northr of Sabaki River. Herbs and grasses grow beneath the thickets of shrubs. Climbers
such as Cissus rotundifolia (Forsk.) Vahl are-also present in this community on-edges and
crests of the thickets intermingling with the foliage of the canopy from ground level to
maximum height. Many species in this community exhibit xerophytxc modifications which
help to retard water loss and eonserve water. '
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INCIPIENT FOREDUNE RIDGES

This zone occurs far from the sea and.only on the southern part of the Sabaki River as low
‘linear ridges-which run sub-parallel to the coast. Sand is still moveable, but on the whole
" the surface is fixed and humus starts to accumulate. It has a richness of 26 (Table. 3.1).
Two planvt' communities were‘identified in this zone; Tephrosia purpurea (L) Pers. and
C.somalensis. The first is a herbaceous community which covers the ground surface form-
ing-a mat. T.purpurea has the highest LV.I. (96.0) with cover of 1 to 82 per cent and

contributes most to this geomorphologiCal‘»unit. Other herbs and grasses were also present
ini this community;

The C.somalensis is a continuation of the community occurring in transgressive 3. Itis a
shrub land community which forms thickets on the sandhills with cover -raﬁging. from 1 to
50 per cent.-Other accompanying shrubs-were found present which frequently form a
single dense layer ranging from about 1 to 5m tall. Often this layer is infested by a parasiﬁc

 plant species, Cassytha filiformis L, which forms a mat on the canopy of the shrubs and this
helps to counteract wind speed. Underneath these shrubs are a few herbs and grasses
.scantily distributed:

SLACKS

-Slacks occur'in sheltered low-lying depressions, hence they are damp stable sand surfaces
which provide an ideal habitat for the rapid development of plant communities. This zone
has-a species richness-of 30 with most of the plant species being herbs-and grasses (Table
3.1). Succulent herbs, grasses and some beach berm species make up the characteristic
flora of this zone. Two plant communities were identified, namely T purpurea — H. mu-
cronatum and Phyla nodiflora (L.) Greene — Fimbristylis cymosa (Lam) R.Br. Overall,
T.purpurea has the highest LV.L. (49.5).

- - 'The T.purpurea — H.mucronatum. community occurs on the dry slacks and species
‘were found to be xeromorphic in nature and dependent on either dew or rain for their
source:of water. T-purpurea is especially common in the dry slacks south of Sabaki River
and it is accompanied by some-grasses and a few stands of shrubs and trees.
H.mucronatum occurs in the dry slacks north of Sabaki River: Due to its thizomatous na-
‘ture-it spreads fast, forming dense-tufts on the dry slacks.

P.nodiflora — F.cymosa -communities occur on the wet slacks and comprise predom-
inantly hydrophytic sedges such as the Cyperus rotundus L.. Other sedge species are also
common indicating that the water table must be near the surface. Other accompanying
grasses and herbs were also present in this community.
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DROWNED VALLEY

The water table was found to remain near the surface for most of the time in this zone,
hence it is densely:colonised by plants. This geomorphologic unit has a species. richness of
40 with most of the plants being herbs (Table 3.1). The plant cover of this unit ranges from
less than 1.to 90 per cent. F.cymosa has the highest LV.L, (30.48). Two plant communities
were identified in this zone namely; F.cymosa — Sporobulus virginicus (L.) Kunth and
T.purpurea — P.nodiflora communities.

- -In.the former community, low tussocks (15-30cm) of F.cymosa were present intermin-
gled-with species of S.virginicus which form a dense mat of vegetation and are heavily
grazed by cattle. Other herbs were also common in this community.

- T.purpurea-S.virginicus community has T.purpurea as.the dominant species inter-min-
gled with densely distributed species-of S.virginicus. Other accompanying herbs, shrubs
and trees were also present. '

"FOSSIL FOREDUNE

These are two old foredune ridges with the seaward ridge being discontinuous and modi-
fied by recent aeolian sand to remnant knobs and blow-outs. The other ridge is unmodi-
fied, more stabilised and support a rich variety of plant species. This geomorphological unit
has the highest richness with 62 species (Table 3.1). In some sections of this zone, the
vvegetation has been cleared-to pave way for settlement. Where the sand dunes have been
little disturbed, the vegetation is rich in species with.C.somalensis shrub being the most
dominant. The soil in this zone is well developed and comparatively rich in humus. Fre-
quently, three layers were distinguished; a tree layer, shrub layer and herb layer. Climbers
are also abundantfin this-zone. Two plant communities were identified in this zone,
namely; C.somalensis — P.discoridis and Justicia flava Vahl — Asystasia gangetica (L.)
T.Anders. - A . . : .

In the first, C.somalensis is more dominant and forms the shrub layer with cover ranging
from less than 1 to 80 per cent. It includes medium to tall shrubs interspersed by trees
- -which occur in the sheltered zone of the remnant knobs. Climbers-were also present and
form a dense mat on the canopy of this community especially the C filiformis species. The
Jflava — A gangetica community forms the herb layer dominated by the above two plant
species which occur beneath the C.somalensis — P.discoridis community. The cover of this
community ranges from about less than 1 to 35 per cent, with the above two plants
contributing the most. Other accompanying herbs and grasses were also present.
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'CLASSIFICATION OF GEOMORPHOLOGICAL UNITS _
Multivariate analysis. of the LV.I for all species-in the units resulted in the following
ecological classification of geomorphological units. The first division:separated the beach
berm, unridged platform and transgressive dunes 1-and 2 from:the other geomorphological
‘units. These four geomorphological units-had. the lowest species richness dominated by
hierbs and grasses and occur near the sea. H.mucronatum community is common. - - -

The second division on the five remaining geomorphological units separated the
drowned valley and slacks from the transgressive dune 3, incipient foredune ridge and fos-
- il foredune ridges. The drowned valley and slacks are damp areas with distinct vegetation
dominated by succulent hetbs. P.nodiflora, F.cymosa and T.purpurea are common in the
two geomorphological units. However, the transgressive dune 3, incipient foredune ridge
and fossil foredune ridges are found in more stabilised areas. Shrubs:are more common
with C.somalensis being dominant.

Thus, most of the groups defined by TWINSPAN consist of geomorphological units shar-
ing common plant sbecies and having almost similar characteristics. It appears that similar
geomorphological units have distinct vegetation types.

'SOILPROPERTIES
‘Generally, coastal sands are nutrient:poor (Rieley & Page, 1990). The sand on this dune
system was observed to have low levels-of organic matter, slightly-acidic to-alkaline in re-
action (pH) and fine to medium grained.

“‘The highest values of pH (8.42), %Magnesium:(Mg; 3.42), Phosphorus (P; 0.98) and
.mean particle size (0.308) was recorded in drowned valley (Table3.2).

The sand pH throughout the dune area ranges from 5.87-8.42. The highest %Cargdn
(0.109%) an-indication of organic matter composition, was recorded in'the fossil foredunes
and the lowest in the transgressive dune 2 (0.007%). This is expected since the fossil fore-
dunes are: more vegetated and hence accumulate more organic matter while in the trans-
gressive dunes which are very mobile, there is little or no vegetation.

- 'The concentration of %Sodium was interpreted to indicate the amount of salt (NaCl) in
the sand.. The highest %Na20 (3.22%) was recorded in the-unridged dune platform about
60-100m from the sea. This indicatesthat the influx of salt by sea spray is high. Salt crusts
were observed in this geomorphological units indicating that wind deposits salt on the sur-
face of the sand. The lowest value of %Na;0 (1.42%) was recorded in the drowned valley,
'th'is.is explained by the fact that-the water table is néar the surface hence, most salt de-
posited on the surface is leached to the water table. Considering the amount of salt spray
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carried over the dunes, which is actually visible, the amount of %Na0 is expected to be
'hig‘h But this was not found to be the case indicating that leaching must be very rapid.
Potassium concentration in the sand was much lower than those of Sodium and showed
variability. %K20 was generally hrgher in sand taken frotrt the drowned valley gmd lowest
on the beach berm near the sea.
Available Nitrogen(N) was higher on the fossil foredunes than'in any other geomorpho-
logical unit reflecting the higher organic content of the sand. On the other hand, 2 rela-
tively high concentration of Nitrogen and %Carbon was recorded on the beach berm. This
is attributed to the initial organic matter supplied to the shore in tidal littet, whtch forms a
rich nutrent medium for the pioneer plants
Phosphorus concentration was generally low rangmg from 0.00-1.26 (ppm). The highest
" phosphorus concentration was recorded on the transgressive dune 2 and the slacks, while
the lowest (0.00) was recorded in seven geomorphological units,
CEC was relatively low and this is explamed by the low levels of organic matter and min-
imal clay and this limits the supply of cations to plans. .
~ The highest %Calcium Carbonate (CaCos) was recorded on the beach berm just next to
the ses, while the lowest.on the fossﬂ foredunes. Shell frégfherfts"_-%vere observed on the
beach berm and this indicates that the high %CaCo3 concentration’ is due to the shell
fragments blown by the wind to this zone. However, high %CaCo3 concentration was not
maintzined as decalcification (leaching) effects are raptd The lowest concentratton of
Calcium and Magnesium were recorded in the slacks.
The mean particle size of sand from the dune system was either medium or fine grained.
" The highest mean particle size was ﬁecorded on the unridged dune platform jtxst next to
the beach berm. 4 S |

- RELATIONSHIP BETWEEN VEGETATION DISTRIBUTION AND SOIL PARAMETERS

Significant differences in the soil parameters pH, orgamc carbon %Na, %Ca %K %Mg,
%CaCo3, %N, P(ppm), CEC and mean particle size were detected both between the geo
morphological units and in the plots (quadrats) within the geomorphologtcal units
(p=.001). Tukey test revealed the geomorphological unit’s‘ which had similar soil parame-
ters and those where differences were detected: (p=.001).

Generally, significant variations in most of the soil parameters were detected in
incipient foredune ridges and transgresstve dunes. These are intermediate dunes where
stabilisation of dunes begins. These dunes occur about 700 m from the sea so there may | be
lack of incoming nutrients through salt spray and wtnd. This may increase competition for
the nutrients pool by the plant species which become established on this dune.
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‘Signiﬁmnt variations were also detected in the drowned valley-and slacks. This could be
- attributed to the effects of proximity to ground water which leads the rate of leachmg of
most soil nutrients to be high. oo S
~ Fossil foredunes ridges which are more stabilised and have older sonls also showed sxgmf
- icant variations in pH, %Carbon; %CaO, ¥MgO and %CaCo3. These soils have more organic
matter and the significant variability could be due to the recyclmg of nuttients from or-
ganic matter to plants. A . _. ‘
~Results of stepwise regression procedures revealed that mean pamcle size of the sand,
CEC and %Na20 are the most significant (p<.05) mdependent variables determining vege-
tation composition and distribution. - : .

-~ The coefficient. of determination (R2) for each vanable and probablhtles ®) and F~values
are given respectively as follows: mean particle size (0.026, 0.005 and 7.9), CEC (0.044,
0.0013 and 6.83) and %Na (0.058, 0.005 and 6.13). No significant relationships were found |
(.05 level) between vegetation composition and distributiori and the soil parameters pH,
%Catbon, %Ca0, %MgO, P(ppm), %N and %CaCos. .

~The above results suggest that the mean particle size of the sand plays a major role in
determining the species distribution. The variation in the particle size occurs in different
geomorphological units. High mean particle size was recorded on the unridged dune plat-
form indicating that the sand is medium grained. This geomorphological unit is mobile and
exposed to wind attack and hence fine particles are carried inland leaving a surface layer of
medium sand. Due to the medium texture of the sand, other soil processes are also af-
fected. The rate of leaching increases due to the free drammg of the soil. Sometlmes the
medium gramed layer of sand becomes buried by a fresh deposit of finer patticles leadmg
to horizontal layering of coarse and fine sand. ,

The vegetation cover in the unridged dune platform is scanty’and this could be at-
tributed to the texture of the sand which affects other soil processes. Due to the continu-
ous disturbance of the sand, most of the plants spread widely by means of rapidly extendmg
horizontal growth, for example, the H.mucronatum grass which is rhizomatous in nature.

The mean particle size of the transgressive dunes 1and 2 sand rémains almost constant
and is medium grained in nature. This is also an active, mobile zone where the fine grained
sand is blown by the wind leaving only the medium grained sand. Very few plants were
recorded on this geomorphological units. |

Sand on the transgressive dune 3, incipient foredune ridges and s]aéks is fine grained in
nature. These three geomorphological units are more stable and have a high species rich-
ness indicating that most plants do well in fine grained sand and stable environments.
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“From the stepwise analysis, %Sodium:was singled out-as-an important factor influencing
the- distribution of the plants.‘The highest-mean %Naz0 was recorded in:the unridged.
dune platform. This is because of the effect of salt spray. Low.mean %Na20: values:-were
recorded on the transgressive dunes 1 and 2. This- could. probably-be-due:to the mobile
nature of this dunes which makes the rate of leaching very rapid:

- 'The'mean %Na20 rises intransgressive dune 3:and incipient-foredune ridges 1. This can
be explained by the high altitude of these geomorphological units. These units oceur:as.
ridges which are rather high, so most of the wind blown salt is deposited here as the dune
ridge acts.as: an:obstacle to the wind. The geomorphological units are relatively vegetated,-
indicating that they can withstand the high salt content. .

- The mean %Na was quite low in the drowned valley and can be attributed:to the prox-
imity of the water table and also the seasonal flooding of this area by fresh river water. This-
dilutes the salt content on the sand. Thus, most of the plants-found on this-zone thrive
well in non-saline soils:

Cation Exchange Capacity(CEC) was also singled out as one factor that could influence
the distribution of plants. Howéver, CEC-values ‘were'found to be relatively low and uni-
form and did not seem to have consistent variations which would setve to-explain the zonal
distribution of the vegetation. -

Conclusions and Recommendations

Two major subdivisions of plant communrtres were singled out accordmg to the stabrhty of
the sand. Commumtres of stable sand occur as estabhshed vegetation and commumtres of
unstable sand oceur in the first four geomorphologtcal units. Between these two extremes
is an overlap of communrttes on tntermedtate or mrxed sand or semr stabthsed dunes The
following conclusrons were drawn o | ) ' ‘ |
1. Sand dynamrcs play an 1mportant role in determmmg the drstrrbutton of the plant
commumttes on the dunes Thus actrvrttes that cause mstabthty of the sand such as clear
ance of vegetation for fuelwood and grazing will greatly affect the vegetatton drstnbutron
2. To maintain the dune ecosystem the vegetation Wthh reduces the amount of sand
transport should be carefully managed and closely monrtored to detect any changes that
may occur. :
3. There were distinct changes in plant communttres observed from the coastal to the.
landward srde of the dune system Thts suggests that a wrde range of macro- and mrcro
envxronments exrsts wrthrn the dunes zones causmg the vanabthty in plant communrttes
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4, Chemical analyses of the dune soils indicate that the soils are nutrient-poor. The distri-
bution of nutrients wrthrn the dunes vaties from place to place and it is hkely that the local
pattems observed in the dune vegetatron are, at least in part due fo drfferences in
. nutrient levels. : - o . :
5. The sml-vegetatlon relatlonshlps revealed that mean partlcle size, Sodium concentration.
and CEC were the major. sorl factors determmmg vegetauon variation. However only mean
.partlcle size had consistent variations Wthh can setve to explam the zonal drstnbutlon of
the vegetatlon ' ' o ' ' .
6. The present study provrdes data on vegetatton of the sand dunes whrch is one factor im-
portant for sand dune formation. The. study provides insight in the vegetation dynamics and
the dune environment and this information is important for proper managemenit of the
diics, | S | . , S
7. More research s required in the following areas:
. Autecologrcal studies on possrble dune-ﬁxmg plan
. Establrsh why H. mucronatum only grows to the north of the Sabakr River and I pes
- caprae only to the .south, o - |
* Study the interaction between past human use of the dunes and other physical and bio-
logical processes that have influenced dune topography. With such a study, areas of
high geomorphological interest will be identified and also factors that have produced
~ the present landscape;- : L ,
. Study the hydrology of the dunes to furmsh important mformauon necessary for as-
sessment of the impact of the groundwater abstraction from the slacks.

The coastal sand dunes fall in 2 sort of 'no man's land' between terrestrial and marine
ecosystems and frequently they are ignored by conservation and management authorities.
- The small but dynamic area give the mistaken impression that it is not important, hence
that there is no need for 'protec‘tion. Yet it pr’otects: th‘e lan‘dwa'rd communities from the
seawaves. o | | |
The dune system isan enormously valuable and fragile ecosystem whrch should not be
altered in any way. This: system should be set aside for nature conservation and prosperity
of the area. The vegetatlon destructlon should be’ halted to maintain the stability of the
* dunes. The shrftmg dunes should be maintained by establrshmg dune fixing plants and i in-
troducmg them on the affected parts of the dune system. |
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Abstract
The coastal sand dunes are one of the coastal ecosystems in Malmdx Dnstnct which bordets the Indxan Ocean
The dunes between Malmdl and Mambrul town extend to over about 10km and cover anarea of about 70Cha.

“This study describes the composition, structure and distribution of the dune vegetation. Possible edaphlc
* factors which may affect the distribution of the vegetation were also investigated. The area was studied by air-
photo interpretation, field sampling and laboratory analysis. Six transects were demarcated perpendicular to the
sea. Vith the help of these techmques geomorphologlml units were distinguished, namely; the beach berm,
-unndged duine platform, transgressive dunes 1,2and 3, muplent foredune ridges, pnmaxy and secondazy slacks, -
drowned valley and fossil foredune ridges. = -

- A total of 156 plant species were identified representing sxxty families with Gramineae (17 specnes) and
Papilionaceae (16 species) being the most represented. Fifteen plant communities were desctibed in the dnf-
ferent geomorphological units. A distirict zonal distribution of the plant communities was- found.

- ATWINSPAN anlysis grouped geomorphological units of simifar localities; rainly on the basis of their
species composition. The Halopyrum mucronatum and [pomoea pes caprae communities were common in
the more unstable beach berm, unridged dune platform, transgressive dune 1 and 2. While the Cordia soma-
lensis community was found in the more stable geomorphologxml units mcludmg transgrmsxve dune 3 mcxpx
ent foredune ridges and fossil foredune ridges. '

Significant variations in the soil parameters in different geomorphological units were detected (p=.001).
Sand dynamics and mean particle size of the sand were the most important factors influencing the vegetation
composition, structure and distribution. Other impottant research studies are proposed to help in the proper
management of these dunes. It is recommended that the dunes should be preserved for nature conservation
and prosperity of the area. '
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ENVIRONMENTAL EFFECTS OF COASTAL SEDIMENTATION
A CASE STUDY OF SHIRAZI-FUNZI LAGOON

T.M. MUNYAO

Introduction
‘STUDY AREA AND PREVIOUS WORK
Shirazi-Funzi Lagoon is situated about 70 km Southwest of Mombasa. It occurs within lon-
gitudes 39°22°E and 39°27'E, and latitudes 4°30'S and 4°35'S and covers about 57 km?, The
study area lies in the coastal plam which is below the 30m contour and is underlain by
coral limestone of the Pleistocene age (Caswell, 1953), and lagoonal deposits from both
land and sea. Both the hinterlands. at Shirazi and the Funzi Island are underlain by the
MtoMkuu formatlon of upper and lower Cretaceous, of the Post Karoo systems (Rais-Assa,
1987). This formation is overlain by Pleistocene sands that cover the Funzi Island and a
narrow strip of the coastline unmedlately north of Funzi Island

The Ramisi River and a few other seasonal streams dlscharge into the lagoon. The ch

59



60 - Munyao
Table 4.1 Stratigraphy of the Mombasa Basin
SYSTEM | GEODY AGE FORMATION UTHOSTRATIGRAPHY * |  PALAEO-
-NAMIC ' ENVIRON-
FRAME- MENT
WORK
CRETACEOUS upper Shales, sandstones Trans-
P 1 4 MTO- and limestones gressive
o ) MKUU  lower silty clays marine
S s ] upper '
T T | U. , . upper Shales, sandstones . |
A S U © KAM: o *andlimestones - |- Marine
K R ‘A - middle.] B " . .lower ~ Conglomerates and-
A I S limestones
R F S upper Grits sandstones Deltaic
0o T I lower | MAZE- - to eolian
4] C RAS lower Coarse sandstones
(silicified woods)
MATOLAN Feldspathic sandstones
and shales
T upper Deltaic
R v
I MARIA-  middle
A KANI
P S lower Mottle sandstones
K R S
A E I upper Argilaceous sandstones
R - C
0 R MATYA  middle Sandy shales (fishbed) | Lacustrine
0 1 CHUMVI S ' : :
: F - lower Sandstones and
T | _ , , _ carboniferous shales
| PERMIAN upper Arkose and
LU e S conglomerates :
o TARU.  middle Arkosic sandstones . | Fluviatile -
| e | | —
| CARBONIFEROUS | - lower Tillite - Peri-Glacial
basement basement

* Unconformity with other categorizations




Munyao - : ' 61

mate of the area is related to the semi-annual passage of the Inter Tropical Convergence
Zone; the north-east and south-east monseon seasons are experienced from November to
March, and April to October respectively. Short and long rains are experienced from
November to December, and from March to June respectively. The average annual tem-
peratures of the area:exceed 28°C (NES, 1985). Thick mangrove cover occurs in the la-
goon, while szivannah-type grass and shrubs occur in both the mainland and Funzi Island.
Coconut and cashewnut trees have been planted in the mainland by inhabitants, while a
few coconuts have been planted on Funzi Island. . ' o
‘Caswell (1953); Cannon etal: (1981); and Rais-Assa (1987) show that the. study area
comprises sedimentary strata of the Karoo system, with the oldest stratum being upper-
carboniferous (Table 4.1).
This study was conducted to determine: -
e factors that affect the sedimentology of Shirazi-Funzi lagoon;
* sediment types and source environments;
- * economic importance of the lagoon;
* environmental problems that relate to the sedimentology in the lagoon,;
* possible mahagement policies for Kenya's lagoons.

Method 1

GEOMORPHOLOGY : o

Physical features were recorded, while proﬁhng was done with the use of a theodclite,
mounted on a tripod stand. Profiling was done during tidal ebbs, and along some transects
perpendicular .to shoreline and-others cutting through sand bars. Profiling and visual
methods were applied to determine the possible effects of sea level rise on the area.
Shorelines where heights of cliffs.or-beaches above high water mark were: minimal were
.classified as most prone to effects of sea level rise. Erosive and non-erosive environments
- were recorded. '

HYDRODYNAMICS -

Wave Energy - :

Wave heights were measured at the tidal inlet south of Funzi Island using a pole along two
transects; each from the tidal inlet toward the two main channels respectively. The density

1. Further details on method, i.e. sampling points and transects, are given in Munyao (1992). .
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‘of the sea water.was determined by measuring the run‘of known volutnes of water. The
-‘followmg formula was applied in the determination of wave energy (E)

© = E=0 Spgaz (Dyer; 1986) ()
-Ocean currents’ SO . R S
Surface current directions and-velocities were measured by use of buoys at tldal mlet and
along Mamu;a channel ‘ ' -

SUSPENDED SEDIMENT YIELD BY RAMISI RIVER T . 3
‘Total suspended matter in Ramisi: Rlver was determined by: ﬁltrauon Sediment ﬂuxes were
thén calculatedas: .. - Qs=0Sgs @) -
and

Q=AVm3s @ - _
Buoys were used to estimate the velocity of the river at the Gauge station.
~ From Qs, annual discharge (Qd) of total suspended matter can be given by the formula
Qd = 31.5576 Qs tonnes per year. :

TOTAL ORGANIC CARBON IN SUSPENDED MATTER .- . - g

At the Kiwambale sampling station, suspended matter was ﬁltered out and Partlculate Or-
ganic Matter (POC) determined spectrophotometrically according to the procedure de-
scribed by Johnson (Parsons et al., 1984).

SEDIMENT-SAMPLING AND ANALYSIS S
‘Surface sediment samples:were analysed for grain size dxstrlbutlon by sieve- analysns Using
cumulative curves generated after sieving, the mode, mean grain size, median grain size,
‘standard deviation, sorting; skewness-and kurtosis were determined and deseribed by ap-
plying the methods adopted by Hakanson & Janson (1983).:Microscope, X:ray diffraction,
and magnetic separation analysis were applied to indicate mineral content of the samples.
Carbonate mineral content was determined by digesting the carbonate minerals ina 3 to
5g sample with diluted hydrochloric acid (30% HCI) until no more gas was produced. Per-
centage loss in dry weight was taken as percentage level of carbonate minerals. Total or-

2. ' E = wave energy,p= density of seawater, 2= wave amplitude, g= acceleration due to gravity (9.8 ms-2).

3. Qs= total suspended yield per second; Q= water discharge; S= average amount of total suspended
matter per unit volume of river water.

4, A= cmss-secuonal area of the river at gauge station, V= average velocity of the river at the gauge station.
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ganic carbon was determined by adding 10% Hydrogen Peroxide to 3-4g of sample and-al-
lowing the reaction to continue until no more-gas was produced: The percentage loss in
dry-weight was taken as the total organic carbon content in the sample. = -

_Questlonnaxres Wthh dealt mainly with-mangrove and ﬁshenes resources, were randomly
distributed-among 30 local inhabitants at' mangrove and fish landing sites, who harvest both
mangrove and fisheries resources: All inhabitants who received questionnaires.responded.
‘Using the response .data, average- daily-harvest and ‘prices. for mangroves:and-fisheries-
resources were determined: Correlation analysis-was done to determine inter:relationships
between fish harvesting, distance-from respondents’ homes to the lagoon family size; and
mangrove harvesting, - :

‘Results5 -
GEOMORPHOLOGY
General Morphology . . L - .
Three morphologic sections were-observed-in the study area. The sub-aerial morphology
forms the mainland and Funzi Island. The mainland shoreline is indented and relatively
straight in some parts. In the southern part. many cliffs have formed due to exposure to
stronger-waves and currents from the sea. ‘Fewer cliffs and many beaches occur from the
" central part of the mainland shoreline to the-extreme north. High dliffs with cavernous
structures are found. in the southern and seaward facing sides of Funzi island shoreline.
Beach erosion is evident in the southern part of the islands shoreline in the lagoon facmg
side. In the northern part, beach and non-cliff environment is observed ,
“The sub-tidal morphology covers about 47 per-cent of the lagoon and’ compnses the
‘mangrove islands. From ‘the edges ‘of the mangrove islands towards their centres, there is
decrease in mangrove cover and change in species, composmon from szzopbora
mucronata at the shorehne (channel bank) to Avecinia marina at-near the centre and
other species occumng in between. Gradual increase i in relief is also observed i in the same
direction. : C
The sub-aqueous morphology is represented by the channels, the area’ between channel
mouths and tidal inlet, the coral reefs, and the bottom morphology seaward from the study
area. Three main channels oceur in the lagoon; the Uvinje channel whtch is about 8 5 km

5. Detailed results are given in Munyao (1992).
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~long,.with:Widthvvsrying from 0.7 km at its confluence with Vikuarani: channel, to about 5m
‘at its termination in the northern part of lagoon; the-Vikuarani channel which is about 1.3
km long and has a width varying from 0.36 km to 0.21-km; and the Mamuja channel with
its mouth at southern part of the lagoon. The Mamuja channel is about 5.1 km long with a
width varying from 0.8 km at its mouth to about ém at its landward termination; where:it
‘merges: with-the Ramisi: River.' Other channels merge with seasonal streamis, or end at
points where run-off water enters the lagoon during rainy seasons. Channels open into the
southern:part ‘of.thelagoon;:giving way to area between.channel mouths and tidal inlet.
Depths along channelsvare:not uniform due to sedimentation, but vary from 0.5m to-5m
“during low tide; where sedimentation processes are at lower rates. - ~
“+.“The areabetween channel mouths and the tidal inlet south of Funzi covers about
11km2, It is characterised by patches of sediments, sandbars, and outcrops of coral lime-
stone rock. Most sandbats occur near mouths of channels. At the mouth of Mamuja chan-
nel, sandbars range in height from 0.25m to 1.2m, and in length from 80m to 710m. -Small
ponds are observed in areas between sand bars during tidal ebb. In these areas, animal
burrows and some sea grass are observed. In the erosive parts, outcrops.of coral limestone
are observed. Shoreline orientation in the area appear to cause the formation of these
sandbars through complex reflection-and refraction processes of ocean waves and currents:
 The coral reef is poorly defined. Three fragments of the coral reef occur at the tidal in-
let. From:these fragments:seaward, the slope steepens:and a trough, which is an extension
-of Pemba channel, is encountered. This trough has a maximum width of about 36km and is
about 380m de.ep;-. It ends north-of the study area between Msambweni and Gazi.

Emswe envzmnments R |
Erosion is observed mamly in the southern part where waves and currents entermg from
Athe sea are strongest Cllff erosion. is observed where coral hmestone occurs along the

: Table 4 2 T able of po&s‘zble eﬁbctzve ﬂoodmg in szrazz Funzz area in the event of sea level rise. |

Slope of land at Ar& flooded due to Im.
‘shoreline area . rise in sea level (m)
A (south of Funzi island). 0.047 21.28
- |.B: (middle of Funziislandshoreline) 003 , 33.30
]c (nonhofFunzusland) . 0.18 5.56
D (Bodo) _ ' ' 0.0045 222.22
|E iwambale) R S L 00025 - 400.00

* Distance inland from shorehne (m)
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shoreline. At Funzi Island, houses were found to be at risk that were only 1m from the high
water level, due to continuous shoreline erosion. In parts where mangroves have been
harvested, especially in the seaward side of mangrove islands in the southern parts of the
study area, and in the area between Mamuja channel mouth and tidal inlet, erosion was
. observed. |

Effects of sea level rise S

In the study area, most beaches grade into mangrove islands. In the event of sea level rise,
Mangrove Islands and the shoreline areas where the high water mark is less than 0.5m be-
low top of the cliff or beach would be most affected. On land or on the island, differences
in slope would allow different extents of flooding in different parts of the study area (Table
4.2). With the death of mangroves and change in tidal levels, changes in sedimentological
processes would occur. ‘

SEDIMENT COMPOSITION

The surface sediments of Shirazi-Funzi lagoon were found to comprise quartz, carbonate
‘minerals and organic matter. Except at the tidal inlet where coral reef fragments are
formed, the sediments of the lagoon are dominated by quartz sand which ranges from 90
10 95 per cent in most parts of the lagoon, especially in the channels and mangrove islands.
Carbonate minerals occur at 2.7 per cent on average, except at tidal inlet where it is more
than 86 per cent.

Table 4.3 Results of salinity and POC analysis for samples from
: Kiwambale sampling station, Mamuja channel.

East Afican | Salinity POC Estimated
Time (hrs) | (Parts per thousand) (ugCA) Tide Level (m
18.00 35.05 1740 275
2000 3451 1035 130
TR0 3342 1275 063
00.00 35.05 1385 0.78
02.00 35.45 645 2.13
04.00 35.95 645 323
06.00 35.34 1160 3.10
08.00 35.23 1390 155
10.00 3414 1035 0.35
12.00 33.78 1480 0.40
14.00 35.95 1965 150
16.00 35.95 1095 3.05
18.00 36.91 1315 3.06
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Flgure 4. 1 24br vanatzon in ttdal level POC and salzmty of surface water at szambale in Mamu]a
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Figure 4.2 Variation of mean grain size, sorting, skewness and kuriosis of sediments along Mamu]a
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Table 44 :
General properties of sediments of Uvinje channel of Shirazi-Funzi Iagoon .
. .. ... PhiScle Comment. '
|Mode 247  Finesand
| ' Mean grain size - 207  Fine'sand.
| Median . 215 Fine sand:
.| Sandard deviation: .. .. 0559 . Gramsmodemtely g
S " o spmdaroundﬂlem&n )
© sorting 135° Poorly sorted. ’ '
Skewness: - -.0025 ... Negatively skewed: -
Kurtosis 1.025 Mesokurtic.

Total organic carbon was found to average 1.87 per cent in the sub-aqueous environment,
but at edges of mangrove islands, it exceeded 50.per cent. .-

PARTICULATE ORGANIC CARBON IN SUSPENDED MATTER

In the 24-hr period, POC was found to be high in the channel (Table 4.3) with highest val:
.ues being observed during tidal ebbs, when Ramisi River water level was highest as shown
- by low salinity values (Fig 4.1). There was a sharp increase in salinity between 12 hr and 18

hr, probably due to higher rate of evaporation during day time.

SEDIMENT GRAIN SIZE DISTRIBUTION _
Sediments along the Uvinje Channel compnse fine sand, and: show an even dtsmbutlon
(Table 4.4). In the Mamuja/Ramisi Channel, there is a slight decrease in mean grain size in
the seawatd direction while at the same time, sorting changes from poor to moderately
well sorted. There isa changé in skewhes‘S' from very negatively skewed to positively
skewed, implying a tendency from coarser to fmer sand grains. In the channel, dlStI‘lbuthﬂ A
is generally mesokumc but becomes leptokurtlc at the mouth of channel 1mplymg a ten-
dency towards dominance of finer sand grains (Flg 4. 2)

DISCHARGE OF SUSPENDED MATTER BY RAMISI RIVER | i

Average annual discharge of water was found to be 5.20 x 107 m3/yr, while the average
amount of suspended matter was found to be 2.95x10-2 kg/m3. The :ipproXirnate annual
discharge of suspended matter was found to be 1534 tonnes/yr. |
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HYDRODYNAMICS

Wave Energy -

Wave energy is greatest at the tidal inlet, where wave henghts are hlghest Fig 4.3 shows
that a wave entering the lagoon through; the tidal inlet dies out expone_nt_na}lly after which
it becomes less effective in maintaining sediments in suspension during which transporta-
tion may occur due to water currents ‘However, it appears that dué to the effects of water
. discharges by Ramisi aner Wave energy entering the Mamuja Channel dies out faster than
that entering Uvinje Channel, resultmg in more deﬁned sediment shoalmg at the channel
mouth. S '

Currents :

Tidal currents are the main cutrents experienced in the lagoon. Due to ‘the morphologic
setting of the lagoon, wind energy appears to be less important in terms of current gener-
ation.

HUMAN ACTIVITIES AND SEDIMENTOLOGICAL PROCESSES _

- The main economic activities for local inhabitants were found to be mangrove harvesting
“and fishing. Mangroves are harvestéd and used as fencing poles and construction materials,
fuel wood and are also sold to users who are non-harvesters to generate income. Fisheries
resources are harvested for food and trade to generate income. Problems cited by local in-
habitants as caused by mangrove harvesting are shoreline erosion in the lagoon and de-
struction of fishing grounds for fish, which result in low catch of fish. They cited mainland

. Table 4.5 Exploitation. of mangrove and fish resources in the Shirazi-Funzi lagoon .

Mangrove 1 Fisheries
Exploitation Resources
Av. daily harvest | 246 scores @ 1754 kg
Av. prioe R f : sh_62;6/score " by size®<)

large:  -sh22.00 kg |-
medium: sh12.00 /kg

smal:  sh 400/kg
% of harvesters 586 724
Av. distance from harvester's - ' 32
home to the lagoon (km)
Av. familysize ‘ ' ' 5

() 1score =42 mangrove poles.
{b) Prices are for fish species only. Prices of crustaceans ranged from sh.60.00 - 150.00 4kg.
(C) Fish sizes depending on length and species.
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Table 4.6 A
Correlation matrix for socio-economic activities in the Shirazi-Funzi lagoon
-  E— -
V2 22566 0 o
v Sz oIS
V4 . -3619 -3493 05%

"% V1-Fisheries (kg)  V2- Distance from respondent’s home to the !agoon :
V3 - Familysize. V4 - Mangrove harvesting. (scores)

‘trees as an alternative resource for fuelwood and construction material, although the man-
groves are the main source of fuelwood for all the families, and there are no-indigenous or
- exotic forests in the-area. Problems cited as due to fishing were few and include fishing of

fingerlings due to use of the wrong nets. Table 4.5 is 2 summary of mangroves and fisheries
| harvesting activities in the lagoon. From the table of correlation (Table 4.6), it appears
‘that fishing tends to increase more with increase in family size as compared to mangrove
harvesting. The number of people who depend on the lagoon’s resources appears to de-
crease further away from the lagoon, while fishing appears to increase as mangrove: har-
vesting decreases. Other activities that were observed are small scale farming for subsis-
tence needs, transport of inhabitants by use of boats from mainland to Funzi Island, and
one tourist club at Funzi Island. These activities, including transport of mangroves from
- Bodo dhow harbour, have rendered the harbour an erosive environment as it is the main
entry and exit point to and from the lagoon and island.

Discussion
Shirazi-Funzi lagoon is a terrigenous setting, with sediments that are largely characterised
by quartz grains. Transport of sediments to the lagoon is mainly by water. Sediments are
transported from the land, while a part of them are generated during coastline erosion,
and falling of mangrove leaves and trunks which upon decomposition, produce the organic
part of the sediments. The morphblogical' set-up and presénce of thick n‘i‘z’mgro‘ve cover
provides a healthy fish spawning envifonment. Hydrodynamnc energy within the lagoon is
low allowmg continuous sediment accumulatlon Wthh is more pronounced along and at
| the mouth of Mamuja Channel. Generally, the lagoon would experience high 1mpacts of
sea-level rise, as there would be landward shnft of the mtertndal zone, and partial covermg
of the island by sea water. ,
The high POC values at Mamuja Channel durmg ttdal ebbs mdlcate that the Ramisi RIVCI'
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may be contributing large amounts of particulate matter into suspended matter, the other
part being derived from the mangrove environment. Dead plankton, which is part of POC
(Parsons ef al., 1984) may form part of the organic nutnents contrtbuted by the river and
mangrove environments to the general ecosystem.

The main environmental problems identified in the study area were sedunent shoaling
in channels and coastline erosion. Sediment shoaling is-occurring because current and
‘wave energies are not strong enough to effectively transport sedimenits seaward. As a re-

“sult of shoaling, changes in the directions of curfents and waves have favoured shoreline
€rosion.

Although' sediment shoaling may be contributing to-erosion along the shoreline, human
activities contribute more to shoreliné erosion; through harvesting and transporting:man-
groves in parts that are exposed to relatively-high currents and wave energies. Along Funzi
Island shoreline, buildin"gs are highly at risk because shorelinie erosion appears to be faster’
after removal of the thin strip of mangroves along:the shoreline. Frshmg activities do not
appear to'pose much danger except at some unprotected landing sites. T

“In order to'solve the above environmental problems there is néed to:
¢ apply soil conservation measures‘in areds which are sources of sediments to the lagoon,

‘such as the catchment area of Ramisi River; S ;
* relocate endangered structures on Funzi Istand;
* . carry out’ detailed research on coastal erosion -in order to develop suitable defence
- mechanisms; and’ R ' S ’
= develop policies aimed at controlling deperidence on, and methods of ‘harve'sting man:
grove resources by local inhabitants.

Conclusion R : - . B
Shirazi-Funzi lagoon is a mangrove ecosystem dommated by sedlments that are largely
terrigenous. Water drscharged into the lagoon by the Ramisi River may be one of the main
ways through which food for the orgamsms in the ecosystem is replemshed in the form of
partlculate matter. Due to mangrove cover and low hydrodynamrc energy, the lagoon pro-
v1des healthy productrvrty conditions for ﬁshenes FESOUCES.

Human activities, shorelme erosion - especrally along Fun21 Island contmuous;
deposmon of sediments, and proneness of, the lagoon to 1mpacts of global-warmmg ,.
mduced sea-level rise are environmental threats to the lagoon asan ecosystem Although it
appears that increased ﬁshmg can result in decrease in marigrove harvestmg, research and
policies are requxred on how to manage the explortatron of resources of Kenya s coastal
lagoons. Co S , S S :
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Abstract ,
The aims of the study were to determine (i) factors that affect the sedimentology of the Shirazi-Funzi lagoon;
(i) sediment mineralogy and source environments; (iif) economic importance of the lagoon; (iv) environmental
. problems within it; (v) possible management policies for Kenya's coastal lagoons. Sediment grains distribution,
composition and dynamics were studied; suspended sediment discharge by Ramisi River was determined, and
POC was studied to investigate possible contribution of the river to nutrient replenishment in the lagoon. Geo-
morphology, hydrodynamics and socio-economic activities were also studied.
The lagoon is dominated by terrigenous sediments, comprising mostly of fine quartz sand. Grain size dimin-
ishes gradually from mainland shoreline towards the tidal inlet. Carbonate mineral content ranges from 0.01 to
5.0% by weight in most parts of the Lagoon, but adjacent to the coral reef, it increases to over 80% by weight.
Total organic matter content ranges between 0.01 to 2.0% by weight in the channels, but increases to over 50%
by weight at channe! banks, and decreases to minimum levels towards the centre of the mangrove islands. Cliffs,
beaches, channels, sandbars and mangrove islands are the physiographic features of the lagoon. Off the lagoon,
sea-wards is a trough, due to Pemba channel, with 2 maximum depth of 207m. Wave energy is dissipated
exponentially from the tidal inlet toward mainland shoreline. Annually, Ramisi River discharges about 1.534 x 103
tons of suspended matter. POC of surface water at Mamuija channel ranged from 645 mgC/1 to 1940 mgC/ in 24
hours, the highest values occurring during tidal ebbs. The main socio-economic activities in the lagoon are
fisheries and mangrove exploitation. The rate of harvesting of fisheries resources is negatively correlated with
‘that of mangrove resources. The main environmental problem in the lagoon are shoreline erosion, lagoonal
sedimentation, mangrove felling and vulnerability of the lagoon to global-warming-induced sea-level rise.
Policies are suggested, which require research-based data, on management of Kenya's lagoons, in light of the
observed environmental problems.
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GROUNDWATER RESOURCES AND SEA WATER
INTRUSION IN KWALE DISTRICT

$.0. ANYANGO, M.P. TOLE AND E.K. UCAKUWUN

Introduction :
Although Kenya straddles the equator like the Amazon Basin, it has nothing near the equa-
 torial vegetatibn of the latter region due to altitude and monsoons, resulting in great vari-
ations in rainfall patterns. Roughly four-fifths of Keﬁyja is semi-arid or arid. This covers all
areas from the shrub of the coastal region to the northern semi-desert region (Camponera,
1979). The open water resources in lakes, rivers and dams constitute 11,230 km2, In addi-
tion, Kenya receives an average annual rainfall of 567 mm converting to 323 billion'm3 of
water (GoK, 1989). These limited resources need to be properly harnessed and conserved.
The problems of water resource management emerge at two critical levels. Firstly, the
resources are limited and subject © competing demands from human settlement both in
urban and rural areas. This is demonstrated by the frequent Short‘ages in the major urban
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Figure 5.1 Concentration of chloride in boreboles in Diani-Tiwi area
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* centres and in rural areas where women and children have to walk long distances to fetch
water This calls for approprlate measures for resource allocation. Secondly, resource utili-
sation and human activities may have adverse impacts on water quality and it is therefore
essential that water utilisation and quality be managed.

Kwale District lacks adequate water resources. Several seasonal springs from the Shlmba
Hills catchment area and 2 few seasonal rivers in the south coast are some of the sources of
water. Acc’ording to the studies done in the area by the Ministry of Water Development
and other:studies, the area has potential for groundwater explo'ithtion. But the develop-
ment of groundwater resources requires carefully controlled p_umpihg, accompanied by
proper operation surveillance (Chapman, 1992). o :

The present trends in groundwater exploitation have not differentiated between re-
newable and non-renewable resources. The determmatnon of maximum and minimum wa-
ter levels in order to regulate storage capacnty is important (Balek, 1983). A decrease in
groundwater levels due to excessive pumping besides causing permanent damage to the
stability of the groundwater storage, increases the cost of Ifurtherpumping, facilitates salt
water migration and-the pollution» of the aquifers with sea water (Balek, 1983).

The present study was carried out to determine the extent of groundwater exploitation
and its effect on water quallty in Kwale District. The area hosts a chain of tourist hotels and
due to frequent water shortages from the mam plpelme most of them have drilled bore-
holes from which they extract large amounts of water. In addition, the National Water
- Pipeline and ConservationﬁCorporation(NAWACO) is operating several boreholes and the
‘Kwale Water and Sanitation Project (KWASP) has come up with an extensive network of
shallow boreholes to pro:vide' water to the rural population. It is quite possible that ex-
traction may by now surpass recharge, hence causing depletiori of groundwater and result-
ing in sea water intrusion. ' | | |

This study was conducted to determme

* ‘The groundwater quality from public supply sources threatened by sea water intrusion;
* Whether the tidal changes have an effect on the quality of groundwater;

* The sustainability of water facilities established in the area;

* The hydrogeochemical correlation which may be prevailing in the study area.

Materials and Method
FIELD METHODS

Water samples were collected from 125 points, consisting mainly of boreholes and open
dug wells. At each pomt samples were collected twice at different times. Each sample was
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‘Figure 5.2 Goncentration of chloride in boreboles in Msambweniares
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analysed in duplicate. The specific conductivity, temperature and pH were determined in
the field using automated instruments (probe meters). | o
 Polyethene bottles were used for thé collection of samples. They had screw cap stop-

pers to prevent leakages during transportation. The containers were pre-cleaned with
metal-free nitric acid and then rinsed several times with glass distilled water. Samples from
boreholes were taken after the water was allowed to ﬂow:fdr 3 to 5 minutes after the

- pumps were in operation. This was to ensure that a representatnve sample of the source
was taken. . .

Analysis was carried out the day following sampling to ensure that there was no signifi-
cant change in the concentration of the parameters to be determined. The samples were
then stored in a cold storage at about 40C for future reference if need arises. Methods ap-
plied in the analysis were basically those used by the Kenya Government Chemist Depart-

-ment (water section). The parameters determined are TDS (Total Dissolved Solids), Potas-
sium, Sodium, Calcium, Total Hardness, Magnesnum Alkahmty, Chloride, Hydrogen Car-
bonate, Fluorides and Silicon. . , o

* Some specific sampling points were selected and water quahty monitered by taking wa-
ter samples and measuring the depth of the open well after every one hour throughout
-1he cycle of the tide:(from low to high and to low).

- DATA ANALYSIS : : -~ : : .
~The data was treated to.correlation analysis procedures to determme relations between
parameters.

Hydrological data analysis involved the plotting of the locations of all the boreholes in
the study area. Borehole data on aquifer depth and the water rest levels were then used to -
deplct the water flow directions. Hydrogeochemlcal data analysis involved preparatlon ofa
contour on a map to depict the area of sea water intrusion using chlorlde concentratlons

~ General classification of the water was done usmg the classxﬁcatlon adopted from Davns

‘and Dewest (1970). Possible i mcrease in sea water intrusion was 1nvest1gated by checkmg
for significant increase of chloride and sodium concentrations by comparing the initial data
(from KWASP) and the data obtained in the study. Graphs of water rest levels against time
and height of tides in the ocean were produced to depict the influence of tidal changes on
the selected wells near the ocean. Salinity classification and calculation of Sodium
Absorption Ratio (SAR)! served to determine the suitability for irrigation purposes.

1. SAR= NaZ+ / V((Ca2++ Mg2*)/2), where Na2+, Ca2+ ind MgZ*represent the concentrations, in’
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.. Table 5.1 Classification of water on the basis of TDS by catchment area*:

{ Type of water Recommended TDS - | ... . o distbution . ¢ oo -
_mngeinppm. | . Diani - Msambweni  Tiwi

| Budish -~ .| . 100010000 535 o 4o 19

| Salty S 10000 -100000 - 2 . 0 .. .0 . |

’ Brme o above 100000 B S P T
T e 100 1000

* Modified from Davis and Dewiest, 1970 : .
~RESULTS?2
WATER QUALITY: -

The distribution of the sampling sites is shown inFig 5.1 & 5.2. According to the classifica-
tion in-Table 5.1, most ‘areas have fresh: waters. Diani:catchment has: the highest
- percentages - of ‘brackish; water. Most of the parameters were below the: maximum
permissible levels for drinking water apart from conductivity, total dissolved solids, sodium,
chloride, magnesrum .and total hardness which, in some:cases had very: hlgh values (Table
52). BT S PR T
Most of the boreholes with high levels-of TDS:are-quite close to the ocean. Conductiv-
ity, TDS, Na and Cl show great variation between individual boreholes. This suggests that
the factors influencing these parameters are not uniformly distributed in the areaand do
-not:necessarily derive from the geology of the area because this is the same throughout
. the study area.
~The pH in the study area ranges between 6.5 and 8.18 while the means were 7. 26 7.15
and 7.28 for Diani, Msambweni and Tiwi respectively. The pH values in the three aquifer
systems indicate generally neutral waters and within the range of most groundwater as
‘reported by Hem (1978). The fluoride concentrauon was generally below the maximum
| permltted value of 1.5 ppm (\X/HO 1987) with a mean value of 0.3, 0. 2 and 0. 3 ppm for
Diani, Msambweni and Tiwi respectlvely These results indicate that the water is generally

“suitable for drmkmg purposes However the water has hmlted use due to the general
hardness. ' : ' R

- About 90 per cent of the s'amples from Msambweni had conductivity less than lOOOﬁs
The lowest value was recorded at Makalarii'and Chungwani 'B' (520us) while the highest
was 2600ps at Baham In Tiwi, about 53 per cent of samples had conductmty of less than

milliequivalents per litre of the respective cations.
2 . Detailed results are presented in Anyango (1995). -
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- 1000us. The lowest value recorded was 400us (dt Kombani) while the highest was 4800us

at Kayatiwi secondary school. Diani had the greatest variations resulting in the mean being
even less than the standard deviation: About 57 per cent of the samples had conductivity of
less than 1000us. The lowest recorded values was 420us while the highest was 15000.s at
the Grand Reef Hotel in Diani. '

Table 5.2 Pbyszcocbemzcal paramelers by vcatrcbm“ent _ér_ed (m‘eaﬁ' +s.d)

Diani Msambweni Tiwi.
o N=55 . .N=30 ~ N=32
Conductivity (1s) - 1701 + 2259 708 + 401 1296 + 915
Depth (m)* 1 3s=x12 0 18x7 3B3x12
Temp (0C) 30x2 31%2 31x2
pH 73%204 7202 73+04
IDS (ppm) 1187 = 1521 598 * 596 910 + 634
X (ppm) 10+17 3%3 73%5
Na (ppm) 218 = 461 2x82 167 = 162
| Cl(ppm) foo 413809 - 130x167 287 + 292
Ca(ppm) o} 132x52 145 + 207 11548
IMg(epm)y 31x31 24 x60 . EW
“Total hardness (ppm) - - |-+ 4362163 35641 435162
|Fppm) . - 17 03x06 . 0204 38x21
Si0; (ppm) © 3113 3014 Bx15
HCO3 (ppm) - - | v -332%95° 323 £ 40 341+ 71

* N=46; 25; 28 respectively

>'Table5.3 shows the results of the comparison of the values:in 1987 when the boreholes
were dug with the results of the: present study, in 1993. The figures confirm that the wa-
ters have become more saline and that there are significant changes in'Conductivity, TDS

and Na concentrations. - . U »

Analysis by means of the trilinear method (piper diagram) indicates that in Msambweni,
50 per cent and above of the water is dominated by calcium cations while 10 per cent of
the samples have sodium as the dominant cation. For the anions 81 per cent of the water
samples form a cluster indicating 50 per cent and above of bicarbonates as dominant and
10 per cent of the remaining waters have chloride as the dominant anion. In Diani about
42 per cent of the water samples form a cluster indicating 50 per cent and above of the
waters is dominated by calcium while 35 per cent of the waters have sodium as the
dominant cation. For the anion 55 per cent of the water samples form a cluster indicating
50 per cent and above of bicarbonate as dominant and 38 per cent of the remaining waters
have chloride ion as the dominant anion. In Tiwi about 36 per cent of the water samples
form a cluster indicating that 50 perA cent and above of the water is dominated by calcium
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while 30 per cent.of the waters have sodium as the dominant cation. For the anion 39 per

~cent of the waters samples form -a cluster indicating that 50 per cent-and above of
~bicarbonate as dominant and 39 per cent of the remaining waters have chloride as the
- dominant anion.. :

Table 5.3 Results of selected paramelers for boreboles measured in 1987 and 1993 (mean + s.d.)

N | 1987 [ N 193 ] p=¢

Conductivity | - 68 - - 876 £ 572 68 - 975x5M4 03
™S | 65 5719416 65 688 = 401 001

| Na 45 86291 45 115+ 104 003
d |65 170 * 192 65 186177 . - .13

* paired t~test§ ‘one-tailed

VARIATION- OF CHLORIDE CONCENTRATION : . .

Figures 5.1 & 5.2 show the conicentration of chlorlde in various-boreholes in the study area
and also indicate the possnble trend of Cl-ions which is related to sea water intrusion.
There is an indication of inward movement of the sea water/fresh water interface. The
chloride contour line gives the probable area of sea i_nﬂue‘n‘ce. The 200ppm valué _Wés cho-
sen because water with highé; values normally starts having a salty taste. - |

TIDAL AND WATER DEPTH VARIATIONS

These indicate that the wells have direct linkage with the sea, even though there is a time
lag of one and a half hours between lowest tide and lowest height (Fig 5.3). When it is
high tide the water rest level is increased. The effect is less and time lag greater (up to
eight hours) for fresh water boreholes nearby. But the effect is greatest in boreholes near
the ocean. :

Table 54 Distribution of SAR values by caichrent area %)

Diani- - Msambweni | = Tiwi

_ _ N=50- | N=30 | - N=32
0.0-09 .40 < 40 6

10-19 | . 20 40 .22
2029 | 4 3 28
3.0-59- .20 R : 31
60-89. 12 o1 10
90+ 4 0 .3
100 0 1000 100
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SODIUM ABSORPTION RATIO » : . . :

Elevated sodium in certain soils can degrade soil structure thereby restricting water
- movement and affecting plant growth. Results for the sodium-absorption rate calculations
- for the three water catchment areas are presented in Table 5.4. Although the values are
~higher in Tiwi than in the other catchment areas there were no observations above the
* critical value of 18 (Driscoll, '1986); All samples have low values which makes the water
suitable for irrigation purposes.

Discussion

“The results of the water samples indicate that the chemical nature of groundwater in the
study area is influenced by environmental factors e.g. the geology, chemical processes,
climate and hydrological factors. This was also noted in studies by Maina (1981) and
Ongwenyi (1973). The water in the study area can be classified into four types, calcium

“bicarbonate, calcium chloride, sodium bicarbonate arid sodium chloride type of waters.

" The fluoride coricentration was generally below the maxtmum perrmtted value of WHO
(1 5ppm) with a mean value of 0.3, 0.2 and 0.3 for Dtam Msambwent and Ttwn areas re-

, spectlvely This mdtcates that the water presents no danger due to ﬂuondes Fluoride mo-
blll[y in water depends to a large extent on the Caz"' ion concentration since fluoride
forms low solubility compounds, wrth divalent cations. This explains why the water in the
study area may have low fluoride concentrations.

- The cases with Na* as the dominant cation can be attributed to the influence of the
-sea, through the process.of sea water intrusion. Examples are boreholes at Jumapili,
- Baharini and Mkaliatsi in Msambweni; boreholes at Maweni, Bwagamoyo at Jadini hotel in
‘Diani; and boreholes at Sparki, Shukrani and Tawakal in Tiwi (Fig 5.1): In Msambweni a

tongue of sea water seems to be coming in from the south (Mto Kivinje, th 5.2). In Tiwi
and Diani several tongues of sea water mtrus:on were observed at Bowa, Kibwaga,
Mwakamba Magutu among others , . .

Compared wrth measurements that were taken in 1987 when the boreholes were sunk
“the present study, in 1993, found no significant changes in Conductivity, TDS, Cl and Na
concentrations, although there is a:general trend towards greater salinity in the boreholes.

- According to Freeze and Cherry (1979), the rate of groundwater extraction that causes
groundwater ‘mining’ is not necessarily the same as the rate that causes contaminant intru- -
sion. In coastal areas for example a Certain rate of groundwater extractron even w1thout
causmg over wrthdrawal can lead {0 s€2 water mtrusron ' '
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Figure 5.3 Tidal variations* as compared to the well water rest levels

e T T T e T T e s = S e i b = s Mg —— e o —m — iR — s ]

-* The wells were monitored over 12 hours when no drawing of water occurred

_There is a significant difference in the chloride concentrations:in Diani & T1w1 com-
pared to Msambweni. The reason might be due to more extensive borehole extractions
-compared to the Msambweni area, The Diani/Tiwi area has a higher population density
with htgher number of boreholes belongmg to hotels and other private owners. These
'_boreholos use electrtc pumps thus extractmg more water than the handpumped boreholes

“do. Some of the beach hotels Have obtained thé rtght of extractmg water from boreholes
further inland with fresh water and this has resulted in some of these boreholes becommg
saline e.g. boreholes sunk by South Palms and L€lSUl‘€ Lodge around Diani and Mvummioni
respectively. : ‘ '

In Msambweni, the extraction still seems not to have had effect on the aquifer except at-

~Msambweni Hospital and near the creek at.Shirazi and there are no-signs of sea water in-
trusion. Fresh water springs in the intertidal zone have been observed in the Msambweni
area, conﬁrmmg a high fresh water recharge. Such a phenomenon can no longer be ob-
served in Dtam or Tiwi. .

In Diani, some boreholes are already htghly saline, especially those bemg operated by
the hotels, but no precautionary measures have been takén to protect the nearby bore-
holes that are producing fresh water. This can encourage the sea water/freshwater inter-
face to move further inland. Some wells have become saline to the extent that the water is
‘no longer being used for domestic purposes (e.g. Kwa Mzee Juma Makalani in Diani). -

The study established that the sea water/freshwater interface varies along the coast but
it ranges from 1.5km to 6.5km from the shoreline ‘in the - Mwabungoe-Waa area. In the

_Msambweni area, the waters are:safe for drinking up-to the shoreline except adjacent to

_ Msambwem hospital and south Kigwede in the Shirazi area,

The study indicates that wells have direct. lmkage with thev sea, even though there isa
time lag of one and a half hours between lowest tide and lowest height. When it is high
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tide the water rest level is increased; the. effect is.less and the time lag greater (up.to
' elght hours) fora freshwater borehole nearby But the effect occurs only in some specrﬁc

boreholes near the ocean. C

- Without the threat.from sea water intrusion, it.is evrdent that the freshwater in the area

is generally potable and surtable for domestic lise: The' water has also low-SAR value and
therefore suitable for i trrrgatton ‘However, sodium sensitive crops may - accumulite rn;urrous
“sodium concentrations and Driscol (1986) recommends that most of these waters are used _

on textured organic soils with good petmeability. S

Conclusion _ R
“This study has shown that the sea water mtrusron is srgmﬁcant at the present level of
v | groundwater extractron A good groundwater management plan shotld be developed for
these major aqurfers The followmg measures can be useful in the conservatron and proper
utilisation of these resources:
* Determination of aquifer safe yields; _
L. Momtorrng of groundwater levels and well allocatron spacmg and constructron gurde
'{':'-lmes v ) : i ne T :
* Records of water-use rates, quantities and quality should be maintained by large scale
~users such as hotels and even'the Natronal Water: Prpelme and Conservation Corpora-
" tion. Such records can help water managers to decrde (where the safe yteld of an
aquifer is already determined), whether or'not withdrawal is excessive 5o as to take ap
propriate measures, such as reducing the quantrty under the’ lrcense ' v
-* Discourage hotels from using fresh groundwater in the area, and propagate other meth-
~ ods like desalination (some are already doing it e.g. Jadtnt) and roof catchment;
o ’Encouragrng rainwater harvesting in general, much more than has been done so far.
- This can‘reduce the pressuie on the limited groundwater resources, and provrde a long
. term solution for the area. . .
However, enactment of good regulatrons and subsequent enforcement are fraught wrth'
difficulties involving political, economic and sociological factors that are hard to overcome.

Abstract

This work describes the results of water quality analysis carried out along the coastal plains of Kwale District, to
determine the influence of sea water intrusion, the relationship between tidal changes and water quality in
boreholes close to the sea shore, and the effectiveness of the hand pumps in the provision of potable waters in
the study area.

Four types of waters were found in the study area; calcium bicarbonates, sodium bicarbonate, sodium chlo-
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' ride‘and calcium chloride waters. Total Dissolved Solids (TDS) in sodiumn-rich waters varied from 800ppm to
:10,000ppm with most of the TDS concentrations being below1000ppm (recommended concentration limits
for drinking water). The salinity hazards for the water are greater than 750us/cm at 250C. Consequently this
water has limited practical use.
A salt tongue (sea water intrusion) was detected covering a distance ranging from 1.5 to 6.5km from the
:_shomlme in Mwabungo-Waa am But inthe Msambwem area, sea. water mtrusxon is still lumted and waters are
aréa,”
- Diting periods of high tide some wells exhibit highier levels of water and hlgher salinity than dunng the time
of low tides. This effect decreases with distance away from the seashore. -
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THE IMPACT OF GEOLOGY AND PIT LATRINES ON
' GROUND WATER QUALITY IN KWALE DISTRICT

" 'J.M.MZUGA , M.P.TOLE & EX. UCAKUWUN

Introduction | . -
The composition and state of an aquatic eﬁvironment shows temporal and ‘spatial Variations
due to factors internal and external to the water body (Chapman 1992). Polluuon of the
aquatic environment is the mtroductxon dnrectly or indirectly, of substances or energy
which result in such deleterious effects as: harm to living resources; hindrance to aquatic
activities including fishing; hazards to human health; impairment of water quality with
respect to its use in agriculture, industry and other economnc acuvmes and reduction of
amenities (GESAMP, 1988). B 5 |
In this study the water quality of groundwater in selected areas of Kwale District was
-determined with respect to the local geology and human settlement. The study had the -
following objectives:

85
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Figure 6.1 The direction of water flow with sampling statzons .
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* To determine regional groundwater quality variations in relation to natural processes;

« To-determine trends in groundwater quality in relation to pit-latrine location and to use
the observed trends as a basis for informed decision making;

* To develop an understandmg of regtonal groundwater qualnty as an aid to better knowl-
edge of the ground water. regtme for optlmal management especnally water for. human
consumption; - - l - _

- * Toassess the effect of geology on- suscepttbnhty 0 contammatlon

Study Area S

Kwale District is one of the Six dtstncts of Coast Provmce and is sxtuated in the southern
most part of Kenya along the Indian Ocean. The area of study extends some 10km inland
from the coastline and is bounded by latitudes 499" and 4019'S and longitudes 39922' and
39935°E. The area includes study locations in four regions:. Diani/Ukunda and Tiwi/Waa
which straddle a coral limestone aquifer; Msambweni and Shimba Hills which are situated
on a sandstone aQuifer (Fig 6.1).

WATER RESOURCES : :

Kwale District lacks adequate surface and underground water resources (Kwale District

Development Plan, 1989-1993). There are only two reliable surface water sources both of

which are to the north of the District and these are the rivers Ndzovuni and Cha Simba

(Pemba). Several seasonal springs from the Shimba Hills catchment area and a few seasonal

rivers in the south are the other sources of water. Water is therefore a tprior_it'y' problem for

many communities and especially in the hinterland where women have to travel very long

distances to fetch water from dams in the dry season. Swedish International Pevelopment

Agency (SIDA) and Kenya Water for Health Orgamsauon (KWAHO) have undertaken the

installation of community owned handpumps along the coastal zones and rehabilitation of

dams in the hinterland. The Kwale Water and Sanitation Project (KWASP) was started in
11985 as an extension of the then South Coast Handpumps Testmg Programme (SCHP). It

has the following activities:

* Dirilling of boreholes and installation of handpumps;

* Protection of perennial springs;

* Construction of rain water roof catchment tanks;

* Assistance to self-help groups on piped water supply schemes;

* Construction of ventilated improved pit (V.LP) latrines for demonstration purposes;

* Health education campaigns.
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Table 6.1 Number of boreboles, wells and springs sampled by region

Mzuga et al.

Boreholes Wells Springs
N=55 N=13 N=10

Diani/Ukunda 19 6 0
Msambweni 4 7 0
Shimba-Hills 12 0 10

Tiwi/Waa 20 0 0

Table 6.2
Average seasonal comparison of physico-chemical parameters (mean * s.d)
Wet Season Dry Season

pH 6.6 =0.79 6.6+ 0.84

Temp (°C) 28 £ 1.36 2809

Cond  (us/cm3) 687 + 678 706.7 + 704.8

O]  (ppm) 095 14 0.6 + 0.44

COD  (ppm) 153 = 116 151 + 67

BOD  (ppm) 17+13 1713

TSS  (ppm) 0.0079 = 0.0079 0.0061 = 0.0047

TDS  (ppm) 481 = 479 487 = 471

K (ppm) 42x37 41x34

Na (ppm) 329238 37x30

a (ppm) 108 * 63 175 =171

F (ppm) 0.19 = 0.11 0302

Ca (ppm) 66 = 49 74 = 49

Mg (ppm) 99+94 17+ 164

S04  (ppm) 106 9.6 10494

Total coliform 886*78 63x6.1

E.Coli 0.36 = 0.33 0.14x0.11
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Materials and Method

FIELD WORK

Preliminary survey

A preliminary survey of the study area was carried out in August 1993. During this period
existing data on groundwater were collected; this was used to identify the principal fea-
tures of the natural ground water quality in the defined area and to provide a basis for
comparison to establish changes over time as an indication of possible geological
influence.

Sampling

A total of 55 boreholes, 13 wells and 10 springs were sampled (Table 6.1).! Selection of
sampling stations near pit latrines was done. The stations were sampled both during the
wet (short rains) and dry seasons. The water samples were collected into clean 500ml
plastic bottles, after cleaning using 0.1m HNO3 (aq) and thereafter rinsing three times
with the water to be sampled. Samples were collected from each borehole using a hand-
pump, pumping at least three casing volumes of water to waste before collection. In wells,
collection was done by lowering a weighted bottle (bottle with weights inside to facilitate

sinking) down to the water level while in springs, samples were collected from the pipe
from the reservoir.

ANALYTICAL METHODS
Dissolved oxygen, pH and conductivity were measured on site using a pH meter [Jenway
Model 3100], oxygen meter [Jenway Model 9010] and a conductivity meter [Jenway
Model 4070] respectively. A temperature probe attached to the pH meter was used to
measure temperature. Chemical oxygen demand was determined by the dichromate reflux
method. Biochemical oxygen demand (BOD) was determined by the difference in
Dissolved Oxygen on incubation of the sample for five days. Aeration was done using an
aerator before incubation (APHA, 1985).

Total suspended solids (TSS) were analysed by filtering 100ml of sample using 0.45..m
filter paper then drying the filter paper with solids in an oven at 60°C for 30-50 minutes
then weighing. Total dissolved solids (TDS) were determined by evaporating to dryness

100m] of sample at 105°C in an oven. The weight was obtained by the weight difference
method.

1. The exact locations are given in Mzuga (1995).
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Titrimetric methods were used to analyse the calcium, magnesium, chlorides and:car-~
bonates/hydrocarbonates. The flame photometer was used for analysis of potassium (K)
and sodium (Na) while for sulphates (SO4), a turbidimeter was used. For fluoride. (F),
colotimeter method was used using zirconyl chloride and sodium alizarin.

‘A multiple tube method, the 'Most Probable Number Method' (MPN), was used to anal- .-
yse-coliform counts. Rapid detection of E. Coli was-carried out:for each: presumptlve '
positive tube from the coliform count test. - : R

Results? | }
Means for the concentrations of physico-chemical parameters for the seasonal comparison
are shown in Table 6.2. The results showed a slight increase in mean concentrations
during the dry season for most-parameters i.e. conductivity, TDS, Cl, F-, Ca2*, sulphates,
with means 706.7, 487, 175, 0.3, 74,-10.4 respectively.'The pH showed no change; with a
mean.of 6.63; while dissolved oxygen, COD, BOD, and coliform counts showed a decrease' :
with means0.64, 151, 1.66:and 6.3 respectively. . RN
Tiwi-Waa waters are Ca-Mg/Cl-HCO3, while: Dlam/Ukunda waters are mamly Ca/Cl-
HCO3, A unique observation was made in two sample stations that had-58-65% sodium and -
over 80% chloride, and are thus Na-Cl waters. Shimba-Hills waters are Ca/Cl-HCOj3 except:
for two samples which showed a high Na:Cl ratio. Shimba-Hills springs have mainly Ca-Na-
K/CI-HCO3 waters. Again two stations show unique Na:Cl ratio with 90% Chloride/70%
sodium and 68% chloride/95% sodium respectivelﬁr. Msambweni waters.are Ca/Cl-HCO3 -
with less than 50% sodium. - L E T . ‘
Diani region has highest mean for both conductivity and TDS followed by Tiwi/Waa~
region, Msambweni and Shimba Hills respectively (Table 6.3). In this area the groundwa-
ter flow is generally either easterly or. s‘outherly, therefore boreholes found towards this

dlscharge zone should have hlgher concentrations of dissolved salts (TDS) as shown in F1g

6.1,
Table 63 Speczf c conducthty and TDS

R |. Diani/Ukunda | ‘Msambweni | Shimba Hills Tiwi/Waa

| MeanTDS (ppm) 990 . - - 293 2275 503

| Mean Conductivity (us/cm3) 1025 . - 426 326 685
at 097 0.69 069 073 .

i Freeze & Cherry (1979) and Driscoll (1986) gave a conversion relationship with a as conversion factor

between C (conductivity) and TDS s follows: TDS=aC.

2. Detailed results by location including trimetric analysis and factor analysis are presented in Mzuga (1995)
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Table 6.4 Total colform distribution (per 100 mi) or boreboles, wells and springs ()

Boreholes Wells Springs
N=54 N=13 N=10

0-10 34 (63%) 0 0
11-100 12 (22%) 0 6 (60%)
101-500 5 (9%) -6 (50%) 3 (30%)
501+ 3 (6%) 6 (50%) 1 (10%)

TOTAL COLIFORM CONTAMINATION

The results for total coliform contamination of boreholes, wells and springs are shown in
Table 6.4. Bacteria are-present ida_l_l weIls_ and springs samples: The wells gave a mean
count of 604 with a standard deviation of 575. The springs had a mean count of 270 with
standard deviation 521 (with one extreme value of 1800). The correlation between con-
tamination and distance to the nearest pit latrine for individual wells and springs is weak -
and not significant. |
. The mean total coliform count for the boreholes on the sandstone aquifer was 58.7
eounts per 100m! of sample while coral limestone gave a mean of 149.9 counts per 100ml
of sample. Fig 6.2 and 6.3 give the relationship of pit-latrine distance and borehole
contamination for sandstone and limestone aquifer res'pet:tivély.

E.COLI CONTAMINATION , |

The E.Coli contamination for the different regions are shown in Table 6.5. Tiwi/Waa has
the highest rate with 2 mean of 1.65 E.coli/100ml. Msambweni has a mean of 1.0 E.coli
while Diani/Ukunda and Shimba Hills have 0.57 and 0.23 E.coli respectively.

Out of the 55 boreholes sampled in both sandstone and limestone aquifers only seven
(13%) were contaminated with E.coli. Waa Secondary School had the highest count of 35
E.coli per-100m! of sample during the wet season but during the dry season the count
went down to 4 E.coli/100ml sample. The remaining six boreholes contaminated had a -
mean count of 2 E.coli/100ml sample. Out of the 13 wells sampled nine (69%) were
contaminated with E. Coli while the ten springs sampled showed Contamlnatlon in only

three (30%) of the sprmgs T he hxghest count of E. Coh was observed in Mwayabo Bongwe
thh 50 E.Coli/ 100ml sample

Table 65 E colzcontammatzonbylocatzon (mean +sd) e T e
Diani/Ukunda Msambweni - thmha Hxﬂs Tiwi/Waa-
. (N=25) | (N=10) | (N 22) (N=20)
EC | 057x04 102094  02+059 16509
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Figure 6.2 Total coliforms fn boreholes in sandstone area as a function of distance from the nearest pit latrine
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Figure 6.3 Total coliforms in boreholes in limesione area as a function of distance from the nearest pit latrine
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Discussion
WET AND DRY SEASON VARIATIONS

Total coliform count showed a reduction in the dry season. This is because there is less
rapid movement of water from pit-latrines to the boreholes in dry season.

' INTER-REGIONAL WATER QUALITY | | o
Waters in the different study locations seem to be a mixtute of waters from different
sources. Tiwi/Waa region has Ca-Mg/C-HCO3 waters. Some borehole waters tasted salty
and these waters had a substantially high Na:Cl ratio. In Diani-Ukunda the waters are also
mainly calcium chloride and calcium bicarbonate. Exceptions were two wells that had a
high Na:Cl ratio, probably due to sea water intrusion as both wells are about 1.5km from
the sea shore. Majanga (1987) remarked that in the Diani area, the depth to the salt water
level seems to increase from the coastline going inland Hence, Mwangi (1981) suggested
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" that the presence of 2 coral ridge parallel to'the coastlme provides a barrier to subsurface
invasion by sea. o '
- Shimba Hills waters are mainly calcium chloride with calcium blcarbonate ‘Kibwaga
 Chegeli shows a high Na-Cl content and this could be due to the effect of trapped connate
salty water. This could also be the case in sandstone regions further inland where some
- dreas also show high Na:Cl ratios. The chemical components of groundwater are a result of
geographic factors such as climatic, hydrologic, biologic and chemical processes as well as
geological ones which include mineralogical compositions, structure and texture of
specific rock types (Maina, 1981). Todd (1959) showed that concentration of salts in water
‘will depend upon the environment, movement and source of groundwater In Msambwem
the waters are mamly calcrum ‘carbonate and calcium. chlonde There seems to be no
mdrcatron of salt intrusion on the water sources sampled in this area. Anyango (1995) also
‘noted less salt water intrusion in Msambweni compared to T1w1/D1am although a tongue -
of salt water occurred near the Mto Uvinje creek.
- Inthe whole of the study area calcium is the most abundant ion (wrth mean 65.8 ppm
and standard dev1atlon of + 49.3), followed by sodrum with 2 mean of 32.9 and standard
deviation of * 23.8. Chloride and fluoride have mean and standard deviations values of
108 + 63 ppm, and 0.19 + 0.11 ppm, respectively. The relatively lhigh calcium content in
the waters in this study reﬂect on the geology. The waters in the entire area are of mrxed
types, ie. they are calcium bicarbonate or calcium chloride and it could also be a
reflection of some climatic factors such as rainfall and temperatures. Driscoll (1986) noted
that rainwater in coastal regions generally contains more chloride than it does further
inland. This tends to leach into the surrounding rock formations and may be trapped as
groundwater, hence accounting for the high content of the chlorlde in some boreholes
and springs. "

Potassium, fluorides, sulphates and pH constitute minor chemical constituents. Waters
in the whole study area have a potassium content of 4.16 ppm. Sulphates have a mean of
10.6 ppm and magnesium 9.9ppm The waters have a mean pH of 6.63, and are essentially
neutral. Potassium is not readily available in solution and this could be due to the K-
bearing aquifer rocks which are resistant to weathering ( Maina 1981). -

Asa whole, the waters in the study area have low concentrations of both the cations and
anions and thus are suitable for domestic (drinking) and livestock use.

The ground water flow is generally either easterly or southerly. Diani has a mean TDS
of 990 and Tiwi/Waa has 503, Msambweni has 436.1, while Shimba Hills has the least with
227.5 and this could be attributed to the underlying geology, distance from the ocean,
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* and the distance of flow from the recharge zone (Fig 6.1). There is-a signiﬁ_cantdiv_ffe_rence
- in the HCO3 concentrations between Shimba Hills and the other regions

- In Shimba Hills, the total coliform counts and E.coli are highly correlated (r—O 68). T h1s
could be due to faecal matter being the same source of the micro-organisms. Calcium and
~magnesium -ate also_highly-correlated (r=0.72). In Msambweni, calcium ions-are highly
+ related to bicarbonate ions (r=0.62). In Diani, total coliforms and E.coli count are highly
“ correlated (r=0.88). Tiwi/Waa area shows a.high correlation of sodium and: chloride
.(r=0.63). TDS is correlated to.sodium and chloride-with r=0.58 and 0.87 respectrvely

BACTERIOLOGICAL CONTAMINATION OF BOREHOLES
As rndrcated by Frg 6. 2 and Frg 6. 3, there isa general decrease in collform counts wrth an
increase in drstance to the boreholes From the mean values of counts in sandstone and
‘ llmestone rocks it appears there 1s greater movement of bacterra in coral lrmestone than
" in sandstone aqurfers (Sandstone mean contamination = 58 7 colrforms/lOOml coral lime-

stone mean contamination = 149.9 cohforms/lOOml) The hrgher mean in corals could be
wdue to channels wrthm the formatron whrle the low mean in sandstone regron could be
dueto greater compactness of the rock type Nevertheless, some isolated boreholes have
ian abnormally high coliform count that can possrbly be attnbuted to (i) spread of bacterra
::mto the system when the pump is opened for marntenance and repalr and (ii) polluted
' "waste water which i 1s not properly dramed but mstead leaks back into the borehole.

BACTERIOLOGICAL CONTAMINATION OF SPRINGS AND WELLS - .
- No significant correlation -existed between total coliform and pit latrine, drstance in both

springs and wells. The results show that bacteria are present in all springs and wells sam-
 ples. The contamination in springs could be more due to bad or poor back-filling, low

yield, poor drainage, improperly submerged infiltration pipes, or infiltration of faecal
- matter. y :

The results show that drmkrng water from an open well can be: hazardous to health

- The contamination is greatly influenced by surface sources. The communities use buckets
tied to ropes to fetch the water-and this leads to contamination of the source. Small
animals such as rats can fall into the water source, decay, and cause high contamination.

Conclusion and Recommendations R

- From the results and discussions it is concluded that the waters found in the sandy area are
potable and generally useful for most domestic and livestock purposes. The chemistry of
these groundwaters reflect the geological environment in which they flow. However,
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improvement by climatic factors, especially rainfall and evaporation, together with the
‘order of encounter' of these waters is-also suggested. From the results of bacteriological
analysis, it is concluded that the wells and springs are the most polluted with boreholes
having the least contammatton

RECOMMENDATIONS TO IMPROVE WATER QUALITY FROM BOREHOLES
vIt is recommended that the followmg measures should be taken to reduce borehole water
“contamination: VLT T :

. Commumtres with already polluted boreholes should be assrsted in cleamng their

' - sources wrth drsmfectant preferably the method of chlormattng , .

* Ensure that absolute hygienic condrttons are observed when mamtammg or repatrmg

_thepumps"'_

* Ensure that the area around the apron is kept dry and clean and that dramage is work-

- ing well. T S . v .
« Ensure that boreholes and latrines aré separated by at least 120 metres in the sandstone

region , and at least 150 meters in the limestone region. If possrble place the latrines
on the down slope side.

RECOMMENDATIONS TO IMPROVE WATER QUALITY FROM PROTECTED SPRINGS _
® Where a surface water source is found, fencing should be done at least a hundred

metres upstream from the collectron area to prevent cattle and other animals from
contaminating the water.

* Put locks on the manholes to the collectron chambers. This is to prevent people from
contaminating the source by drawmg water from the collection chamber

* Submerge all infiltration pipes, in “order to facrhtate cleamng and prevent insects from
nesting in the infiltration pipe. -+ ‘

* Improvement of drainage where this is poor in order to prevent waste water from leak-
ing back into the collection chamber. _

¢ Chlorination of springs where: bacteria are found should be carried out-from time to

' trme. However, it is not advrsable__ to clean a sprmg that has no proper backfilling.

: RECOMMENDATIONS TO IMPROVE WATER QUALITY FROM WELLS
* The KWAHO/SIDA project has met resistance when suggesting the covermg of wells as -
the user community claims not to be affected by the water, they seem to have built
" some immunity. It would be of importance if the drilling teams, instead of drilling new
boreholes, equip existing wells with handpumps. This is already in line with the
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project policy. The user community would soon find out the benefits of covered
- sources and hopefully ask the project for assistance in covering their wells.

Abstract

Dissolution of rocks and infiltration from pitatrines can cause pollution of groundwater. In this study, TDS, TSS,

~ conductivity, COD, BOD, dissolved oxygen, calctum, magnesium, sodium, potassium, sulphates, chlorides, fluo-
rides, coliform counts and E.coli as well as pH and temperature, were determined from selected boreholes,
springs and wells in Kwale District, underlain by eithier sandstones or coral limestone. Water samples were taken
from each of the water sources between September and November 1993 which represented the wet season
(short rainsy and between January and February 1994 which represented the dry season.

- Dafor two seasons, when compared showed a slight increase in mean concentrations during the dry sea-
son for most parameters i.e. conductivity, TDS, CF, F, Ca2*, sulphates with means 706.7; 487, 175, 03, 74, and

104 respectively. :

The pH showed no change, thh amean of 6. 63 whlle dxssolved oxygen, COD BOD, and coliform counts
showeda decrease with means 0.64, 151, 1.61 and 160.5 respectively. Analysis using trilinear plots showed the
major anions as chlorides and bicarbonates while the major cations are calcium and sodium.

The safe distance to locate a pit latrine from a water source in sandstone regions is recommended to be
approximately 120m, while in limestone regjons it should be at least 150m.
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"~ MANGROVE CONSERVATION AND MANAGEMENT: A
STRUCTURAL REGIME FOR THE KENYAN COASTLINE " -

E. M. OUKO & S. MANOHAR

Introduction

A total area of 52,980 ha of the Kenyan coastline is occupied by mangroves (Doute ef a/,
1981). The mangrove forest is a highly complex and productive ecosystem with many vital
ecological and economic benefits. In Kénya,'the ecosystem ﬁro‘vides valuable products in-
cluding high energy fuelwood; good and durable timber for building"ﬁnd boat construc-
tion; and suitable habitat for fisheries and other numerous organisms such as shrimps,
prawns, oysters, snails, insects, birds, crabs and mammals. Mangrove forests, therefore, play
a significant role in the socio-economic development of the coastal people of Kénya
(Lusigi, 1982; Kokwaro, 1985). Human interference, accelerated by a growing population,
is causing 'c‘hanges in the ecology, biological diversity, zonation and structureof the
natural ecosystem (Kigomo, 1991; Rasowo 1992). It is important to note that each site has

97
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its own habitat to support particulér plant and animal species in their growth,
- development and distribution. In 1973, researchers began searching for the most
meaningful ecosystem parameters to use in rapid characterisation of mangrove stands over
‘wide geographic areas; the methods established and parameters selected needed to be
simple, time/cost effective and universally applicable. A survey of some twenty-five
mangrove stands in Florida, Puerto Rico and Costa Rica was undertaken to test the
methods chosen (Pool et al., 1977). The methods established in this study have come to-
- be widely accepted as the standard for mangrove structural characterisation. In Kenya no
comprehensive studies on mangrove structure, such as the watershed studies of Pool and
his co-workers, have been undertaken. Therefore, this study attempts to establish the
current structural status of sélected mangrove forests along the Kenyan coasthne and the
available options for better management. ~ i A

Materials and Methods

Shimoni and Gazi swamp are in the south coast in Kwale District and Mida Creek and
Ngomeni are in the north coast in Malindi District (See Fig 8.1; p. 112). There was little
variation in the climatic factors for the four study sites. The mean minimum and maximum
temperatures ranged from is 29.0°C-33.8°C and 21.6°C-23.8°C respectively. The mean
annual rainfall ranged from 1269-1059mm (Kenya Meteorological Department, 1984).

The methods for measuring structural attributes as summarised by Cintron & Novelli
(1984) were used. A total of ten transects were laid after every 100m along the coastline
and the total distance covered was therefore 1000m. A total of 100 quadrats per stand of
size 10x5m was made. The attributes measured were density, stem forking, stem diame-
‘tiér, crown ,digmetef,. tree height, seedling count and stem basal area. Growth indices such
as relative density, relative frequency, relative dominance, importance value index were
calculated for all the species.

STRUCTURAL ATTRIBUTES MEASURED -

Diameter . v . ,
Only stems thh a dlameter at breast helght (dbh) of 2.5cm or over were included in the
-count, The breast height was taken at the standard 1.3m. When the prop.roots were above
1.3m, then the diameter was measured at just above the highest prop root.
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et Densny of a specx&s = number of stems ofa species/area
Forkmg

ThlS refers to the branehmg of trees.below the dbh. mark of 1 3m. The mdmdual branches
are: consndered to be separate stems.

Forkmg% = ((No. of stems - No. of trees) / No. of trees)x 100

Mean Stand Dzameter M S D) o o L
ThlS is the diameter- of the stem of mean basal area which gives a qUICk and easy way of
comparing the level of development of dlfferent st;ands o

MSDs= VBA (1273239) /n (D
From the mean basal area (g), the diameter can be calculated. The MSD is a useful
descriptive mea;suhre&and is used for the comparison of stand development.

Relatwe denszty, dommance and frequency
Relative density=-(No, individuals of a species / Total no. mdxvxduals of all species) x 100.-
Relative dominance = (Speces basal area / Total stand basal area of all species) x 100,
Relanve frequency (Frequency of a specxes / Total frequencxes of all species) x. 100.

Importance Value Index (I VI )

LVLis an mdex of structural 1mport¢mce of a tree species thhm a stand of mixed speaes
VL= Relanve densnty + relative dominance + relative frequency

Complexzty Index (C.L) - L -
This index enables easy: comparison of overall developmem within the four stands.
* CL=No. of species x stand density x stand basal area x stand height x 105

Results 2

SHIMONI SWAMP _ :

The mean stand diameter- and complexnty mdex were 17.7cm and 20. 17 respectlvely
(Table 7.1).-The density, forking percentage, dbh, crown diameter, ‘height, seedling
cour, average stem basal area and total basal area of mangals were 1426, 11.93%, 13.9cm,

1. Where BA=standbasalarfz/>Ha; n= no. of trees /ha..
2 . Detailed results are given in Ouko (1995)
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Tabie 7.1 Structural attributes of mangrove species at Shimoni swamp

Trees | Stems | Fork | Diam- | Crown | Height{ Seed— | Stem :} Total
eter | Diam- lings | Basal | Species
eter Area | BasalA
VAmaina | 95 158 6632 201 53 95 868 5300 83740
'R mucronata | 668 674 090 104 29 65 6184 1396 94090
C. tagal 2 47 119 191 41 105 300 3518 . 16535
B. gmnorrbiza | 153 205 3399 201 37 81 1826 413.1 84686
S alba 274 279 182 134 36 53 221 1732 48323
X granatum |- 42 63 5000 142 43 63 58 3888 24494
StandAttributes | 1274 1426 1193 139 34 67 9457 2468 " 351868
. *.. " .MeanStand Diameter = 17.7cm / Complexity Index=20.17 "~ .- o

Key: Trees = No./ha Diameter = Av. (cm) Seedlings=No.ha . . -

Stems= No./ha Crown Diameter = Av. (m) . StemBasalArea in cm?

Fork = Forking % Height = Av. Height (m) Total Species Basal Area in cm2

Table 7.2: Impoﬂénée Value Index and Rank of mangrove speciesktddied at sz’hzom‘ area

D RD. F RF. | Dom. | RDom. | LVL.| RANK.
A maring - | 158 1.1 32 145 83740 238 494 4
R mucronata - 674 472 80 364 94090 267 1103 1
C. tagal | 47 33 16 73 16555 47 153 6
B gymnorrbiza 05 144 32 145 8dess 241 530 2
S. alba 279 196 40 182 48323 137 515 3
X, granatum 63 44 20 91 24494 241 215 5
Key: D = Density/ha . RF. = Relative Frequency (%)  R. Dom.= Relative Dominance (%)

" RD. = Relative Derisity (%)~ Dom. = Dominance (m?)  LV.L = Importance Value Index

F = Frequency %

Table 7.3 Structural attributes of mangrove species at Gazi swamp

Trees | Stems .| Fork - | Diam- | Crown| Height{ - Seed- | Stem’ | "Total -

: ~eter | Diam- lings | Basal | Species

| eter ' Area | BasalA.

A maring 440 660 5000 66 20 42 7736 867 57222
R mucronata | 500 516 320 62 16 43 2280 438 22601
- C. lagal 560 664 1857 39 15 28 9100 140 9296
B gmmnorthiza | 36 40 1.1l 48 18 39 616 209 836
S alba . 40 - 48 - 2000 87 20 42 20 733 518
X granatum. 44 64 4545 93 32 66 40 1166 - 7462
L racemosa | 128 204 5938 49 21 39 404 210 4284
StandAurbutes | 1748 2196 256 56 18 38 20196 465 102220

Mean Stand Diameter =7.7cm / Complexity Index = 5.97

Key: See Table 7.1
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3.4m, 6.7m, 9457, 246.8cm2 and 35.19m? respectively at Shimoni. Tree forking was lim-
ited and the leading speéies were Avicennia marina (Forsk.) Vierb. and Xylocarpus
granatum (Koen.) at 66 per-cent and 50 per cent respectively. The rest of the species
were considerably less forked. A.marina and Bruguiera gymnorrbiza (Lam.) had the
‘widest diameters of 20.1cm. Rbizophora mucronata (Lam.) had the lowest dbh of
10.4cm while, the remaining three species were in between. Ceriops tagal (C.B.Rob.) was
the tallest species at'a height of 10.5m and S.alba the shortest at 5.3m. Although
Sonneratia alba (Sm. Miliane) had the lowest average height, a few taller trees occurred
especially in areas where it was interspersed with R.mucronata. The latter had vthe_'xﬁos,t
prolific regeneration with 2 density of 6184 seedlings/ha. B.gymnorrbiza was second at
1826 seedlings/ha while the remaining species had less than 1000 seedlings/ha.
R.mucronata and B.gymnorrbiza had the highest species basal areas of 9.41m2 and
8.47m?2 respectively. Although A.marina had a density of only 158 stems/ha the species
had a large average stem diameter whnch resulted in a basal area of 8.37m2. -

In terms of LV.I, the species were ranked in descendmg order as follows:
R.mucronata, Bgymnorrbtza S.alba, Amarina, X granatum and C.tagal at 1103,
53.0, 51.5, 49.4, 21.5 and 153 respectively (Table 7.2). R mucronata was by far dominant
in this swamp while X.granatum and C.tagal were very scarce.

GAZI SWAMP. | |
Gazi had a mean stand diameter and complexity index of 7.7cm and 5.97 respectively
(Table 7.3). The density, forking percentage, dbh, crown diameter, height, seedling
count, average stem basal area and total basal area of mangals were 2196, 25.60% 5.6cm,
1.8m, 3.8m, 20,196, 46.5cm? and 10.22m2 respectively at Gazi. C.tagal had the highest
density at 664 stems/ha and was closely followed by A.marina at 660 stems/ha. These
wete followed by R.mucronata and Lumnitzera racemosa (Gaertn.) at 516 and 204
‘stems/ha respeé_tively. The rest of the specics had densities of less than 70 stems/ha. The
most forked species were L. racemosa, Amarina and X granatum at 59.38 per cent, -
50.00 per cent and 45.45 per cent respectively. The forking by these three species could 1
be explained by their close proximity to the neighbouring human population and. were
therefore readily used as firewood. X granatum, which has good coppicing abnlmes was
multi-stemmed whenever the main stem was cut.

The three species with the hlghest number of seedlings were C.tagal, A. marind, and ‘
R mucronata at 9100, 7736 and 2280 seedlmgs/ha respectively. The species with the
least seedlings were X.granatum and S.alba at 40 and 20 seedlings/ha respectively.
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“Table 7.4 Importance Value Index and Rank of mangrove species studied at Gz swamp. -+
( - 1 D | RD. { F | RE. | Dom. | RDom. |-LVL | RANK

A mana | 660 301 52 236 S22 544 181

1
R mucronata 1 st6 235 48 218 22601 215 668 2
Clagal - | 664 302 56 255 9296 - 88 - 645 3
B gmnorrbiza . | 40 18 20 91 8% 08 1.7 6 |
Saba | 48 22 4 18 s18 33 713 7
X granatum | 64 29 24 109 7462 71 209 4
L. racemosa 2040 93 16 13 4284 41 20775

Key:SecTable 7.2

Tablé 75 Structural d?fﬁbutes.of ?nﬁnéféve species at Mida Creck

“Trees | Stems | Fork | Diam- | Crown| Height| Seed- | Stem | Total
S . ¢ .| eter: | Diam- | - | lings | Basal |+Species |
. , eter . 1., Area | BasalA |
A marina 381 611 6037 84 28 49 15859 1119 68371
R mucronata | 437 456 - 435 89 227 -S4 996 1128  S1T
C. tagal 1337 1367 . 224 035 . 12, 28 12063 116 . 15857
B. gymnorrhiza | 37 63 7027 158 40 68 52 2421 15252
S. alba 33 37 1212 176 37 63 70 2672 9886
X granatum 67 100 4925 74 20 46 33 620 6200 -
L racemosa 41 48 1707 43 - 14 39 130 161 773
StandAttrbutes | 2333 2682 1496 62 18 39 29203 626 167776
e " Mean Stand Diameter = 89 cm / Complexity Index = 12.29

Key: See Table 7.1

“Table 76 Importance Value Index and Rank of mangrove species studied at Mida Creek

D ‘RD. F- 1 RF’ [ Dom. | RDom. | IVL | RANK |
A marina | 611 228 52 2.1 68371 408 %07 1. -
R mucronata 456 © 170 56 291 51437 306 767 3
C. tagal ' 1367 SKO 44 29 15857 - 94 83 2
B gymnorrhiza | . 63 23 20 104 15252 .9.1. 218 4
S. alba 37 14 4 21 9886 59 .94 6 .
X granatum 100 37 8 42 60 37 116 5
Lracemosa -~ | 48 18 =~ 8 42 - 73 05 65 7 |
“Key: See Table 7.2 g . o - I - -
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Amarina was the blggest contributor to the total stand basal area of 10. 22m2/ha and in-
- deed the spec1es provnded abouthalf of the total basal area with 5.72m2/ha. R mucronaia -

species. ‘had the second highest basal area of 2. 26m2/ha while the remaining spec1es had -
basal areas of less than 1 00m2/ha : .

In terms of LV, the specnes were ranked i in descending order as follows: A, maring,
R mucronata, C. tagal Xgranatum L racemosa, B. gymnorrbzza and S.alba at 108.1,
66.8, 64.5, 20.9, 20.7, 11.7 and 7. 3 respectively. (Table 7.4). Only A.marina -and -
R-maucronata vould be available for extraction commercially at a limited level:C.tagal’
could be useful for fuelwood and the productton of small- sized poles But otherwise,
urgent' measures should be taken to conserve the threatened Gazi mangrove ecosystem
because the large community around the area depends on it for their various needs toa
currently non-sustainable degree.

MIDA CREEK
Mida Creek had a mean stand dxameter and complexnty mdex of 8 9cm ‘and 12 29 respec
ttvely (Table 7. 5) The densny, forkmg percentage dbh, crown diameter, height, seedlmg'
count, average stém basal area and total basal area of mangals were 2682, 14.96%, 6. 2cm -
1.8m; 3:9m, 29,203, 62:6cm? and 16 78m2 respectively at Mida Creek. C.tagal had the ‘_
greatest density of 1367 stems/ha, followed by A marina with 611 stems/ha. The rest of
the'species had densities lower than 100 stems/ha. B. gymnorrhiza had the highest fork-
ing percentage of 70 per cent while A.marina was 60 per cent forked mainly due to
cutting for firewood. X.granatum had a forking rate of 49 per cent and the rest were
forked at below 20 per cent: S.alba and B.gymnorrbiza had the highest stem diameters
of 17.6cm and 15.8cm respectively. R mucronata and A marina were third and fourth at
8.9cm and 8.4cm respectively. The rest of the species had stem diameters of less than.
8. Ocm S : ’

B.gymnorrbiza, S alba and R.mucronata were the tallest species with averages of
6.8m, 6.3m and 5.4m respectively. The rest of the species had mean heights of less than
5.0m. Amarina and C. tagal had the highest regeneration rates at 15859 and 12063
seedlmgs/ha respectwely Rmucronata had 996 seedlings/ha while L racemosa had 130 |
seedlings/ha and the remaining three species had less than 100 seedlings/ha .

In terms of LV.L, the species were ranked in descending order as follows: A. marind,
C.tagal, R mucronata B. gymnorrbzza X granatum, S.alba and Lracemosa at 90. 7,
833, 767, 21. 8,.11.6, 9.4 and 65 respecttvely (Table 7.6). A.marina and R mucronata
contributed ahgut_jo per cent of the stand basal area at 6.84 and 5.14m? respectively
(Table 7.5). The high basal areas of these two species offered opportunities for
commercial exploitation. Similarly, C. tagal could be harvested for firewood.
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Table 7.7 Structural attributes of mangrove species atNgomem swamp -

Trees | Stems Fork Diam- | Crown |- Height ,' Seed- |- Stem Total .
eter . | Diam- lings | Basal | Species
A marina 437 S84 3364 85 23 47 94 852 49757
R mucronata | 816 921 1287 68 . 18 52 9316 496 45682
Cuga | 1263 1858 4711 44 14 32 19605 185 34373
B gmnorbiza | 126 216 7143 © 60 20 38 1558 415 8964 |
Scalba - | 147 389 16463 60 23 37 21 297 11553
X granatum - |5 16 - 22000 85 22 60 10 711 - 1138
StandAttributes | 2794 3984 4259 58 17 40 31884 380 151466
) ~ Mean Stand Diameter = 7.0 cm /Complexity Index = 14.49 ' '

Key: See Table 71

NGOMENI SWAMP ‘
Ngomeni swamp had 2 mean stand diameter and a complexity index of 7.0cm and of 1449
respecuvely (Table 7 7). The density, forking percentage, dbh, crown diameter, height,
seedlmg count, average stem basal area and total basal area of mangals were 3984,
42, 59% 5. 8cm '1.7m, 4.0m, 31 884, 38.0cm? and 15 15m2 respectlvely at Ngomeni.
C. tagal had the hlghest density of 1858 stems/ha which was more than double the second-
" placed R.mucronata at 921 stems/ha. A.marina, S.alba, B.gymnorrhiza and
X.granatum fqilowed with 584, 389, 216 and 16 stems/ha respectively. There was
widespread cutting of X granatum as signified by a forking rate of 220 per cent. The
second most forked species was S.alba at 165 per cent and thirdly B.gymnorrhiza at 71
per cent and the rest of the species had forking rates of less than 50 per cent.. A.marina
and X.granatum had the highest average stém basal areas at 85.2cm? and 71.1cm2
respectively. R.mucronata, Bgymnorrbiza, S.alba and C.tagal followed with 49.6, 41.5,
29.7 and 18 Scm2 respectively. X granatum was the tallest specnes on average at a height

Table 7 8 Impoﬂance Va.’ue Index and Rank of mangrove species atNgomenz swamp

D | RD. | F RF. | Dom. -| RDom. | LVL | RANK
A marina S| S84 1470 48 218 49757 328 693 3
R mucronata - | 921 231 64 291 45682 302 824 2
C. tagal , 1858 466 72 327 34373 227 1020 1
B. gymnorrbiza 206 54 24 109 8964 59 22 4
Sqalba - - | 389 98 8 37 115537 76 21 5
X granatum” 1 160 04 4 18- 1138 08 30 6

Key: See Table 72
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of 6.0m"and was followed in second place by R-mucronata at-5.2m. A marina was third
at-4.7m while the remaining three species had mean heights of less:than 4:0m: C.tagal
had the highest regeneration at 19605 seedlings/ha and was followed by R mucronata,
B.gymnorrbiza, A.marina,S.alba and X:granatum. at 9316, 1558, 974, 421 and 10
seedlings/ha respectively. The stand basal area was-15.15m2, Amarina, R mucronata and
C.tagal together contributed-85.7 per cent of the total basal area. : g .
~ In terms of 1.V.I, the species were ranked:in: descending order as follows C. tagal
Rmucronata,. Amarina, Bgymnorrhiza,. S.alba and X.granatum at 102.0, 82.4, 69.3,
$22.2, 21.1-and 3.0 (Table7.8). The high regeneration rate of 19605 seedlings/ha for
C.tagal suggests: that it is likely-to remain prevalent in this swamp in:the foreseeable
future (Table 7.7). Commercial. exploitation of the other species in Ngomeni will have to
take into account the ‘weedlike' nature of C:tagal because of expansion into open areas.
-Only 16 stems and 10 seedlings/ha of X granatum were -found-within the stand. In
spite of the widespread-cutting of X,granatum, it had the one but highest average basal
area and was also the. tallest on average at 6.0cm. These attributes indicate the possibility
of this species, competing favourably with-others if thé right management strategies can
be adopted. ' '

Discussion : _ _ : .

The six..species found growmg inall the four stands were A marina, C tagal
R mucronata, Xgranatum, Bgymnorrbiza and §. alba L racemosa was not observed in
Shimoni and Ngomeni. A.marina, C.tagal and Rmucronata, were the most dominant
species in all the stands with one exception, C:tagal, in Shimoni. The seedling count was
high for all the species except for X.granatum and S.alba. These two species depend on
their coppicing ability for regeneration. Gae :

The ‘mangrove stand at Shimoni had the hxghest complex1ty index of 20.17. whlle
N-go_mem, Mida Creek and Gazi stands had complexity indices of 14.49, 12.29, 5.97
respectively. Shimoni swamp had the highest mean stand diameter of 17.7cm among the
four stands. This value. was much higher in.comparison to the other three stands and indi-
cated that Shimoni swamp had the most vibrant plant growth. The steep gradient leading
to longer flooding periods within Shimoni swamp-could have created better conditions for
mangal growth. It is also likely that the widespread p_'r_escnce.of corals hindered movement
within the swamp-and exploitation was therefore limited and enabled. undisturbed plant
growth.
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+ Mida Creekhad the ‘second highest mean stand diameter. of 8.9cm. This M.S.D. was
greater than:for Ngomeni which had the lowest value at 7.0cm. But the density of 2682
stems/ha:in Mida Creek was only 67 per cent of the 3984 stems/ha found at Ngomeni.
This,.therefor’e, indicates greater plant development in-Mida Creek.than Ngomeni in spite
of a lower complexity index.. The :scarcity of fully.matured trées in Ngomeni is masked
when complexity index is considered in-isolation. This means-thit Ngomeni mangroves
should be. treated much more: cautiously in terms of -commercial exploitation' in
comparison’ to Mida Creek. It is notable that-the stands.with the-most mature trees
-Shimoni and Mida Creek- had the least forking at 11.93 per.cent.and 14.96 per cent
respectively. The less developed stands of Gazi and Ngomeni had much-higher forking
rates-of 25.60"per cent and 42.59 per cent respectively. This signifies the ability of man to
influence mangrove development throughr exploitation. . Lo

- Gazi had the: lowest complexity index of the four stands. This coupled with a mean
stand diameter of 7.7cm signified low mangrove developmerit in this stand. The miain rea-
sons for the low.development in Gazi swamp can be attributed to'the severe effects of cut-
ting and felling by man, and the wide and flat nature of .Gazi-,-sWamp which results in many
areas rarely receiving nutrient-rich fresh water. | '

| CONSERVATION AND MANAGEMENT

R.mucronata is the most important species economically. It provides timber for commer-
cial-uses and its branches and prop roots are used by the local inhabitants for firewood.
Sound management stratégies will have to bie devised so as to achieve sustainable levels of
wood production. This species should be given the first priority in the management plan
for commercml purposes. Currently, only felling plans for the different mangrove forests
are in existeénce with no accompanying managemerit plan for the ‘ecosystem as'a whole.

This is likely to result in both widespread depletion of mangrove forests and the dilution
of the complex ecosystemi. There is a genuine danger of reaching a stage Where serious
shortages in mangrove timber and fuelwood will occur and irreparable damage effected on
the écosystem. R mucronata:is mainly cit for commercial purposes by harvesters licensed
by the Forest Department. The local popilation in most cases only debranch and déprop
the trees for firewood but in most ¢ises complete felling is-carried out by these licensed
operators. The impact of the local popuilations on this s’peciesmn be considered minimal.

Closer monitoring of the hcensees coupled with regeneratlon efforts should result in‘fore
sustainable utilisation. T e
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Amdrina was widespread at Gazi, Mida Creek and Ngomeni:swamps, but was rare in
Shimoni swamp. The species tends to grow close to the dryland and is-only preceded as a
pioneer species by L.facemosa. A.marina. trees were commonly stunted due to
widespread cuttirig by man: It was noticeable:that the few untouched A-marina treesat-
tained impressive sizes, The species was widely-used as a source of firewood. The Forest .
. Department should educate the local populations on the most appropriate management
strategies for this species. For examiple, the people can utilise the side branches'instead of
cutting the:main stem.- It is.also important to-remember that people will: utilise what is
closest to.them; and can- therefore be obtained most-conveniently, but as soon as.it disap-
pears they then resort to-further removed and more valued species such as R. mucronata.
The local ‘pu'lation»shouldi also be educated on the need to preserve saplings during the
- harvesting of firewood and poles. Although A.marina seedling count was high, the num-
ber surviving to a viable state was much lower and, therefore, as a consequence the good
coppicing abilities of A.marina should be taken into account in the management of the
species. ... S T A TIEE T
- -Apart from. Shimoni; the mainly young C.tagal trees were dominant in all the stands.
This:was purely: due to-their high stem-densities.. Indeed it:seemed to be gradually ex-
panding its borders and this is attributable to its better adaptation to the high salinity of
open-spaces as-observed by Kairo (1992) at Mida Creek. This phenomena needs to. be
checkedif the more commecially-valued species:like R.mucronata and B.gymnorrhiza
" are notto be severely:suppressed. C.tagal is-useful as a source of fuelwood and its expan-
sion could be a considered anadvantage-in this respect. A management strategy to-control
C.tagal zonal expansion is necessary. It is notable that although this species was scarce in
Shimeni, it was within this stand that it attained its most impressive growth indices. It had
an average height of 10.5m and an average stem basal area of:351.8cm? and therefore in-
dicating its potential given the right environmental factors.

- Lracemosa is the: pioneer species and, therefore, the most.readily available:for use by
man. But its shrubby nature in most:cases means that it is-useful only as a source of fuel-
wood.-Being the most. accessible species means it suffers from widespread cutting. The
good coppicing abilities of the species should be utilised for its propagation. -

The sea-bordering: S.alba had been widely cut in Gazi, Mida Creek and Ngomeni
swamps.in.order-to enable easier access to the ocean. It stands as the first line of defence
against the erosive capabilities of ocean currents and the result has been increased erosion
in areas-such as Ngomeni swamp where it has been widely cut. Although the species cop-
pices well, efforts towards establishing stands through artificial seedling regeneration
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should be made if the production of well-rounded trees is the aim: .

.- X.granatum was the least commion species within the four swamps. It is-useful-as a
source of timber with:selective felling being.the best method of harvesting. The species
coppices-well and this offers an alternative method for propagation. The problem with
coppicing is that the stems are not as straight as the ones-growing from seedlings: Thefe-
fore; one should consider the future uses of the species before settling on the appropriate
‘method: A’ restoration strategy should be developed for this species especially since the
usefulness of the fruit to humans reduces the cha_n‘ce‘s of viable seedling regeneration. - .~
- ‘B.gymnorrbiza was best developed in Shimoni swamp. It is only in Shimoni that this
speéies could safely be: harvested commercially. In the other three stands-it was-found
mostly in small patches. This species produces.good timbet; but its scarcity in- most areas
requires 2 careful management strategy in order to avoid over-exploitation. ~

Recommendations . R -
* Selective logging should be the norm within mangrove forests in order to preserve as
~much of the complex ecosystem as possible. The local populations should be encour-
+-aged to. cut-only the side branches while: harvesting firewood -and avoid cutting-the
. mainstem. . - o : A
«. Studies-on the growth rates of the trees should be carried out in order.to devise proper
. fellingplans. This should include:studies on the regeneration and whether ornot natu-
. ral regeneration s adequate-or should be-supplemented by artificial regeneration. The
- research should include the monitoring of mangrove stands in order to-monitor succes-
~ sion trends and their impacts on the management of the ecosystem. Specifically, the ex-
-tent of C.tagal zonal expansion should:be analysed. Furthermore, studies concentrating
.on the establishment of seedlings of all the species should be done especially.in cases -
where timber for building and construction purposes is.required. Three species —
~ Xgranatum, Lracemosa and:A.marina - could be propagated by coppicing. For the
* .remaining four species, standing seed trees should be a necessity in clear felled areas:
The two most-thredtened species — X.granatum and L racemosa — require special
conservation efforts and might require regeneration:through advanced methods such as
-biotechnology in.order to save the threatened species and progeny.
*_Alternative sources.of timber and fuelwood might prove the best option for eliminating
the threats facing mangrove ecosystems. The scarcity of land renders the establishment
of new forest: plantations unlikely and the community should be encouraged to adopt
- agroforestry systems instead. Agroforestry offers a viable alternative since it requires less:
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- ‘sdcrifices in‘terms of land. Finding alternative sources of fuelwood and tunber cannot be
ignored in any mangrove conservatron strategy and mdeed all conservatlon efforts will
) mevrtablv have to confront this fact. It should: therefore be. a ma;or pnornty in efforts
- towards mangrove conservation. : ' o
A multr—dtscrplmarv approachi to the conservation and management of the mangrove
. ecosystem, is necessary because it is 2 complex ecosystem which demands an integrated
approach for sustainable management. ‘The mandated institutions like the Forest De-
“‘partment, the Kenya Marine and Fisheries Research Instrtute the Kenya W"tldhfe Soci-
- ety.and.all.interested parties. should pool their hmrted resources in order to- provrde
greater hope for the conservation of this ecosystem. B

Abstract
Structural attributes of mangrove forests were studied at Shimoni, Gazi, Mida Creek and Ngomeni swamps
along the Kenyan coast. The study was conducted using the transect method and the diameters, densities,
“forking, tree height, crown diameters and regeneration of mangals were recorded. The mangrove stand at Shi-
moni had the highest complexity index of 20.17 while Ngoment, Mida Creek and Gazi stands had complexity in-
dices of 14.49, 12.29 and 5.97 respectively. Shimoni had the highest M.S.D. at 17.7cm. Both Mida Creek and
Gazi with M.S.D. of 89cm and 7.7cm respectively were ranked higher than Ngomeni which stood at 7.0cm and
indicated that Ngomeni harboured a young population. R mucronata, A marina and C.tagal had the highest
Importance Value Index (1.V.1.) within the four stands except at Shimoni where B.gymnorrhiza was ranked
second to R mucronata. The lowest ranked species were S.alba, X granatum and L racemosa with an ex-
ception only at Shimoni where S.alba was ranked third. L racemosa was absent in Shimoni, Gazi and Ngomeni
swamps. The results of this study indicate that there is an urgent need for a multi-disciplinary approach for the
conservation and management of this complex mangrove ecosystem.
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MANGROVE FORESTS ALONG THE TIDAL FLATS AND
LAGOONS OF NGOMENI, UNGWANA BAY

F. K. KAMAU

Introduction
Mangroves are the charaf' teristic littoral plant formations of troptcal and sub-tropical coast-
lines, found on the shel 0SS, salt marshes and along brackish estuaries
(Macnae, 1968; Chapman 1977 Saen ger et al 1983) ‘The species found in these habitats
are a diverse collection of trees and?shrubs that have adapted to life i in aquatic habitats that
are under the mﬂuence of both- freshwater and seawater (Ruwa 1993). There are an
estimated 68 tree spec1es of mangrove of whnch 13 are found in East Africa (Snedaker &
Snedaker, 1984). Kenya has nine specnes only (Graham 1929 ‘Isaac & Isaac 1968; Kokwaro
1985).

Organisms which are-associated with mangrove ecosystems include a wide variety of
epiphytes, parasites and climb_e-rs_:_fgijng_the flora, while the fauna are represented by
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A. Figure 8.1 Mangrove distribution (area in ba.) along the Kenya coastline (Adapted from Ruwa, 1993)
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large numbers of micro-organisms, crustaceans, molluscs, fishes and birds (Groombridge,

- 1992). Of the marine. animals, crabs and molluscs live permanently in the forest, and
prawns and fishes come-in on the tide, to feed on the abundant nutrient provided by man-
grove detritus from continuous litter fall (Macnae, 1968). The ecological values of these
ecosystems r_e\folve around their naturally high energy production capacity, their contribu-

tions.to estuarine and marine productivity, and their various ecosystem functions, espe-
cially as nursery habitat to numerous fish and shellfish. Economically, the mangroves serve
as a source of important products to coastal populations in the form of timber, firewood,
charcoal, and food. In Kenya, the scattered patches of mangrove forests cover about
52,980 hectares of the total coastal area (Doute et al., 1981) (Fig 8.1). The geographical
distribut{ion of the mangroves and their-floral attributes are related to the shoreline
configuration, the geomorphology and hydrology, especially the submarine ground-water
discharges. (SGD) which create brackish-water conditions required for successful
development of their seeds (Ruwa 1990).

.- Utilisation: and over-exploitation of these resources and conversion to other land and
 water uses; primarily fish ponds (aqua culture), infrastructure development, and salt pans,
are drastically reducing the mangrove areas. In Kenya the last few decades have seen a
drastic reduction of this natural resource (Christensen quoted in Hirsch & Mauser, 1992).

- Local communities harvest mangrove trees to cater for their fuelwood, timber, and poles.
Community participation is needed in the management of mangrove resources through
initiation of public awareness programmes on mangroves and allowing non-consumptive:

“uses such as oyster farming and honey-collection. Exploitation of mangroves is leading to a
decline of ecological diversity.’ At Ngomeni, mangroves are declining due to three main
reasons; recent development of large scale salt production; rapid accretion processes
leading to poor water circulation; and local development of mariculture. Replacement of

‘mangrove forests with aqua culture and salt work developments may lead to changes in
soil physncal and chemical characteristics such that recolonisation from ad]acent mangrove
stands become unpossnble (Saenger etal, 1983) even after the salt works have ceased op-
eratton In order to sustamably manage these natural resources, ecologtcal studies are
needed to provide baselme mformatmn The. objectives of this study were to study
macroﬂora and macrofauna of mangrove forests at Ngomem investigate the physical and
chemlcal properttes of soils; to compare the current status and extent of mangrove forests
ws-a-vns that in the 1960s, and to formulate possxble suggestions and recommendations for
the sustainable management, conservation, and rehabxhtatton of the mangrove forests.
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Study Area. : R
The study was carried out along the tidal flats and lagoons fnngmg the barrier islands-at
Ngomieni, Ungwana Bay: Ungwana Bay is situated in"Malindi District and lies between the
latitudes 2°51'S and 3°02'S and longitudes 40°08'E and 40°15E. A comparative study was
undertaken to investigate ‘different mangrove biotopes, namely ‘relatively ‘undisturbed;
natural mangrove environments behind Simiti island, and those ‘at-Ngomeni where
construction of salt ponds and aquaculture farms have led to extensive destruction:of
_mangrove habitats (See Fig8.1). ~ |

DESCRIPTION. OF THE SAMPLING STATIONS - . SRS
The study area was divided into six stations with some stations having sub-stations (Flg
8.2). Detailed descriptions of the stations are given below: TRy
Station 1; This represented the aquaculture ponds (AQ) and had two sub-stattons
namely: Sub-station AQ1 (Non-operational aquaculture. pond) The aquaculture pond
which was non-operational during the whole period of the study exercise. It had not been
stocked with prawns and the sluice gate remained open such that it was under the influ-
ence of tidal inundation during high tides. Sub-station AQ2 (Operational aquaculture
_pond): The pond was approximately 1.4 hectares and had been stocked with: prawns and
remained so during the whole sampling period. : S
Station 2: Station 2 was a transect line perpendicular to the creek and represented
three different biotopes. Sub-station SF (Sand Flat), was 2 large area of bare, salty,
“inversa" flats. It was devoid of any vegetation and dwarf Avicennia marina-were scat-
tered around the bare flats on the upper shore landward edge. 1t is 210.metres.in width,
and inundated only by the high tides of spring tide. Sub-stations DAI and DA2 (Degraded
Areaq) represented the area that initially had been cleared to pave way for.the expansion of
aquacultute activities but was never developed. Sub-station. DA1 has a width of .105
metres, with very poor regeneration, less.than five per cent coverage and mamly stunted
A.marina interspersed with Cerzops tagal Sub-station DAZ is 65 metres wide, almost a
pure stand of C. tagal which had mostly been cut down, with good regenerauon and cover
of 30 per cent It is bordered to the south by a small sand dune and to the north bya
depressnon created during dyke constructlon Sub- statlon MF1 (Mud Flat) is 2 dommantly
tall szzopbora mucronata forest within which were scattered Bruguzera gymnorrbzza
Sonneratza alba and tall Amarina extended to the creek edge. It has an estimated cover
of 80 per cent, width of 60 metres and fringes to"the creek. This xs 2 smp of mtact
mangrove forest that was left during the aquaculture development ' -
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- Station 3 (MF2): A purely young stand of A.-marina on-an-accreting mud-flat forming a
sort of an island.“Cover estimate is:85 per cent, and no signs of interference by man.:

- Station 4: This is‘a line transect cutting through a relatively undisturbed mangreve for-
est into salt-work ponds with three different biotopes. Sub-station MF3: 125:meters wide,
characterised by huge A-marina; R mucronata, C.tagal and with no distinct zonation. A
tidal channel approximately two metres wide: passed through this zone and continued to
mangrove:forest. Sub-station DA3: This area had been disturbed by elearance of mangrove
~ vegetation during the construction of the saltworks' reservoir. Cover estimate of less than
' §:per cent; 69-metres in width,-and has stunted saplings of A marina: To-the north. it

borders a man-made channel created during the dyke construction.: Sub-station SP1 and

SP2 (Salt. Pond) These represented the reservoir.and evaporator pond for the salt works

respecuvely o FPTI T e

-Station:5: (DA4) Represented a reservoir of drsbanded salt works The salt works wound
up in 1986 (Mjomba, 1995). It hasa width of 247 metres and stunted A.marina getting
established in areas that have puddles of standing water after the spring tide. -

.- Station:6 (MF4): The mangrove forest at this station is approximately a transect of 157
metres; bordered by a creek channel on either sides. No clear zonation, and dominated by

Bgymnorrbzza R mucronata and-C.tagal. E o ‘

Materials and Methods - g g ' :

The study was carried out from November 1995 to'March 1996 durmg the dry season pe-
riod, and concentrated :on mangrove-forests under different anthropogenic pressures.
Sampling was undertakeri in all stations described eailier. A reconnaissance survey was
conducted in November and all the stations clearly marked and sampling ‘points estab-
lished: In stations with forest cover, two-to four plots of 10x10m were chosen depending
on the width of the station. The description of the vegetation in terms of floristic composi-
tion, ‘cover; circumference at breast height (CBH), number of stumps and status of regen-
eration was carried ouit. Mangrove tree species were identified according to Isaac & Isaac
(1968). CBH was measured for trees with girth more than 12cm. Plants growing on the
dykes were also collected even though they did not fall within the sampling station. The
basal area was calculated from CBH values and expressed in square meters per hectare ac-
cording to the procedure by Mall e al. (1982) and Chapman (1984).

SEDIMENT SAMPLING. = - : - : :
In each station two-PVC.cores were taken and sectioned into 0-7.5¢m (upper layer) and
7.5-15¢m (lower layer). They were pooled together for textural analysis. Measurement of
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the combined silt and clay content of the sediment was achieved by wet sieving sediment
into sand fraction (particles.greater than 6314m) and a silt-clay (mud) fraction (particles less
than 63um) (Buchanan, 1971). 30 grams of oven-dried sediment at 105°C.was accurately
weighed, desegregated by a pestle.and mortar, then placed on to a 63um sieve and water
added, until no further material seemed to pass through the-sieve.. The sieve contents
were dried at 105°C to represent the sand fraction. Its weight, subtracted from the origi-
nal sample weight, gave the silt-clay (mud).fraction by difference. During sediment and
macrofauna sampling, temperature was measured by an ordinary thermometer and;salinity
by a hand refractometer, by digging a hole up to 20cm and measuring these parameters
from the seeping water. Due to logistical problems pH was only measured during the last
month of the study. Separate cores were taken at each station once per month for five
months. Two to three plastic cores were collected to a depth of 15cm at each sampling,
stoppered on both sides and stored in an ice-box. The samples were transported. to the
laboratory on the same day and put in a freezer overnight. Initially sediment was sectioned
at 5 cm intervals for familiarisation with the me.thods,' pooling all the sections into a
polythene bag: For the last three sampling dates, cores were sectioned at 3 cm-intervals
and placed in polythene bags to reduce spatial heterogeneity and treated as one sample. -

Nutrients mainly Ammonium-Nitrogen, Nitrate-Nitrogen, Phosphate and Sulphate were

“extracted by accurately weighing 10 grams (Sartorius R200d weighing balance) of
sediment and extracting with 50ml of IN KCl by shaking (Shaker-Julabo- SW 200) for one
hour (see Shaiful et al., 1986; Laima, 1992; Caffrey & Kemp, 1992; and Rivera-Monroy et
al., 1995 on KCl extraction). The extracts were centrifuged for ten minutes (Centrifuge -
ALC 4226) and decanted. Sub-samples were taken from each sediment depth interval for
water content analysis by heating at 105°C for 24 hours (Grims_héw, 1989), and percentage

" organic matter by combusting at 600°C for 24 hours (Buchanan, 1971). KCl extracts were
analysed for ammonium-nitrogen, phosphate-phosphorus by the method of Strickland &
Parsons (1968); nitrate-nitrogen by a Technicon II Autoanaiyser system; and Sulphates by
the.turbidimetric method. Shimadzu Double Beam (UV 150-02) Spectrophotometer was
used. o , A :

MACROFAUNA SAMPLING N :

In each station a total of five samples were taken for epifauna and three samples for
infauna during the low tide of the spring tide when the majority of macroinvertebrates are
. active. Epifauna samples were collected from within a 0.25m2 square aluminium frame to
25cm depth at each sampling point. Animals dwelling on-the soil surface were collected
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from within the quadrat. Crabs were collected by-digging up sediment from within the

quadrat and removing all the animals visible to the naked eye (Sasekumar, 1974; Frith et

al.;1976). For infauna a 10x10cm square coring device was used and the cores transferred

into plastic bottles. These samples were sieved through a- 1 mm mesh sieve. (Wells, 1983;

Ismail; 1992) and the retained fraction was fixed with 4% formaline solution and stained

with Rose Bengal. The retained fauna were identified to highest possnble taxonomic level
-and counted usinga binocular microscope. ' : o

MAPPING - o :

Multi-temporal comparison of the status-and extent of mangrove cover between 1960 and
1992 was also carried: out. This was achieved by acquiring a digitized 1992 data base for
Ngomeni area (Ferguson; 1996). The 1960 aerial photographs wete acquired from the
Survey of Kenya, interpreted and later, digitized. The digitization was executed in Arc-Info

and these two data sets were over-layed and the changes in mangrove forest cover noted.
These two sets of aerial photographs were the only ones available covering the study area.

DATA- ANALYSIS

The species diversity was measured by calculatmg the number of species/taxa per station.

The number of individuals of each species/taxa was totalled for every:station and sub-sta-

tion and-then mean density values calculated. The mean was then multiplied by four for
epifauna and by 100 for infauna so that the density value could be expressed as the number
of individuals per meter squared. The means of all the parameters measured were
subjected to:ANOVA and statistical significance tested by the F-test and T-test at the 95
per cent confidence (Zar, 1984). Simple correlation between species leCl'SltY, physncal
parameters, and nutrient concentrations was also performed. Data from the various stations
sampled were, pooled together to represent the biotopes encountered.

Results |
FLORISTIC COMPOSITION

Of the 13 stations, only five stations had trees with a girth of more than 12cm, four of
these had vegetation cover of more than 30 per cent while one had 28 pér cent. On per-
forming one-way analysis of variance (ANOVA) on the stations’ mean densities, basal area,
and percentage cover, the results showed significant differences (F=4.556, F=5.98,
F=19.21; p<.05 respectively). The results were subjected to T-test o evaluate where the

1 Detailed results are presented in Kamau (1996)
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differences lie. Station MF4 had the greatest number of mangrove species (5); station MF2
had the greatest density; stations-MF1 and MF3 had the largest basallarea';valués;’ and:sta-
tion:MF1 the highest percentage-cover (Table 8.1 & 8.2):Station DA2 was on thé:area
previously:clear-felled to pave -way. for aquaculture and with.good natural regeneration:
Species found re-establishing themselves at this station are A.marina and C:tagal with
equal densities of 330 stems/ha, and-R.mucronata-with 230.stems/ha. It- had the-lowest
density, basal area, and percentage cover compared to:the relatively undisturbed natural
mangrove forest. Plants encountered but which did not fall within sampling stations, and
were mainly growing on the dykes and fringes of high water mark include: Cassipourea.
euryoides, Sporobolus vignatus, Triantbema triaquetra, Hypertelis bowkeriana, Sueada
monoica, Sesuvium portulacastrum, Cissus 'ro'tundz‘folia, Sideroxylon inerme,
Antbrocnemum indicum, Pluchea -ovalis, Onella curviramea, and Pleurostelma cer-

| Tl 81 Densiybyspeciesmeanxsd). ., .
Density (no/ha) -
ME1 ME2 MF3 MF4 DA

Amaina | 250212 I567%252  170%150

| EEEr N
B.gymnorrhiza - R

g5k

.Rmucronata | 950x354 - - 800 %350 . 400390 230 %320 | °
Ctagal-- - | Ce .. 270%230 . 30000 . 330x60 .-
X granatum _ L . 75100, .

| S.alba 20+283 67116 R S

{Totals - | 1400849 1634+368 1240730 - 1325+ 790 890 =610 |. .

1 %Cover - | 83x4  8*8  .75%10 -. 76*13 . - 28%3
_Ingefx_i:SeeTable8_3 4 ' ’ '

Table 82 Basal area by species o

Basal Area (m%/ha) ,
_MF1 MF2 MF3 MF4 DA2 '
{ A marina 746 16.84 697 v 061 T
_B. gymnorrbiza ' ' 12.34

Rmucronaa | 2405 1516 545 os, |

C. tagal S0 13t ey T
Xgrana[um N T e 019 -
-L racemosa L SO TP S LAt o028

| Totals " 274 169 ka8 1957 15T |

Legend: See Table 83
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Table 83 Mean pooled epifauna, and infauna densities, and species diversity representing
different biotopes (mean * sd)

. Density (no/m?) o s, Specm Dwers1tv

epifauna infauna ' (spp/station)
“AQ | T 665%3721 300 =155 T 400£193
iSE .| 960x1327 . 0000 = . 280£045 -
DA | . .. 698%3307. . 83%753 . 365146
- MF | O 900x2274 567250 670203
Pl 5008367 0000 033052

Legend::- - Co o :
AQ—aquaculture ponds, SF—sand ﬂat DA=degr_adedareas; MF=mangrove forest; SPésalt ponds

MACRO-INVERTEBRATE DENSITIES AND SPECIES DIVERSI'IY

One way ANOVA were performed on the data for species drversxty, and the densmes for
both epnfauna and mfauna The results showed significant drfferences between the vanous
statlons for both specres drversrty and mfauna densities (F =884 and F=1L 47 respectlvelv,

p<. OS) There were no statistically srgmﬁcant differences between station densmes for
eprfauna Statlons MFI MFZ MF3, and MF4, had the greatest species drversrty, and these |
are the stations that contamed mangrove forest cover Statlon DA2 was moderate in terms
of mean epifauna density, mean infauna density and species dnversrty It appears like a tran-

sition zone between degraded areas and the mangrove forest stations. Stations SF, DA1,
MF3, and MF4 had the greatest mean epifauna densities, and stations MF1, MF2, and MF4

~had the greatest mean infauna densities and there were no infauna species in the following = .

stauons SF, DA3, SP1, SP2 and DA, Stations with no vegetation cover equally had hlgh
- ~mean epifauna densities but very low mean species diversity. | o
Table 8.3 gives 2 summary of mean pooled densities for infauna and epifauna, and-
- species AdiverSity,'for the various biotope_s covered during this study. One way ANOVA were
,performed on the pooled data for species diversity, and the densities for both infauna and.
epifauna. There are no statistically significant differences between the different biotopes
for epifauna. Sand-flats had the highest mean epifaunal densities followed by mangrove
forest biotope. Aquaculture ponds and degraded areas followed with moderate densities,
and saltworks ponds had the lowest. The results showed statistically significant differences
between the various blotopes for both species drversny (F=21.14, p<. 05) and mfaunal
densrtles (F =17.36, p< 05). Mangrove forest biotope had the hlghest mean specres
dlversrtv and mfauna densmes followed by aquaculture ponds. Degraded areas had moder-
- ate values with no infauna species collected in the sand ﬂat and saltworks ponds These last
two stauans also had the lowest mean specres dlversrty
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PHYSICAL PARAMETERS IN THE STATIONS . . .
Sediment composrtron was similar among sites with all bemg classrﬁed as muddy sand ex-
cept stations MF3 and MF4 which wete sandy mud. Temperatu_re and salinity were sub-
jected to-one-way ANOVA and the differences were statistically significant (F—IO 53 and
F=9.11 respecttvely, p<.05). Percentage organic matter and ‘water ‘content were “sub-
jected to two way ANOQVA for comparisons among sites and sedrment depths Vanattons
among the stations were srgnlﬁcant for both organic matter and water content (F—27 83
and F=23.08 respectively, p<.05). There were no statistically srgnrﬁcant differences with
respect to depth profile of sediment. Mean temperatures were moderate within stations
which had vegetation cover, mainly stations MF1, MF2, MF3 and MF4 The mean hlghest
temperatures were in stations SF and SP1. Mean saltmty levels were hrghest in statrons
SPl SP2, and DA3, and lowest in AQ2, MF1, MF2, and MF4 pH values were htghest m sta-
trons SPI SPZ and AQZ and lowest within mangrove forested stations mamly MF4 MF1,
MFZ and also i in station DAL Percentage organic matter was hrghest in stattons SP2 fol
lowed by stations under mangrove forest cover. Percentage water content was lowest in
stations SF and DA4 and highest i in stations MF1 and MF2. ' )

‘Table 8.4 Meari pooled pbyszcal parameters in the different bzotopes (mean £ s: d)

- Texture % Water

_ : Temp C Salm_tty , pH %Otga.mc

%sand  %day  dass* %o Matter Content
AQ | 6705 3295 ms.  29.7%08 41942357 7907 925+135  40.69+427
SE | 5998 4002 ms 308%L1 66.09*13.96 73x06 S14x149 2113161
DA | 6379 3621 ms 300%10 5465%1332 67+08 876382 3408 %7.08
MF | 5206 4794 ms.  28.1*L1 4109%367 64206 1345241 43712587
SP- - | 6728 3272 ms. 310209 99423377 95201 12.12%663  40.60 436
Legend: See Table83 - - - o L

*m.s.= muddy sand

: PHYSICAL PARAMETERS FOR THE DIFFERENT BIOTOPES

Table 8.4 shows the mean physical parameters aggregated by different blotopes All the
blotopes had similar sedlment composition being classified as muddy sand (where sand
fractton > 50%) Measured pH was highest in the salt ponds moderate in aquaculture
ponds and sand-flat, lowest in the mangrove forest and degraded areas biotopes. Tempera-
ture and salinity results were subjected to one way ANOVA and the differences are statisti-
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cally srgmﬁcant (F=28.54 and F=38.65, p<.05) respecttvely Percentage water content
and organic matter are statistically sxgmﬁcantly dtfferent on subjectton to one ‘way ANOVA
(F=7.79 and F=19.38, p<.05 respectively). Temperature and salinity values were lowest
in mangrove forest and in aquaculture ponds moderate in degraded areas and sand-flat,
and htghest in saltworks ponds. Stmrlarly water content (%) and orgamc matter (%) were
highest in the mangrove forest and saltworks ponds biotopes, followed by aquaculture
ponds and degraded areas, and lowest in the sand-flat.

AMMONIUM-NITROGEN, NITRATE-NITROGEN, PHOSPHATE AND SULPHATE BY STATION
Comparisons among stations and with respect to depth profile for edaphic parameters
were carried out using two way ANOVA. There are statistically significant differences be-
tween stations, but none with respect to depth profile. Ammonium-nitrogen (F=65.92)
‘and sulphate (F=74.74) were highly significantly different, whereas phosphate (F=6.73)
and nitrate-nitrogen (F=8.98) (all at p<.05) were also significantly different. Ammonium-
nitrogen was highest in station SP2 and SP1.and lowest in station SF. Nitrate-nitrogen was
highest in DA4, DA2 and MF3 and lowest in stations SP1 and MF2. Mean phosphate levels
‘were highest in SP2 and MF2, and lowest in station DA1. Mean suiphate concentration was
highest in station SP2 and lowest in stations AQ2 and DA2.

AMMONIUM-NITROGEN, NITRATE-NITROGEN, PHOSPHATE AND SULPHATE BY BIOTOPE
Comparisons for nutrient status among the different biotopes was carried out using one

way ANOVA. There are statistically significant differences between biotopes for the above
edaphic factors. Ammonium-nitrogen-(F=63.07) and sulphates (F=12.76) were highly sig-
nificant, whereas phosphate (F=7.12) and nitrate-nitrogen (F=3.53) were also significant.
Table 8.5 gives the mean concentrations for the above mentioned parameters. Ammo-
nium-nitrogen concentration was highest in saltwork ponds, followed by mangrove forest
and aquaculture ponds, and lowest in the sand-flat. Nitrate-nitrogen was highest in de-
graded areas and sand- flat, followed by mangrove forest btotope and lowest in aquaculture
ponds and saltworks ponds. Phosphates were highest in saltworks ponds and mangrove
forest, followed by sand-flat and degraded areas, and lowest in aquaculture pond, Sulphates
were highest in saltworks ponds, followed by sand-flats, degraded areas and mangrove
forest, and lowest in aquaculture ponds.
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Table 85 Mean pooled concentratzons for ammoniums mtmgen mtrate mtrogen, pbospbate . |

andsulpbates (;4g/g) (tnean * sid)

[ meNT ] NoN rof sof |
AQ ' 0226+0086_ 0023+001o 000720002  1022%0203
| sF 006650014 00430013 - 0010%0003 - 21210449 |
DA 01650030 . 0047£0032 - 0010£0005 .. - 163804300 |
MF 0.247 £ 0.069 00330018 . -~ 00160008 .. 1639+0362
Sp 0.783 + 0.249 00220009 ~  0021+0012 3174+ 1631 |

~ Legend: See Table 83

'MANGROVE FOREST COVERAGE AND EXTENT -

From the 1960 aerial photographs’interpretation, the extent of mangrove forests at
Ngomeni was 1,573.4ha, whereas that one of 1992 was 1,471ha. This indicates that ap-
‘proximately 102.4Ha of mangrove forests representing six to seven per cent of forest cover
has been clear-felled to pave way for salt extraction ponds and aquaculture developments.
Logging to provide timber, poles, fuel-wood has also contributed to Ioss of 1 mangrove
forests. - ‘ ' L

Discussion
FLORISTIC COMPOSITION
There was marked anthropogenic interference of the mangrove vegetation especially in
stations MF3 and MF4. Station DA2 had been cleared to pave way for expansion of aquacul-
ture activities, but has been re-establishing itself naturally over time. If afforestation was
carried out in the above station, especially with Amarina and C.tagal it would be success-
ful, if the natural regrowth present is n accurate indicator of growth potential. Stations
'MF1 and MF2 had the highest densities; and least observed disturbance. In the Ngomeni
mangrove forest ecosystem, the -dominant ‘species are Avicennia marina ind
R mucronata. B.gymnorrbiza was dominant in station MF4 only. Avicennia maring oc-
curred mainly on the fringes of the high water mark, but large trees were to be found
growing adjacent to the creeks. S.alba was found on the edges of creeks together with
R.mucronata. Ouko (1996) in a study carried out in 1992 found C.tagal (1,263),
Amarina (437) and R.mucronata (816) to have the highest tree densities at Ngomeni.
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In the present study the mean tree densities for the same species were R mucronata'
(716), Amarina (666), C. tagal (270). The differences can be explamed due to the differ-
ent methods of sampling and the location of sample sites, for instance Ouko (1996) used
transect method whereas in this study sampling plots were demarcated. »

‘The main forms of exploitation of N_go_meni mangroves is clearance to pave way for
aquaculture and saltworks; and to provid’e poles for-house construction and furnlture
fencmg, wood for smoking fish, and scaffolding. The most exploited species by the. Tocal
communities are R.mucronata, B, gymnorrbzza and A marina. In areas along the dykes
and in the frmges of high water, more salt-tolerant species replace mangrove species. This
could be attributed to the fact that mangrove tree species will ﬁnd difficulties in getting
established in areas that are mostly dry and have high salmlty levels. However very
stunted and scattered A.marina, could be encountered growing near such areas: Dis-
tribution of the mangroves was closely linked with salinity levels, with A.marina havmg :
the widest distribution attributed to its salt extraction capabilities. It could be found grow-
ing close to creeks as a pioneer species and in the fringes of high waters along the dykes of
saltworks and aquaculture ponds. These areas are characterised by high salinity levels.
R.mucronata and S.alba were only observed in areas with low salinity levels inundated
by high waters regularly. C.tagal,: Xylocarpus granatum, B.gymnorrbiza and
Lumnitzera racemosa were found to be performing well in areas with-moderate salinity
levels, especially in station MF4. L

- Speybroeck (1992) argues that when consxdermg mangrove re- afforestatmn prolects
along the Kenya coast, seedlings should be planted under fixed conditions and in their
speciﬁc' distribution zones. This study suggests that possible strategies may differ from
those of Speybroeck (1992) in that in station DA2 which had initially been clear- felled
A.marma C.tagal and R.mucronata were found growing together, The contrlbutmg fac-
tors (o apparent zonation could be - scarcity of propagules salxmty levels, and probably nu
'ment status. Afforestatnon mals at Gazi (Kairo, 1995) succeeded and it was concluded that
afforestatlon of mangrove areas does not have to follow any specxes specxﬁc dlsmbutlon
zones. '

In terms of productmty, presented iri this study s basal area per hectare, statlons MF1
and MF3 had the greatest valué; and these two are comparatively old stands as compared
to stations MF4 and MF2. MF2'is a relatively young stand of A marina, getting established
on an accreting mud-flat. Station MF4 had lower basal area/hectare as a result of hiarvesting
of R.mucronata and B.gymnorrbiza by the local' communities. Station DA2 which is
reestablishing itself naturally could fofm a good site to initiate reforestation: programmes.
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Fxgure 83 Vanaaons of macromvertebrate speczex dwerszty wztb respect 1o four physical parameters
(a) temperature; (b) salinity: (c) % orgamc matter, and (d) % water :
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‘MACRO-INVERTEBRATE DENSITIES AND SPECIES DIVERSITY

~The results presented in Table 8.3 clearly demonstrate a steady change in macro-inverte-
brate distribution in the various biotopes of Ngomeni mangrove ecosystem. Stations with
‘mangrove vegetation had the highest mean species diversity and infauna densities; stations
AQ2, SF, DA3, SP1, SP2 and DA4 had the lowest mean species diversity. The few species of
'épiféuna (mainly Uca species) that occurred in stations SF, DA3 and DA4 were present in
large numbers giving some of the highest mean eplfauna densities. Mean infauna densities
'were highest in stations MF1, MF2 and MF4. These are stations with mangrove vegetation,
and are inundated by hrgh waters every day. The present study revealed that high macro-
mvertebrate species diversity was assocrated with moderate salinity and temperature high
percentages of organic matter and water content. This could be attributed to the presence
of mangrove trees which moderate micro-habitats, and the mangrove litter fall which
contributes to the detritus food chain. Stations which mtttally had mangrove vegetation,
jbut were cleared durmg saltworks and aquaculture developments (DAI and DA3), had
lower mean species diversity, and it can be concluded that clearance of mangrove
vegetatton leads to decline in faunal diversity.

‘Frith (1980) showed that grain composition, and organic and moisture content:are of

primary importance to macro-invertebrates, especially crabs, other factors being absence
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or presence of mangrove vegetation, temperature and salinity. Another important factor
for fauna distribution and abundance is sediment (Edward & Ayyakkannu, 1992), and in this
study, stations with the greatest species diversity had sandy mud texture. There was no in-
fauna present in stations DA3, SF, SP1, SP2, DA4. This could be attributed to high salinity
and temperatures, texture, and low organic matter. Stations DA3 and SF are inundated
only by‘high spring tides every fortnight. During neap tide these areas get-desiccated lead-
ing to-low water content due to-evaporation, -high temperatures leading to salinity-in-
duced stress. In stations SP1 and SP2 the limiting factor is the high salinity levels, and in
Station DA4; high temperatures, high salinity levels and low organic matter contenit could
be the contributing factors. This trend is clearly indicated in Fig 8.3. In this study, total in-
faunal-densities ranged between 0 to 733 individuals/m2. Schrijvers (1991) found a range
between 265 to 6025 individuals/m2 for macrobenthos at Gazi and concludes that Gazi is
richer in macrobenthos densities than other similar areas. The dense canopy of forést
provides protection against desiccation and may offer cover against predators. Odum and
Heald (1975) showed that the majority of animals found within a Florida mangrove swamp
consume organic detritus in one form or another, and could explain’the relationship
between species diversity and organic matter content. :

* Frith et al. (1976) found at Ao Nam Bor that the majority of hetbivorous and omnivorous
animals found within the mangrove biotope feed on organic detritus, and scavenging ani-
mals such as isopods, amphipods, crabs and gastropod species feed on all grades of man-
grove organic detritus, and animal detritus. It is noteworthy that the diversity and abun-
dance of the macro-invertebrates was notably higher within the mangrove forest biotope
than in degraded areas with sparse or no vegetation, or the aquaculture ponds and the
saltworks ponds. This suggests a high degree of inter-relationships and adaptation to a
mangrove forest environment. Ruwa (1993) in a study carried out in 1986 at Ngomeni
mangrove ecosystem found the following epifauna which favOufa‘bly‘compares with the
ones observed in this study: Sesarma guttatum, Terebralia palustris, Macrophtbalamus
dupressus, Uca urvillei, Uca laciea and Uca inversa. Eurycarcinus natalensis was not
observed. Additional species collected included Uca vocans, Scylla serrata, Anadara spp.
and agastropod. ‘ o

PHYSICAL PARAMETERS AND NUTRIENT STATUS:

The limitation of the present study is that pH, which is 2 vety important parameter, was
measured only during the last month of the study and as such cannot be correlated with
the other measured parameters. Both the salt work ponds SP1 and SP2 had high pH val-
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ues. Aquaculture ponds (AQ1 and AQ2) similarly had high pH values. In the non-operational
aquaculture pond the pH would have been expected to be low but was actually 8.5. Acid
sulphate in pond soil can be recognised by. vety low pH values (below 4) according to
Hechanova.: (1983). The discrepancy could-be attributed to the fact that the sluice gates
remain open and-the pond is inundated all,._thev times, thus there is no time for drying and
oxidation:-of. pyrite.-Secondly, it could-be assumed-that the soil is non-acid sulphate. pH.
values were low in the mangrove forest probably due to presence of humic acids arising
“from detritus decomposition. _ e T T
- Salinity levels were highest in the salt-work ponds as compared to the other blotopes '
The salt-work ponds are permanently inundated and this combined with high salinity levels
could explain the low species diversity recorded. Station SF and DA4 had high salinity lev-
els, and lack of vegetation and low species:diversity could be attributed to this. In station
DA4; which is a disbanded saltworks pond, the dykes are still intact and this impedes water
movement into-the area during high tide (spring tide). If the dykes could be demolished
this area.could be reforested.with A.marina which has high salinity tolerance-levels. The
mangrove forest biotope had moderate salinity levels which favour both vegetation growth
and macro-invertebrate abundance. Organic matter content was highest in the mangrove.
biotope (Table 8.4) which also had the highest water content levels. Saltworks ponds had
high values for.both erganic matter and water content. The high organic matter content
can be attributed to accumulation:of organic detritus and.lack of mineralization since very
 few organisms can thrive under high salinity levels prevailing in these.ponds. Sand-flat and
degraded areas biotopes had the lowest organic matter and water content. Low organic
matter content could be attributed to lack of vegetation and thus no litter fall. Low water
content is attributed to high evaporation rates on the exposed surfaces due to lack of
vegetation. . , . R o
In this study phosphate had the lowest concentration and sulphates the hlghest in terms.
of nutrients. Concentration values for ammonium—nitrogen and nitrate=nitrogen are simi--
lar to those measured by Shaiful et al. (1986). The mean pooled concentration data be-
tween the various biotopes were subjected to T-test..For ammonium-nitrogen there are
statistically significant differences between the salt-work ponds and the rest of biotopes.
There are also statistically significant differences between mangrove forest biotope, sand-
flat, and the degraded areas. For nitrate-nitrogen there are statistically significant differ-
ences between degraded areas, and aquaculture pond, mangrove forest, and -salt-ponds.
Sand-flat and degraded areas showed no statistical differences, attributed to good-aeration
and thus no hindrance to nitrification process and also little or.no-nutrient demand for
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vegetation growth. Phosphate concentration showed no statistically significant differences
between the salt-work ponds and mangrove forest. However, there are statistically signifi-
cant differences between salt-work ponds (highest concentration), and aquaculture ponds,
sand-flat, and degraded area biotopes. Sulphate concentration showed statistically signifi-
cant differences between salt-work ponds (highest concentration) and all other biotopes.
‘There are also statistical sngmﬁcant differences between aquaculture. pond (lowest concen-
tration) and all:the other biotopes. . i i
. The relatively low concentration of inorganic nitrogen in the mangrove soils could be
due to low rate of mineralization otherwise exported during tidal inundations-as observed
in salt-marshes (Axelrad et al., 1974 quoted in Shaiful ef al., 1986). Stations AQ2, SP1-and
-SP2 which:‘were permanently inundated with water had the highest ammonium
concentration and corresponding low nitrate levels. This could be attributed to‘slow rate
" of mineralisation of organic matter which stops at ammonium stage due to lack of oxygen
(Table:8.5). This was followed by stations with mangrove vegetation (MF1, MF2, MF3,
MF4), and low levels of nitrate concentration and occurrence of ammonium as the major
form of inorganic nitrogen could be due to absence of nitrification or nitrate is being deni-
trified. Station DA4 had the highest nitrate concentration, which could be explained as
due to well aerated sediment or run-off from adjacent agricultural activities, and grazing of
cattle on the dykes. Sand flat was the poorest in terms of nutrient status: Phosphate con-
centration was highest in stations SP2 and MF2. These two stations present a salt work
pond and the mangrove forest station on the: accreting mud-flat. These high levels of
phosphates concentration can be explained to what Agate (1988) attributed to increase in
available phosphorus due to water logging leading to solubilization: of ferric phosphates,
release of occluded phosphates, and hydrolysis of ferric and aluminium phosphate. The
other stations generally had low phosphate concentrations. According to‘Boto (1988)
chemical affinity of phosphate with iron and manganese oxides/sesquioxides is ‘strong and
can result in strong chemical binding of phosphate to the clay particles containing these
oxides. The combined process of phosphate immobilisation via precipitation of salts of Ca,
Ee, Al and strong adsorption on clays result in significant net removal of phosphorus. In-
tropical mangroves it-has been estimated that up to 88 per cent of the forest P-pool is
retained within the forest (Agate, 1988). . S
-In this study there were no statistically significant differences with respect to depth pro--
file. Similar observations were made by Laima (1992), and Rivera-Monroy ef al. (1995).
This could be attributed to bioturbating activities of the macro-invertebrates. Simple cor-
relation .analysis between physical parameters (organic matter, water content, tempera-
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ture, and salinity), nutrient concentration, and the macro-invertebrate species diversity
was performed for each station. Each station had a unique combination of parameters
showing high correlation and it would be hard to exhaustively discuss all of them. A posi-
tive correlation implies that an increase in one factor leads to a corresponding increase in
the other factor being correlated. The converse holds for a negative correlation. In station
AQ1 there was a st-rong 'po‘sitivé correlation between species diversity and organic matter
(r=92), and with temperature (r= .94). Optimal increase in temperature would:enhance
microbial activity, enhancing detritus breakdown. Availability of organic matter in-fine form
provides food for the macro-invertebrates, increasing their abundance. .- :
In the eight quadrants.in station AQ2 there was a strong negative correlation between
species diversity and: temperature (r= 1.00), organic matter (r= -.96), and with nitrate-ni-
‘trogen (r=-.96). AQ2is an operational aquaculture pond that was-permanently inundated.
In such a case abundance of macro-invertebrate would depend on p‘hytoplanktonic growth
and the manure added. An increase in temperature would enhance this productivity
thereby affectingvmacrd-invertebrate abundance favourably. While species: diversity in-
creases with increase in temperature, nitrate concentration decreases due to the
denitrification process necessitated by anaerobic conditions. In station DA1 negative
correlation existed between temperature and species diversity (r= -.87), and ammonium-
nitrogen (r= -.87). The negative correlation could be attributed to desiccation resulting
'fr;om;high temperatures. leading to decrease in species diversity. In station DA3 a.strong
correlation existed between ammonium-nitrogen and phosphate (r= .97) which: could be
attributed to improved aeration since this station is located further landwards and only
inundated by the high spring tides. Improved aeration enhances microbial activity leading
to mineralisation of detritus, and thus corresponding increase in nutrients.’Secondly it is
near to agricultural settlements and there could be run-off of nutrients into this station.

" .Mean pooled phosphorus concentration was high in both mangrove forest and saltworks-
ponds. These two biotopes are mostly waterlogged and under reducing conditions. The
increase in-availability-of phosphorus under waterlogged conditions has been attributed to-
reductant solubilization of ferric phosphates, release of occluded phosphates by reductios.
of hydrated ferric oxide coatings and hydrolysis of ferric- and aluminium. phosphates
(Mohanty & Dash, 1982). In station MF4 there was a strong positive. correlation between
species diversity and ammonium-nitrogen (r= .96). Henriksen & Kemp (1988) note that
there'is high potential nitrification activity found in the lining of permanent infauna bur--
rows, and these rates are consistently higher than corresponding nitrification activity of the
- sediment surface due to. improved aeration of sediment and ammonium excretion. This
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coupled with the processing of leaves by crabs and snails may be an important factor in. the
cycling of carbon and nutrients in the mangrove ecosystem. Sulphate concentration was
highest in the saltworks ponds. Under reducing conditions, trace metals mainly-aluminium,
iron, and manganese are more soluble leading to release of sulphate.

Reduction of inorganic sulphur compounds into sulphides greatly depends on increasing
‘water level, addition of organic material; and rise in temperature (Aga_te; 1988). It has
been suggested that mangrove sediments operate as biogeochemical sinks for heavy met-
als; mainly due to the high concentrations of organic matter.and sulphides under perma-
~ nently reducing conditions, Silva et al. (1990) showed that mangrove trees transfer oxygen
from aerial roots and may release it through the roots into the anoxic sediments which ox-
- idise Fe2* and Mn2* to insoluble Fe(OH)3 and MnOy. Oxygen diffusing from live roots in-
creases redox condition in the surrounding sediment thereby suppressing sulphate reduc-
tion in mangrove forest. Biotopes with high sulphate concentration, high organic matter,
iron, and aerobic environment alternated with limited aeration are prone to acid sulphate
soil formation. Reforestation of saltworks would have to contend with such a problem, and
for it to succeed proper soil management must be ensured. Similarly clearing of mangroves
especially ones under Rbizophora and bordering the creek where the above conditions ex-
ist-would probably give tise to acid sulphate formation. '

CHANGES IN MANGROVE FOREST COVER ~

The limitation of the mapping aspect of mangrove forest in this study is that only two sets
of aerial photographs were employed, that is one from 1960 and one from 1992. As such it
does not reflect the gradual changes that have occutred over time. Secondly, changes in
mangrove cover may have occurred between 1992 and now. The reason for choosing these
two periods was that 1960 aerial photographs of the study area were available from the
Survey of Kenya, and a digitized database of 1992 was available from KWS. Overlay of 1960
and 1992 maps gave the changes that-have occurred within the mangrove forest bétween
these two dates. Areas that had mangrove forests in 1960 and have been replaced by other
developments include, saltwork expansion (243.3 ha), aquaculture (10:9 ha), open
sand/mud flats (79.8 ha), and non-mangrove vegetation (103.3 ha). Mangrove forests have
also expéndéd into areas. that in 1960 were under open/mud flats (173.9 ha) and non-
mangrove vegetation (102.4): This reflects a net loss of mangrove -forests of 102 4
héctares, approxxmately seven per cent in Ngomeni area. ‘
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Conclusions.

Information for conservation, sustainable utilisation; and management-purposes is mostly
generated from ecological studies, because such: studies are directly involved with the
study of the structure and function of nature and the consequences of human use of re-
sources. From this study the following conclusions can be drawn. Mangrove. forest re-
sources are being over-exploited, and the héctarage has been decréasing over time: This is
~ attributed to aquaculture and saltworks expansion, and exploitationto provide timber,
poles, and firewood: This replacement of the ecosystem.has led to decline in forestry pro-
ductivity, decline in macroinvertebrate species diversity, and has led to changes‘in soil's
physical and chemical properties. To safeguard further loss-of mangrove forests and their
services, undertaking an inventory of the current status of mangroves and draft 2 manage-
ment plan-is needed. - ‘

RECOMMENDATIONS FOR SUSTAINABLE MANAGEMENT, CONSERVATION AND REHABILITATION
OF MANGROVE FORESTS ALONG THE KENYAN COAST

One strategy for rational use and management of Kenya's mangrove forests.could be based
on the following guidelines. Mangrove forests should be utilised on the principle of sus-
tained yield and multiple use basis, and conversion of mangroves to aquaculture. ponds and
Saltworks should proceed with extreme caution and must be carefully evaluated both eco-
logically and- socio-economically. Areas devoid of mangrove cover should be rehabilitated
in all areas along the Kenyan coastline; education, scientific-, and socio-economic research
on the mangrove ecosystem is needed and the establishment of a National -Mangrove
Research Institute would be.a strong:step toward providing this. Effective legislation on
exploitation of mangroves with a provision for EIA. Lastly, continued research on mangrove
ecdsystem and areas being rehabilitated to provide concrete data.that can be used for fur-
ther planning and management. Application of GIS by employing satellite imagery and
aerial photographs should be enhanced for monitoring mangrove forest areas. -

Abstract

The smdywas carried out from November 1995 to Ma:ch 1996 dunng the dry season period, and concentmted
on mangrove forest under different anthropogenic pressures. A total of six stations with: 13 subsstations were
demarcated representing five biotopes; mangrove forest, degraded mangrove areas; saltwork ponds, sandflat;
and aquaculture ponds. Macroflora and macrofauna composition, soil characteristics, extent and status of man-
grove forests at Ngomeni are presented and discussed. Floristic composition in terms of densxty, cover, and
basal area (m2/ha), and macroinvertebrate in terms of eplfauna and infauna densities, and species diversity are
discussed. Soil physical parameters namely pH, salinity, temperature, texture, organic matter, water content; and
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nutrient status mainly ammonium-nitrogen, nitrate-nitrogen, phosphates, and sulphates were monitored during
the study period. A total of seven mangrove tree species were collected. There are no statistically significant
differences between the various biotopes for epifauna; differences in infauna densities and species diversity in-
different biotopes were statistically significant. Mangtove forest biotope-had the highest infaunal densr'ttes
~ while noinfauna wére recorded for sandflat and the saltworks ponds. Species diversity (no. of speaes or taxa /
station) was highest in the mangrove forest and lowest in the saltworks ponds. Sediment texture was  mainly
muddy sand (>50% sand) in'all the btotopes, temperature and salinity were ‘moderate in mangrove forest_
biotope ( 28.1°C and 41.1% , respectively) and extreme in the sandflat (30.8°C and 66. l%o respectively) and
saltworks ponds (31 °C and 99.4%o respectwely) The pH was lnghest in aaltworks and aquaculture ponds (9.5
and 7. 9 respecttvely) and lowest in the mangrove forest 64). Percentage organic matter and water content
were highest in mangtove forests (13.45% and 43.7%) and saltwork ponds (12.12% and 406% respectively)
and lowest in sandflats (5.14% and 21.1% respectively). There are statistically significant differences in the
nutrient status between the biotopes. Ammonium-nitrogen ranged between 0.066 ug/g of wet sedrment in
the sandflat to 0.783 in saltworks ponds; nitrate-nitrogen ranged between 0.022 in saltworks to-0.047 in
degraded areas; phosphates ranged between 0.007 in aquaculture ponds to 0.021 in- saltworks ponds; and
* sulphate ranged between 1022 in aquaculture ponds to 3.174 in saltworks ponds. .

“Biotopes with moderate temperature and salinity levels, and high levels of organic matter and water content
had greater species diversity. Simple correlation analysis was also pérformed. A great deal of mangrove forest
cover has been lost to aquaculture and saltworks developments, on comparison between earlier (1960s) and
récent (1992) aerial photographis. Destruction of mangroves has led to decline in both forestry output and
macroinvertebrate diversity, and changes in soil physical and chemical parameters. Rehabxlrtatlon conservanon
and sustainable utilisation of the mangrove forest resources is highly recommended.
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EAST COAST AKALAT: HABITAT SELECTION AND
DISTRIBUTION IN ARABUKO-SOKOKE FOREST

.M. MATIKU, L. BENNUN & J.E.E. ODANGA

Introduction |

The East Coast Akalat (Sbeppardia. gunningi sokokensis Van Someren 1921) is regarded as
a globally threatened species (Collar et al, 1994). The occurrence of this member of the
Turdidae is restricted to isolatéd, forest sites on the East African Coast. Three subspecies of
the species are known: the nominate form in the south of Mozambique; bensoni from
Malawi, and finally - the focus of this study - sokokensis from several forests in Tanzania and
Kenya (Keith, 1992). This subspecies has been found in Kenya in forests of the Tana River
Delta, the Arabuko-Sokoke Forest, Shimba Hills, a smiall forest patch in Shimoni, in Tanza-
nia in lowland parts of the East Usambara Mountains, the Pugu Hills, the Litipo Forest
Reserves, the Rondo plateau and even in the Jozani Forest at Zanzibar.
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Figure 9.1 Arabuko-Sokoke Forest: Vegetation types, plot distribution and Akalat survey routes
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 “The Akalat has been known to inhabit the lower forest strata and has been seen o fly-
catch insects from a perch or to search for food from the ground. In coastal forests like
Arabuko-Sokoke it seemed to prefer moister sites (Britton & Zunmerman 1979).
Arabuko-Sokoke Forestis the major remnant of the forests that once covered much of
“the East African Coast (Collar & Stuart, 1988). Thls..forest,contams.an.vextraordmary. dlver-
‘sity of rare bird species. These include: Sokoke Scops Owl: (Qt’us irenae), Spotted Ground
Thrush (Zoothers guttata), Sokoke Pipit (Antbus soleoleensw), Amam "Sunbird (Antbreptes
rezcbenowz), Clarke's Weaver (Ploceus golandz), and ﬁnally the focus of this study: the East
Coast Akalat (Sheppardia gunningi soleoleenszs) L .
The dim of this study was to investigate habltat selectlon and dnsmbutlon of the East
Coast Akalat. The specific objectives were to:
¢ Map out the distribution of the East Coast Akalat in Arabuko-Sokoke Forest;
* Determine the East Coast Akalat's population size and density in Arabuko-Sokoke;
* Investigate some habitat factors that might influence the distribution of the East Coast
Akalat in Arabuko-Sokoke; |
* Provide recommendations for the conservation of the East Coast Akalat in its habitats.
Besides their scientific valtié the results should prowde mformatlon for' the forest man-
agement to maintain or improve the status of Arabuko- Sokoke forest and the East Coast
Akalat throughout its range. To understand Why this bird is patchlly distributed throughout

its range and to formulate effective scnenuﬁcally based management decxsmns site- based
research was cruc1al | . '

Study Area N : :
Arabuko-Sokoke Forest covers an area of some 400km2 and lies at 3 20'5-and 39 55E with
rainfall of 600mm to 1100mm annually and annual mean minimum temperatures vary
between 26 C and 30°C. The forest topography is charactensed by f ﬂat coastal plam There
are three soﬂ types in the forest: dark red, mferule magarlm sand sonls formmg a shelf
60m above sea level, and a varnety of loose and compact sands and coral rag bordermg the
coastal belt (Kelsey & Langton, 1984). . R

The reserve, by nature of its diverse soil types,: encompasses three main forest habitats:
namely the dense, almost impenetrable Mixed forest the structurally similar but lower
canopled Cynometra-Manilkara Forest, and the more. open Bracbystegza woodland (Fig
9.1). A detailed description of the forest vegetation was given by Britton & memerman
(1979) and Kelsey & Langton (1984).
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Table 91Aka1atpopulatwnszzeanddensuybyforestg:pe
" REACTION - - |* POPULATION SIZE |°~ DENSITY - |
. . DISTANCE - __{pairs) (palfS/ka)
. aoo- | Minimum - (50m) - -18127 183
CYNOMETRAWOODLAND | Mean (66m) 13732 138
- S 'Maxlmum (105m) 8632 87
| inimum (60m)2' ' 1520 35
MIXED FOREST Mean (1dm) ~ 877 20
1+ . | Maimum (170m) - © . 537 12

Table 9.2 T-est between babitat parameters from Cynometra woodland and Mixed forest

* p<05

Akala!presentwboleplots
" MIXED CYNOMETRA. t-stat.
_FOREST.L: - . WOODIAND 1 L
- | Litter depth (mm) 1116 £333 987603 0.56
Litter cover (%) - 6245+844 56.28 *5.37 202
Herb cover (%) 237%321 26230 033
No.of fallen trees 1.13 047 1.56 = 1.04 1.16
No. of cut stems 213132 363173 2.06
No. of dead logs o 295%177 972279 . 989"
No. ofmossylogs 0752051 370 21 56 667
| Noofstems<émdbh | s6xo0 528 355"
Noofstems>6cm dbh 4 61 419 - 12 83 +2. 71 1.04
| %veg. coveratdzm Tnar=na 4161 =964 2.56°
% veg. coverat 38 m’ 24931002 ¢ 2294753 0.93
% veg. coverat >9 m 1146+ 618 T 414 2204 3,55
. | % canopydensity- - ST43x788 6292 £ 5.68 170
| Ant density (no/10cm?) S 135%494 302 £ 157 351%
[[No.of ant columps 0.011 +0.03 052032 52
1. mmn+sd ‘ | | |
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Materials and Methods

PRELIMINARY SURVEY

In the first month of the study (October 1995) a pilot study of Arabuko-Sokoke's Cynome-
tra, Brachystegia woodland and Mixed forest habitats was carried out. Areas with East
Coast Akalat were noted. | - N

DISTRIBUTION |

To determine the overall distribution of the Akalat point counts along straight or almost

- straight transects, trails or old roads, were condhcte,d_ (Fig 9.1). All:sji‘nging East Coast
Akalat were counted and localised as exactly as possible. Every 500m on road transects and
every 100m, or if necessary every 50m, on trails a tape recording was played of the song or
call of the species and the reactions of the bird recorded (singing, warning or approach-
ing). Bird registrations were recorded and extrapolated to produce an Akalat dlsmbutlon
map (Fig 9.2). v : : ‘

To determine Akalat evenness of dnsmbutlon foot surveys were conducted in the Mlxed

_and Cynometra habitats. In edch habitat, two transects were followed. The bird's call was
played after every 100m. The presence or absence and numbers of the East Coast Akalat
seen or heard were recorded against a cumulative distance. The total transect length was
7100m and 6600m in Cynometra and Mixed forest respecuvely All counts were
conducted before 10.00 hours or after 17.00 hours. At these times the Akalat were
obsetved to be most actively singing and their response was almost assured.

HABITAT PREFERENCE | .
Data on habitat prefercnce were obt;iined following a plot based-désign as used by Wiens
(1989). In the Mixed forcst, Akalat presentl plots (200x200m each), were selected by
numbering all the sites (recorded from earlier survey) containing East Coast Akalat. Num-
bered papers were put in a box. Eleven sites (plots) were randomily selected by picking
numbered papes from the box without replacement. All the sites where no. Akalat was
registered during preliminary survey (except sites next to Akalat positive plots) were
numbered. Ten Akalat absent plots (200x200m each) were randomly selected by plckmg
numbered papers without replacement. ,

The Cynometra woodland occurs in two forest blocks one in the southern (66km2) and
the other in the northem part (33km2) of Arabuko Sokoke Two transects (old logging

1 Also referred to as A.Present and A.absent sites respectively



Matiku et al.

140

QO>d .

quasaid ey = A.L ‘uasqe e = =01

- 4

de.EOu HSW .*O ‘ON

+197 oro- 0TS 0yL NiE UE LS (47 @59\ ON) isusp auy
$E0T L9, V8L T 1285 89S ¥ 1679 CT6 608y . Ansuap Adoue) %
90 SL1T 159 % ISTL. YT YTV IS8T 7001 Ut < T2 1980 Bop %
90 80T, 197 15T ESLFYU 0971 + C6LY We-ge 1100894 %
- 8¢T WwTE LS 1T EE: 96191y OTLLF 01°SC W Ie 400 837
WS &9 06y F¥E¥T. 1T 68T €TFI8L YPUDY< SWIISI0ON
R «SHHT S67 7 058 822 % <611 191 ¥ 765 YqP U 9 > SURISJ0 ON
(66 W6LL 050 % 0£0 $TF 0L €20 % 810 so] dssourjo ‘oN
06 +SE6 98 7687 LT UG CLOFSST - $80] peop ON
JYE +81°¢ 6ETFIIT CLTF.€9°€ W09F8L8 - SWRISIDJO 0N
OT'€ Ly 670 F LT T 95T SLOF00T $391 USITE} JO 'ON
L6'0 180 EEFLIST. 06T F 097 SLEFENY 12400 QI3 %
«68°€ N 4S 688 % LST9. LS F8T9S PSUT I8 J9400 130 %
09 T Kiz2an €09 ¥ (86 887 89 () (ad3p ourt
OFYO RN OFY0) N ©) R I ) R ® A
wsy 1 () 1sm0s © 1 (+) aNvIdoom 1 ©) Lsmiod
L _ amin - -

JIXIN

VIITWONAD.

.% § 3 Urw) mou0fpoxypur
§§S§ Emsos@ EE\ %% %R g0z %007 ‘11 wosf seroupind 1omquq fo uosupduoy ¢'6 JqeL




Matiky etal, ‘ 141

roads) in each forest block were identified and divided into 200m blocks at an interval of
200m, All the blocks were numbered. Seven and four plots in the northern and southern
blocks respectively were randomly selected over the whole (99kmZ). Each 200x200m plot
was divided into perpendicular horizontal and vertical trails creating 50x50m grids. Trails
_ were at an interval of 50m. - . o

The observer walked at a slow pace along each trail. At every trall intercept the call of
the bird was played for thlrty seconds. If a bird was seen or heard singing at or near the
grid that was taken as an Akalat positive grid. At every grid a smaller plot of 10m radius was
‘measured and habitat characteristics obtamed At Akalat positive. gnds five plots (fourat an
interval of 10m from- central. plot) were obtamed Only one samplmg plot was established
at Akalat negative: grids. S PR

Within each 200x200m plot the followmg parameters were determmed
Canopy density above the observer by sighting through a cylinder of diameter 4.5cm (%);
Idem, the quantity of vegetatzon at2m- (]ow) 3-8m (mtddle) and above 9m (lugh) (%);
All live stems lessand greater than 6emi dbh within each plot; '
Dead logs, mossy logs, fallen trees'and all cut stems of greater than 6cm dbh
Litter and berb cover in one quadrant of 1x1m placed randomly w1thm each plot (%);
Litter depth as measured witha ruler to the nearest mm.

FOOD ABUNDANCE

Britton & Ztmmerman (1979) reported that the Akalat feeds on: ants and other creeping
and flying invertebrates. Due to this: dlet diversity a-number of invertebrate sampling
methods were employed. The presence or absence of insects and other invertebrates i in
each plot was recorded. Creeping invertebrates where ants dominated were generally
called ‘ants' and their densnty determmed at randomly selected pomts by using a 10x10cm
quadrant. Britton & Zunmerman (1979) also noted that Akalat follow ant (Szafu) columns
and hence the columns along a transect running through the: plot were counted in afl the
habitats studied: For detailed estimation of food abundance a pitfall method was used. The
traps were laid at an interval of 25m along a 1000m transect at all the sites. They were

filled with palm wine (Mnazz) o attract and kill invertebrates msrde the traps They were
collected after twenty -four hours

DATA ANALYSIS
The distribution of the East Coast Akalat was plotted on'a map of Arabuko-Sokoke (Fig
9.2). Its evenness of distribution in the Cynomeira and Mixed forest was analysed using
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the Kolmogorov-Smirnov Goodness of Fit test. The variables entered in the test were
cumulative distance and corresponding number of Akalat recorded for that distance.

To determine the habitat factors important for the Akalat a seriés of parametric tests
were conducted: T-test2 was used to detect between and within habitat variations by
comparing habitat factors from different habitats, Akalat plot-based densities as well as re-
cently cut stems from the Mixed forest Akalat. present and absent plots. ANOVA was used to
compare food abundance from these habitats. Subsequently habitat vanables were cor-
related amongst themselves General Linear Interactive Model (GLIM) 3.77, was used to
select the habitat variables that are the best determmants of Akalat denstty and or distri-
butxon ' - ' ‘

Results3

DISTRIBUTION

Four habitats were recorded: (1) Cynometra woodland (i) Brachystegia woodland, (iii)
Cynometra thicket, and (iv) intermediate Cynometra woodland. The East Coast Akalat
was recorded in the mixed forést and Cynometra woodland habitats; only two records
were made i in the Brachystegia woodland and none in the Cynometra thlcket (Fig 9.2).
Occasnonal records were made in the ecotone of hlgh canopied and intérmediate Cynome-
tra woodland. Such individuals were considered as wanderers and their site tenacity was
ignored in the study on habitat analysis. In the Mixed forest, Akalat were observed to be
absent in about a third of the total habitat area (Fig 9.2) ~This area was under heavy human
exploitation through logging, cutting of small saplings and removal of dead logs for fuel-
wood. The Akalat was evenly distributed in the Cynometra woodland (Kolmogorov-
Smirnov, n=80, D=0.095, p>.05) but not'in the Mixed forest (Kolmogorov-Smirnov,
n=17, D=0.232, p<.05). | - i

POPUlATlON SIZE AND DENSITY o

Fifteen territories were identified and visited for a minimum of four times. Temtony sizes
(_computed from 'reaction distances', i.e. terntory diameter) varied between ;_he_ two
habitats; lower distance was recorded in the Cynometra compared to the Mxxed forest
(Table 9.1). Consequently, higher' population'size: and den51ty (based on the transect
counts) were recorded i in the Cynometra woodland, Further, the mean densities were

2 Statpac Gold Statistical Package (GOLD)
3 Detailed results are given in Matiku (1996)
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- Table 9.5.. Companson of babitat parameters in Akalat "hot spols" in Cynometra woodland

- andecedjbrest

- - Av-.

. FOREST i |- wooDANDI: .

‘CYNCME[RA""’:' T 't'-stat' '

) llttefdepﬂ‘r(mm)

......

No. dead logs
No. of mossy logs

No. of stems < 6 cm dbh
" No. of stems > 6 cm dbh

%Vegetauoncoverath

" Nelofillen rees
-4 No.of cutsstems-- -2 i< |-

“| ‘% Vegetation coverat 3-8 m:| -

092 162
087 £047

425 252
241+155

1243 + 412
15.09 +3.69

4755 +15.2
2252 113 -

.| %Vegetationcoverat>9m .| - 847x774. . . 303 *183

- | % Canopydensity - |- 61.12 £ 1840 - 69.17 707 . .. 139 .
. Antdensxty(No/IOcmZ) . 20.84 £ 1840 - 380191 - 307"
1 No. ofantcolumns 0055 £0.18 ' 078 +036 6.62*

862 304,
61.90.£9.85 -
0822074

g 7159624260 .
. TA37+863 ... ..

127£0355 7 191

L 28L%269 o o L7 -]
10.46 +2.20 7.18*
5.10 + 1.91 418*
1160 = 600 047
11.64 £5.72 1.94
4725 114 006

2089 £655 .0 -

o 549% - |
SRS ¥ A0
019

- 047
268"

Tj”’lmean"-sd

:Tab1e96

‘Logistic regression models selecting babitat parameters which best: predzct the presence of. East Coast
 Akalat in the Cynometra woodland and. the Mixed forest Akalat present and absent sites ("ot spots”).

- CYNOMETRA WOODIAND . - MIXEDFOREST _
2 df p< | x2 &  p<
Full model 226.97 14 K1) 171.84 14 05
Ant density . . 2065 1 05
Mossy logs 15.11 1 05 18210 1t 05|
_»;_Hexboover 963 T e ¢ F o TS EINE NP &
| Cutstems | 823 1 05 | 686 105
| Veg. coverath osst 1 05 | 78 1 05
‘| Seléctedmodel 7| G(xiy=3:02 (20.62) + o ‘G(x‘i)—-s 12 (x0:83) -
-+021 (+006) mossy logs .. +0.11 (20.03) ant density ...
-02(+008) herb cover N T 4073 {(20.17) mossy logs
-0.18 (£0.07) cut stems “+0.04 (£0.02) veg. ‘cover at 2m -|
+0.03 (=0.01) veg.cover2 m 0.4 (%0.17) cut stems
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compared as computed from birds responding to playbacks between the Cynometra and
the Mixed forest plots. The former forest had a higher mean density (t=5.16, p<.05; un-
equal variance t-test for density) than the latter.

HABITAT SELECTION AND OCCUPANCY

Broad comparison between babitats :

It was found that the two habitats had differing habitat variables in the 200x200m plots
indicating that five (dead logs, mossy logs, number of stems less than 6cm dbh, vegetation
cover at 2m high and ant columns) of the fifteen variables were higher in the Cynometra
‘woodland compared to the Mixed forest, whereas two variables (vegevtation cover at >9m
and ant density) were significantly greater in the Mixed forest. Eight habitat variables
Qlitter depth, itter cover, herb cover, fallen trees, cut stems, stems greater than 6cm dbh,
vegetation cover at 3-8m and canopy density) were similar. (Table 9.2, p<.05).

Nine habitat variables out of 15 showed significant differences between Cynometra (A.
‘present) and Mixed forest (A.absent). Of the nine variables there were seven that were
higher in the Cynometra (litter cover, dead logs, mossy logs, stems less and greater than
. 6cm dbh, vegetation cover at 2m high and canopy dénsity) and only two were higher in
the Mixed forest (cut stems and vegetation cover at 9m). Within the Mixed forest ten vari-
ables out of 15 showed significant differences between A.absent and A.present sites. Of the
ten variables eight were higher in the A.present sites (litter depth, litter cover, dead logs,
mossy logs, stems less and stems greater than 6cm dbh, canopy density and ant density).
Only two variables were higher in the A. absent sites (fallen trees, cut stems). (Table 9.3,
p<.05). |

Within Cynometra subplots, four habitat variables were higher where the Akalat oc-
curred. These were litter cover, vegetation cover at 2m, canopy density and ant columns.
In the Mixed forest Akalat present subplots were defined by greater litter depth, fewer

fallen trees, more dead logs, more mossy logs, more stems less than 6cm dbh, higher ant
density and more cover at 2m high. (Table 9.4, p<.05).

HABITAT VARIABLES IN AKALAT 'HOT SPOTS'

Within the 'hot spots', seven (litter depth, litter cover, dead logs, mossy logs, vegetation
-~ cover >9m, ant density and ant columns) out of the fifteen variables were significantly dif-
ferent,(p< 05). Three variables (dead logs, mossy logs, and ant columns) had higher values
in the Cynometra woodiand compared to the Mixed forest, whereas four variables (litter
depth, litter cover, vegetation cover at greater than 9m and ant density) were greater in
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Table 9.7 Habitat parameters which best predicted the presence of East Coast Akalat wztb *)
and without (-) babitat as a factor.* :

4 () HABITAT (+) HABITAT =
X2 df p< x2 d p<
Fullmodel 318.2 14 05 . 401.67 14 05
Mossylogs 25.64 1 05 25.29 1 05
Vegcoverat 2m 1998 1 05 19.98 1 05
Cat stems 1829 - 1 05 1829 1 05
| Hebcover 10.77 1 05 10.77 1 05
Selectedmodel | G(xi)= -3.17(x0.41) G(xi)=-3.17(x0.41)

+0.04 (x0.01)veg. cover at 2m

~0.24(20.07) cutstems 0.24(x0.07)cutstems
+0.23(x0.05) mossy logs +0.23(20.05)mossy logs
-0.15(20.06) herbcover -0.15(+0.06) herbcover

+0.04(*0.01)veg. cover at 2m

~ * All parameters were tested with a stepwise backward procedure calculating the change in scaled deviance that

- approximates X2 (change X2 with change df) when a parameter was excluded from the model. Only significant
" results are presented in the table.

Table 98 Normal multiple regression models selecting babitat parameters which best explain the
variation of East Coast Akalat's densities in the Cynometra woodland and the Mixed forest. *

CYNOMETRA WOODLAND MIXED FOREST
.Deviance X2 df p< | Deviance X2 df p<
Ant density 3.98 21.27 1 05 - -
Dead logs 237 12.66 1 05 . - . -
Mossy logs 1.70 9.09 1 05 3.01 7.81 1 . 05
| Selected model Yxi)= -0.31 (20.35) Yiy= 144 (£041)
+0.16 (£0.31)ant density +0.45 (£0.10) Mossy logs
+0.9 (20.2)dead logs
+2.51 (x0.7) Mossy logs

* All deviances are assessed by removal of a parameter from the maximal model.
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the Mised forest (Table 9.4). Eight habitat variables were similar for the two-habitats and
were considered to be important determinant variables in defining the 'hot spots for the
Akalat in either of the habitats (Table 9.5). : "
~ To determine the relative role of the eight habitat variables on the distribution of the
Akalat, stepwise logistic regression procedures were performed to select habitat variables
within each habitat which were the best predictors of the Akalat's presence. Results
showed th‘_at;the‘liest predictors in either of the habitats were mossy logs and vegetation at
2m. Apparently; there were habitat-specific variables that best predicted the occurrence of
the Akalat (Table 9.6). However, when data from the two habitats were pooled and
analysed, neither of the habitats was selected a5 one of the predictors; the best predictors
were mossy logs, vegetation cover at 2m high, cut stems and herb cover (Table 9.7).

A last analysis was performed to determine which of the habitat variables best predicted
~ the Akalat's density in_either of the habitats. Mossy logs were the best predictors of the
Akalat density in both the habitats, whereas within the Cynometra woodland ant density
and dead logs were selected, in addition to mossy logs (Table 9.8). When data were
'pooled together, only the mossy logs were selected (Model: D(x)=13 (x 0.2) +0.5 (=
0.1) mossy logs; F=7.56, df=1; p<.05). Mosses were recorded to-be used by the bird in
nest building. »

FOOD ABUNDANCE AND HUMAN DISTURBANCE

This study showed significant variations amohg the three study sites (F=7.048, p=.0013),
indicating: (i) significantly higher food abundance in the sites within Mixed forest where
Akalat were frequently recorded than where they were not present (t=2.4, df=38,
- p<.05), and (ii) significantly higher food abundance in the Cynometra woodland than
Mixed forest sites where Akalat was absent (t=3.7, df=38, p<.001). Significant differences
in means were not detected between Cynometra woodland.and sites within the Mixed
forest that had Akalat present. Significant differences were detected in the Mixed forest
indicating that sites without Akalat had higher means of cut stems (t-‘7 417, df—8
p<. 05)

BEHAVIOURAL ASPECTS (Territory size)

To test whether differences in resources affected the territory sizes, the territories of birds
located in the Mixed forest (with patchy distribution of birds) were compared to those
recorded in the Cynometra woodland. Results from 15 territories showed that territory
holders were present in 13 of the 15 visits. Diameter of territories in the Mixed forest
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wete significantly higher than in the Cynometra Woodland (1=4.225, df=13, p<.05).

Discussion ‘ o
Results of the present study showed that there were differences between the Cynometra
woodland and the Mixed forest. The Cyzzometia woodland was characterised by: An even
~ distribution of Akalat; small territory sizes; and high population size and density. The best
habitat variables that defined the woodland were: High number of dead logs, high number
of mossy logs; large number of stems less than 6cm dbh; large number of vegetation at 2m
high; and more ant columns. All these parameters were dissimilar to those recorded in the
Mixed forest. For example, within the Mixed forest, the bird had a patchy distribution,
large territory size, low population density and size. All these differences strongly sug-
gested that the two forest types were structurally and functionally different.

There were, however, similarities between the two forest types, especially where the
Akalat was recorded in 200x200m plots. These included: litter depth; litter cover; herb
cover; cut stems; vegetation cover at 3-8m, canopy density and fallen trees. There were
also similarities recorded in specific sites in which the Akalat were restricted. These were
the litter cover, vegetation at 2m high, candpy density and ant columns. Low number of
fallen trees were associated with high numbers of Akalat in both forests. In addition, the
‘sites had high number of mossy logs, increased number of stems less than 6cm, high ant
density, percentage cover in trees above 9m and percentage vegetation cover at 2m high.
These observations suggested that Akalat were significantly associated with ecological
niches with specific habitat characteristics. -

Habitat factors responsible for Akalat density variations in its habitats would be ex-
pected to show significant differences between Cynometra woodland and Mixed forest.
Significant differences in habitat variables would also be expected between occupied and
unoccupied micro sites within either of the habitats. Factors that acted as Akalat' habitat

selection cues would not differ significantly between ‘hot spots' in both Mixed forest and
Cynometra woodland and would be selected by Akalat‘density models. This was the case.
Of the 15 experimental habitat variables, only two were selected in both forests (in com-
bination) as the best predictors for the presence of the Akalat. These were mossy logs and
vegetation at 2m high. Only mossy logs were selected in the density model suggesting
that they can be used as an index of habitat quality for the Akalat. In the previous studies
Britton & Zimmerman (1979) argued that the Akalat preferred moist shady and dense
~ habitats. These are habitats in which mosses are likely to be present in large numbers. The
"observation that nest material comprised mainly of mossy bedding lends credence to Brit-
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ton' & Zimmerman's hypothesis and further suggests that mossy logs are key survival re-
sources for the Akalat. : S :

- Other key factors that affected the Akalat were avallablhty of food and minimum human
influence through logging. As was expected more birds were located in areas that had the
highest potential sources of food with-minimum recent cut stems. Apparently, the differ-
ence in the Akalat distribution in Arabuko-Sokoke is linked to the uniformity:and patchi-
ness of its survival resources in the Cynometra woodland and Mixed forest, respectively.
" The heavy removal of dead logs and logging from the Mixed forest could be the two most

unportant determinants of Akalat patchinessin the habitat. :

* .Environmental patchiness may-have led to multimodal abundance patterns, or abrupt
environmental changes may have produced truncated distributions in-which abundance
was.higher in the Cynometra woodland than in the Mixed forest. Logistic regtession mod-
els selected mossy logs as the-one single most important habitat variable for both experi- |
‘mental habitats: The.rémoval of dead logs for fuelwood in the Mixed forest, among other
. human activities. (e.g. logging) might further reduce the range of the Akalat.

In theory there is some basic configuration ‘or pattern in the environment that an indi-.
vidual animal'will seek out and settle in. This habitat selection process may be-based on a
specific search image, early learned experiénce, the particular genetic make up of the in-
diVidual, or any combination of these factors (Klopfer, 1970). Presumably, then, habitat se-
lection-is an evolutionary derived- mechanism that ensures that individuals seek out and
remain in the particular environment to which they are best suited. The absence of the
Akalat in a vast majority of vegetation types even those adjacent to the most favourable
_ habitat_s puts occupation by chance far from consideration.

~ “The recognitionstimuli. that induce a bird or any other animal to select a particular
habitat may often appear to-be related to the actual survival and successful reproduction of
' that organism (Hilden, 1965). For example, in this study mossy logs correlated significantly
with Akalat-densities and appeared as a common denominator for all the logistic models
that selected habitat parameters predictive of Akalat presence in its ranges, suggesting its

significant role in reproduction and survival of the species. Mossy log could therefore be a

significant niche requirement as it:provides nesting substrate. '

It was predicted that the patchy distribution of the Akalat in-the Mixed forest was re-
lated to uneven distribution of survival resources in.the habitat. Even distribution of Akalat
would be expected if survival-resources were evenly distributed in the Mixed forest. If in-

*dividuals respond to within-plot habitat variations in locating their territories, a comparison
of the habitat features in the occupied areas with those in the unoccupied areas may reveal
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non random patterns of habitat occupancy (Wiens, 1992). On the.other hand; if portions of
a plot are unoccupied by a species because of inter-specific territorial exclusion, low
population density,or chance effects in the placement of territories, consistent differences -
in habitats between occupied and unoccupied areas should not be-evident:(Wiens, 1992).
Thus, the pattern of distribution of Akalat in the: present study was determined by:factors
unrelated to chance alone. - . Lo ‘ SR

Food is often thought to be an important: factor in deﬁnmg temtory size.. The range an
- animal occupies to satisfy its: energetic- or reproductive requirements depends on the
abundance and distribution of food.:At one extreme, if the resource is-of poor quality and
sparsely distributed the animal will have to roam over a large area and it is unlikely that it
will be able to defend ‘this economically (Krebs & Houston, 1989). The observation that
territory sizes were larger in the Mixed forest strongly suggested that the abundance of
preferred food was in short supply.: The observation.that there were fewer ant columns in
 the Mixed forest supported this prediction. If this reasoning is valid, one prediction can be
made from the present study:. that the rate of reproduction-of the Akalat in Arabuko-
Sokoke should be-higher in.the Cynometra woodland than in the Mixed forest.

- Svardson. (1949) suggested. that increasing density should be associated:with an increase
in the range of habitats occupied by a.species because the intensified intra-specific compe-
tition forces some individuals to occupy marginal habitats. This thinking was formalised in
the models of Brown (1969) and Fretwell & Lucas (1970). The former proposed that habi-
tats differ in their suitability to a species and ‘that individuals will preferentially select the
most suitable habitat. The latter modelled habitat occupancy.as a function of the fitness
potential ('quality’) of habitat types. Some habitats are of better inherent quality than oth-
‘ers, and these will be occupied first. As density within that habitat increases, however, the
fitness potential of the habitat declines. Eventually 2 point is reached at which an individ-
ual may realise equivalent reproduction success by occupying instead another habitat of
slightly poorer quality. Apparently, Cynometra woodland was the optimal habitat relative
to.the Mixed forest. The observation that small territories were recorded in the Cynome-
tra compared to Mixed forest is consistent with this line of thinking,

The ecological tolerances of species dictate the-environmental situations. they can oc-
cupyand how these conditions are met in space determines where the species may. occur
(Wiens, 1992). Species that have restricted habitat affinities are likely to-be absent beyond
the distribution of the appropriate habitat type (Mayfield, 1960). In the present study (see
also Nemeth, 1996) the bird was recorded in the northern-and in only a few parts-of the
southern Mixed forest and in the north-eastern and south-western parts of the Cynometra
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forest. Perhaps these were areas that provided adequate ecologrcal requirements to. the
Akalat

Conclusron
The distribution of the East Coast Akalat was hmrted to Cynometra woodland arid Mixed
forest. Akalat population size and density was higher in the Cynometra woodland than in
the Mixed forest. Habitat factors predicted to be important for the Akalat occurred more
readily in the Cynometra woodland than in the Mixed forest. Mossy logs and vegetatron-
cover at 2m high were the most srgmﬁcant vartables that predrcted the occurrence of
Akalatin the experrmental habitats. Features of this study strongly suggest that human ac-
tivities (i.e. logging and collection of dead logs) influence the distribution patterns of the
Akalat. Thus, urgent measures to provide alternatwe fuelwood need to be addressed to
lower the rl]egal explortatron of trees that continues inside Arabuko-Sokoke For example
reseatch into tree nursery facilities and regenération: capacity of the mdrgenous forest
would help alleviate the immediate social needs. ' ,
Research into the diet and breedmg success of the East Coast Akalat inits ranges is cru-
cial. It would be: mterestmg to determine the role of mossy logs as mdrcators of habitat
‘quality for other taxonomic groups

A

Abstract

This study was carried out on a nearly threatened East Coast Akalat (Sheppardia gunningi sokokensis Van
Someren 1921) in two forest types (Cynometra woodland and Mixed forest) in Arabuko-Sokoke Forest to de-
termine the proximate factors that influenced its spatial distribution. Playback was-used to stimulate the bird to
reveal its presence. Fifteen habitat factors predicted to be important as cues for habitat selection were recorded
from temitory and non-territory sites and compared. Normal and logistic regression. models were used to select
the best habitat predictors of Akalat distribution and density. The best habitat predictors for the occurrence of
Akalat (in both habitats combined) were mossy logs and vegetation cover at 2m; sites without Akalat had higher
numbers of cut stems. The greatest amount of food was associated with the presence of Akalat; larger territo-
ries were located in the Mixed forest compared to the Cynometra woodland; the bird was more evenly dis-
tributed in the Cynometra than in the Mixed forest; higher population density was recorded in the Gmometra
than in the Mixed forest. Results suggest that (i) East Coast Akalat has the ability to select micro habitats suitable
for its survival; (if) human activities affect the population density and distribution of Akalat by affecting veg-
etation structure suitable for the Akalat; (iif) mossy logs and vegetatron cover at 2m high can be used as quick
rapid indices in predicting habitat quality for the Akalat.
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DUNES, GROUNDWATER, MANGROVES AND
BIRDLIFE IN COASTAL KENYA

Jan Hoorweg, ed.

Coral reefs, wetlands, mangroves and lowland forests are important ecosystems
of the Kenyan Coast that have received different degrees of attention from
conservationists and ecologists. Coral reefs are among the most complex marine
ecosystems. Mangrove forests are widespread and provide nurseries for fish and
crustaceans in addition to protecting the coastline from erosion. Coastal wetlands
are meeting grounds of marine and terrestrial species. The lowland forests,
finally, are characterized by great biodiversity, as regards both flora and fauna.

This natural environment is threatened in many ways. Coral reefs are
deteriorating, mangrove forests are overexploited, forest reserves are
threatened, unrestricted surface mining leads to erosion and ground water is
increasingly saline and contaminated. The damage occurs to some extent from
naturally occurring geophysical processes, but more from the increased
subsistence needs of the population and from growing commercial exploitation. If
current trends continue unchecked, many aspects of coastal ecology will suffer
irreparable damage.

The School of Environmental Studies of Moi University has placed coastal
ecology high on the research agenda. The Coast Environment Research Station
(CERS) was started in Malindi in 1996. Recent thesis research is concerned with
coastal topics in Kwale and Kilifi District. So far, seven M.Phil. studies and one
Ph.D. study have been completed. This monograph presents eight papers with
the main findings of these studies.

Abuodha and Musila analyzed the sediments and dunes of the Sabaki River.
Munyao studied sediments in Shirazi-Funzi Lagoon. Anyango and Mzuga
examined groundwater in Kwale District; the former in relation to sea water
intrusion, the latter in respect of water quality and contamination. Ouko and
Kamau were concerned with mangroves; the first assessed the condition of
mangrove swamps with different degrees of exposure to human exploitation, the
latter examined the biological aspects of mangrove conservation and
regeneration. Matiku, finally, studied one of the threatened bird species in the
Arabuko-Sokoke Forest.

Jan Hoorweg is Visiting Professor at Moi University, Eldoret and senior researcher at the
African Studies Centre, Leiden. Formerly Director of the Food and Nutrition Studies
Programme; he is currently co-ordinator of the Coast Environment Research Station.
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