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CHAPTER 5 

The floristic composition and vegetation ecology and 
their relationship to aeolian features at Malindi Bay 

coast 

ABSTRACT 

A short outline is given of the sand dune floristic composition and development of the dune ecosystem. 
Along ten arbitrarily chosen transects plant samples were collected of each "new" vegetation type 
encountered from the shoreline to the edge of the mobile sand dunes. In addition, vegetation data 
documented by van der Hagen (1989) were subjected to analysis by the Braun-Blanquet method 
(Westhoff& van der Maarel, J978) to describe the plant distribution. 

In this paper, an inventory and first qualitative analysis of vegetation distribution is presented based on 
taxonomie listing of plants along ten transects. 101 plant species were identified in the sand dunes and 
several vegetation types are distinguished based on the species content and its connection with 
morphological units. The most important plant species are the pioneer vegetation consisting of 
Halopyrum mucronatum and Scaevola plumieri. The woody shrub species which have colonized the 
established primary dunes and hummocky dunes are Cordia somalensis, Tephrosia purpurea (dunensis) 
and Vernonia homilantha The influence of groundwater on the sebkha surface has produced 
characteristic vegetation assemblages consisting mainly of Cynodon nlemfuensis and Hermstaedtia 
gregoryii. 

The described zonation is compared with similar zonation of sand dune vegetation along the tropical 
coast of the Mexican states of Tabasco and Campeche studied by Castillo et al. (1991). 

INTRODUCTION 

The area under investigation is a distinct morphodynamic system with well defined boundaries, 
representing the littoral sediment cell extending from Malindi to Mambrui. It gets more distinct 
from the extremities in north and south, towards the Sabaki river in the middle of the stretch. 

The aeolian sediments forming the current foredune system and sand sheet inundating the zone 
of hummocky dunes is derived from the beach, which is supplied by the Sabaki river. However, 
the mobile sand climbing over the dune ridges is a combination of beach sand and sand resulting 
from erosion of older stabilized dunes. 

The present investigation aims at providing an inventory of the floristic composition and to 
relate these to the main aeolian features along the coastal zone of Malindi Bay. Because of the 
important role of vegetation in dune geomorphological development and stabilization, a 
taxonomie list of plants is added. 

The literature on coastal dune vegetation in the tropics is rather scanty and it is therefore 
envisaged that the present data set will instigate more enquiry into the ecological status of the 
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present dunes. In addition, this investigation will assist in the evaluation of a suitable vegetation 
community which may be used in future coastal dune management and conservation in the 
Malindi Bay area. 

Castillo et al. (1991) have stated that coastal dunes form a complex system of habitats for plants 
due to the combined effect of steep environmental gradients which are related to the distance 
from the shoreline and to elevation. 

Studies of the relationship between vegetation and dune formation along the coast of East Africa 
are few. Barker et al. (1989) investigated vegetation dynamics in coastal Somalia and concluded 
that sand dune encroachment directly influences vegetation structure and composition due to 
saltation and deposition. 

The geomorphological role of vegetation in dune development 

Interest in the factors that control the stability and instability of the natural dune ecosystem has 
grown as the demands for their recreational and industrial usage have increased and as the value 
of dunes as natural coastal defence has been recognized. The dynamic dune management 
procedure requires that as much as possible of their natural aesthetics are retained during coastal 
development and management. However, when coastal development is threatened by 
transgressive sand sheets, the most effective method of arresting such dune mobility is the use of 
sand binding vegetation because littoral vegetation is capable of trapping sand close to the 
beach. 

Exceptions occur where the rate of aeolian sand transport from the beach is so high that vertical 
growth of vegetation is unable to keep pace, or where vegetation vigour is inhibited for other 
biological or environmental reasons. This is normally the case where vegetation is disturbed or 
destroyed through overgrazing or construction of tourist amenities as is happening in the study 
area. Disturbance of vegetation cover has caused the reactivation of previously stabilized dunes. 

In this prograding shoreline, a temporal and spatial dune succession is found. The ecological 
aspects of dune succession are discussed at depth by Willis et al. (1959), Ranwell (1972), van 
der Maarel et al. (1985) albeit for different climatic conditions as those found at the study site. 

Work by Melton (1940), Cooper, (1958), Ash & Wasson (1983), Sarre (1989b), Carter & 
Wilson (1990), Thomas & Tsoar (1990) has clearly demonstrated that vegetation has an 
important control on dune morphology as it impedes sand movement in three main ways: (1) 
Aerial roots and plant form increase the effective roughness of the sand surface, (2) Roots also 
have a direct binding effect on the surface sand layers and (3) Humus derived from dead 
vegetation increases the cohesive and water retentive properties of the surface sand. In addition, 
vegetation acts as a focus for sand accumulation and also exerts influence on subsequent 
morphological development of the dune (Thomas & Tsoar, 1990). 
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AREA OF INVESTIGATION 

The study area is a 10 km coastal strip between Malindi and Mambrui (Figure 5.1). It is situated 
within the latitudes 3°06'S and 3° 12'S, and bounded westward by the transition zone from 
active to stabilized dune forms. The area is geographically set within a wide open bay near the 
mouth of the Sabaki river. The bay is bordered mainly by long and wide (300-400 m), low-
gradient beaches and high dune complexes. Reef patches and sheltered lagoons occur in the 
northern and southern extremities where narrow beaches (100-150 m) are found. 

The area is also characterized by a complex dune ridge systems together with former shorelines 
associated with raised coral reef platforms (terraces). Therefore the area could 
geomorphologically be classified as a prograding dune ridge coast which emphasizes the 
predominantly advancing character of the coast- a shoreline of progradation or emergence. 
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Figure 5.1: Map of the study area, also showing transects along which samples were collected. 

Climate and soil 

The coastal belt of Kenya experiences an equatorial monsoon climate with southeast trades 
prevailing from April to October and northeast monsoon from November to March (Kenya 
Meteorological Department, 1984). It can be seen from Chapter 4 that the southerly winds were 
stronger, and the duration of these higher wind speeds was longer. Northeastern winds were 
usually of low velocities and prevailed for a duration of less than three months. The coastal wind 
system is locally influenced by a land breeze which develops at night and a moderate sea breeze 
towards midday, reaching its maximum during the afternoon. 
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The coastal area has a humid climate with average rainfall of 1058 mm a'. There are two rainy 
seasons respectively referred to as the long rains and the short rains. The months of April to June 
have over half the annual precipitation, during the southeast monsoon. The precipitation is 
usually concentrated in showers, which are correlated with strong winds. 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 precipitation during this season is 
relatively small. There is no real dry season (with zero precipitation as long-term average) due to 
the effect of the Indian Ocean, but the potential evaporation averages about 1904 mm a'. The 
amount of rainfall seems to increase from north to south (Abuodha, 1989). 

Monthly variations in air temperature from the means are slight, and closely related to the sea 
water temperature. From July-September the seasonal average is 25°C, while in other months it 
is from 27-28°C. Diurnal temperature variations are usually within the range of 7-9°C, although 
the maximum and minimum temperatures recorded at the four coastal stations (Lamu, Malindi, 
Mombasa and Shimoni) are 36°C and 19°C respectively (Kenya Meteorological Department, 
1984). 

The tides are semi-diurnal, with a mean spring tide range of 2.9 m and a mean neap tide range of 
1.0 m. 

The soils of the stable dunes are typically grey in the area of investigation forming a thin layer of 
water-repellent top-soil. The dark colour appears to be caused by a combination of heavy 
minerals and organic matter. In the humid tropical environment experienced here, silicate 
minerals in quartz-rich dune sands break down rapidly to form authigenic clay minerals and iron 
oxides. These silicate minerals may eventually be almost completely destroyed leaving a 
residual product rich in quartz and residual heavy minerals such as zircon, rutile and tourmaline. 
Subsurface horizons of such sands are often cemented by organic material (humate). Soils of the 
Pleistocene dunes are developed further and have acquired a reddish colour. 

Landuse 

The lower slopes of the 200 m high Pleistocene dunes, characterized by red soils support some 
small-scale subsistence agriculture. The main crops cultivated are maize, cassava, water melon 
and pineapples. On some farms coconuts, mangoes and cashew nuts are grown. However, 
farming on the steep slopes has augmented soil erosion leaving deep gullies. The younger 
Holocene dunes with grey water-repellent soils are not suitable for farming and are therefore 
reserved for grazing. The livestock, mainly cows and goats also feed on pioneer grass 
Halopyrum mucronatum, Ipomoea pes-caprae and Scaevola plumieri growing on the foredune. 
The woody species developing on the hummocky dunes are fetched for firewood leaving the 
dunes bare and thus promoting degradation of these features. 

In the south, near Malindi the situation is even more serious, with the dunes being levelled to 
give way to the construction of tourist facilities. Along the coastline, in the south, recreation 
facilities have been put up in large numbers, and the use of vehicles on the beach and dunes is 
very common. Other beach users include small-scale fishermen who catch fish using harpoons 
and by dragging their nets alongshore during low-tide. These fishermen pose a threat to turtles; 
the turtles use vegetated dunes for hatching. 
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The near-surface groundwater within the interdune valleys and sebkha is being exploited both 
for domestic use as well as for livestock watering. This points to the possibility of exploiting 
dunes for large-scale production of drinking water. 

MATERIALS AND METHODS 

Vegetation identification and mapping 

Along ten arbitrarily chosen transects, plant samples were collected of each "new" vegetation 
type encountered from the shoreline to the edge of the mobile sand dunes. 

On August 12, 1993, plant samples were collected along the ten transects set up in the study area 
in order to make a taxonomie list which would facilitate subsequent inventory of the dunefield 
ecology. The pressed specimen were taken to the Department of Resource Surveys and Remote 
Sensing (DRSRS) and the East African Herbarium laboratories for identification. 

A second taxonomie inventory of plants seen on or near the transects on sand dunes north of the 
Sabaki river, up to Mambrui was carried out on September 2, 1993 and south of the river mouth 
on March 10, 1994. One specimen of each species was collected, identified and pressed as basic 
reference collection by Mrs Ann Robertson of the National Museums of Kenya. The first and 
second lists were cross-checked against the samples and merged. 

As no data on cover abundance was collected during this study, reference was also made to 
vegetation data collected by van der Hagen between January and May 1989 (Hagen, van der, 
1989) from the dune complex lying between Malindi and the mouth of the Sabaki river. 
Vegetation types and distribution were described by the Braun-Blanquet method according to 
the procedure of Westhoff & Van der Maarel (1978). During this investigation, four transects 
were sampled for plants from the upper shoreline westward to the stabilized dunes. The only 
drawback with van der Hagen's data is the use of unfamiliar nomenclature for certain vegetation 
species. 

RESULTS 

In this section, the distribution of community types is analyzed in the context of the transition 
between geomorphological units and distance from the shoreline. The dune floristic composition 
was analyzed because of the role played by vegetation as obstacle trapping sand and as 
stabilizing element in dune formation. In addition, vegetation cover exerts control on the dune 
morphological characteristics. 

Appendix 5.1 gives the description of the major dune vegetation types encountered during this 
investigation. In Appendix 5.2 information on sampling locations, units, distance from the 
shoreline and height above the mean sea level is presented. In addition, Appendix 5.3 and 
Appendix 5.4 give the complete taxonomie list of all plants collected from the sand dunes by 
genus and family. 
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Plant distribution within the dune system 

It was observed during these investigations that not only do plants show zonation, but the 
species diversity increases inland; the older and more landward dunes are stabilized beneath 
increasingly complex communities, which have progressively better developed soils, and the 
influx of wind-blown sand is either minimal or non-existent. The vegetation communities show 
a close association with the main geomorphological units. The foreshore is free of vegetation 
due to the action of waves. The formation and development of the foredunes, which are a 
distinctive feature of the berm zone is associated with pioneer plant species such as Ipomoea 
pes-caprae and Scaevola plumieri in the south and Halopyrum mucronatum in the north. These 
species are remarkable for their ability to exist on highly siliceous and excessively well-drained 
soils and to withstand long periods of drought. There are about 92 rainy days per year (Kenya 
Meteorological Department, 1984). Such incipient foredunes are transformed into established 
primary dunes colonized by woody shrub species such as Cordia Somalensis, Tephrosia 
purpurea and Vernonia homilantha. 

Within the deflation planes of the northern sites, where scattered features of embryo dunes are 
present, poorly developed communities of succulent plants such as Halopyrum mucronata and 
Ipomoea pes-caprae occur in addition to dead woody plant relicts which were observed to occur 
in situ. 

The sand sheets are generally poorly vegetated on the windward slopes, where sand ripples, 
transverse and barchan dunes imply active aeolian sand transport. However, on the older 
hummocky dunes which are left as discrete bodies within the sand sheet zone, species 
assemblages of diverse affinities flourish; vegetation is mostly herbaceous or short shrub 
species. The main component of the dune vegetation in this zone is Cordia somalensis in the 
north and Vernonia homilantha in the south. It is noteworthy that during strong winds, such 
vegetation colonies may be submerged under mobile sand during which they may permanently 
perish or rejuvenate in the next rainy season. There are also grasses and sedges such as Cynodon 
nlemfuensis, Eragrostis ciliaris and Fimbristylis complanata as well as trees like Casuarina 
equisetifolia and Hyphaene compressa. 

Near the river mouth, to the north, there is a more complex structure comprising of sporadically 
distributed embryo dunes associated with Halopyrum mucronatum in the immediate supratidal 
zone. This zone terminates at an area which is occupied by isolated dune ridges. In the 
immediate landward margins of these features are extensive sebkhas. These sebkhas are 
typically occupied by scattered low hummocky established primary dunes, with a vegetation 
community dominated by Tephrosia purpurea. 

The typical vegetation (although sparsely distributed) of the perpetually moist sebkha surface are 
Cynodon nlemfuensis (grass), Fimbristylis complanata (sedge), Schoenoplectus junceus (sedge), 
Scirpus sp. (sedge) and Hermstaedtia gregoryii (herb). The invasion of the sebkhas by mobile 
sand is at its formative stage, presently exemplified by a veneer of sand sheet or ephemeral 
transverse dunes. Further from the river the former presence of such sebkhas remain locally as 
flat-topped plateaus with casuarina trees (Casuarina equisetifolia) particularly near the landward 
end of transect MBR/8. In the top laminae of the sebkha, the presence of microscopic algae was 
suggested by a green and brown stain forming biocrusts on the surface. This occurrence is 
important in mitigating sand entrainment by wind. 
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Table 5.1 presents a summary of mean vegetation density, vegetation height and the floristic 
composition at four units. 

Qualitative observations across the dune profile indicated important variations in the plant cover 
and community diversity. In general, the mean vegetation cover was highest in the hummocky 
dunes and stabilized dune ridges, reaching up to 90%. The herbaceous plant heights in this zone 
range from 1-1V2 m. In front of the foredunes, vegetation cover was about 60%, but this 
decreased towards the lee side. The plant heights generally ranged from 20-50 cm. Eragrostis 
ciliaris and Halopyrum mucronatum were the dominant grasses, whereas Fimbristylis 
complanata was the dominant sedge. The three most dominant herbaceous species were Cordia 
somalensis, Tephrosia purpurea and Vernonia homilantha. 

DISCUSSION 

Physical considerations in plant coverage 

Recent compilation of a taxonomie list has clearly shown that the dune species distribution is 
zoned perpendicular to the shoreline (Table 5.1), in close relationship to geomorphological 
divisions as well as the depth of groundwater table. The zonation of plants reflects the fact that 
physico-chemical properties of the sand surface, soil development and local wind processes vary 
across the dunefield. As a consequence, such vegetation communities impose varying stability 
degrees along the points of the dune profile as reported by Thomas & Tsoar (1990). 

The sand sheet zones are largely unvegetated, reflecting very high rates of sand movement. 
Similar observations were made by Barker et al. (1989) in the coastal dunes of Somalia. They 
found that the different sub-environments of a dunefield were characterized by unique floristic 
composition, and the species diversity was higher in areas with least sand movement. Apart 
from the direct influence of sand saltation and deposition, varying degrees of accumulation (or 
erosion) are likely to cause corresponding fluctuations of the groundwater table and/or moisture 
gradient. This in turn, would exert additional control on the vegetation distribution. 

Sebkhas which are a prominent feature of the sand sheet zone are characteristically moist 
because the groundwater table is at depths of less than 1 m. As Ranwell (1972) has pointed out, 
there is a close correspondence of sebkha ground level with water table level. In addition, they 
are spatially associated to the hummocky dune system and are therefore regarded here to be 
(remnants of) primary dune valleys. Since the groundwater level is close to the surface, it could 
be inferred that their preservation is due to increased cohesiveness of fine sediments (promoted 
by high moisture content) and/or existence of vegetation life which stabilize these structures 
against aeolian erosion. 
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Subsurface water of meteoric origins decelerates the erosion process, notwithstanding the role of 
vegetation canopy, both factors which control the erosion style. The erosion of the windward 
side of a hummocky dune and the simultaneous deposition of shadow dune downwind causes a 
shift in the moisture gradient (capillary action). This phenomenon is considered to perpetuate the 
vegetation cover in the direction of shadow dune development. 

The physical forms of vegetation inhabiting the foredunes ensure that they are efficient sand 
catchers. Their leaf structure, including rhizomatous rooting habits safeguard their development 
under moving sand conditions. In addition, the plants must be able to withstand saline 
conditions emanating either through sea-spay, flooding or salt water intrusion. These attributes 
make the aforementioned monospecific plant species to be the primary colonizers of the 
foredunes. Decrease in vegetation cover across the foredune profile can be explained by increase 
in sand accumulation from the crests to the leeward flanks. Similarly, a patch of vegetation is 
usually present on the windward slopes of hummocky dunes, but on the sand wedge at their 
anterior sand movement is excessive for plant growth. 

Following the foredune classification procedure (where distinction is based on "development 
types") proposed by Arens & Wiersma (1994), the southern foredunes can be designated 
progressive foredunes whereas their northern counterparts are regressive foredunes. In the first 
case, deposition takes place in front of the foredunes, which in addition to the fast prograding 
nature of the coast, results in a series of low established primary dunes. A series of established 
primary dunes, according to similar observations by Hesp & Nordstrom (1990) in North Ireland, 
were therefore formed under conditions of rapid coastal progradation. A typical situation of 
vegetation community succession takes place here with the immediate colonization of the 
preceding foredune by Tephrosia purpurea. In the second case, sand deposition takes place in 
the back of foredunes and is eventually lost to the sand sheet zone via the deflation plane. 
During shoreline progradation the foredune feature is usually obliterated but in some instances 
survive as hummocky dunes inhabited by Cordia somalensis and Vernonia homilantha. In fact, 
the hummocky dunes are largely established due to the trapping effect of these plant 
communities which have the ability to draw deeply-seated moisture using long roots. 

The genesis and subsequent geometrical development of these foredune features is largely 
related to the two types of vegetation namely Cordia somalensis and Vernonia homilantha. 
The plants seem to rejuvenate vertically upwards with increased sand accumulation. It is 
apparent here that vegetation promotes sediment trapping and deposition on the foredune ridge 
by reducing the wind shear stress and raising the plane of zero displacement. In fact Thomas & 
Tsoar (1990) have reported that a shrub cover of 3-6 % is sufficient to reduce aeolian erosion to 
zero. 

It was noted that vegetated hummocky dunes seldom grow in height as a result of canopy 
slowing down the winds which implies that the plants are less efficient in trapping sand, a 
consequence of their form and height. However, to a large extent vegetation is inundated by 
sand deposition and subsequently smothered. Although chances of recovery are more or less nil 
once submerged, there may be a community succession to types which adapt to the new 
environment. If this does not occur, then the dunes change from stabilized to dynamic types. 
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However, the presence of in situ tree stumps at the boundary of the deflation plane and the sand 
sheet zone seems to signify some elements of the palaeo-environment deviating from the 
present. The dead shrubs, identified as Cordia somalensis thrived as the primary colonizer when 
this area was occupied by higher hummocky dunes. Owing to a combination of aeolian 
reworking of the previous vegetated hummocky dune features and increased sediment 
accumulation, Cordia somalensis was replaced by Halopyrum mucronata and Ipomoea pes-
caprae. It can also be suggested from this observation that Cordia somalensis is less tolerant to 
the washover effect which occasionally causes seawater flooding of the deflation plane (Chapter 
3) than Halopyrum mucronata and Ipomoea pes-caprae. Leatherman (1979) refers to an 
ecological succession in barrier dune systems from a study conducted at Assateague Island, 
Maryland, U.S.A., where on one hand, woody vegetation cannot withstand frequent severe 
seawater flooding and/or burial and on the other hand, grass ecosystems are well adapted to the 
washover stresses and can therefore survive in a flexible, changing environment. 

Analogous vegetation types found in the Kenyan and Mexican coastal dunes were Caesalpinia 
bonduc, Ipomoea pes-caprae, Panicum maximum, Scaevola plumieri and Waltheria indica. In 
addition, there were species of Cenchrus sp., Comme Una sp., Dactyloctenium sp., Fimbristylis 
sp. and Psychotria sp. Locally, the zonations are caused by direct influence of sand movement 
and indirectly by groundwater. 

Implications of sand movement on vegetation cover 

The effect of wind and sand movement is probably the major factor in the distribution and 
establishment of plants in these aeolian environments. From the investigation of the conditions 
prevailing along the Malindi Bay coast, a broad view of the geomorphologic and vegetational 
factors was attained. This coastline is recognized, even from aerial photographs as being one of 
shifting sand dunes with sparse vegetation cover. The sparse vegetation is primarily due to the 
shifting nature of the dunes. A clear succession within the dune environment is complicated by 
high rates of sand movement oblique to the coast. 

Due to sparse vegetation cover, this area of the coast is subjected to increased effect of 
windblown sand, burying and causing death to the less tolerant plants in the area. This is 
particularly noticeable from about 700 m inland along profile MBR/8 (Figure 3.7b), where the 
various plant species in this area have an endless battle to remain above the surface. 

Sand that blows where the suitable pioneer plants exist, is trapped by it expending foredune 
formation and therefore these plants serve as useful stabilizing plants. The selection of 
sufficiently adapted plants, is necessary for successful stabilization. 

The relationship between vegetation and wind regime is important with regard to dune 
movement, as plants build dunes and, in turn, the accumulation control plant growth. Monitoring 
sand movement in vegetated (hummocky dunes and foredunes) and denuded dunes (barchans) 
has shown that plants are essential in trapping moving sands. 

Vegetation therefore creates a "surface roughness", which may sometimes be wiped out due to 
burial during extremely windy conditions. Fortunately, Cordia somalensis and Vernonia 
homilantha, which grow in the rear dune areas regenerates after burial and continue their role as 
dune stabilizers. 
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From the foregoing, it is possible to deduce that grasses and short or creeping shrubs are more 
effective than tall shrubs as sand traps as it has been shown from sediment flux studies (Chapter 
4) that more than 99% of the transport takes place below 0.3 m. Consequently, overgrazing 
activities and wanton destruction of other vegetation cover in the study area has widely been 
noted to result in enhanced sand movement and fast changes in dune morphology. 

More site-specific measurements of the micro-climate parameters and sand transport rates are 
required to explain the differences in vegetation types present on the foredunes and hummocky 
dunes in the north and south of the study area. Furthermore, the foredune classification 
procedure such as that proposed by Arens & Wiersma (1994) which is based on differences in 
foredune development would be more applicable for the Malindi Bay coast if vegetation 
characteristics were taken into consideration. 

CONCLUSION 

The four geomorphological units that show distinct vegetation characteristics are the foredune, 
established primary dunes, hummocky dunes and the sebkha surface. There are three main 
pioneer species types associated with the foredune. These are Ipomoea pes-caprae and Scaevola 
plumieri in the south and Halopyrum mucronatum in the north. They persist in habitats 
characterized by high sand transport rates and accumulation. Castillo et at (1991) have 
described these vegetation communities as pantropical and characteristically monospecific. 
The dominant communities in established primary dunes are herbaceous or low shrub species 
such as Tephrosia purpurea (both north and south), Vernonia homilantha (south) and Cordia 
somalensis (north). These are the typical plants of stabilized dune forms and show relatively 
considerable vitality under conditions of high sand transport and accumulation. Vegetation 
succession on established primary (progressive) dunes in the southern sites is evident, where 
Ipomea pes-caprae and Scaevola plumieri have been succeeded by Tephrosia purpurea. 

The floristic composition of hummocky dunes shows more diverse vegetation communities, 
where the main components of these discrete features consisting of Vernonia homilantha in the 
south and Cordia somalensis in the north. 

Cynodon nlemfuensis, Fimbristylis complanata and Sesuvium portulacastrum are uniquely 
adapted to growing in the sebkha zone mainly due to the shallow water table. 

In the present study, Halopyrum mucronatum, Ipomoea pes-caprae and Scaevola plumieri were 
observed to adapt very well to environments such as foredunes with high sand transport rates 

and accumulation. In comparison, Cordia somalensis and Vernonia homilantha find such 
conditions inhabitable and prefer the more stable hummocky dunes. 

The distribution of plant communities reflect zonation, and the species diversity increases with 
distance from the shoreline and gradation of landscape units. Vegetation communities are 
significantly different from those of NW Europe coastal dunes but similarities exist with coastal 
tropical regions such as Mexico in the presence of pantropical species such as Ipomoea pes-
caprae, Scaevola plumieri and Sesuvium portulacastrum. In Mexico, as in Malindi Bay these 
plants form the dominant pioneer communities. 
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Appendix 5.1: Description of the dominant dune vegetation. 

Sample 
no. Species, family and description 

1. MLD/1/1 Scaevola plumieri (Goodeniaceae). Shrub with succulent, mesophyllous 
yellowish green leaves, white flowers and black fruits. 

2. MGC/2/1 Maytenus senegalensis (Celastraceae). Shrub or small tree with greyish blue 
leaves, spines and masses of creamy green flowers. 

3. MGC/2/2 Clerodendrum glabrum (Verbenaceae). Shrub, sometimes leaves in threes and 
with nasty smell, with white flowers. 

4. MGC/2/3 Lantana camara (Verbenaceae). Shrub with yellow and red flowers and black 
fruits. 

5. MGC/2/4 Abrusprecatorius (Papilionaceae). Climber with pinkish mauve flowers and, 

black and red seeds in pods. 

6. MGC/2/5 Dactyloctenium geminatum (Gramineae). Grass with one or paired recemes. 

7. MGC/2/6 Indigofera vohemarensis (Papilionaceae). Low woody herb with pink flowers 
and small, slightly four angled pods. 

8. MGC/2/7 Caesalpinia bonduc (Caesalpiniaceae). Shrub with hooked prickles on stems 
and leaves and yellow flowers. Prickly pods contain grey seeds used in "Bao" 
game. 

9. MGC/2/8 Sideroxylon inerme (Sapotaceae). Tree with leathery leaves and reddish 
petioles, dark blue fruits sessile on stems sticky inside. 

10. MGC/2/9 Crotalaria ? grata (Papilionaceae). Woody herb with yellow flowers and 
inflated pods. 

11. MGC/2/10 Fimbristylis complanata (Cyperaceae). Sedge with blunt leaves and rusty 
brown fruits in spreading heads. 

12. MGC/2/11 Alysicarpus glumaceus ssp malucalusoi (Papilionaceae). Creeping herb with 

unifoliolate leaves. 

13. MGC/2/12 Desmodium triflorum (Papilionaceae). Creeping herb with trifoliolate leaves. 

14. KBN/3/1 Phyla nodiflora (Verbenaceae). Creeping herb with elongated heads of mauve 
flowers. 

15. KBN/3/2 Vernonia homilantha (Compositae). Robust woody herb or sub shrub with 
slim fleshy leaves and white flowers. 
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16. KBN/3/3 Calotropisprocera (Asclepiadaceae). Robust shrub with glaucous leaves, 

purple and white flowers, and large inflated fruits. 

17. SBK/4/1 Eragrostis ciliaris (Gramineae). Annual grass with purplish spikes of 

pubescent fruits. 

18. SBK/4/2 Cyperus crassipes (Cyperaceae). Rhizomatous sedge with wide leaves. 

19. SBK/4/3 Flacourtia indica (Flacourtiaceae). Small tree with spines and edible fruits. 

20. SBK/4/4 Bourreriapetiolaris (Boraginaceae). Small tree with white flowers, red fruits 

and hollow stems. 

21. SBK/4/5 Capparis sepiaria (Capparaceae). Scandent shrub with hooks at leave axels. 

22. SBK/4/6 Casuarina equisetifolia (Casuarinaceae). Tree. 

23. SBK/4/7 Hyphaene compressa (Palmae). Large "doum" palm 
24. MBR/8/1 Halopyrum mucronatum (Gramineae), pioneer grass with large ovate heads of 

fruits and rhizomatous roots. It a moderately tall grass (30-50 cm) and usually 
grows in dense tussocks. 

25. MBR/8/2 Ipomoeapes-caprae (Convolvulaceae), spreading sub shrub with 'goat foot' 
leaves, purple flowers and long succulent branches. 

26. MBR/8/4 Hermbstaedtia gregoryii (Amaranthaceae), fleshy creeping herb with pinkish 
white flowers, only known from Mambrui and Lamu sand dunes. 

27. MBR/8/5 Cynodon nlemfuensis (Gramineae), creeping grass with several short digitate 
(finger-like) raceme 

28. MBR/8/6 Schoenoplectus junceus (Cyperaceae), sedge with cluster of filaments on stem 

like leaves. 

29. MBR/8/7 Phyllanthus reticulatus (Euphorbiaceae), shrub with many small leaves. 

30. MBR/8/8 Grewia grandulosa (Tiliaceae), shrub/small tree with mauve flowers and 
black fruits. 

31. MBR/8/9 Jasminumfluminence (Oleaceae), climber with sweetly scented white flowers 
and black fruits. 

32. MBR/8/10 Achyranthes aspera (Amaranthaceae), herb with spikes of small pinkish 
flowers and downward pointing barbed fruits which cling to clothes. 
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33. MBR/8/11 Per gularia daemia (Asclepiadaceae), climber with milky juice and drooping 

flowers, red inside with 'crown'. 

34. MBR/8/12 Vernonia hildebrandtii (Compositae), woody herb with leaf base half lobed 
(collect flowers). 

35. MBR/8/13 Momordia littorea (Cucurbitaceae), trailing plant with 3 leaflets and red juicy 

fruit. 

36. MBR/12/1 Cordia somalensis (Boraginaceae), with white flowers and orange fruits. 

37. MBR712/2 Diodia aulacosperma var angustata (Rubiaceae), herb with white flowers. 

38. MBR/12/3 Jatropha stuhlmannii (Euphorbiaceae), woody herb or sub with small 

yellowish flowers and 3-lobed fruit. 

39. MBR/12/4 Cissus rotundifolia (Vitaceae), climber with yellowish flowers. 

40. MBR/12/5 Tephrosiapurpurea ssp dunensis (Papilionaceae), herb with pink flowers and 
small flat pods. 

41. MBR/12/6 Asystasia ansellioides (Acanthaceae), herb with square stems and pale mauve 

flowers with darker marks on lips. 

42. MBR/12/7 Digitaria milanjianum (Gramineae), grass with paired slender raceme. 

43. MBR/12/8 Azima tetracantha (Salvadoraceae), shrub with 4 spines at each leaf pair. 

44. MBR/12/9 Cassytha filiformis (Lauraceae), parasite with yellow stems and white flowers. 

45. MBR/12/10 Cyphostemma dysocarpum ssp pwani (Vitaceae), climber with palmately 
divided leaves. 

46. MBR/12/11 Rhynchosia velutina (Papilionaceae), climber with trifoliate leaves and small 
yellow flowers. 

47. MBR/12/12 Euphorbia tirucalli (Euphorbiaceae), shrub with green, almost leafless stems 

and clusters of yellowish flowers and milky juice which blisters skin. 

48. MBR/12/13 Pedalium murex (Pedaliaceae), herb with pale yellow flowers and spiny fruits. 

49. MBR/12/14 Panicum maximum (Gramineae), tall grass. 

50. MBR/12/15 Commelina latifolia (Commelinaceae), creeping herb with blue flowers. 

51. MBR/12/16 Kohautia caespitosa (Rubiaceae), herb with scented delicate pinkish white 
flowers. 
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52. MBR/12/17 Justicia flava (Acanthaceae), herb with spikes of yellow flowers. 

53. MBR/12/18 Sansevieria arborescens (Dracaenaceae), stiff sub shrub with spine tipped 
leaves. 

54. MBR/12/19 Azadirachta indica (Meliaceae), tree with pinnate leaves (Common name is 
Mkilifi or Muarobaini). 

55. MBR/12/20 Dichrostachys cinerea (Mimosaceae), shrub/small tree with fine pinnate 
leaves and spines and two coloured flower heads. 

56. MBR712/21 Psychotha punctata (Rubiaceae), shrub with black dotted leaves, white 
flowers and red fruits. 

57. MBR/12/22 Dalechampia scandens (Euphorbiaceae), slender climber with 3 lobed leaves 

and flowers in green bracts. 

58. MBR/12/23 Hyphaene coriacea (Palmae), short single stemmed palm. 

59. MBR/12/24 Boscia coriaceae (Capparaceae), tree with heads of small white flowers. 

60. MBR/12/25 Deinbollia borbonica (Sapindaceae), single stemmed shrub with spikes of 
white flowers and round white edible fruits. 

61. MBR/12/26 Feretia apodanthera (Rubiaceae), shrub with peeling bark on older twigs and 
white flowers before the rains. 

62. MBR/12/27 Elaeodendron schweinfurthianum (Celastraceae), shrub/small tree with small 
greenish flowers and sharp pointed leaves 

63. MBR/12/28 Cyperus rotundus (Cyperaceae), tall sedge with orangery brown flowers. 
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Appendix 5.2: Species composition of the different geomorphological units. 
Along each transect plants were collected of each "new" 
vegetation type from the shoreline to the edge of the mobile 
sand dunes. FD = Foredune, PD = Established primary dune, 
HD= Hummocky dune, SK = Sebkha 

Transect 
MLD/1 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
MGC/2 
KBN/3 
KBN/3 
KBN/3 
KBN/3 
KBN/3 
KBN/3 
KBN/3 
KBN/3 

Code 
Dl 
Dl 
D53/1 
D53/2 
D53/3 
D53/4 
D53/5 
D53/6 
D53/7 
D53/8 
D60 
D69 
D80/1 
D80/2 
D80/3 
D80/4 
D90/1 
D90/2 
D90/3 
D90/4 
D90/5 
D90/6 
D90/7 
D93/1 
D93/2 
D93/3 
D93/4 
D93/5 
D93/6 
D93/7 
D93/8 
D93/9 
D93/10 
D93/11 
D93/12 
D93/13 
D93/14 
D93/15 
D93/16 
D2 
D75/1 
D75/2 
D81/1 
D81/2 
D112/1 
D114/1 
D114/2 

Unit 
FD 
FD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
FD 
SK 
SK 
HD 
HD 
HD 
HD 
HD 

dist(m) 
5 

10 
265 
265 
265 
265 
265 
265 
265 
265 
300 
345 
400 
400 
400 
400 
450 
450 
450 
450 
450 
450 
450 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 
465 

10 
375 
375 
405 
405 
560 
570 
570 

Ht(m) 
6.4 
5.6 

10.6 
10.6 
10.6 
10.6 
10.6 
10.6 
10.6 
10.6 
10.2 
10.4 
13.4 
13.4 
13.4 
13.4 
13.7 
13.7 
13.7 
13.7 
13.7 
13.7 
13.7 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
12.3 
5.8 
9.3 
9.3 
9.7 
9.7 

12.5 
11.8 
11.8 

DomimintSpecies 
Scaevola plumieri 
Scaevola plumieri 
Cor dia somalensis 
Maytenus senegalensis 
Phyllanthus reticulatus 
Vernonia hildebrandtii 
Azadirachta indica 
Cassytha filiform is 
Cyphostemma dysocarpum ssp pwani 
Ipomoea pes-caprae 
Lantana camara 
Digitaria milanjianum 
Clerodendrum glabrum 
Lantana camara 
Cissus rotundifolia 
Phyllanthus reticulatus 
A brus precatorius 
Psychotria punctata 
Asystasia ansellioides 
Grewia grandulosa 
Cordia somalensis 
Phyllanthus reticulatus 
Jasminum fluminense 
Dactyloctenium geminatum 
Indigofera vohemarensis 
Caesalpinia bonduc 
Sideroxylon inerme 
Crotalaria ? grata 
Fimbristylis complanata 
Alysicarpus glumaceus 
Dactyloctenium geminatum 
Desmodium triflorum 
Waltheria indica 
Digitaria milanjianum 
Kohautia caespitosa 
Pedalium murex 
Elaeodendron schweinfurthianum 
Rhynchosia velutina 
Vernonia hildebrandtii 
Scaevola plumieri 
Phyla nodijlora 
Fimbristylis complanata 
Vernonia homilantha 
Calotropis procera 
Digitaria ciliaris 
Calotropis procera 
Fimbristylis complanata 

Family 
Goodeniaceae 
Goodeniaceae 
Boraginaceae 
Celastraceae 
Euphorbiaceae 
Compositae 
Meliaceae 
Lauraceae 
Vitaceae 
Convolvulaceae 
Verbenaceae 
Gramineae 
Verbenaceae 
Verbenaceae 
Vitaceae 
Euphorbiaceae 
Papilionaceae 
Rubiaceae 
Acanthaceae 
Tiliaceae 
Boraginaceae 
Euphorbiaceae 
Oleaceae 
Gramineae 
Papilionaceae 
Caesalpiniaceae 
Sapotaceae 
Papilionaceae 
Cyperaceae 
Papilionaceae 
Gramineae 
Papilionaceae 
Sterculiaceae 
Gramineae 
Rubiaceae 
Pedal iaceae 
Celastraceae 
Papilionaceae 
Compositae 
Goodeniaceae 
Verbenaceae 
Cyperaceae 
Compositae 
Asclepiadaceae 
Gramineae 
Asclepiadaceae 
Cyperaceae 
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KBN/3 
KBN/3 
KBN/3 
KBN/3 
KBN/3 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/4 
SBK/7 
SBK/7 
SBK/7 
SBK/7 
SBK/7 
SBK/7 
SBK/7 
SBK/7 
SBK/7 
SBK/7 
SBK/7 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 

Dl 14/3 
Dl 14/4 
Dl 14/5 
D116 
Dl 26/1 
D107 
D119 
Dl 20/1 
Dl 20/2 
Dl 20/3 
Dl 20/4 
Dl 20/5 
Dl 20/6 
Dl 20/7 
Dl 20/8 
D124 
D128 
D131/2 
Dl 34/1 
Dl 34/1A 
Dl 34/2 
Dl 34/3 
D137/1 
Dl 40/1 
Dl 78/1 
Dl 80/1 
Dl 84/2 
D202 
D209/1 
D209/2 
D209/3 
D210/1 
D210/1A 
D210/2 
D100/1 
Dl 13/1 
Dl 17/2 
Dl 18/1 
D155 
Dl 89/1 
Dl 89/2 
Dl 90/1 
D191/1 
D191/2 
D191/3 
Dl 
D45 
D63 
D92 
D92 
D92 
D120 
D130/1 
Dl 30/2 
Dl 30/3 

HD 
HD 
HD 
HD 
HD 
HD 
SK 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
SK 
SK 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
FD 
HD 
HD 
SK 
SK 
SK 
HD 
HD 
HD 
HD 

570 
570 
570 
580 
630 
535 
595 
600 
600 
600 
600 
600 
595 
595 
595 
620 
640 
655 
670 
670 
670 
670 
685 
700 
890 
900 
920 

1010 
1045 
1045 
1045 
1050 
1050 
1050 
500 
565 
585 
590 
775 
945 
945 
950 
955 
955 
955 

5 
225 
315 
460 
460 
460 
600 
650 
650 
650 

11.8 
11.8 
11.8 
11.5 
14.4 
11.8 
10.6 
10.7 
10.7 
10.7 
10.7 
10.7 
10.7 
10.7 
10.7 
10.6 
11.6 
17.2 
10.8 
10.8 
10.8 
10.8 
11.2 
11.1 
17.1 
16.3 
17.6 
21.9 
25.5 
25.5 
25.5 
26.9 
26.9 
26.9 
22.1 
26.1 
28.9 
29.2 
36.5 
65.7 
65.7 
66.2 
67.8 
67.8 
67.8 

3.6 
6.5 
8.8 

10.6 
10.6 
10.6 
20.3 
20.7 
20.7 
20.7 

Digitaria gazensis 
Enicostema axillare 
Desmodium tri/lorum 
Pedal htm murex 
Dichrostachys cinerea 
Cordia somalensis 
Fimbristylis complanata 
Eragrostis ciliaris 
Cyperus crassipes 
Flacourtia indica 
Bourreria petiolaris 
Capparis sepiaria 
Casuarina equisetifolia 
Hyphaene compressa 
Casuarina equisetifolia 
Cordia somalensis 
Phyllanthus reticulaius 
Jasminum fluminense 
Dactyloctenium ctenioides 
Dactyloctenium ctenioides 
Cynodon nlemfuensis 
Dactyloctenium ctenioides 
Enicostema axillare 
Pluchea dioscoridis 
Digitaria milanjiana 
Indigo/era hirsuta 
Eragrostis ciliaris 
Alysicarpus glumaceus 
Polygala sphenoptera 
Waltheria indica 
Tridax procumbens 
Alysicarpus ovalifolius 
Zornia apiculata 
Kohautia caespitosa 
Scirpus sp 
Allmaniopsis fruticulosa 
Cynodon nlemfuensis 
Fimbristylis complanata 
Pluchea dioscoridis 
Cyphostemma dysocarpum ssp pwani 
Digitaria milanjiana 
Digitaria milanjiana 
Cyperus crassipes (=maritimus) 
Cyperus crassipes (=maritimus) 
Macrotyloma unijlorum 
Halopyrum mucronatum 
Ipomoea pes-caprae 
Cordia somalensis 
Hermbstaedtia gregoryii 
Cynodon nlemfuensis 
Schoenoplectus junceus 
Phyllanthus reticulaius 
Grewia glandulosa 
Jasminum fluminense 
Achyranthes aspera 

Gramineae 
Gentianaceae 
Papilionaceae 
Pedaliaceae 
Mimosaceae 
Boraginaceae 
Cyperaceae 
Gramineae 
Cyperaceae 
Flacourtiaceae 
Boraginaceae 
Capparaceae 
Casuarinaceae 
Palmae 
Casuarinaceae 
Boraginaceae 
Euphorbiaceae 
Oleaceae 
Gramineae 
Gramineae 
Gramineae 
Gramineae 
Gentianaceae 
Compositae 
Gramineae 
Papilionaceae 
Gramineae 
Papilionaceae 
Polygalaceae 
Sterculiaceae 
Compositae 
Polygalaceae 
Polygalaceae 
Rubiaceae 
Cyperaceae 
Amaranthaceae 
Gramineae 
Cyperaceae 
Compositae 
Vitaceae 
Gramineae 
Gramineae 
Cyperaceae 
Cyperaceae 
Papilionaceae 
Gramineae 
Convolvulaceae 
Boraginaceae 
Amaranthaceae 
Gramineae 
Gramineae 
Euphorbiaceae 
Tiliaceae 
Oleaceae 
Amaranthaceae 
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MBR/8 
MB R/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/8 
MBR/9 
MBR/9 
MBR/9 
MBR/9 
MBR/9 
MBR/9 
MBR/9 
MBR/9 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/10 
MBR/11 
MBR/11 
MBR/11 
MBR/11 
MBR/11 
MBR/11 
MBR/11 

D140/1 
Dl 40/2 
Dl 40/3 
D141/1 
D145/1 
D146/1 
Dl 64/1 
Dl 64/3 
D165/1 
Dl 65/2 
Dl 65/3 
Dl 65/5 
Dl 68/1 
Dl 68/2 
Dl 68/3 
Dl 68/4 
Dl 68/5 
Dl 70/1 
Dl 70/2 
Dl 70/3 
D71/1 
D101/1 
Dl 04/1 
D110/1A 
D110/1B 
Dl 10/2 
Dl 12/1 
Dl 64/2 
D3/1 
D49/1 
D49/2 
D49/3 
D49/4 
D60/1 
D75/1 
D75/2 
D75/3 
D75/4 
D75/5 
D75/6 
D75/7 
D75/8 
D75/9 
D75/10 
D81/1 
D81/2 
D93/1 
D93/2 
D25/1 
D25/2 
D26/1 
D26/2 
D40/1 
D40/2 
D40/3 

HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
SK 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 

700 
700 
700 
705 
725 
730 
820 
820 
825 
825 
825 
825 
840 
840 
840 
840 
840 
850 
850 
850 
355 
505 
520 
550 
550 
550 
560 
820 

15 
245 
245 
245 
245 
300 
375 
375 
375 
375 
375 
375 
375 
375 
375 
375 
405 
405 
465 
465 
125 
125 
130 
130 
200 
200 
200 

28.1 
28.1 
28.1 
28.1 
31.1 
33.3 
48.1 
48.1 
49.3 
49.3 
49.3 
49.3 
53.7 
53.7 
53.7 
53.7 
53.7 
54.2 
54.2 
54.2 
10.6 
21.9 
25.1 
30.1 
30.1 
30.1 
30.6 
12.1 
4.6 
2.8 
2.8 
2.8 
2.8 
4.8 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 
9.4 

13.7 
13.7 
2.6 
2.6 

15.2 
15.2 
16.7 
16.7 
24.7 
24.7 
24.7 

Per gularia daemia 
Vernonia hildebrandtii 
Momordica littorea 
Boerhavia coccinea 
Vernonia hildebrandtii 
Momordica rost rat a 
Cissus rotundifolia 
Rhynchosia velutina 
Cassyt ha filiform is 
Laws on ia inermis 
Solanecio angulatus 
Psilotrichum sericeum 
Dichrostachys cinerea 
Vernonia homilantha 
Maerua triphylla 
Pedalium murex 
Psilotrichum sericeum 
Indigofera tanganyikensis 
Oxygonum atriplicifolium 
Oldenlandia affinis 
Sesuvium portulacastrum 
Achyranthes as per a 
Solanum incanum 
Asparagus racemosus 
Asparagus racemosus 
Thylasium thomasii 
Coccina trilobata 
Tinospora cajfra 
Halopyrum mucronatum 
Jasminum fluminense 
Jasm inum jlum inense 
Cissus rotundifolia 
Jasminum fluminense 
Cordia somalensis 
Maytenus senegalensis 
Cordia somalensis 
Psychotria punctata 
Sideroxylon inerme 
Clerodendrum glabrum 
Justiciaflava 
Maytenus senegalensis 
Phyllanthus reticulatus 
Cissus rotundifolia 
Tinospora cajfra 
Psychotria punctata 
Pergularia daemia 
Cenchrus biflorus 
Cassia occidental is 
Ipomoea pes-caprae 
Cordia somalensis 
Lepturus repens 
Phyllanthus reticulatus 
Coccinia grandis 
Hoslundia opposita 
Psilotrichum sericeum 

Asclepiadaceae 
Compositae 
Cucurbitaceae 
Nyctaginaceae 
Compositae 
Cucurbitaceae 
Vitaceae 
Papilionaceae 
Lauraceae 
Lythraceae 
Compositae 
Amaranthaceae 
Mimosaceae 
Compositae 
Capparaceae 
Pedal iaceae 
Amaranthaceae 
Papilionaceae 
Polygonaceae 
Rubiaceae 
Aizoaceae 
Amaranthaceae 
Solanaceae 
Asparagaceae 
Asparagaceae 
Capparaceae 
Cucurbitaceae 
Menispermaceae 
Gramineae 
Oleaceae 
Oleaceae 
Vitaceae 
Oleaceae 
Boraginaceae 
Celastraceae 
Boraginaceae 
Rubiaceae 
Sapotaceae 
Verbenaceae 
Acanthaceae 
Celastraceae 
Euphorbiaceae 
Vitaceae 
Menispermaceae " 
Rubiaceae 
Asclepiadaceae 
Gramineae 
Caesalpiniaceae 
Convolvulaceae 
Boraginaceae 
Gramineae 
Euphorbiaceae 
Cucurbitaceae 
Labiatae 
Amaranthaceae 

128 



cont. Appendix 5.2 
MBR/11 
MBR/11 
MBR/11 
MBR/11 
MBR/11 
MBR/11 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 
MBR/12 

D47/1 
D47/2 
D47/3 
D47/4 
D47/5 
D54/1 
D13/1 
Dl 3/2 
Dl 3/3 
Dl 3/4 
Dl 3/5 
Dl 3/6 
Dl 3/7 
D14/1 
Dl 4/2 
Dl 4/3 
Dl 4/4 
Dl 4/5 
Dl 4/6 
Dl 4/7 
D15/1 
Dl 5/2 
Dl 5/3 
Dl 5/4 
Dl 5/5 
Dl 5/6 
Dl 5/7 
Dl 5/8 
Dl 6/1 
Dl 6/2 
Dl 6/3 
Dl 6/4 
Dl 6/5 
Dl 6/6 
D13/1 
D14/1 
Dl 4/2 
Dl 4/3 
Dl 4/4 
D15/4A 
Dl 5/5 
Dl 6/1 
Dl 6/2 
Dl 6/3 
Dl 6/5 A 
Dl 7/1 
Dl 7/2 

HD 
HD 
HD 
HD 
HD 
HD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 
FD 

235 
235 
235 
235 
235 
270 

65 
65 
65 
65 
65 
65 
65 
70 
70 
70 
70 
70 
70 
70 
75 
75 
75 
75 
75 
75 
75 
75 
80 
80 
80 
80 
80 
80 
65 
70 
70 
70 
70 
75 
75 
80 
80 
80 
80 
85 
85 

27.2 Commelina lat ifol ia 
27.2 Corallocarpas ellipticus 
27.2 Asystasia gangetica 
27.2 Cord ia somalensis 
27.2 Cissus rotundifolia 
30.7 Per gularia daem ia 

5.4 Cordia somalensis 
5.4 Diodia aulacosperma 
5.4 Jatropha stuhlmannii 
5.4 Cissus rotundifolia 
5.4 Tephrosia purpurea ssp dunensis 
5.4 Asystasia ansellioides 
5.4 Digitaria milanjianum 
6.8 Azima tetracantha 
6.8 Cassythafiliformis 
6.8 Cyphostemma dysocarpum ssp pwani 
6.8 Rhynchosia velutina 
6.8 Euphorbia tirucalli 
6.8 Pedalium murex 
6.8 Panicum maximum 
8.6 Commelina lat if ol ia 
8.6 Kohautia caesp itosa 
8.6 Justiciaflava 
8.6 Sansevieria arborescens 
8.6 Azadirachta indica 
8.6 Dichrostachys cinerea 
8.6 Psychotria punctata 
8.6 Dalechampia scandens 
7.4 Hyphaene coriacea 
IA Boscia coriaceae 
IA Deinbollia borbonica 
IA Feretia apodanthera 
IA Elaeodendron schweinfurthianum 
IA Cyperus rotundus 
5.4 Tephrosia purpurea 
6.8 Cissus rotundifolia 
6.8 Diodia aulacosperma 
6.8 Cordia somalensis 
6.8 Jatropha stuhlmannii 
8.6 Jasminumfluminense 
8.6 Digitaria c iliaris 
IA Rhynchosia velut ina 
7.4 Cyphostemma sp 
7.4 Kohautia caesp itosa 
7.4 Plectranthus sp 
5.7 Justicia flava 
5.7 Panicum maximum 

Commelinaceae 
Cucurbitaceae 
Acanthaceae 
Boraginaceae 
Vitaceae 
Asclepiadaceae 
Boraginaceae 
Rubiaceae 
Euphorbiaceae 
Vitaceae 
Papilionaceae 
Acanthaceae 
Gramineae 
Salvadoraceae 
Lauraceae 
Vitaceae 
Papilionaceae 
Euphorbiaceae 
Pedal iaceae 
Gramineae 
Commelinaceae 
Rubiaceae 
Acanthaceae 
Dracaenaceae 
Mei iaceae 
Mimosaceae 
Rubiaceae 
Euphorbiaceae 
Palmae 
Capparaceae 
Sapindaceae 
Rubiaceae 
Celastraceae 
Cyperaceae 
Papilionaceae 
Vitaceae 
Rubiaceae 
Boraginaceae 
Euphorbiaceae 
Oleaceae 
Gramineae 
Papilionaceae 
Vitaceae 
Vitaceae 
Labiatae 
Acanthaceae 
Gramineae 
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Appendix 5.3: Plants collected from coastal sand dunes at Malindi Bay north 
and south of the Sabaki river mouth by genus. 

Abrus precatorius (Papilionaceae) 
Achyranthes aspera (Amaranthaceae) 
A llmaniopsis fruticulosa (Amaranthaceae) 
Alysicarpus glumaceus ssp macalusoi (Papilionac 
Alysicarpus ovalifolius (Papilionaceae) 
Asparagus racemosus (Asparagaceae) 
Asystasia ansellioides (Acanthaceae) 
Asystasia gangetica (Acanthaceae) 
Azadirachta indica (Meliaceae) 
Azima tetracantha (Salvadoraceae) 
Boerhavia coccinea (Nyctaginaceae) 
Boscia coriaceae (Capparaceae) 
Bourreria petiolaris (Boraginaceae) 
Caesalpinia bonduc (Caesalpiniaceae) 
Calotropis procera (Asclepiadaceae) 
Capparis sepiaria (Capparaceae) 
Cassia occidentalis (Caesalpiniaceae) 
Cassytha filiformis (Lauraceae) 
Casuahna equisetifolia (Casuarinaceae) 
Cenchrus biflorus (Gramineae) 
Cissus rotundifolia (Vitaceae) 
Clerodendrum glabrum (Verbenaceae) 
Coccinia grandis (Cucurbitaceae) 
Coccinia ? trilobata (Cucurbitaceae) 
Commelina latifolia (Comme linaceae) 
Corallocarpus ellipticus (Cucurbitaceae) 
Cordia somalensis (Boraginaceae) 
Crotalaria ? grata (Papilionaceae) 
Cynodon nlemfuensis (Gramineae) 
Cyperus crassipes (Cyperaceae) 
Cyperus rotundus (Cyperaceae) 
Cyphostemma dysocarpum ssppwani (Vitaceae) 
Cyphostemma sp (Vitaceae) 
Dactyloctenium ctenioides (Gramineae) 
Dactyloctenium geminatum (Gramineae) 
Dalechampia scandens (Euphorbiaceae) 
Deinbollia borbonica (Sapindaceae) 
Desmodiuam triflorum (Papilionaceae) 
Dichrostachys cinerea (Mimosaceae) 
Digitaria ciliaris (Gramineae) 
Digitaria gazensis (Gramineae) 
Digitaria milanjiana (Gramineae) 
Diodia aulacosperma var angustata (Rubiaceae) 
Elaeodendron schweinfurthianum (Celastraceae) 
Enicostema axillare (Gentianaceae) 
Eragrostis ciliaris (Gramineae) 
Euphorbia tirucalli (Euphorbiaceae) 
Feretia apodanthera (Rubiaceae) 
Fimbristylis complanata (Cyperaceae) 
Flacourtia indica (Flacourtiaceae) 
Grewia grandulosa (Tiliaceae) 
Halopyrum mucronatum (Gramineae) 

Hermbstaedtia gregoryii (Amaranthaceae) 
Hoslundia opposita (Labiatae) 
Hyphaene compressa (Palmae) 

) Hyphaene coriacea (Palmae) 
Indigo/era hirsuta (Papilionaceae) 
Indigofera tanganyikensis (Papilionaceae) 
Indigofera vohemarensis (Papilionaceae) 
Ipomoea pes-caprae (Convol vulaceae) 
Jasminum fluminense (Oleaceae) 
Jatropha stuhlmannii (Euphorbiaceae) 
Justicia jlava (Acanthaceae) 
Kohautia caespitosa (Rubiaceae) 
Lantana camara (Verbenaceae) 
Lawsonia inermis (Lythraceae) 
Lepturus repens (Gramineae) 
Macrotyloma uniflorum (Papilionaceae) 
Maerua triphylla (Capparaceae) 
Maytenus senegalensis (Celastraceae) 
Momordia littorea (Cucurbitaceae) 
Momordia rostrata (Cucurbitaceae) 
Oldenlandia affinis (Rubiaceae) 
Oxygonum atriplicifolium (Polygonaceae) 
Panicum maximum (Gramineae) 
Pedalium murex (Pedaliaceae) 
Pergularia daemia (Asclepiadaceae) 
Phyla nodiflora (Verbenaceae) 
Phyllanthus reticulatus (Euphorbiaceae) 
Plectranthus sp (Labiatae) 
Pluchea dioscoridis (Compositae) 
Polygala sphenoptera (Polygalaceae) 
Psilotrichum sericeum (Amaranthaceae) 
Psychotria punctata (Rubiaceae) 
Rhynchosia velutina (Papilionaceae) 
Sansevieria arborescens (Dracaenaceae) 
Scaevola plumieri (Goodeniaceae) 
Schoenoplectus junceus (Cyperaceae) 
Scirpus sp (Cyperaceae) 
Sesuvium portulacastrum (Aizoaceae) 
Sideroxylon inerme (Sapotaceae) 
Solanecio angulatus (Compositae) 
Solanum incanum (Solanaceae) 
Tephrosiapurpurea ssp dunensis (Papilionaceae) 
Thylacium thomasii (Capparaceae) 
Tinospora caffra (Menispermaceae) 
Tridax procumbens (Compositae) 
Vernonia hildebrandtii (Compositae) 
Vernonia homilantha (Compositae) 
Waltheria indica (Sterculiaceae) 
Zornia apiculata (Papilionaceae) 
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Appendix 5.4: Plants collected from coastal sand dunes at Malindi Bay, north 
of Sabaki river mouth by family. 

ACANTHACEAE 
Asystasia ansellioides 
Asystasia gangetica 
Justicia flava 

AIZOACEAE 
Sesuvium portalacastrum 

AMARANTHACEAE 
Achyranthes aspera 
A llmaniopsis fruticulosa 
Hermbstaedtia gregoryii 
Psilotrichum sericeum 

ASCLEPIADACEAE 
Calotropis procera 
Pergularia daemia 

ASPARAGACEAE (Liliaceae) 

Asparagus racemosus 

BORAGINACEAE 
Bourreria petiolaris 
Cordia somalensis 

CAESALPrNIACEAE 
Caesalpinia bonduc 
Cassia occidentalis 

CAPPARACEAE 
Boscia cohaceae 
Capparis sepiaria 
Maerua triphylla 
Thylacium thomasii 

CASUARJNACEAE 
Casuarina equisetifolia 

CELASTRACEAE 
Elaeodendron schweinfurthianum 
Maytenus senegalensis 

COMMELINACEAE 
Commelina lalifolia 

COMPOSITAE (Asteraceae) 
Pluchea dioscoridis 
Solanecio angulatus 
Tridax procumbens 
Vernonia hildebrandtii 
Vernonia homilanlha 

CONVOLVULACEAE 
Ipomoea pes-caprae 

CUCURBITACEAE 
Coccinia grandis 
Coccinia ? trilobata 
Corallocarpus ellipticus 
Momordia littorea 
Momordia rostrata 

CYPERACEAE 
Cyperus crassipes 
Cyperus rotundus 
Fimbristylis complanata 
Schoenoplectus junceus 
Scirpus sp 

DRACAENACEAE 
Sansevieria arborescens 

EUPHORBIACEAE 
Dalechampia scandens 
Euphorbia tirucalli 
Jatropha stuhlmannii 
Phyllanthus reticulatus 

FLACOURTIACEAE 
Flacourtia indica 
Gentianaceae 
Enicostema axillare 

GOODENIACEAE 
Scaevola plumieri 

GRAMINEAE 
Cenchrus biflorus 
Cynodon nlemfuensis 
Dactyloctenium ctenioides 
Dactyloctenium geminatum 
Digitaria ciliaris 
Digitaria gazensis 
Digitaria milanjiana 
Eragrostis ciliaris 
Halopyrum mucronatum 
Leplurus repens 
Panicum maximum 

LABIATAE (Lamiaceae) 
Hoslundia opposiia 
Plectranthus sp 

LAURACEAE 
Cassytha filiformis 

LYTHRACEAE 
Lawsonia inermis 

MELIACEAE 
Azadirachta indica 

MENISPERMACEAE 
Tinospora caffra 

MIMOSACEAE 
Dichrostachys cinerea 

NYCTAGINACEAE 
Boerhavia coccinea 

OLEACEAE 
Jasminum fluminense 

PALMAE 
Hyphaene compressa 
Hyphaene coriacea 

PAPILIONACEAE 

Abrus precatorius 
Alysicarpus glumaceus ssp macalusoi 
Alysicarpus oval ifol ins 
Crotalaria ? grata 
Desmodiuam triflorum 

Indigofera hirsuta 
Indigo/era tanganyikensis 

Indigofera vohemarensis 
Macrotyloma uniflorum 
Rhynchosia velutina 
Tephrosia purpurea ssp dunensis 
Zornia apiculata 

PEDAL1ACEAE 
Pedalium murex 

POLYGALACEAE 
Polygala sphenoptera 

POLYGONACEAE 
Oxygonum atriplicifolium 

RUBIACEAE 
Diodia aulacosperma var angustata 
Feretia apodanthera 
Kohautia caespitosa 

Oldenlandia affinis 
Psychotria punctata 

SALVADORACEAE 
Azima tetracantha 

SAPINDACEAE 
Deinbollia borbonica 

SAPOTACEAE 
Sideroxylon inerme 

SOLANACEAE 
Solanum incanum 

STERCULIACEAE 
Waltheria indica 

TIL1ACEAE 
Grewia grandulosa 

VERBENACEAE 
Clerodendrum glabrum 
Lantana camara 
Phyla nodiflora 

VITACEAE 
Cissus rotundifolia 

Cyphostemma dysocarpum ssp pwani 
Cyphostemma sp 
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