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Summary 
 
A study was conducted on vegetation changes that have occurred at the 300 km² Lewa Wildlife 
Conservancy in Central Kenya in the period 1962-2006. Aim was to assess magnitude of changes, and 
possible cause(s) of these changes. Over this period spanning more than 40 years, Lewa has changed 
from a ranch to a privately managed wildlife conservation area. This has gone hand-in-hand with 
significant changes in management. While livestock have been phased out, wildlife numbers have 
increased, especially of zebra, elephant, impala and giraffe. At the same time, both black and white rhino 
have been re-introduced to the area where they have since thrived, making it one of Kenya’s most 
important conservation areas for these species. Management changes further include i) the addition of a 
perimeter fencing, to avoid wildlife conflicts with neighbouring communities; ii) the introduction of exclusion 
zone fencing to exclude elephant and giraffe from key habitats (esp. riverine vegetation dominated by 
fever trees); iii) controlled burning to prevent build-up of fuel in savanna habitat, thereby preventing 
destructive fires; iv) translocation of wildlife, especially giraffe, but also some rhino; and v) habitat 
restoration, especially the restoration of the Lewa swamp, which had been partly converted to fish ponds 
and for market gardening. Lastly, Lewa has expanded considerably over the past decades, by the addition 
of the Ngare Ndare forest reserve and by adding several centrally located sections – as a result the area 
has become consolidated.  
 
The study involved identifying areas of significant change in vegetation, by comparing aerial photographs 
dating from 2000, with 1962 aerial photographs and a vegetation map produced in 1979-80. These areas 
of significant change were then surveyed in the field, and resulting relevé data analysed using statistical 
programmes. Results of these field surveys confirm that changes have occurred in density of woody 
vegetation, and not in species composition.  
 
A number of possible causes of habitat changes, such as fires, wildlife numbers, elephant/giraffe exclusion 
zone establishment and rainfall patterns have been evaluated as to their possible contribution to overall 
habitat change. Interestingly, fires over the past 14 years do not appear to have lead to floristic changes in 
the vegetation, probably indicating that the flora is already habituated to regular burning.  
 
In the Ngare Ndare Juniperus procera-Olea africana forest, tree density has more than doubled, from 35% 
to about 80%, although much of this may be due to increases in cover by fast growing species such as 
Dodonea and Rhus. This increase is probably due to effective protection against logging and fires.  
 
Similarly, the riverine vegetation dominated by fever tree Acacia xanthophloea has also witnessed a 
significant increase in tree cover, from 13.4% average in 1980 to 31.8% in 2000. Linked with this is a very 
significant shift in tree densities, from 72.1% for classes 1-2 (<2% & 2-10% tree cover) in 1980 to 10.6% in 
2000. At the same time, tree density classes 3-5 (11-20%, 21-40% & >40% tree cover) rose from 27.9% in 
1980, to 89.4% in 2000. These changes are due to a combination of restoration of Lewa swamp, and 
protection against browsing damage by creating exclusion zones. However, unprotected areas appear to 
be suffering from elephant damage, and may further decline. 
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Hill vegetation characterised by a range of Acacia species such as Acacia brevispica, A. mellifera, A. 
nilotica, A. senegal and A. tortilis along with Grewia species has had fluctuating tree densities over the 
past decades. In terms of tree density classes, this has shifted slightly, from 48.3% for classes 1-2 in 1980, 
to 39.4% in 2000, while at the same time density classes 3-5 rose from 51.7% in 1980 to 60.6% in 2000.  
Overall tree/shrub cover for this habitat type averaged at 11.8% in 1962, and was 11.6% in 2000. At 
present, however, due to heavy browsing pressures and elephant damage, tree and shrub cover is 
declining although still at a reasonable level.  
 
Tree and shrubs of plain vegetation – dominated by whistling thorn Acacia drepanolobium and to a lesser 
extent Acacia seyal – have experienced a significant decline, with large areas of woodland now converted 
to grassland with a few scattered trees. There has been a significant increase in area in classes 1-2, from 
55.2% in 1980 to 75.7% in 2000. At the same time, the denser classes 3-5 declined from 44.8% in 1980 to 
24.3% in 2000. Average tree/shrub cover has dropped from a 12.7% average in 1962 to 7.1% in 2000 – 
meaning that this has virtually halved over these decades. This decline in woody species of this habitat 
appears to have been caused by a combination of fires and heavy browsing.  
 
In the last chapter, a number of recommendations are provided for future studies (see 5.2.3), and for Lewa 
management, summarised below: 

• A number of smaller areas of plain vegetation protected with exclusion zone fencing, that could 
serve as seeding areas from which the species could spread, if pressures (fires, browsing) were 
to decline.  

• Timing of controlled fires in plain vegetation should be so that management tries to avoid this 
coinciding or occurring shortly after heavy browsing has taken place.  

• Consider protecting more or larger areas of hill habitat with exclusion fencing, perhaps in addition 
to establishing a number of smaller protected areas that could serve as seeding areas from which 
the species could spread if browsing pressures were to decline.  

• Re-assess the entire riverine habitat and prioritise which of the remaining, unprotected areas 
must remain, as these will also require exclusion zone fencing.  

• Effective fire breaks should be taken into consideration in Ngare Ndare to prevent possible fire 
damage.  

• Consider establishing a corridor to Mt. Kenya (as recommended by others), if this does not lead 
to issues (e.g. unacceptable levels of elephant damage) with the southern neighbours.  

• Exclusion zoning deflects browsing pressure to other areas, and the result may ultimately be a 
severe decline of woody vegetation in all areas unprotected by exclusion zone fencing. This 
scenario needs to be seriously considered by Lewa management, as this may not be desirable or 
sustainable in the long run.  

• Temporary exclusion zoning may be worth considering. The observation that over-abundance of 
forage sometimes leads to wasteful, destructive behaviour (by elephants) may mean that limiting 
access at certain times, and relinquishing access to browsers over time, may have some effect.  
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1 Introduction 
In 1979-80, Lex Linsen and the first author of this report (Wim Giesen), carried out the first comprehensive 
study of the vegetation of ‘Lewa Downs’ (Linsen & Giesen, 1983), a 180 km² farm in central Kenya run by 
the Craig family. The main economic activities at Lewa at the time included cattle and sheep herding, but 
also market gardening, wildlife conservation and game viewing – ‘ecotourism’ before the word was 
invented. Since then there have been significant changes. Lewa has become a Wildlife Conservancy run 
by a board of trustees, and conservation of endangered species – especially black rhinos and Grevy’s 
zebra – are its main focus. In 1979-80, Lewa had few fences, as cattle were herded in a traditional way by 
local herders and were corralled in a boma (or thorn bush enclosure) at night for protection against 
predators. As a result of a lack of fencing and protection against poachers, wildlife sought refuge in the 
area and their numbers on the property significantly increased.  
 
When Lewa became a refuge for rhinos in the early 1980s, fencing was partly reintroduced to prevent 
rhinos from leaving Lewa and straying into areas where they could easily be poached. Gradually – 
especially after the Wildlife Conservancy was established in 1995 – more fencing was reintroduced, and 
currently the whole conservancy is fenced, with a few ‘rhino-proof’ gates remaining to allow other wildlife to 
migrate in and out. Other changes since 1979-80 include an increase in the number of tourist camps in the 
area, and an increase in the road network. There has also been a very significant increase in the human 
population around Lewa. In the (now distant) past this was a major challenge, but now it has been turned 
into an opportunity thanks to various cooperative programmes with Lewa that include schooling, job 
opportunities, controlled dry season grazing by local community cattle and community-based ecotourism. 
Lastly, uncontrolled fires occurred regularly two decades ago, but nowadays controlled burning is part of 
Lewa’s management strategy, although irregular accidental fires still occur.   
 
The significant changes in management of Lewa have resulted in changes in various habitats. This was 
immediately apparent when the first author revisited Lewa in 1999, as certain well-known sites had altered 
– vegetation in some areas was more open, whereas at other locations it appeared denser. In discussions 
with Ian Craig, executive director, the idea was developed to carry out a comparative study of the 
vegetation to assess what had changed since 1979-80, with the aim of identifying trends and providing 
recommendations for management. LWC provided digital copies of aerial photographs of the area dating 
from 2000, which together with the earlier hard copy photographs of 1975 and the 1979-80 study, form the 
basis for the present proposed study.  
 
As described by Birkett (2003) savanna ecosystems in East Africa are rarely stable and can experience 
rapid local changes from dense woodlands to open plains. The Serengeti-Mara plains, for example, have 
fluctuated from open grassland to dense woodland and back to open grassland over the past century, with 
tree cover declining rapidly in the 1950s. While studies have focussed on elephant and fires, the precise 
cause of such dynamic changes has been the subject of considerable discussion and remains unclear. 
Similarly, loss of tree and shrub cover in the Amboseli basin since the 1960s has focussed on rising water 
tables and rising temperatures (Altmann et al., 2002). At the nearby Sweetwater Black Rhino Reserve in 
Laikipia, 25% of Whistling Thorn Acacia drepanolobium died in just five years as a result of a combination 
of low rainfall and heavy browsing by elephants, black rhinos and giraffes (Birkett, 2003). The present 
study aims to assess the magnitide of changes, and help clarify the cause of habitat changes at Lewa.  
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2 Methodology 
 
The approach taken in this study of changes in vegetation and habitats at Lewa involved the following 
steps: 
 

1. Production of a new vegetation structure map.  
2. Comparison of this new map with the 1980 map produced by Linsen and Giesen to detect areas 

with significant differences in vegetation; using this plus aerial photograph comparisons to identify 
key sites to be targeted for field surveys, and determining their coordinates. 

3. Preparation for field work. 
4. Field work at Lewa from 29 July – 19 August 2006.  
5. Follow-up desk-top activities in the Netherlands, including data analysis, follow-up mapping and 

reporting.  
 
The approach taken in the study involves a basic assumption, namely that the main differences in 
vegetation over the past decades are not in vegetation type, but in density of woody vegetation. This has 
been judged to be a legitimate approach by the head of LWC’s research department, Mr. Geoffrey Chege, 
as it agrees with the general observations made by Lewa staff. Also, it agrees with observations made 
during studies on vegetation change elsewhere in East Africa (van de Vijver, 1999; Ludwig, 2001). 
 
 

2.1 Production of a new vegetation structure map 
 
A new vegetation structure map was produced on the basis of RAF black-and-white aerial photographs 
taken in 2000, obtained in digital form from LWC. The map was produced using a combination of old and 
new techniques:  
 

• an initial map was produced by overlaying transparencies on prints and drawing lines (using an 
0.15 mm Rotring pen) delineating different structural classes based on the same classes used by 
Linsen and Giesen (1983); 

• at the same time, digital photographs were displayed at a large scale on a computer screen to aid 
identification of tree density class; 

• the hand-drawn map was then digitised (courtesy of Dr Kishokumar Jeyaraj of the Malaysian 
Environmental Consultants) and provided with UTM coordinates.  
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2.2 Comparison of new map with 1980 vegetation map & site 
selection 

 
In order to be able to digitally compare the new 2000-based map with the original vegetation map 
produced by Linsen and Giesen in 1980 (Linsen & Giesen, 1983), the 1980 map was digitised (contracted 
to Mapping Consultants in Phnom Penh), and subsequently corrected and provided with UTM (WGS 1986) 
coordinates. Both maps were imported into ARCVIEW, adjusted for (minor) differences in scale, and 
density classes compared between the two dates. Differences in vegetation density were regarded as 
significant if the difference between 1980 and 2000 was more than one unit of class. For example, a 
change in density class from 10-20% to 20-40% was not regarded as significant, but one from 10-20% to 
>40% was, as was a change from 10-20% to <2%. Sites were identified and UTM coordinates of the 
centres of each changed unit recorded so that these could be visited during field work. 
 
A comparison of aerial photographs also helped identify areas of change – this was especially useful in 
areas not mapped by Linsen and Giesen (1983) because these areas were not incorporated into LWC at 
the time (e.g. Ngare Ndare forest reserve). The black-and-white photographs used by Linsen and Giesen 
date from 1962, while the second latest RAF set used date from 2000.  
 
 

2.3 Preparation for fieldwork 
 
Apart from preparation and comparison of maps and aerial photographs, preparations for fieldwork at 
Lewa involved: 
 

• re-reading of Linsen and Giesen (1983), reading of relevant literature (e.g. Lind & Morrison, 
1974; Pratt & Gwynne, 1977; Botha, 1999; van de Vijver, 1999; Loth, 1999; Ludwig, 2001); 

• preparation of field maps and prints of  ‘comparison pairs’ of aerial photographs;  
• development of a data sheet (relevé sheet) for use during field work (see Annex 3).  
• purchase of equipment (e.g. plant press & secateurs for collecting temporary herbarium 

specimens); and  
• purchase of field guides (Agnew & Agnew, 1999; relevant editions Flora of Tropical East Africa).  

 

2.4 Field work at Lewa Wildlife Conservancy 
 
Field work was carried out at Lewa Wildlife Conservancy from 29 July to 19 August 2006. Use was made 
of the research facility and guesthouse that had recently been constructed with support from Marwell 
Zoological Park in the United Kingdom. A 4-WD vehicle was hired for the entire period, and field 
assistance was kindly provided by LWC ranger, Mr. Francis Kobia Chokera, and the driver, Mr. Michael 
Githinji Gachura. During the period of field work the following were carried out: 
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• 1 day of general reconnaissance was utilised to familiarise ourselves with the area. 
• At each of the 26 sites identified as being sites of significant change in vegetation, three relevés 

were carried out at randomly selected points. The relevés consisted of 20 by 20 metre plots, and 
at each of these a relevé data sheet was filled out (see Annex 3). As indicated in the attached 
sheet, information recorded included general site information (location, date, GPS coordinates, 
altitude, soil/geomorphology, vegetation structure, plant species and density, wildlife species 
occurrence, land use, and any indication of change in land use: e.g. signs of burning, clearing, 
(dismantling of) fencing, elephant damage, rhino browsing, road construction, old bomas, and so 
on. In addition, photographs were taken of the site and temporary herbarium specimens were 
collected of species not immediately recognised.  

• At the research station, relevé data was entered into a database (*.xls based), and herbarium 
specimens were identified, where possible, using floras (Dale & Greenway, 1961; Agnew & 
Agnew, 1994; Blundell, 1987; Dharani, 2002; and several dozen editions of the Flora of Tropical 
East Africa).  

• GPS referencing of points easily identifiable on aerial photographs, to be used for calibration/geo-
referencing of the final GIS maps.  

• Discussions were held with Lewa staff, especially with the head of the research department, and 
reports borrowed from the LWC library (Botha, 1999; Von Holdt, 1999).  

• GIS data were received from Lewa Wildlife Conservancy on the protected area boundary, fire 
history (1992-2005) and location of elephant exclusion fencing. Data was also provided on wildlife 
numbers (1977-2006) and rainfall, both at headquarters (1972-2005) plus for 11 gauging stations 
located around at LWC (2004 & 2005).  

• Debriefing presentation on preliminary findings to David Parkinson (Deputy Director LWC) and 
Geoffrey Chege (head of LWC’s Research Department) on the last day at Lewa.  

 

2.5 Follow-up desk-top activities in the Netherlands 
 
Following field activities in Kenya, the various office-based activities were carried out in the Netherlands, 
including: 
 

• Completion of plant species identification.  
• Analysis of relevé data using community ecology software packages from Pisces Conservation 

Ltd., U.K. (http://www.pisces-conservation.com/index.html), including the programmes 
TWINSPAN and PCA.  

• Follow-up production of Arcview-based maps. 
• Accessing additional reports and references.  
• Report writing.  
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3 Results 

3.1 Vegetation in 1980 
 
The map produced by Linsen and Giesen (1983) is based on 1962 black-and-white aerial photographs 
produced by the RAF, updated by means of extensive field work in 1979-1980. The original map was hand 
drawn on a radox red transparency, printed and painstakingly hand coloured. A fully digitised GIS version 
(Arcview-based) has now been produced as part of the present study, and a print is included in Annex 1.  
 
Based on the Arcview data files, data on area of the various vegetation types – with varying tree cover 
densities – were determined (see Table 1). Habitat management at LWC recognised four main categories: 
i) plains, ii) hills and slopes, iii) riverine, and iv) forest (at Ngare Ndare). In 1980, the Ngare Ndare forest 
reserve was not yet part of LWC, so this is not included in the 1980 vegetation map of Annex 1, nor is it 
included in Table 1. However, the three other broad vegetation types can be compiled based on the 12 
types recognised in 1980: plains consist of types 1, 2 and 3; hills and slopes of types 4, 5 and 6, and 
riverine consists of types 7, 8 and 9. The remaining three are dry river beds (type 10) and disturbed 
vegetation (11 and 12), but as these comprise only just over 1% of the total area, they do not much 
influence the total figure.  Figure 1 shows the distribution of structural types per broad vegetation type.  
 
Table 1   Area of vegetation types and structures 1980 
 
# Vegetation type Structur

al type 1 
(<2% 
tree 

cover) 

Structur
al type 2 
(2-10%) 

Structur
al type 3 

(11-
20%) 

Structur
al type 4 

(21-
40%) 

Structur
al type 5 
(>40%) 

Total 
area 
(ha) 

% of 
total 
area 

1 Acacia seyal-
Pennisetum stramineum 

846 1047 976 481 0 3350 18.3 

2 Acacia drepanolobium-
Pennisetum stramineum 

889 237 1587 1176 301 4190 22.9 

3 Acacia mellifera-
Pennisetum stramineum 

2399 147 5 0 0 2551 13.9 

4 Acacia mellifera-Acacia 
tortilis-Pennisetum 
stramineum 

484 2248 2611 470 0 5813 31.7 

5 Acacia nilotica-
Pennisetum stramineum 

0 164 336 67 0 567 3.1 

6 Grewia holstii-
Harpachne schimperi 

0 550 155 46 0 751 4.1 

7 Acacia xanthophloea-
Chenopodium 
opulifolium 

219 175 69 17 99 579 3.2 
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# Vegetation type Structur
al type 1 

(<2% 
tree 

cover) 

Structur
al type 2 
(2-10%) 

Structur
al type 3 

(11-
20%) 

Structur
al type 4 

(21-
40%) 

Structur
al type 5 
(>40%) 

Total 
area 
(ha) 

% of 
total 
area 

8 Acacia xanthophloea-
Pavonia patens 

125 30 0 4 0 159 0.9 

9 Acacia xanthophloea-
Euphorbia candelabrum 

97 0 39 23 0 159 0.9 

10 Euphorbia 
candelabrum-Aspilia 
pluriseta 

17 0 0 0 0 17 0.1 

11 Solanum incanum-Priva 
curtisiae 

3 0 0 0 0 3 0.0 

12 Euphorbia nyikae-
Maytenus 
putterlickioides 

178 0 0 0 7 185 1.0 

 TOTALS: 5257 4598 5778 2284 407 18324  

 % 28.7 25.1 31.5 12.5 2.2   
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Figure 1    Broad vegetation types and structure: 1980 
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Based on Figure 1, on can conclude that: 
• Plain vegetation is skewed towards more open structure, with more than half consisting of 

savanna with a maximum of 10% tree cover; 
• Vegetation of hills and slopes has a bell-shaped distribution with regard to structure, with 85% 

consisting of vegetation with a moderate tree cover 2-20%; and 
• Riparian vegetation is also skewed towards a more open structure, with few trees, as 70% has a 

maximum tree cover of 10%; however, there are also has some areas (10%) of riparian 
vegetation that are remarkably dense and have more than 40% tree cover.   

 

3.2 Vegetation in 2000 
A map of vegetation structure (i.e. tree and shrub densities) was produced on the basis of aerial 
photographs dating from 2000, and was subsequently digitised and imported into Arcview (Annex 2). As 
floristic vegetation type had not changed over the study period (only tree and shrub densities), the floristic 
vegetation types of the 1980 map were superimposed on the 2000 vegetation structure map, and data 
combined. This resulting information on densities per floristic vegetation class is included in Table 2.  
 
This data was subsequently combined into the three main vegetation types recognised by LWC 
management, and the results are depicted in Figure 2. The fourth main vegetation type, Ngare Ndare 
forest is not included in the exercise, as this was not mapped in 1980 (incorporated into Lewa in 1985).  
 
Note that there are some small differences in total area between the 1980 and 2000 map – this is partially 
due to minor mapping errors (much less than 1% of total area), but mainly due to small changes in Lewa’s 
boundary since 1980 (error = 2-3% or area). A large part of this is in Lewa’s north-eastern corner, which is 
directly evident when visually comparing the maps of 1980 (Annex 1) and 2000 (Annex 2).  
 
 
Table 2   Area of vegetation types and structures 2000 
 
# Vegetation type Structur

al type 1 
(<2% 
tree 

cover) 

Structur
al type 2 
(2-10%) 

Structur
al type 3 

(11-
20%) 

Structur
al type 4 

(21-
40%) 

Structur
al type 5 
(>40%) 

Total 
area 
(ha) 

% of 
total 
area 

1 Acacia seyal-
Pennisetum stramineum 

1276 887 700 20 0 2883 16.7 

2 Acacia drepanolobium-
Pennisetum stramineum 

2149 978 664 186 127 4104 23.8 

3 Acacia mellifera-
Pennisetum stramineum 

1625 774 147 0 0 2546 14.8 

4 Acacia mellifera-Acacia 
tortilis-Pennisetum 
stramineum 

1 680 3952 702 0 5335 30.9 

5 Acacia nilotica-
Pennisetum stramineum 

88 326 124 0 0 538 3.1 

6 Grewia holstii-
Harpachne schimperi 

59 64 622 0 0 745 4.3 
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# Vegetation type Structur
al type 1 

(<2% 
tree 

cover) 

Structur
al type 2 
(2-10%) 

Structur
al type 3 

(11-
20%) 

Structur
al type 4 

(21-
40%) 

Structur
al type 5 
(>40%) 

Total 
area 
(ha) 

% of 
total 
area 

7 Acacia xanthophloea-
Chenopodium 
opulifolium 

21 68 48 264 181 582 3.4 

8 Acacia xanthophloea-
Pavonia patens 

0 7 118 30 4 159 0.9 

9 Acacia xanthophloea-
Euphorbia candelabrum 

0 0 57 103 0 160 0.9 

10 Euphorbia 
candelabrum-Aspilia 
pluriseta 

2 8 7 0 0 17 0.1 

11 Solanum incanum-Priva 
curtisiae 

0 3 0 0 0 3 0.0 

12 Euphorbia nyikae-
Maytenus 
putterlickioides 

178 0 0 0 7 185 1.1 

 TOTALS: 5399 3795 6439 1305 319 17257  

 % 31.3 22.0 37.3 7.6 1.8   
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Figure 2    Broad vegetation types and structure: 2000 
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3.3 Comparison 1980-2000 
 
A comparison of the 1979-80 map and the one produced on the basis of the 2000 aerial photographs 
shows that density classes <2% and > 21-40% declined over this period, while the class 11-20% increased 
(Figure 3). The two other classes (2-10% and >40%) remained much the same. Especially the density 
class 21-40% declined, from 2284 to 1252 hectares, a drop of 45%. The decline in the lowest density class 
(<2%) was less dramatic, being about 20%.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3   Changes in tree density per class, 1980-2000. 
 
 
 
Even clearer in terms of portraying the changes at Lewa over the period 1980-2000 is if we compare 
changes in vegetation structure per (broad) vegetation type. The results of this are depicted in Figure 4, 
below. In summary, the following can be concluded from these results: 
• Plain vegetation clearly shows a significant increase in area in classes 1-2 (<2% & 2-10% tree cover) 

from 55.2% in 1980 to 75.7% in 2000. At the same time, the denser classes 3-5 (11-20%, 21-40% & 
>40% tree cover) declined from 44.8% in 1980 to 24.3% in 2000. There has been a significant 
reduction in whistling thorn Acacia drepanolobium and Acacia seyal tree/shrub cover, from a 12.7% 
average in 1962 to 7.1% in 2000 – this has virtually been halved over these decades.  

• Hill vegetation shows a less dramatic shift, from 48.3% for classes 1-2 in 1980, to 39.4% in 2000, 
while at the same time density classes 3-5 rose from 51.7% in 1980 to 60.6% in 2000. Hill vegetation 
dominated by a variety of Acacia (A. brevispica, A. mellifera, A. nilotica, A. senegal) and Grewia 
appears to be relatively constant (fluctuating over a mean) over the same period. Tree/shrub cover for 
this habitat type averaged at 11.8% in 1962, and was 11.6% in 2000.  
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• Riverine vegetation shows a very significant shift in tree densities, from 72.1% for classes 1-2 in 1980 
to 10.6% in 2000, while at the same time the denser classes 3-5 rose from 27.9% in 1980 to 89.4% in 
2000. During this period, there as been a significant increase in tree cover in riverine forest dominated 
by fever tree Acacia xanthophloea, from 13.4% average in 1962, to 31.8% in 2000 – this means that 
tree cover in this habitat has on average more than doubled.  
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Figure 4    Changes in habitat types 1980-2000 
        Left: plain vegetation, middle: hill vegetation, and right: riverine vegetation 

 
 

3.4 Locations with significant habitat change  

3.4.1 As apparent on maps & aerial photographs 
 
As outlined in 2.2, the 1980 and 2000 vegetation maps were compared for significant changes in structure 
(in this cases, differences in tree density). In all, 26 sites were identified and UTM coordinates of the 
centres of each changed unit recorded so that these could be visited during field work (see Figures 5 & 6). 
Aerial photographs were also compared, as not all areas were mapped by Linsen and Giesen (1983) 
because they were not incorporated into LWC at the time (e.g. Ngare Ndare forest reserve). Not all areas 
identified as sites of ‘significant change’ by comparing the 1980 and 2000 maps also showed differences 
between the 1962 and 2000 aerial photographs. This is likely to be because of changes in the vegetation 
that occurred between 1962 and 1980. Figures 7,8 and 9 show the changes that occurred between 1962 
and 2000 at Lewa Swamp (Figure 7; riverine vegetation), Safi Corner (Figure 8; riverine vegetation) and 
Ngare Ndare forest reserve (Figure 9, forest vegetation).  
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Figure 5   Comparison map, with wooded grassland 10-20% tree cover (1980) compared 
with density classes of vegetation map based on 2000 aerial photographs. 
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Figure 6   Vegetation structure map (2000) showing the 26 points with significant change 
in vegetation structure targeted for assessment during fieldwork.  
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Figure 7   Lewa swamp, showing the recovery of the swamp (top left) and tree vegetation, 
and the phasing out of farming since 1962. 
 

 
Figure 8   Safi Corner, showing a marked increase in tree cover since 1962. 
 

2000  1962

 1962 2000 
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Figure 9   Ngare Ndare forest showing a remarkable recovery of the woody vegetation 
since 1962. 
 
 
 

3.4.2 Observations on the ground 
 
Based on the desktop assessment of areas of vegetation change (see 3.3.1), a total of 26 sites were 
targeted for field study. At each site (1-)3 relevé plots of 20 by 20 metres were assessed (see 2.4), and in 
all 78 plots were assessed (see Annex 6).  A map of relevé sites is provided in Annex 4, along with a table 
of UTM coordinates (Annex 5). Vegetation structure per site were recorded from four dates: 1962 (aerial 
photos), 1979/80 (Linsen & Giesen study & map), 2000 (aerial photos) and 2006 (present study). The 
assessment of tree densities at each date is given below in Table 2, along with vegetation type.  
 
 
 

 1962

2000
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Table 3   Vegetation changes at 26 relevé sites 1962-2006 
 
Site 
no. 

 
 

1962 
aerial 

photos 
 

1979-80 
vege-
tation 
Map 

2000 
aerial 

photos 
 

2006 
relevés 

 
 

Vegetation type 1979  
 
 

Vegetation type 2006 
 
 

1 20-40 2-10 20-40 >40 
Acacia xanthophloea wooded 

grassland 

Acacia mellifera, A. 
brevispica-Acacia tortilis 

woodland 

2 10-20 10-20 20-40 10-20 
Acacia xanthophloea wooded 

grassland 
Acacia mellifera-A. 

brevispica woodland 

3 <2 <2 10-20 >40 
Grassland with scattered 

Acacia xanthophloea 
Acacia xanthophloea-

A.drepanlobium woodland 

4 <2 <2 20-40 10-20 

Grassland with scattered 
Acacia mellifera & Acacia 

tortilis 

Acacia brevispica-A. 
senegal, A. tortilis wooded 

grassland 

5 2-10 <2 20-40 20-40 

Grassland with scattered 
Acacia mellifera & Acacia 

tortilis 
Acacia mellifera-A. senegal 

woodland 

6 10-20 2-10 20-40 10-20 
Acacia mellifera-Acacia 

tortilis wooded grassland 

Acacia mellifera, A. 
brevispica-Acacia tortilis 

wooded grassland 

7 2-10 2-10 20-40 20-40 
Acacia mellifera-Acacia 

tortilis wooded grassland 

Mixed Acacia (A. 
drepanolobium, mellifera, 

nilotica & brevispica) wooded 
grassland  

8 <2 <2 10-20 10-20 
Grassland with scattered 

Acacia drepanolobium 
Acacia drepanolobium 

wooded grassland  

9 >40 20-40 10-20 2-10 
Acacia mellifera-Acacia 

nilotica wooded grassland 

Grassland with scattered 
Acacia mellifera & Acacia 

tortilis 

10 >40 2-10 20-40 >40 

Mixed Acacia xanthophloea-
A. drepanolobium wooded 

grassland 
Mixed Acacia xanthophloea-
A. drepanolobium woodland 

11 
 

10-20 
 

<2 
 

10-20 
 

10-20 
 

Grassland with scattered 
Acacia mellifera & Acacia 

tortilis 
 

Acacia mellifera & A. senegal 
wooded grassland 

 

12 2-10 <2 10-20 10-20 

Grassland with scattered 
Acacia mellifera & Acacia 

tortilis 

Acacia nilotica, A. tortilis, A. 
mellifera & A. senegal 

wooded grassland 

13 10-20 10-20 <2 <2 
Acacia drepanolobium 

wooded grassland  
Grassland with scattered 

Acacia drepanolobium 

14 >40 >40 <2 <2 
Acacia drepanolobium 

woodland 
Grassland with scattered 

Acacia drepanolobium 

15 >40 >40 <2 <2 
Acacia drepanolobium 

woodland Grassland   
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Site 
no. 

 
 

1962 
aerial 

photos 
 

1979-80 
vege-
tation 
Map 

2000 
aerial 

photos 
 

2006 
relevés 

 
 

Vegetation type 1979  
 
 

Vegetation type 2006 
 
 

16 <2 10-20 <2 <2 
Acacia drepanolobium 

wooded grassland  
Grassland with scattered 

Acacia drepanolobium 

17 10-20 10-20 <2 <2 

Acacia drepanolobium - 
Acacia seyal wooded 

grassland  
Grassland with scattered 

Acacia drepanolobium 

18 >40 >40 <2 <2 
Acacia drepanolobium 

woodland Grassland 

19 >40 >40 2-10 <2 
Acacia drepanolobium 

wooded grassland  
Grassland with scattered 

Acacia drepanolobium 

20 20-40 10-20 <2 <2 
Acacia drepanolobium 

wooded grassland  
Grassland with scattered 

Acacia drepanolobium 

21 >40 >40 10-20 <2 
Mixed woodland along 
seasonal river course 

Grassland with scattered 
trees 

22 >40 >40 <2 <2 
Acacia drepanolobium 

woodland 
Grassland with scattered 

Acacia drepanolobium 

23 <2 10-20 <2 2-10 
Acacia drepanolobium 

wooded grassland  
Acacia drepanolobium 

wooded grassland  

24 <2 >40 <2 2-10 
Acacia drepanolobium 

woodland 
Acacia drepanolobium 

wooded grassland  

25 >40 >40 2-10 2-10 
Acacia drepanolobium - 
Acacia seyal woodland  

Acacia drepanolobium - 
Acacia seyal wooded 

grassland  

26 >40 >40 2-10 10-20 
Acacia drepanolobium - 
Acacia seyal woodland  

Acacia drepanolobium - 
Acacia seyal wooded 

grassland  
 
 

3.4.3 Statistical analysis of relevé data 
 
Relevé data was subsequently analysed using the programmes TWINSPAN and PCA (of the community 
ecology software package from Pisces Conservation Ltd.1). The aim of using these programmes is to 
identify meaningful patterns between environment (e.g. habitat characteristics, fire, fencing) and vegetation 
(based on floristic composition only).  
 
PCA analysis 
 
PCA (Principal Component Analysis in full) is a so-called ordination method of data analysis, which is a 
statistical analysis that calculates dissimilarity between either species or relevés. The two most dissimilar 
relevés or species are then used as terminal ends for the first axis (axis-1). The next step is identifying the 
two most dissimilar relevés or species located in the central part of axis-1 (i.e. almost equally dissimilar to 

                                                           
1 http://www.pisces-conservation.com/index.html  
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the first two terminal points). These are then used as terminal ends for the next axis (axis-2), and the 
process repeats itself. Ordination can be carried out on the basis of ‘attributes’ (in our case, floristics), 
which is designated as R-type analysis, or on the basis of ‘individual units’ (in our case, the relevés), which 
is designated as Q-type analysis. As the number of species in the relevés (77) and number of relevés (78; 
see Annex 6) is very similar, both Q-type and R-type analysis was performed.  
 
Data from Lewa was first analysed for (dis-)similarity between relevés, and compared on the one hand 
with known vegetation types (hill, plain, riverine), and on the other hand with management aspects (had a 
site been burnt since 1992; presence of elephant  exclusion fencing; see 4.1 and 4.2).  In the PCA analysis 
relevé data was plotted along axis 1-5 in all possible combinations of two axis’ (10 combinations in all), 
and clusters that emerged were assessed if they correlated with known vegetation type, recent burning or 
exclusion fencing. The only correlation that clearly emerged is the clear distinction between hill type 
vegetation and the other vegetation types. In all plots, hill type vegetation clearly differentiated in various 
clusters (e.g. Figure 10), while the two other types (riverine and plain) did not clearly differentiate.  
 
PCA analysis of species (rather than relevés) reveals clusters of (dis-) similar plant species. Again, the 
main differences were between species that are characteristic for the main vegetation types (Figure 11) 
rather than species correlated with fires or fencing.   
 
One may conclude that there is greater difference between the various hill vegetation sites than between 
plain and riverine vegetation types, which are clearly more homogenous and have a larger overlap in 
species. No clear correlation emerged with either burning or fencing, which means that:  i) either these 
measures (in the case of fencing and controlled burning) and incidences (accidental fires) have so far not 
resulted in significant changes in vegetation species composition; or ii) most vegetation is already affected 
by a long history of fires and is already adapted, species-wise, so incidental fires no longer affect 
composition.  
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Figure 10   PCA plot of relevés along axis 1 & axis 2 
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Figure 11   PCA plot of plant species along axis 1 & axis 2 
 
 
TWINSPAN  
 
Two-Way Indicator Species Analysis, or TWINSPAN, is a numerical classification technique developed 
specifically for hierarchical classification of community data. The technique is based on the concept that a 
group of samples which constitute a community type will have a corresponding group of species that 
characterize that type (indicator species). A TWINSPAN analysis was also carried out on the Lewa relevé 
data using the community ecology software package from Pisces Conservation Ltd. (see above). 
TWINSPAN uses species data to distinguish between relevés to produce a dendrogramme. Distinguishing 
plant species are indicated at each fork in the dendrogramme (with either a + or - ) – the result being a 
lumping together of similar relevés (number on far right in Figure 12).  
 
As with the PCA analyses, the hill vegetation types have the greatest variability, and two main groups 
emerge, one characterised by the presence of Acacia mellifera and Justicia diclipteroides (top cluster in 
Figure 12), the second characterised by the presence of Acacia brevispica, Acacia senegal and Acacia 
tortilis (bottom cluster in Figure 12). Plain vegetation and riverine vegetation also form clear clusters based 
on Acacia drepanolobium and Acacia xanthophloea, respectively.  
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Figure 12   TWINSPAN analysis of relevés & species 
 
 
Based on the above (and on 3.3.1), the following assessment was made – based on the 26 areas of 
change – for the four main habitat types at Lewa: 
 

• Forest (Ngare Ndare). Tree density in this area more than doubled from 1962-2000, being about 
35% in 1962, and about 80% by 2000. Note that this is overall for the forest habitat; no relevés 
were carried out in this area in 2006, as this was not part of the 1979-80 study by Linsen and 
Giesen.  

• Riverine (Acacia xanthophloea-dominated). Tree cover in riverine vegetation at the relevé sites 
showed a decline from 35% in 1962 to less than 10% in 1979-80. There has been a good 
recovery since then, with tree cover climbing to about 25% by 2000, and more than 50% by 2006.  

• Plains (Acacia drepanolobium-dominated). Tree cover in the plain habitat was relatively stable 
from 1962 to 1979-80, being relatively dense in the relevé areas, averaging at 35-40%. By 2000-
2006, however, this had declined to levels of about 2%.  

• Slopes & hills (mixed Acacia). Tree cover of the slopes and hills has remained relatively 
constant over the years, at levels of about 10-20%.  

 
The changes are summarised in Figure 13, below.  
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Figure 13   Trends of vegetation types at the 26 sites of change 
(based on a combination of aerial photographs, maps and present survey)  
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4 Discussion of likely causes of change 
& trends 

4.1 Burning 
Burning is a regular feature at Lewa, occurring both as accidental fires and being used as a tool to prevent 
build-up of combustible material. Most woody species are fire tolerant (Table 4), but fires can kill (or be 
used to control) woody vegetation if fire temperatures are high (Photo 1). High fire temperatures are 
attainable if combustible material is abundant, humidity is low, wind speeds are appropriate2, and if the fire 
moves slowly (e.g. into the wind; Pratt & Gwynne, 1977).  The only features that can be controlled by LWC 
managers are timing, and the amount of combustible material, hence the use made of fire breaks and the 
controlled burns.  
 

 
Photo 1.   Accidental fire in north-western Lewa. This occurred in early 2006 and killed a large percentage of the woody 

vegetation, including stands of Acacia tortilis-A. nilotica. Fuel build-up reportedly contributed to its destructive nature.   

 

Fires have affected about half of Lewa over the past 14 years (Figure 14), if the Ngare Ndare forest and 
the latest extension are not included, which means that about 1400 hectares are affected each year. The 
actual figure is even higher, as some areas have been burnt 2-3 times. A comparison of relevé sites with 
burning regime (Table 3), shows that nine of the 26 sites of significant vegetation change had been burnt 
since 1992. Tellingly, tree cover had significantly decreased in eight of the nine burnt sites, and increased 
in only one. Of the eight burnt sites where tree cover had decreased, one consisted of Acacia mellifera-
Acacia nilotica vegetation, while the other sites all consisted of Acacia drepanolobium or Acacia 
drepanolobium-Acacia seyal dominated plain vegetation.  
 

                                                           
2 At a low relative humidity, conditions should be calm, while at higher humidities wind aids combustion (Pratt & 

Gwynne, 1977).  
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On the other hand, of the 17 sites that had not burnt since 1992, tree cover increased in more than half of 
the cases (10 out of 17; Figure 15).  Interestingly, all of the seven non-burnt sites where tree cover 
decreased were also plain vegetation dominated by Acacia drepanolobium (and occasionally A. seyal), 
while the increasers were mainly riverine and hill vegetation.  
 

What can one conclude regarding the effect of fire? When it occurs it does seem to be effective in reducing 
tree cover, at least on the time scale measured (<14 years). In this regard, it seems to be mainly affecting 
Acacia drepanolobium-Acacia seyal dominated plain vegetation rather than other vegetation types. 
However, other factors also play a role in reducing tree cover in the plain vegetation, as a large number of 
areas of plain vegetation not affected by fires also experienced a significant reduction in tree cover over 
the same period.  As fires alone do not seem to be effective in causing these Acacia species to disappear 
(see Table 4), it seems likely that several pressures are acting simultaneously. This agrees with Henley’s 
(2005) findings in Southern Africa that fire and elephant damage may in combination kill older trees.  
 
Another effect of burning is that structural and chemical forage quality is better in post-fire regrowth 
compared to unburned vegetation, although this depends to some extent on soil type and rainfall (van de 
Vijver, 1999). Fires also remove pests such as flies and ticks, and therefore positively affect grazing. In 
contrast, forage quantity is usually adversely affected by fire, and in drought years, post-fire regrowth is 
even less than in unburnt vegetation. 
 

Statistical analysis (see 3.4.3) indicates that fires do not seem to be changing species composition on the 
time scale measured (14 years), although it is also possible (and likely) that the vegetation is already 
largely fire-adapted.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14   Fires at Lewa since 1992 
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Table 4   Relevé sites & occurrence of fires/exclusion zone 
 
Site 
no. 

 
 

1962 
aerial 

photos 
 

1979-80 
vege-
tation 
Map 

2000 
aerial 

photos 
 

2006 
relevés 

 
 

Dominant tree species  
(2006) 

 
 

Fires 
(year of 

occurrence) 

Exclu-
sion 
zone 

1 20-40 2-10 20-40 >40 
Acacia mellifera, A. 

brevispica-Acacia tortilis  
  

2 10-20 10-20 20-40 10-20 Acacia mellifera-A. brevispica    

3 <2 <2 10-20 >40 
Acacia xanthophloea-

A.drepanlobium 
 Yes 

4 <2 <2 20-40 10-20 
Acacia brevispica-A. senegal, 

A. tortilis  
  

5 2-10 <2 20-40 20-40 Acacia mellifera-A. senegal    

6 10-20 2-10 20-40 10-20 
Acacia mellifera, A. 

brevispica-Acacia tortilis  
 Yes 

7 2-10 2-10 20-40 20-40 
Acacia drepanolobium, 

mellifera, nilotica & brevispica  
 Yes 

8 <2 <2 10-20 10-20 Acacia drepanolobium    

9 >40 20-40 10-20 2-10 
Acacia mellifera & Acacia 

tortilis 
2000 Yes 

10 >40 2-10 20-40 >40 
Acacia xanthophloea-A. 

drepanolobium 
 Yes 

11 10-20 <2 10-20 10-20 Acacia mellifera & A. senegal   

12 2-10 <2 10-20 10-20 
Acacia nilotica, A. tortilis, A. 

mellifera & A. senegal  
1998, 2004  

13 10-20 10-20 <2 <2 Acacia drepanolobium   
14 >40 >40 <2 <2 Acacia drepanolobium   
15 >40 >40 <2 <2 Grassland   2005  
16 <2 10-20 <2 <2 Acacia drepanolobium 1994  
17 10-20 10-20 <2 <2 Acacia drepanolobium   
18 >40 >40 <2 <2 Grassland   
19 >40 >40 2-10 <2 Acacia drepanolobium 1998  
20 20-40 10-20 <2 <2 Acacia drepanolobium 1993, 1999, 2004  
21 >40 >40 10-20 <2 Mixed, many species   
22 >40 >40 <2 <2 Acacia drepanolobium 2000, 2004  
23 <2 10-20 <2 2-10 Acacia drepanolobium     

24 <2 >40 <2 2-10 Acacia drepanolobium   

25 >40 >40 2-10 2-10 
Acacia drepanolobium - 

Acacia seyal   
2004  

26 >40 >40 2-10 10-20 
Acacia drepanolobium - 

Acacia seyal  
2000 Yes 
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Figure 15   Tree density increase/decrease & occurrence of fires/exclusion zone 
 
Table 5   Effect of fire on Acacia species common at Lewa  
Species Effect of fire* 

Acacia brevispica Repeated burning has some effect, but further treatment may be necessary to 
control this species. In the long run, thickets of this species even increased in 
cover due to repeated fires. 

Acacia drepanolobium Repeated burning has some effect, but further treatment may be necessary for 
control.* Fires lead to top burn, but regrowth is often vigorous.** 

Acacia mellifera Repeated burning was useful <for removing this species> but did not give 
complete control. Some researchers wonder if a healthy A. mellifera stand could 
be sufficiently damaged by fire. Only old and senescent stands can be 
effectively treated, as more grass can enter a degenerated stand. 

Acacia nilotica Repeated burning had some effect, but further treatment may be necessary for 
effective control.  

Acacia senegal Repeated burning had some effect, but further treatment may be necessary for 
effective control. Some find this species to be fire resistant.  

Acacia seyal Repeated burning had some effect, but further treatment may be necessary for 
effective control. Seedlings are sensitive, but older trees are far less sensitive.  

Acacia xanthophloea This species is fire sensitive, and can be controlled by repeated burns.*** 

* Adapted from Linsen & Giesen (1983), **Okello et al. (2001), *** Midgley & Bond (2001)  

 

4.2 Fencing 
In the 1970s – when Lewa was still primarily a ranch with cattle and sheep – the original fencing for 
containing the herds was removed and herds were grazed in the traditional manner (i.e. free-ranging but 
herded by herdsmen). At night livestock were corralled in a boma to keep the herds together and protect 
them from predators. The removal of fencing facilitated the movement of wildlife, and their numbers on the 
property grew. Wildlife numbers increased steadily as Lewa offered good habitat and protection from 
poaching, while pressures outside steadily increased. In the 1980s Lewa became a wildlife conservancy 
and livestock husbandry was phased out.  
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Increased pressures in adjacent areas necessitated the construction of a sturdy, electrified perimeter 
boundary fence in the 1990s, which keeps wildlife in, and excludes livestock from neighbouring areas. Two 
wildlife ‘gates’ (one in the north, and one in the south) allow most wildlife to move in and out, although a 
small barrier makes these impassable for rhinos, thereby keeping them confined to Lewa.  
 
By the early 1990s, populations of large browsers such as elephant Loxodonta africana and giraffe Giraffa 
camelopardalis had increased significantly (giraffe from 200 to almost 600; elephant from 60 to over 200; 
see 4.4), and this was beginning to have significant effects on the woody vegetation. Especially riverine 
habitat dominated by fever tree Acacia xanthophloea was affected by heavy browsing, but also other 
wooded habitats were being impacted. In response, Lewa undertook a programme of translocating giraffe 
to other conservation areas (e.g. Samburu), and constructing electrified fencing that allowed most wildlife 
to pass unimpeded, but specifically excluded giraffe and elephant. These so-called ‘exclusion zones’ now 
extend over about 10% of Lewa, and especially protect riverine and hill habitat (Figure 16).  
 
 
 

 
Figure 16   Lewa exclusion zones 
 
Has exclusion zone fencing been effective in protecting woody vegetation? In the areas of significant 
change (3.4.2 & Figure 15), tree cover in riverine vegetation increased from under 10% in 1979 to 25% in 
2000, leaping to more than 50% by 2006. Of the 26 relevé sites (with significant change in tree cover), six 
are included in an exclusion zone (Table 3). Of these six sites, four experienced a significant increase in 
tree cover, including two riverine sites and two hill vegetation types (Figure 15). Two sites with significant 
change in tree cover included in an exclusion zone experienced a decrease in tree cover – these are 
relevé sites 9 (hill vegetation) and 26 (plain vegetation). Both experienced heavy fires in 2000, which 
explains the reduction in tree cover in spite of exclusion of heavy browsers. One may therefore conclude 
that where exclusion zone fencing occurs, it appears to have been effective in allowing regeneration of 
woody vegetation, provided that fires can also be prevented.  
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Of the 20 sites of significant change that were not protected by exclusion zone fencing, seven sites 
experienced an increase in woody vegetation cover, while at 13 sites this decreased (Figure 15). The 
‘increasers’ consisted mainly of hill vegetation (4 sites) and riverine vegetation (2 sites), while the 
decreasers all consisted of plain vegetation. Obviously, pressures (e.g. by fires, browsing) on woody plain 
vegetation are high – higher than on hill and riverine vegetation types.  
 
Studies in other areas on exclusion zones (and the ‘elephant problem’) provide some additional insights. In 
their study on regeneration of Acacia xanthophloea woodland in Lake Nakuru National Park, Dharani et al. 
(2006) found that the highest regeneration rates occurred in the non-fenced plots where browsing took 
place. However, most of this browsing was by species such as giraffe, and not by elephant. In their study 
on impacts of elephants on habitat, Guldemonde and van Aarde (2006) found that most studies on the so-
called ‘elephant problem’ focused on short-term impacts, which indeed concluded that elephants could 
significantly affect vegetation and habitats. Long-term studies were seldom carried out, but those that did 
exist indicated that long-term effects were less severe, and impacts on overall biodiversity were minimal.  
 

4.3 Effects of climate 

4.3.1 Rainfall amount & distribution 
 
Over the past three decades, Lewa received an average of 502 mm of rainfall each year. However, this 
amount can vary a lot from year-to-year, and also within Lewa there are significant differences in 
distribution. From 1972-2005, total annual rainfall – as measured at Lewa headquarters – varied from as 
little 224 mm (1987), to as much as 1240 mm (in 1997, which was an El Niño year). There does not 
appear to be any general trend in the rainfall data  from 1972-2005 (Figure 17), other than one of 
significant fluctuation around a mean.  
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Figure 17   Average annual rainfall at Lewa HQ from 1972-2005 
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The wet months at Lewa are March-April (short rains) and October-December (long rains), when almost 
80% of all precipitation is recorded (see Figure 18). When analysed for each decade separately, there 
does not appear to be any general trend in this monthly rainfall data, and the distribution pattern for all 
three decades appears remarkably similar (Figure 19).  
 

0

20

40

60

80

100

120

140

J F M A M J J A S O N D

Months (av.1975-2005)

R
ai

nf
al

l (
m

m
)

 
Figure 18   Average monthly rainfall at Lewa HQ from 1972-2005 
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Figure 19   Monthly rainfall at Lewa HQ analysed for 3 separate decades 
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When assessed for spatial distribution at Lewa (Figure 20), it is obvious that rainfall distribution is far from 
even, and that some areas consistently receive more rainfall that other areas. This figure shows rainfall at 
ten gauging stations throughout Lewa. In 2004, rainfall varied from 270 mm at Soboiga (which lies in the 
western part of LWC), to 745 mm at Matunda (which lies on the far south-eastern boundary). In 2005, total 
rainfall was much less, and the differences less extreme, with 163 mm recorded at LSC (Lewa Safari 
Camp, which lies in the northwest) and 328 mm at Lewa Headquarters.  
 
On the whole we can therefore conclude that changes in rainfall patterns – either annually, monthly or in 
spatial distribution – do not appear to play a role in habitat changes at Lewa.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20   Annual rainfall for ten gauging stations at Lewa 
2004 & 2005 (left) and the average for these two years (right); LSC = Lewa Safari Camp 
 

4.3.2 Other climatic effects 
 
Data on maximum and minimum temperatures and wind velocities were not analysed as part of this study, 
but there may be some justification for this in future. In their study on habitat changes and weather 
conditions in the Amboseli basin, Altmann at al. (2002) found that changes in maximum temperature might 
well play a role. Since the 1960s, habitat changes at Amboseli have been fairly dramatic, with a major 
change from the woodland-grassland mosaic (dominated by presence of Acacia xanthophloea and Acacia 
tortilis), to an open grassland with more open water, saltpans and shrublands dominated by helophytes 
(plants adapted to saline conditions).  While these habitat changes have been attributed to rising water 
tables, Altmann et al. (2002) found that from 1976-2000, the maximum temperatures had increased 
significantly, especially during the hottest months of the year (February-March). While fluctuating a lot, 
there were no evident directional changes in rainfall patterns or amount, and this does not appear to be 
playing a role.  
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4.4 Wildlife  
Numbers of most wildlife species at Lewa have increased steadily since the late 1970s when these were 
first recorded (Table 5 and Figure 21) – notable exceptions being gerenuk Litocranius walleri and 
hartebeest Alcelaphus buselaphus, which had only modest numbers to begin with. The increase in wildlife 
numbers initially began due to a combination of the removal of fencing (part of ranch management policy), 
and protection against hunting and poaching provided to wildlife on the property. From the late 1980s 
onwards, however, wildlife populations climbed even more significantly, as Lewa made the transition from 
cattle ranch to conservation area.   
 
Two main groups of wildlife exert direct pressure on the vegetation: grazers and browsers. For the sake of 
this discussion, herbivore wildlife at Lewa has been categorised as either grazer or browser3, and the 
average weight of a female is taken as the average weight for the species, to allow comparisons.  
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Figure 21   Changes in wildlife populations 1977-2006 
Beisa oryx  Oryx beisa  Buffalo Syncerus caffer  Eland Taurotragus oryx  

Elephant Loxodonta africana  Gerenuk Litocranius walleri  Giraffe Giraffa camelopardalis 

Grant’s gazelle Gazella granti  Impala Aepyceros melampus  Ostrich Struthio camelus 

Warthog Phacochoerus africanus Waterbuck Kobus ellipsiprymnus Burchell’s zebra Equus quagga 

Grevy’s zebra Equus grevyi  

 
Grazers 
The total numbers of grazing wildlife have increased very significantly since 1977 (Figure 22), especially 
those of Burchell’s zebra Equus quagga (formerly E. burchelli), Grevy’s zebra Equus grevyi, Cape buffalo 
Syncerus caffer, Grant’s gazelle Gazella granti and waterbuck Kobus ellipsiprymnus. When analysed by 
weight, grazing wildlife biomass has increased from 156 tons in 1977 to 664 tons in 2006, an increase of 

                                                           
3 This is a simplification, as most species are predominantly one or the other, and with certain species the emphasis can 

change depending on food availability. 
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more than four times (Figure 23). Most of this increase can be attributed to buffalo, zebra (both species) 
and white rhino Ceratotherium simum (Figure 24).  
 
However, this increase in grazing wildlife does not mean that grazing pressure has also increased fourfold, 
as livestock pressures have decreased dramatically over the same period. In 1979-80 (Linsen & Giesen, 
1983), Lewa had large numbers of cattle and sheep, totalling about 4600 cattle units (1 cattle unit = 6 
sheep) with an average stock biomass of 1610 tons. This is 2.4 times the biomass of grazing wildlife 
present in 2006 (664 tons). Nowadays, cattle and sheep have largely disappeared from Lewa, although 
some still graze along the old Timau road (that runs through Lewa) or as part of the Community Livestock 
Grazing programme (see ‘Changes in stock numbers’, under 4.6).  
 
As indicated by Young et al. (2005) in the nearby Mpala Farm in Laikipia, removal of cattle from grassland 
results in an immediate response of increased grazing pressure by species such as zebra. Interestingly, 
cattle grazing at Mpala reduced grass4 cover by 33%, while wildlife grazing reduced grass cover by only 
14%.  
 
Since the creation of LWC, more than 95% of livestock has been removed and this has greatly reduced 
grazing pressures. Linsen and Giesen (1983) calculated the dry season carrying capacity of Lewa to be 
800-1200 cattle units, and the wet season carrying capacity to be 2700-4000 cattle units. This translates to 
a carrying capacity of about 280-420 tons dry season grazer biomass and 945-1400 tons wet season 
biomass. 2006 grazing wildlife biomass (664 tons) is midway between these two ranges, an indication that 
the area is probably not overstocked with grazers, but that there could be problems during extended dry 
seasons.  
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Figure 22   Total numbers of grazing wildlife 1977-2006 
 

                                                           
4 Grass species at Mpala are similar to that at Lewa, with large areas of black cotton soil dominated by Pennisetum 

stramineum and Pennisetum mezianum, along with Lintonia nutans, Brachiaria lachnantha and themeda triandra. 
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Figure 23   Total weight of grazing wildlife 1977-2006 
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Figure 24   Weight of grazing wildlife species 1977-2006 
 
 
Browsers 
As with grazing wildlife, the population of browsing wildlife has also generally increased since 1977, 
especially for species such as elephant, eland and impala (Figure 25). Giraffe numbers increased 
significantly up to the early 1990s, but a programme of active translocation (to other conservation areas in 
Kenya) has kept this in check and numbers are now less than in 1977.  
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Figure 25   Total numbers of browsing wildlife 1977-2006 
 
 
In her study of browsing pressures at Lewa, Von Holdt (1999) recommended lowering the ‘stocking rate’ of 
browsers to improve the riverine vegetation at Lewa. Von Holdt especially recommended reducing the 
number of elephant, giraffe and impala Aepyceros melampus in the overall area, and calculated that the 
number of browsers needed to be “reduced by 57% to bring it into balance with the existing browse 
resource”. According to her, “this seemingly excessive reduction is necessary if the degradation of the 
woody vegetation at Lewa were to be stopped, and it was allowed to recover and regenerate. … Acacia 
species within the Acacia drepanolobium-Acacia seyal low open woodland have suffered severe 
destruction and over-utilisation, especially by elephant and giraffe…”.   
 
If we examine changes in browser biomass at Lewa, the change appears to be just as significant as that of 
change in grazing wildlife biomass, increasing from 400 tons in 1977 to about 1400 tons in 2006 (Figure 
26).  However, this increase seems to be largely attributable to changes in elephant population, certainly 
after the reduction of giraffe numbers in the 1990s (Figure 27). In 1979-80, giraffe browsing affected the 
vegetation by sculpturing of tree forms (esp. Acacia drepanolobium, A. seyal, Boscia species and 
Balanites aegyptiaca), but did not appear to be affecting recruitment as at the time there were many 
indications of increase in woody vegetation stands (esp. Acacia drepanolobium and A. seyal). With giraffe 
populations lower than that of 1979-80, giraffe populations on their own do not appear to be problematic, 
other than adding to the pressures mainly exerted by rising elephant populations.  
 
In 1979-80, the elephant population at Lewa was about 60 individuals. Elephant were also not permanently 
present, but came and went depending on the season. During the last census in March 2006, the elephant 
population numbered 392, and although there was still a good deal of coming and going, there was also a 
significant resident population at LWC. The rise in numbers is not only due to breeding success (although 
given the large number of juveniles this is certainly part of the equation), but also due to influx from 
neighbouring areas from where they have been driven due to human population pressures and habitat 
change. Due to damage to riverine vegetation – especially Acacia xanthophloea (yellow fever tree) – LWC 
constructed elephant exclusion fencing, mainly around parts of Lewa swamp and along certain streams 
(see 4.2).  
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Elsewhere in Kenya (Amboseli), studies have shown that elephant are not only the main cause of damage 
to Acacia xanthophloea, but are also the main cause of lack of survival and growth of fever tree seedlings 
(Western & Maitumo, 2004), thereby preventing regrowth. At the nearby Sweetwater Black Rhino Reserve 
in Laikipia, 25% of Whistling Thorn Acacia drepanolobium died in just five years as a result of a 
combination of low rainfall and heavy browsing by elephants, black rhinos and giraffes (Birkett, 2003). In 
this recent study, giraffe were found to reduce tree growth – especially in the size class 3-6 metres – and 
make them susceptible to drought. Black rhino browsed back trees into the seedling class and prevented 
regeneration, while if elephant were too high they switched from grass to tree browse in dry periods and 
tree damage increased dramatically. Goheen et al. (2004) found that on the one hand, large native 
herbivores suppressed the reproduction of Acacia drepanolobium by consuming seedlings, while on the 
other hand they suppress rodent densities, thereby promoting seedling survival, as native rodents 
consume seeds and seedlings. Which of these two phenomena overides the other, and under which 
circumstances, is not clear at present.  
 
While the approach of establishing exclusion zones is quite successful in protecting particular stands of 
trees, this approach seems to displace elephant damage to unprotected stands (i.e. remaining unprotected 
riverine forest, hill vegetation and woody plain vegetation) where elephant damage can be extensive and 
lasting (Photos 2 & 3).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 2. Elephants stripping unprotected fever trees.            Photo 3. Elephant damage to mixed Acacia  hill 

vegetation stand.  

 

During the present study, signs of elephant damage were obvious throughout large parts of LWC and 
seemed ubiquitous in most areas unprotected by fencing, except for the Ngare Ndare forest reserve and 
hill vegetation on the steepest slopes. Certain tree species appear to have been affected more than 
others: this particularly holds for the Acacias. The small, shrubby Acacia brevispica seems to be most 
severely affected by (elephant) browsing. All A. brevispica specimens observed had been much reduced 
by very intensive browsing; many are reduced to mere stumps and some have been uprooted altogether. 
In 1979-80 thickets of this species were common in the northern hills and valleys, but now most of these 
thickets seem to have disappeared. To a lesser extent this also holds for Acacia mellifera, of which 
extensive stands were very common in 1979-80. This species now seemed less extensive, and 
undamaged specimens are uncommon. Similarly, most stands of Acacia nilotica, A. senegal, A. tortilis and 
unprotected A. xanthophloea also appear to be affected by intensive browsing.  
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At least some of the browsing damage appears severe and is likely to result in the death of a (perhaps 
significant?) percentage of affected trees and shrubs. If browsing continues at present intensities, a 
decrease in woody vegetation is likely to occur in all areas not protected by anti-elephant fencing. In South 
Africa, Botha et al. (2002) found that Acacia xanthophloea easily recovered from elephant damage, but 
that a host of other species (including aloes) disappeared due to their browsing pressures.  
 
The history of vegetation dynamics of the Serengeti-Mara plains shows that significant changes in woody 
vegetation is a common phenomenon in East African savannas (Dublin, 1995). At turn of century (1900) 
the Serengeti-Mara area consisted of open grassland alternated by lightly wooded patches, much like it is 
today. By 1930-1940s it was densely wooded, and it stayed that way for more than 20 years. In the 1950s, 
however, the woodlands and thickets began a rapid decline and reverted to grasslands. At the time it was 
predicted that woodlands would recover if the wildebeest population would remain high, as this would 
prevent fire frequency and severity. This has borne out in the Serengeti, but not in the Masai Mara – the 
main difference being that the latter has a significant elephant population that affected woody vegetation. 
 
Heavy browsing pressures by elephants lead to a decline in density of trees taller than 5m at Tarangire NP 
in Tanzania from 1971-1996, while density of trees in 1-5m class did not decline (van de Vijver, 1999). As 
a result of heavy browsing, overall tree density was not affected, but class size distribution was. Overall 
tree vigour did not decline due to elephant browsing, apart from some severely damaged trees, indicating 
that densities of 2300 elephant at Tarangire could be sustained – this is about half the density found at 
Lewa in 2006. Similar results were found by Augustine and McNaughton (2004) in Central Kenya, where 
elephant caused a significant reduction in cover of Acacia mellifera and Grewia tenax, but had less impact 
on Acacia etbaica. For Acacia species, elephant damage was focused on trees and shrubs taller 2.5 m, 
such that Acacias in intermediate height classes (0.5-2.5m) experienced minimal browser impacts. 
Elephants influenced tree/shrub dynamics by altering height-class distributions, shifting species 
composition from broad-leaved Grewia tenax to fine-leaved Acacia species, and suppressing woody 
biomass accumulation. However, they found that elephants had little influence on overall shrub density. 
 
Pellew (1983) reports that in the Serengeti, elephant damage resulted in an annual loss of 6% of all Acacia 
tortilis, and that culling could not prevent damage to this preferred species, only slow down the rate at 
which this occurred. Henley (2005) speculates that the high densities of preferred tree species could be a 
relict from the days that large browsers such as elephant were heavily persecuted and low in numbers. 
This is supported by studies in Northern Botswana, where Skarpe et al. (2004) found that the ecosystem 
changed following the increase in elephant and ungulate populations, and, presumably, is developing 
towards a situation resembling that before the reduction in number of large herbivores. In contrast, in their 
report on increasing elephant populations in the Hwange NP in Zimbabwe, Valeix et al. (2006) find that 
while populations of other wildlife decline (as a result of elephant disturbance), this was not because of 
landscape scale, vegetation structure changes, and there was no evidence of an opening of the habitats. 
 
Unlike elephant and giraffe, Black rhino Diceros bicornis and impala are a minor feature only in terms of 
biomass, and hence probably also of pressures exerted on the vegetation. Because of the high 
concentration along watercourses, however, the large impala population may hinder recruitment, 
especially of Acacia xanthophloea. This prevention of regrowth has been documented elsewhere as well. 
Impala prevent the regeneration of marula (Sclerocarya birrea) trees in Kruger NP in South Africa, riparian 
woodland in Chobe NP in Botswana (Henley, 2005), and of Acacia species in Lake Manyara NP in 
Tanzania (Prins & van der Jeugd, 1993). However, studies on Acacia drepanolobium seedlings at nearby 
Mpala Research Centre (Mpala Farm) in Laikipia (Shaw et al., 2002) showed that a range of invertebrates 
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were the main cause of seedling demise, with some limited damage by rodents and little or no damage by 
larger mammals.  
 
Anti-elephant fencing does not exclude impala, but seedlings and saplings could be protected by rings of 
fencing until they reach a height that places the branches out of reach of impala.   
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Figure 26   Total weight of browsing wildlife 1977-2006 
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Figure 27   Weight of browsing wildlife species 1977-2006 
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Table 6    Wildlife Numbers at Lewa 1977-2006 
 

Aug May Apr May Feb Jun Feb Mar May Mar Feb Feb Jan Jan Feb Feb Feb Mar
Species 77 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06

Beisa oryx 7 68 80 68 74 57 100 65 165 127 141 126 84 86 62 85 49 69
Buffalo 78 71 128 197 37 74 113 203 236 159 245 238 125 161 203 233 255 339
Bush Buck 0 0 0 17 7 10 3 6 3 0 6 0 0 0 <20 >20
Cheetah 4 0 1 0 2 0 0 4 7 7 10 4 21 10 7 8 3
Eland 94 260 274 135 435 128 190 146 273 227 299 228 151 121 108 137 214 169
Elephant 62 102 10 220 149 15 199 178 110 247 170 193 150 28 157 216 297 392
Gerenuk 24 31 36 77 35 37 42 50 55 5 16 4 17 15 11 7 11 6
Giraffe 190 440 367 588 361 229 331 198 202 186 240 237 236 245 215 177 173 147
Grant's Gazelle 174 322 332 274 583 174 159 133 327 181 176 132 162 192 167 261 258 320
Greater Kudu 24 14 40 34 25 27 19 30 53 22 30 13 38 37 33 36 3 11
Hartebeest 25 63 106 45 40 46 60 35 50 58 45 28 9 7 4 2 1 1
Hippo 0 0 0 0 0 0 0 0 0 0 0 0 1 2 2 2 2 2
Impala 231 379 501 475 486 729 594 508 821 698 825 733 627 749 760 679 836 739
Jackal (silver-backed) 0 0 0 0 0 2 2 2 0 8 0 0 0 0 >15 >12 3 1
Klipspringer 0 0 0 0 0 0 0 0 12 4 8 0 0 0 >8 >6
Leopard 0 0 0 0 0 3 0 0 1 1 10 0 1 7 >8 >8
Lion 4 0 0 0 2 0 5 0 7 2 11 0 8 20 18 28 24 16
Ostrich 16 40 34 38 48 37 73 45 75 66 85 84 119 98 65 68 48 36
Rhino, Black 0 17 14 15 19 21 21 21 21 20 25 26 29 29 32 36 40 48
Rhino, White 0 0 0 5 11 0 19 23 23 25 28 32 30 31 32 32 39 36
Sitatunga 0 0 0 0 0 0 0 10 11  12  21 21 16 16 14
Warthog 15 124 142 230 310 110 213 147 272 233 367 304 88 194 136 129 170 140
Waterbuck 59 147 326 223 408 171 104 226 300 242 220 474 149 170 64 52 116 134
Zebra, Burchell 241 1291 1452 1375 1302 1372 1387 1428 1647 1552 1756 1467 1264 1039 1025 1101 1094 970
Zebra, Grevy's 106 287 259 380 262 236 140 387 470 517 632 497 556 487 462 435 448 399
Note: Data obtained from the Research Unit of LWC. 
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4.5 Exotic plant species 
 
Exotic plant species are relatively common at Lewa, but on the whole there are few problems with invasive 
exotics and most introduced species are confined to disturbed areas. The most commonly observed 
exotics are two species of cactus (Opuntia exaltata and Opuntia vulgaris; Photos 4 & 5), Datura 
stramonium, Lantana camara and Tagetes minuta (Photos 6, 7 & 8). The cacti have been introduced for 
their fruit and for creating impregnable fencing round shambas; however, some of these have escaped into 
neighbouring parts of Lewa. Elsewhere (e.g. northern Australia) Opuntia has become a major invasive 
species that had to be eradicated using species programmes; this does not appear to be a threat at Lewa, 
although it is wise to closely monitor populations of exotics.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 4. Opuntia exaltata    Photo 5.   Opuntia vulgaris 

 
Datura stramonium used to be more common than at present, as it was a major feature in vegetation of 
former boma sites, when Lewa used to be a cattle ranch. It still occurs, but is only occasionally seen. The 
two remaining introduced species are both from America: Lantana camara is from Central America, while 
Tagetes minuta is from South America. Lantana is a major invasive species in Australia and Southeast 
Asia, but again, as with the cacti, it does not (yet) appear to be problematic at Lewa.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 6.   Datura stramonium                   Photo 7.   Lantana camara                          Photo 8.   Tagetes minuta 

 



Habitat changes at Lewa 1962-2006  

REVISED DRAFT                                                                                              Giesen, Giesen & Giesen - April 2007 37

Linsen and Giesen (1983, p.148-9) list a total of 30 herbaceous weeds and seven tree/shrub weed 
species, including at least four exotic herbs (Aerva javanica, Datura stramonium, Potentilla pennsylvanica, 
Striga asiatica) and two exotic trees/shrubs (Lantana camara, Ricinus communis). Of these, Datura  
stramonium and Lantana camara were encountered during the present study.  
 
It can be concluded that exotic plant species have not contributed significantly to changes in vegetation at 
Lewa over the past decades. However, it is prudent to continue monitoring these exotics as they remain 
potentially invasive, and some (e.g. Datura stramonium, Ricinus communis) are very toxic.  
 

4.6 Other changes & their impacts on habitats 
Changes in stock numbers 
In 1979-80 (Linsen & Giesen, 1983), Lewa had large numbers of cattle and sheep, totalling about 4600 
cattle units (1 cattle unit = 6 sheep) with an average stock biomass of 1610 tons. Stock were largely 
phased out after the establishment of LWC, and at present only a handful of cattle, sheep and goats are 
kept: a) along the main road through Lewa from the Matunda gate to Timau, as locals are allowed to herd 
livestock along this route; and b) as a gesture to the local community, some limited grazing being 
considered as part of LWC management.  The latter is incorporated in the Community Livestock Grazing 
(CLG) programme, which has recently (starting January 2005) been undertaken at Lewa. Under this CLG 
programme, areas of moribund grassland, dominated by Pennisetum stramineum and P. mezianum (grass 
species not preferred by plains wildlife), are treated by controlled livestock grazing to improve forage 
quality. Livestock grazing can reduce the high moribund biomass directly by consumption, or indirectly by 
smothering moribund grass through trampling.  Controlled grazing occurs in the dry season only, in areas 
with a grass biomass of more than 6000 kg/ha.  
 
The removal of stock from Lewa has significantly reduced grazing pressures. Linsen and Giesen (1983) 
calculated the dry season carrying capacity of Lewa to be 800-1200 cattle units, and the wet season 
carrying capacity to be 2700-4000 cattle units. This translates to a carrying capacity of about 280-420 tons 
dry season grazer biomass and 945-1400 tons wet season biomass. The 1610 tons of livestock biomass 
has given way to about 660 tons of grazing wildlife biomass (in 2006), which is a reduction in grazing 
pressure of almost 60%.  
 
More people, more traffic 
Compared with 1979-80, Lewa has become a busy place. Back then there was one safari camp –  
‘Wilderness  Trails’ – in operation, along with staff involved in farming produce (marketing gardening) and 
herders that accompanied the herds of sheep and cattle. Nowadays there are three safari camps on Lewa, 
and while livestock herding and market gardening has been phased out, LWC employs 300+ staff. In 
addition, there are tourist operations outside Lewa (e.g. Borana, Il Ngwesi) that also make use of Lewa’s 
road network for their access. To cope with increased numbers of people and vehicles, the road network at 
Lewa has been expanded over the past 25 years.  
 
Apart aesthetics, an increased traffic/road network has both positive and negative impacts on habitats. A 
positive impact is that roads serve as fire breaks, and provide ready access to areas for fire fighting. The 
reverse side to this is that roads tend to fragment habitats, and serve as areas along which weeds may 
readily be spread. Weed species such as Datura stramonium and cacti are most commonly found along 
roadsides, but are seldom found elsewhere.  
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Off-take of water 
Water off-take from streams and springs has affected surface water levels at Lewa over the past decades. 
The dam in western Lewa at (Kubwa Dam, north of Mlima) was constructed in the late 1970s, but has 
never contained much water due to off-take of water from the upstream part of the small incoming river. 
Levels in Lewa swamp had decreased due to off-take of water for market gardening and fish farming, but 
this has since been restored (see below). Lewa is fortunate that most of the main rivers in the area are fed 
by permanent springs (Matoni, Lewa and Ngare Ndare) that so far have proved to be unaffected by 
development upstream.  
 
Changes in boundaries and size 
Lewa’s boundary has changed significantly since 1979-80, with the addition of the Ngare Ndare forest 
reserve (about 7,300 ha of Juniperus-Olea forest; Gathaara, 1999) in the early 1980s, followed by 
significant additions from 2000-2006 (about another 3000 ha), mainly of plain and riverine habitat) in the 
central area along the old Timau road. These additions have increased habitat available for wildlife. The 
Ngare Ndare forest provides habitat for browsers, especially Black rhino and elephant, while the plain 
vegetation additions benefit a wide range of wildlife species including browsers and grazers. Together, 
these have enhanced the integrity of Lewa, as centrally located enclave-like sections have been eliminated 
and the area:boundary ratio has increased.  
 
Lewa Swamp restoration 
The area around Lewa swamp – especially the area where LWC headquarters are now located – was 
previously the site of market gardening and fish farming (tilapia ponds). Since the establishment of LWC, 
the swamp has been restored, and as a result water tables have risen and the area of swamp dominated 
by Cyperus dives (see Annex 7) has increased. At the same time, however, fever tree Acacia 
xanthophloea vegetation on the northern and western shores of the swamp died off – this is probably 
because these trees cannot withstand the permanent water logging that now occurs.  
 

4.7 Trends 

4.7.1 Relationship between trees & grass 
The relationship between trees and grass in savanna ecosystems was long viewed as one of competition, 
with control of ‘encroaching’ woody species being one of the aims of ranchers wanting to maximise the 
forage availability for their stock (Pratt & Gwynne, 1977; Linsen & Giesen, 1983). Competition between 
trees and grass for nutrients and (especially) water was the main driving force between the two main 
components of the savanna. During the past two decades, however, studies have shown that the 
relationship is more complicated than previously thought, and that savanna trees can both increase of 
decrease the productivity of understorey grasses. Trees can reduce grass growth through competition for 
nutrients, water and light, but may also stimulate grass production through increased soil nutrient 
availability, shade, and hydraulic lift5 (Ludwig, 2001).  
 
Clear is now that nutrients are much more readily available under trees compared to open grassland, and 
that while nitrogen is the main limiting factor for grasses in the open savanna, phosphorus is the limiting 
factor under (leguminous) savanna trees. Studies have shown that under Acacia tortilis, for example, trees 
do not increase grass productivity, but they do have a positive effect on grass quality for grazers, as these 

                                                           
5 This is the drawing to the surface of groundwater by root systems of trees.  
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grasses have a higher nutrient and protein content. Selective grazing under trees appears to be vital for 
certain species to maintain their vitality (Ludwig, 2001).  
 
The two key grass species at Lewa – that dominate throughout the plains and are also common in hill 
vegetation – are Pennisetum stramineum and Pennisetum mezianum. Pennisetum stramineum or wire 
grass occurs on black cotton soils in areas with an annual rainfall of 500-600 mm. In spite of its name, it is 
fairly valuable as a fodder species. Pennisetum mezianum or bamboo grass is somewhat less palatable 
for herbivores, and occurs over a much wider geographic range. Although characteristic for the plains at 
Lewa, in other areas these species are found to be typical for encroached areas (e.g. at Borana6, in 
southern Ethiopia; Angassa, 2005), or (in the case of P. stramineum) are typically found along edges of 
treeless glades in Acacia drepanolobium wooded grassland in adjacent Laikipia (Young et al., 1995), or on 
termite mounds (Arshad, 1982). Both species therefore seem atypical for open grasslands, and appear 
adapted to tree’d habitats.  
 
Since the transition from ranch to wildlife conservancy, the change from open grassland to tree’s grassland 
and woodland at Lewa is no longer viewed as negative, but is actively promoted to favour browsing wildlife 
such as Black rhino. Given the perception that trees favour grass quality, pressures that reverse the trend 
from tree’d vegetation back to grassland are not only unfavourable for browsers, but also probably do not 
benefit grazing wildlife.  
 

4.7.2 Trends in tree/grass ratios at Lewa 
 
The following summarises trends regarding changes in vegetation at Lewa, and gives our assessment of 
where things are heading in the medium-term.  
 
Ngare Ndare forest 
The Ngare Ndare forest reserve has recovered spectacularly since its incorporation into LWC and 
protection from logging, poaching of timber and fires. Tree and shrub cover is now at more than 80%, and 
this is likely to continue to become even denser as trees mature and fast growing pioneer species such as 
Dodonea and Rhus replaced by climax forest species such as Olea africana and Juniperus procera. 
Important is that fires can be further prevented. Fires are unlikely to start within the forest itself (unless 
deliberately started during a dry spell), and are more likely to encroach upon the forest from the edges 
after starting in adjacent farmland or tree’s grassland.  
 
Hill vegetation 
Based on data from aerial photographs and the 1980 vegetation map, tree and shrub cover in hill 
vegetation tends to fluctuate, but without a clear indication of either increase or decline. The general 
impression, however, is that the quality of hill vegetation is rapidly declining, and that this is mainly due to 
elephant damage (see photo 2). This was not yet evident in 2000, and hence did not lead to identification 
of many hill vegetation sites as areas of significant change in tree and shrub cover. However, during 2006 
fieldwork, extensive damage by browsers was evident throughout Lewa, and in many cases this appears 
to be leading to tree mortality. If this continues at the present scale, this will probably lead to a decline in 
tree and shrub cover in hill vegetation.     
 

                                                           
6 Not to be confused with the Borana Ranch, which borders on the western side of Lewa. 
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Plain vegetation 
Evidence from aerial photographs and relevés support the general impression that tree and shrub cover 
has declined significantly in the Acacia drepanolobium-Acacia seyal dominated plain vegetation. This 
appears to be caused by fires, in combination with other pressures such as heavy browsing, as fires alone 
do not explain the changes. If the current situation remains unchanged (re fire and browsing pressures), 
tree and shrub cover may decline even further.  
 
Riverine vegetation 
On the whole, riverine vegetation dominated by Acacia xanthophloea has recovered well over the past 
decades, due to a combination of habitat restoration (around Lewa swamp) and exclusion zone fencing 
(preventing access by elephants and giraffe). Exclusion zoning works well for protected areas, but appears 
to be leading to increasing damage in unprotected areas. As a result, the current trend may lead to the 
loss of unprotected riverine forest in the future.  
 
Overall: grassland 
Grasslands at Lewa are in a relatively good condition, although the dominant Pennisetum stramineum and 
Pennisetum mezianum are not the most palatable grass species. Signs of overgrazing in 1979-80 (e.g. low 
perennial grass cover, abundant annual weeds) are no longer very evident. The main reason is probably 
the de-stocking that occurred after the establishment of LWC, which effectively halved the grazing 
pressures (initially, this was even greater, but grazing wildlife numbers have filled the gap, to some extent).  
 
Overall: woody vegetation 
Changes in woody vegetation depend on the vegetation type. In hill and plain vegetation, woody 
vegetation has declined, mainly due to browsing (hill vegetation) or browsing in combination with fires 
(plain vegetation). In riparian vegetation, woody vegetation has increased, mainly due to a combination of 
habitat restoration (Lewa Swamp7) and especially due to exclusion zone fencing protecting woody species 
from large browsers such as giraffe and elephant. If current trends continue:  

• Acacia xanthophloea will stabilise in exclusion zone areas but probably decline outside these 
areas; 

• Acacia brevispica, A. drepanolobium, A. mellifera, A. senegal, A. seyal and A. tortilis will decline 
further, except in exclusion zones and on less, steep accessible slopes (for the hill type Acacias).  

 
 
 

                                                           
7Except along periphery of the swamp, where woody vegetation has declined due to permanent waterlogging. 
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5 Conclusions & recommendations 

5.1 Conclusions 
 
Habitat changes at Lewa: 
• Habitat changes at Lewa appear to be largely changes in tree/shrub densties, rather than changes in 

floristic composition.  
• Overall, tree and shrub density of Lewa (excluding Ngare Ndare forest) has remained about the same 

from 1962-2006. However, there are significant differences between the various main vegetation 
types. 

• During this period, there as been a significant increase in tree cover in riverine forest dominated by 
fever tree Acacia xanthophloea, from 13.4% average in 1962, to 31.8% in 2000 – this means that tree 
cover in this habitat has on average more than doubled.  

• At the same time, there has been a significant reduction in tree/shrub cover in plain vegetation 
dominated by whistling thorn Acacia drepanolobium and Acacia seyal, from 12.7% average in 1962 to 
7.1% in 2000 – this has virtually been halved over these decades.  

• Hill vegetation dominated by a variety of Acacia (A. brevispica, A. mellifera, A. nilotica, A. senegal) 
and Grewia appears to be relatively constant (fluctuating over a mean) over the same period. 
Tree/shrub cover averaged at 11.8% in 1962, and was 11.6% in 2000.  

• The Ngare Ndare forest has shown a remarkable recovery in woody vegetation, increasing from about 
35% cover in 1962, to about 80% by 2000.  

• Statistical analysis of relevé data shows that there is greater difference between the various hill 
vegetation sites than between plain and riverine vegetation types, which are clearly more 
homogenous and similar. No clear correlation emerged with either burning or fencing, which means 
that:  i) either fires and fencing have so far not resulted in significant changes in vegetation species 
composition; or ii) (in the case of burning) most vegetation is already affected by a long history of fires 
and is already adapted, species-wise, so incidental fires no longer affect composition.  

 
Effects of fires: 
• Fires have affected about half of Lewa over the past 14 years (excluding Ngare Ndare forest and 

other recent extensions).  
• The frequent fires appear to be effective in reducing tree cover at Lewa, at least on the time scale 

measured (<14 years). In this regard, it seems to be mainly affecting Acacia drepanolobium-Acacia 
seyal dominated plain vegetation rather than other vegetation types. Statistical analysis, however, 
indicates that fires do not seem to be changing species composition on the time scale measured (14 
years), although it is also possible (and likely) that the vegetation is already largely fire-adapted.  

• Other factors also play a role in reducing tree cover in the plain vegetation, as a large number of areas 
of plain vegetation not affected by fires also experienced a significant reduction in tree cover over the 
same period.  As fires alone do not seem to be effective in causing these Acacia species to disappear, 
it seems likely that several pressures are acting simultaneously 
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Effects of exclusion zone fencing: 
• Exclusion zones currently protect about 10% of Lewa (excluding Ngare Ndare forest and other recent 

extensions).  
• Where exclusion zone fencing occurs, it appears to have been effective in allowing regeneration of 

woody vegetation, provided that fires can also be prevented.  
• Significant regeneration of woody vegetation also occurred between 1980-2006 in riverine and hill 

type vegetation not protected by exclusion zone fencing, but not in plain vegetation. Obviously, at 
present pressures (e.g. by fires, browsing) on woody plain vegetation are high – higher than on hill 
and riverine vegetation types. Only one unprotected plain vegetation site experienced an increase in 
trees and shrubs (relevé 8), but tellingly, this site had not experienced any fires since 1992.  

 
Effects of climatic variation/changes: 
• Changes in rainfall patterns – either annually, monthly or in spatial distribution – do not appear to play 

a role in habitat changes at Lewa.  
 
Effects of wildlife:  
• The total numbers of grazing wildlife have increased very significantly since 1977, especially those of 

Burchell’s zebra, Grevy’s zebra, Cape buffalo, Grant’s gazelle and waterbuck. At the same time, total 
grazing wildlife biomass also increased fourfold – being mainly attributable to buffalo, zebra and white 
rhino. Grazing pressure, however, decreased over the same period, as Lewa transformed from ranch 
to conservation area and most livestock were removed. At present, Lewa does not appear to be 
overgrazed, although numbers may be too high to be sustained during prolonged droughts.  

• As with grazing wildlife, browsing wildlife populations have also generally increased since 1977, 
especially elephant, eland and impala.  At the same time, browsing wildlife biomass at Lewa 
increased from 400 tons in 1977 to 1400 tons in 2006, a factor of 3.5 times. This increase seems to be 
largely attributable to changes in the elephant population, certainly after the active reduction of giraffe 
numbers (by Lewa’s translocation programme) in the 1990s.  

• Elephant numbers have increased 5-6-fold since the late 1970s, and signs of elephant damage to 
vegetation are present in most areas not protected by anti-elephant fencing. Acacia species appear 
most severely affected, especially Acacia brevispica, A. mellifera and (unprotected) A. xanthophloea. 
Giraffe populations on their own do not appear to be problematic, other than adding to the pressures 
mainly exerted by rising elephant populations. If browsing continues at present intensities, a decrease 
in woody vegetation is likely to occur in all areas not protected by anti-elephant fencing. Lewa will 
need to address the elephant population issue, as the use of elephant exclusion fencing cannot be 
extended indefinitely.  

 
Effects of exotic plants: 
• Exotic plant species have not contributed significantly to changes in vegetation at Lewa over the past 

decades. However, it is prudent to continue monitoring these exotics as they remain potentially 
invasive, and some (e.g. Datura stramonium, Ricinus communis) are very toxic.  

 
Overall assessment of factors affecting habitats: 
• Riverine vegetation. Acacia xanthophloea dominated riverine vegetation experienced a significant 

increase in tree cover since 1980. This seems to have been mainly due to the establishing of 
exclusion zones preventing entry of large browsers such as giraffe and elephant. In some instances, 
sites without exclusion zone fencing also experienced an increase in tree cover (relevé sites 1 & 2), 
but this appears to be an exception. The area around Lewa swamp experienced a decrease of fever 
tree cover on the northern and western sides due to restoration of the swamp, which resulted in a rise 
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in water tables that killed trees that were then permanently waterlogged. Riverine vegetation not 
protected by exclusion zone fencing is heavily affected by elephant browsing, and is likely to decline 
rapidly if pressures continue.  

 
• Plain vegetation. Trees and shrubs of plain vegetation have strongly decreased in cover over the 

past decades, probably due to a combination of fires and browsing. Either factor also seems to be 
sufficient in bringing about changes in woody vegetation, as half of the plain vegetation areas that 
experienced a significant reduction in tree cover (from 1980-2000) had not been affected by fires 
since 1992. Fire does seem to be the strongest driving factor, however, as a plain vegetation site 
protected by exclusion fencing but experiencing a fire had a strong decline in woody vegetation (site 
26), while, conversely the only plain vegetation site with a strong increase in woody vegetation cover 
was one outside an exclusion zone but unaffected by fire since 1992 (site 8).  

 
• Ngare Ndare forest. The recovery of Ngare Ndare forest is most likely due to the cessation of logging 

activities and poaching of timber – changes that occurred after this forest was incorporated into LWC. 
Browsing occurs in the area, especially by black rhino and elephant, but this appears to be having 
little effect on dominant tree species. The area has not been affected by fires over the past 14 years.  

 

5.2 Recommendations 

5.2.1 Habitat management 
 
Plain vegetation dominated by Acacia drepanolobium and Acacia seyal, along with the grasses 
Pennisetum stramineum and Pennisetum mezianum.  

• Further loss of woody species of this habitat seems likely in the short- to medium-term, and LWC 
management may consider protecting some of this habitat with exclusion fencing. What could 
also be considered is a number of smaller protected areas that could serve as seeding areas 
from which the species could spread, if pressures (fires, browsing) were to decline.  

• Fire in combination with (heavy) browsing seems to play a key role in the decline of the 
characteristic Acacia species. Timing of controlled fires should be so that management tries to 
avoid this coinciding or occurring shortly after heavy browsing has taken place.  

• Further studies should be undertaken on cause of decline, and possible recovery of woody 
species of this habitat, to: i) confirm that the main cause is indeed the combination of fires and 
heavy browsing; and ii) assess if this decline is reversible and/or part of a cycle of 
increase/decline in woody species, as is suggested by the outcome of some studies.  

 
Hill vegetation, dominated by Grewia species, and a variety of Acacias, including Acacia brevispica, 
Acacia mellifera, Acacia nilotica, Acacia senegal and Acacia tortilis.  

• Further loss of woody species of this habitat seems likely in the short- to medium-term, and LWC 
management may consider protecting more or larger areas of  this habitat with exclusion fencing. 
What could also be considered in addition to this measure, is establishing a number of smaller 
protected areas that could serve as seeding areas from which the species could spread if 
browsing pressures were to decline.  

• Recent, heavy damage inflicted by intensive browsing (mainly by elephant) seems to be the main 
cause of this decline of woody species. This needs to be verified by means of further study, e.g. 
in combination with the establishment of exclusion zone fencing to confirm recovery if browsers 
are excluded.  
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Riverine vegetation, dominated by Acacia xanthophloea, along with Pavonia patens and Achyranthes 
aspera.  

• This habitat has recovered due to protection provided by exclusion zone fencing, but remains 
under significant pressure outside the exclusion zones, from where it could  largely disappear in 
the medium-term if browsing pressures (esp. by elephant) remain high. LWC management should 
re-assess the entire riverine habitat and prioritise which of the remaining, unprotected areas must 
remain, as these will also require fencing.  

• According to Von Holdt (1999), heavy browsing by small browsers such as impala may prevent 
recruitment of Acacia xanthophloea <even in areas protected by exclusion zone fencing>. A 
population study should be carried out in important Acacia xanthophloea stands to assess size-
class distribution of this species, and assess if natural recruitment is healthy enough to maintain 
the population.  

 
Ngare Ndare forest, characterised by ‘Cedar’ Juniperus procera8, Brown Olive Olea europaea subsp. 
africana9 and a wide range of broadleaf species such as Dodonea, Euclea, Lannea, Myrsine, Rhus and 
Scolopia.  

• This habitat has recovered remarkably due to protection against logging, timber poaching and 
fires. However, there is currently do not seem to be any fire breaks along the Lewa boundary to 
prevent external fires from entering the area, nor are there fire breaks that partition the forest into 
a number of blocks, to prevent spreading of fires. Fire breaks should be taken into consideration 
by Lewa management.  

• The forest appears to be recovering well, with large numbers of fast growing pioneer species 
such as Rhus natalensis and Dodonea angustifolia rapidly establishing themselves in dense 
groves. As a result, the forest at present is probably unlike the original forest. A study may be 
considered to assess if any forest mensuration (e.g. thinning, enrichment planting) activity is 
desirable or required, so that forest recovery is guided into a desired direction.  

 
Fires have affected large parts of Lewa, and are probably part of the natural history of the area. They 
occur both accidentally and as controlled fires used by LWC management to prevent build-up of 
combustible material that may cause highly damaging fires.  

• The negative synergy between fires and heavy browsing – especially on woody species in the 
plain vegetation – needs to be studied, so that timing of fires can be such that excess damage is 
avoided.  

• At present, data collected on fires at Lewa includes location, perimeter and timing. This 
phenomenon should be studied in more detail, and more information should be recorded as a 
matter of standard procedure. This should include i) weather (humidity, wind velocity and 
direction), ii) an estimate of fuel build-up at time of fire (esp. grass in terms of kg/m²), iii) effect of 
topography (e.g. spread of fire up or down a slope). This data needs to be analysed by LWC staff, 
to assess what the best time is for controlled burns, given local circumstances.  

                                                           
8 There is a lot of confusion about the name of this species.  The ‘cedar’ that occurs in the Ngare Ndare forest is actually 

the (East) African Juniper, Juniperus procera. The red cedar Cupressus lusitanica referred to in various documents 

about LWC and the Ngarae Ndare forest originates from Mexico and was introduced as a plantation tree to Kenya in 

1927. It is also planted on the northern and north-western slopes of Mr. Kenya. In Kenya, however, the name ‘cedar’ is 

commonly used for both J. procera and C. lusitanica.  
9 The African Brown Olive is regarded by some as a subspecies of the common olive Olea europaea, namely O. 

europaea  subsp. africana, while others recognise it as a distinct species Olea africana.  
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• The use of controlled fires should be reviewed in the light of their contribution to the release of 
CO2, and their negative effect on the global environment.  

 

5.2.2 Wildlife management 
 
Elephant numbers have increased from about 60 in 1980, to almost 400 in 2006. At the same time, 
elephant browsing pressures appear to have increased to a level that seems unsustainable, at least in the 
medium-term.  

• The option of establishing a corridor linking Lewa with Mount Kenya (as was suggested by Von 
Holdt and is under investigation by LWC management) seems to offer a possible solution to lower 
browsing pressures, at least on a regular basis, by allowing wildlife to move into other habitats in 
the dry months. Whether this is viable will depend upon what is available in terms of forage in the 
upland areas, and whether a corridor will not lead to problems with neighbouring communities. 
Effects of such a corridor will depend upon the degree to which it is utilised by large browsers. In 
Southern Africa, Henley (2005) found that large male elephant were often the first to roam into 
new territories, and that this reduced browsing pressures as male groups were often far more 
destructive in their interaction with the environment than mixed groups.  

• Assessing the degree of recovery of individual damaged trees and shrubs following elephant 
browsing damage, in an attempt to quantify the phenomenon and assess what Lewa might be 
able to sustain in terms of number of elephant. In this respect, current perceived levels of damage 
to woody species may be part of a cycle, with elephant numbers declining in response to lower 
browse availability, and woody species subsequently recovering. However, this is speculative and 
needs to be investigated.  

• Given the impacts of elephant on a host of species other than acacias – including Aloe and 
Sansevieria – carrying out a rapid survey on this less visible form of elephant damage may be 
prudent, in order to assess the overall effect of elephants on plant diversity at Lewa.  

 
Giraffe were perceived as damaging to trees and shrubs of the plain habitat, and a programme was 
launched in the 1990s to relocate giraffe to other protected areas. As a result, giraffe numbers have been 
kept at or below levels of 1979-1980 over the past decade.  

• Tree mortality and impaired recruitment due to heavy giraffe browsing needs to be studied. The 
authors of the present report consider it unlikely that giraffe are a major source of tree/shrub 
mortality, but consider it probable that these browsers affect recruitment by preventing flowering 
and fruiting. They also consume a large proportion of seed pods, especially of Acacias (e.g. 
Acacia nilotica and A. tortilis; see Miller, 1994); which proportion of consumed seeds can still 
germinate has not been fully studied. A study of giraffe browsing behaviour, marking (and re-
examining at later dates) of browsed trees, and establishing small exclusion plots could be useful 
in this regard. A study of rate of germination of seeds after passing through the digestive tract of 
giraffe could also be studied.  

• If (based on studies at Lewa) giraffe are regarded less damaging browsers than elephant, Lewa 
management may consider developing a fencing alternative for exclusion zones that allows 
giraffe to pass but excludes elephants.  
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Impala numbers. High numbers of impala are regarded by Von Holdt (1999) as preventing recruitment of 
Acacia xanthophloea in the riverine habitat, which is not unlikely.  

• If study on Acacia xanthophloea indicates that browsing by small browsers is preventing 
recruitment of the species, methods to temporarily exclude small browsers such as impala need 
to be developed. This could be a small, easily dismantled fencing, or protective guards for 
individual saplings. Once the saplings are taller than about three meters, the fencing or protective 
guards should be removed.  

 
Exclusion zones have been developed over relatively extensive parts of Lewa (10%), mainly in riverine 
habitats, but also some hill vegetation areas. This has been effective in allowing woody vegetation recover, 
and has emerged as a major management tool for controlling access by large browsers. A number of 
things could be considered: 

• As overall browsing pressure remains the same, exclusion zoning only deflects the large 
browsers to other areas, and the result may ultimately be a severe decline of woody vegetation in 
all areas unprotected by exclusion zone fencing. This scenario needs to be seriously considered 
by Lewa management, as this may not be desirable or sustainable in the long run. What also 
needs to be considered is elephant behaviour, as increased limitation of access may lead to a 
lack of forage during dry years, and a subsequent increase in conflicts (e.g. damage to fences, 
marauding in neighbouring shambas).  

• Can (some of the) exclusion zones be temporary? The observation that over-abundance of 
forage sometimes leads to wasteful, destructive behaviour may mean that limiting access at 
certain times, and relinquishing access to browsers over time, may have some effect.  

 

5.2.3 Future studies 
 
A number of studies are recommended in 5.2.1 and 5.2.2; in summary these are: 

• Study on cause of decline and possible recovery of woody species in both plain and hill 
vegetation, to assess relative contribution by fires and browsing. 

• A population study of Acacia xanthophloea (riverine vegetation) stands to assess size-class 
distribution and assess if natural recruitment is healthy enough to maintain the population.  

• A study in Ngare Ndare forest to assess if forest mensuration (e.g. thinning, enrichment planting) 
activity is desirable or required, so that forest recovery is guided into a desired direction.  

• The negative synergy between fires and heavy browsing – especially on woody species in the 
plain vegetation – needs to be studied, so that timing of fires can be such that excess damage is 
avoided. More data should be collected on Lewa fires and analysed to assess what the best time 
is for controlled burns, given local circumstances.  

• A study of the degree of recovery of individual damaged trees and shrubs following elephant 
browsing damage, in an attempt to quantify the phenomenon and assess what Lewa might be 
able to sustain in terms of number of elephant. 

• Tree mortality and impaired recruitment due to heavy giraffe browsing needs to be studied, along 
with a study of rate of germination of seeds after passing through the giraffe’s digestive tract. 

• A rapid survey on elephant damage to less conspicuous plant species should be carried out in 
order to assess the overall effect of elephants on plant diversity at Lewa. 
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Annex 1 Vegetation Map 1979 
 
 
 
Adapted from Linsen & Giesen (1983) – having been digitised and entered into an ARCVIEW database as 
part of the present study. 
  
(See next page)  
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Annex 2 Vegetation Map 2000  
 
 
 
This has been based on black and white aerial photographs taken by the RAF in 2000. Mapped are the 
tree densities, and not the vegetation types. This was digitised courtesy of  Dr Kishokumar Jeyaraj of the 
Malaysian Environmental Consultants, Kuala Lumpur, Malaysia.  
 
(See next page)
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Annex 3 Relevé Data Sheet 
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Annex 4 Map of relevé sites  
 
 
(Please refer to map on next page)
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Annex 5 Relevé site UTM coordinates 
 

Relevé Veg change no coord-1 coord-2 Altitude (m)
1 13 329522 21581 1715 

2 13 329476 21591 1715 

3 13 329494 21619 1715 

4 3 328746 21979 1690 

5 3 328713 21997 1710 

6 3 328714 22056 1700 

7 15 327696 25625 1706 

8 15 327722 25631 1700 

9 15 327741 25602 1700 

10 22 325954 20369 1750 

11 22 325924 20355 1750 

12 22 325928 20256 1755 

13 21 327232 19518 1775 

14 21 327203 19384 1780 

15 21 327206 19328 1790 

16 16 325168 25404 1700 

17 16 325250 25375 1690 

18 16 325294 25401 1690 

19 5 323136 32193 1539 

20 5 323131 32161 1540 

21 5 323117 32123 1541 

22 12 322048 28774 1675 

23 12 322070 28820 1700 

24 12 322086 28866 1670 

25 11 322853 28464 1640 

26 11 322883 28495 1645 

27 11 322916 28563 1650 

28 26 317290 24303 1760 

29 26 317350 24316 1760 

30 26 317347 24293 1760 

31 25 319374 24619 1730 

32 25 319351 24663 1735 

33 25 319394 24697 1730 

34 9 318941 27599 1690 

35 8 319444 23892 1744 

36 8 319488 23880 1744 
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Relevé Veg change no coord-1 coord-2 Altitude (m)
37 8 319660 23620 1745 

38 7 323484 27366 1642 

39 7 323441 27321 1642 

40 7 323420 27273 1642 

41 6 323806 27552 1632 

42 6 323794 27608 1630 

43 6 323797 27662 1634 

44 10 329289 22040 1710 

45 10 329231 22056 1711 

46 10 329198 22001 1712 

47 2 333487 26387 1601 

48 23 330869 29377 1600 

49 23 330849 29420 1601 

50 23 330831 29457 1610 

51 24 329996 29857 1594 

52 24 329949 29854 1597 

53 24 329915 29822 1594 

54 4 328002 29477 1605 

55 4 327968 29407 1599 

56 4 327972 29402 1604 

57 20 327809 20984 1735 

58 20 327789 20939 1736 

59 20 327806 20880 1739 

60 17 326358 23672 1699 

61 17 326297 23645 1697 

62 17 326278 23592 1703 

63 19 327036 22469 1705 

64 19 327083 22501 1704 

65 19 327128 22501 1698 

66 1 334688 28159 1450 

67 1 334770 28200 1445 

68 1 334820 28282 1445 

69 18 330044 23912 1689 

70 18 330012 23875 1688 

71 14 330171 23189 1699 

72 14 330165 23157 1692 

73 15 328053 25305 1704 

74 15 328073 25275 1702 

75 15 328121 25228 1710 

76 9 318538 27695 1692 

77 9 318578 27723 1687 

78 9 318624 27738 1686 
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Annex 6 Relevé raw data 
 
(please refer to next page)



Habitat changes at Lewa 1962-2006  

REVISED DRAFT                                                                                              Giesen, Giesen & Giesen - April 2007 60 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78
13 13 13 3 3 3 15 15 15 22 22 22 21 21 21 16 16 16 5 5 5 12 12 12 11 11 11 26 26 26 25 25 25 9 8 8 8 7 7 7 6 6 6 10 10 10 2 23 23 23 24 24 24 4 4 4 20 20 20 17 17 17 19 19 19 1 1 1 18 18 19 19 15 15 15 9 9 9

Species Family LF

Acacia brevispica Mimosoidae T/S 1 4 3 3  2 2 3 3 3
Acacia drepanolobium Mimosoidae T 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 3 3 2 1 1 1 3 2 3 4 3 3 4 4 4 3 2 3 3 2 2 2 1 1 1 1 1 1 1 1 1 1
Acacia mellifera Mimosoidae T/S 2 1 2 2 1 1 1 1 1 1 2 1 2  1 1 1 1 1 1 1 1 1
Acacia nilotica Mimosoidae T 2 2 1 1
Acacia senegalensis Mimosoidae T 2 2 1 2 1 2 2 2 2 3
Acacia seyal Mimosoidae T 1 1 1 1 1 1  1 1
Acacia tortilis Mimosoidae T 3 3 1 1 2 1 4 4 2 2 1
Acacia xanthophloea Mimosoidae T 5 4 3 4 3 4
Achyranthes aspera Amaranthaceae DS 1 1 1  1 1 1 3 2 2 1 1 2 2 1 1 1 1 2 1 1 1 1
Actiniopteris semiflabellata Actiniopteridaceae F 1 1 1 1 1
Aerva lanata Amaranthaceae H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Aloe sp. Liliaceae H 1
Asparagus africana Liliaceae H/C 1 1
Asparagus racemosus Liliaceae DS  1 1 1 2 1 1 2 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1
Balanites aegyptiaca Balanitaceae T 1 1
Barleria argentea Acanthaceae H 1
Barleria spinisepala Acanthaceae H 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Becium filamentosum Lamiaceae H 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Blepharis maderaspatensis Acanthaceae H 1
Boscia angustifolia Capparaceae T 1 1 1 1 1 1 1 2 1 1 1 1
Boscia mossambicensis Capparaceae S  2 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Cadaba farinosa Capparaceae C/S 1
Chenopodium album Chenopodiaceae H 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Chlorophytum tuberosum Liliaceae H 1 1 1 1 1 1
Cissus quadrangularis Vitaceae C 1 1 1 1  
Commelina africana Commelinaceae H 1 1 1
Commelina latifolia Commelinaceae H 1 1  1
Commicarpus pedunculosus Nyctaginaceae H 1 2 2 1 1 1 1 1 1 1 1
Commiphora africana Burseraceae T 2 2 1 1 1 2 1 1 1 1 1 2 2 2 1 1 1 1  
Commiphora sp.2 Burseraceae T 1 1 1 1  1 2
Cordia ovalis Boraginaceae T 1 1 1 1 1 1 1 1 1 1 1 1
Craterostigma plantagineum Scrophulariaceae H 1 1 1 1 1
Cynodon plectostachyus Poaceae G 3 3
Digitaria scalarum Poaceae G 4 1 3 2 1 1 1 1 2 1
Enneapogon desvauxii Poaceae G 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Eragrostis rigidior Poaceae G 1
Eragrostis superba Poaceae G 1 1 1 1
Euphorbia graciliramea Euphorbiaceae H 1 1 1 1 1 1 1 1 1
Euphorbia kibweziensis Euphorbiaceae T 1
Euphorbia scarlatina Euphorbiaceae S 1
Grewia sp. Tiliaceae T 1 1 1 2 1 1 1 1 1 1 2 1
Helichrysum glumaceum Asteraceae H 1 1 1 1 1 1 1 1 3 1 2 1 1
Heliotropium steudneri Boraginaceae H 1 1 1 1 1 1 1 1
Heteropogon contortus Poaceae G 1 1 1 1 1
Hibiscus flavifolius Malvaceae DS 2 1 1 1 1 1 1 1 1 1 1 2 2 1 2 1 1 1 2 2 1 1 1 2 3 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1
Hyparrhenia hirta Poaceae G 1 1 1 1 1
Ipomoea blepharophylla Convolvulaveae H 1
Justicia diclipteroides Acanthaceae H 1   1 1 1 2 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Justicia odora Acanthaceae H 1 1
Kalanchoe lanceolata Crassulaceae H 1 1 1 1 1 1 1
Kalanchoe prittwitzii Crassulaceae H 1
Launaea hafunensis Asteraceae H 1 1 1 1
Leucas urticifolius Lamiaceae H 1 1 1 1 1 1
Lippia javanica Verbenaceae H 1 1
Lycium shawii Solanaceae S 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1
Maytenus putterlickioides Celastraceae S 1 3 3 3 1 1 2
Microchloa kunthii Poaceae G 1 2 1 1 1 1 1
Momordica sp. Cucurbitaceae C 1 1
Osyris abyssinica Santalaceae S 1
Pavonia patens Malvaceae DS 1 1 1 1 1 1 1 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Pellaea calomelanos Actiniopteridaceae F 1 1 1
Pennisetum mezianum Poaceae G 4 4 4 3 4  4 4 4 5 4 4 2 3 4 2 2 4 4 3 2 4 4 3 3 3 3 1 2 3 2 3 4 2 1 2 3 1 3 2 2 3 1 3 2 3 3 3 2 3 1 1 1 2 2 2 2 2
Pennisetum stramineum Poaceae G 5 5 5 4 3 5 5 5 5 5 5 5 5 5 5 5 5 3 4 4 5 5 5 3 4 4 5 5 5 4 5 5 3 4 5 5 5 5 5 4 4 4 4 4 5 4 5 5 5 4 5 5 3 3 5 5 5 5 5 5 5 5 5 3 4 3 5 5 5 5 5 5 5 2 2 2
Pentarrhinum insipidum Asclepiadaceae C 1 1
Rhus natalensis Anacardiaceae T 1 1 1 1 1 1 1 1
Sansevieria dawei Liliaceae H 1 1 1
Sarcostema viminale Asclepiadaceae C  1 1
Sericomopsis hildebrandtii Amaranthaceae H 1  
Scadoxus multiflorus Liliaceae H 1
Solanum incanum Solanaceae H 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1
Solanum sp. (v. spiny stem) Solanaceae H 1
Tagetes minuta Asteraceae H 1
Terminalia sp. Combretaceae T 1 1 1 1
Themeda triandra Poaceae G 2 1  4 2
Tribulus terrestris Zygophyllaceae H 1
Verbascum sinaiticum Scrophulariaceae H 1 1
Vigna frutescens Papillionidae H 1

Relevé site
change site
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Annex 7 Lewa Swamp 
 
 
The area around Lewa swamp – especially the area where LWC headquarters are now located – was previously 
the site of market gardening and fish farming (tilapia ponds). Since the establishment of LWC, the swamp has 
been restored, and as a result water tables have risen and the area of swamp dominated by herbaceous 
vegetation has increased. At the same time, however, fever tree Acacia xanthophloea vegetation on the northern 
and western shores of the swamp died off – this is probably because these trees cannot withstand the permanent 
water logging that now occurs.  
 
Linsen and Giesen (1983) did not focus much on Lewa Swamp during their study, as the latter primarily aimed at 
determining carrying capacity for cattle, and the swamp had little to offer in that respect. There was also a 
practical reason: at the time no taxonomic reference material was at hand for identifying sedges, and these 
obviously formed the dominant species. Hence, their report briefly describes the swamp as ‘being dominated by 
sedges / Cyperus species’.  
 
Botha (1999) and Von Holdt (1999) both describe Lewa Swamp as a ‘Typha domingensis – Echinochloa colona 
swamp’. However, this assessment is not entirely incorrect. During the present study we found – after a long 
search – that Typha occurs in only several small patches (we found one in the northeast and another in the 
southwest), and that Echinochloa colona is uncommon. Rather than being dominated by Typha and grasses, 
Lewa Swamp is largely dominated by Cyperus species, i.e. sedges. Also, Cyperus papyrus L. does not occur at 
Lewa Swamp at all, and it appears that the two South African students may have been confused with Cyperus 
involucrata (synonym: C. flabellifer), a species that is commonly called ‘papyrus’, but is quite unlike the much 
more robust C. papyrus. This species occurs in low numbers along flowing waters, for example, at the north-
eastern outflow of the swamp. Fortunately, a major taxonomic publication devoted to the sedges of East Africa 
has been published since the 1983 study (Haines & Lye, 1983), allowing a more accurate species identification. 
 
By far the most dominant species at Lewa Swamp is the sedge Cyperus dives Del. (Photo 9), which is a robust 
species closely related to the more widespread Cyperus imbricatus Retz. (not found at Lewa). Cyperus dives is 
common and widespread in swamps, along river banks and in open waters in Kenya and Tanzania, where it is 
found at altitudes from 30-2450m. It is also fairly common in Uganda, but is restricted there to 900-1500m. We 
estimate that Cyperus dives accounts for more than 90% of the bulk of the vegetation of Lewa Swamp. 
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Photo 9. Cyperus dives on the edge of Lewa Swamp.  

 

Several other sedge species occur at Lewa Swamp in addition to Cyperus dives, including Cyperus assimilis, C. 
esculentus, C. involucata, C. sphacetala and Scirpus brachyceras. In addition, a range of herbs and grasses are 
also found, including Eragrostis paniciformis, Eriochloa meyerana, Leersia hexandra, Sporobolus pyramidalis 
(grasses), Alisma plantago-aquatica, the uncommon Berula erecta, Lythrum rotundifolium, Mentha aquatica, 
Ranunculus sp., Sphaeranthus gomphrenoides and Veronica anagallis-aquatica (herbs). As mentioned earlier, 
the rush Typha domingensis occurs in at least two small patches in the swamp, but does not extend over more 
than 1-2% of the total cover. T. domingensis also occurs along the Western Marania, but is fairly uncommon.  
 
Linsen and Giesen (1983) recorded Cyperus papyrus L. along the Ngare Sergoi and Ngare Ndare rivers in 1979-
1980, where it occurred in several small and isolated clumps. During the 2006 survey, and attempt was made to 
locate this species along the Ngare Sergoi, but we were unable to find any, and the species may have 
disappeared – at least from this part of Lewa – over the past 25 years.  
 
 
 
 
 
  


