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ABSTRACT 

This study investigated natural ecological re- 
covery in parts of Western and Southwestern 
blocks of the Mau Forest complex that had ex- 
perienced varied levels of disturbance. The ex- 
tent and speed of regeneration in the disturbed 
regions since the eviction of the setter popula- 
tion were not known. This study thus now pro- 
vides current baseline data on plant distribution, 
germination of soil bank seeds, and soil nutrient 
content. The number of tree species recorded at 
different levels of disturbance were in increas- 
ing order: moderately disturbed (MDF) > undis-
turbed (UDF) > heavy disturbed forest (HDF). 
Forest clearing reduced forest basal area and 
forest stocking of big trees (dbh ≥ 40 cm) in the 
HDF by more than 4 and 6 times, respectively, 
than those in UDF. Tree importance values indi-
cated a reduction in commercially valuable spe-
cies in HDF. Early colonizers and fire tolerant 
species were predominant in the HDF whereas 
non-commercial species dominated MDF. Viable 
soil seed reserves decreased with soil depth in 
all forests but content between 0 - 20 cm soil 
depth showed a potential to support regenera-
tion. Total N, organic C and available P decrea- 
sed with increase in forest disturbance. Overall, 
the disturbed sites showed a general potential 
for ecological recovery and natural regeneration 
to UDF status. 
 
Keywords: Disturbance; Regeneration; Soil Seed 
Bank Germination; Nutrients  

1. INTRODUCTION 

The Mau Forest complex is one of the few remaining 

extensive tracts of natural forest in East Africa. It is a 
major species-rich forest conservation area for wild spe-
cies. It holds at least 61 tree species including four gen-
era endemic to the region (Sychotria, Eugenia, Rimora 
and Premna), 80 climbers and shrubs [1] and four rare 
endangered animal species (golden cat (Profelis aurata), 
forest hog (Hylochoerus meinertzhageni), bongo (Trage-
laphus eurycerus) and yellow backed duiker (Cephalo-
phus silvicutor). It is one of the major and also crucially 
important water catchment areas in Kenya. The forest 
complex is the traditional home for the Okiek commu-
nity whose livelihood largely depended on the forest [2]. 
This community had a culture of protecting the forest 
resources. However, with the increased population and 
demand for forest products, they shifted into small scale 
mixed farming activities. There was also an influx into 
the forest of farming communities adjacent to the forest. 
These communities used fire to clear land for cultivation 
which resulted in large expanses of fire maintained eco-
systems in the forest. In addition, more than 250,000 
households comprised of small scale farmers within a 5 
km distance from the forest boundary exerted consider-
able pressure on forest resources [3]. 

In view of the forests ecological characteristics and the 
need to conserve this vital habitat, genetic resource and 
water catchment, evictions and resettlements of forest 
residents started in 1940’s and completed in 2003. This 
study investigated recovery of the forest after human 
encroachment. Such information is crucial for future 
ecological monitoring and understanding the dynamics 
of ecological recovery in this forest ecosystem. The ob-
jective was to determine species diversity, tree species 
distribution and regeneration, soil seed germination and 
soil nutrient status as indicators of ecological recovery. 
These parameters were examined in the heavy disturbed 
forest (HDF), moderately disturbed forest (MDF) and 
compared to those of undisturbed forest (UDF). 
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2. MATERIALS AND METHODS 

2.1. Site 

The study was conducted in Western and Southwestern 
blocks of Mau forest complex (Latitude 0˚15'S - 0˚47'S 
Longitude 35˚28'E - 35˚69'E) has an extremely rugged 
terrain. The forest was classified as afromontane mixed 
forest [4] while [5] used the dominant tree species to 
delineate three forest formations: 1) Aningera adolfi- 
friedirici/Drypetes gerrardii, 2) Albizia gummifera/Neu- 
boutonia macrocalyx and 3) Polyscias fulva/Podocarpus 
latifoluius formations occurring at 1600 - 2100 m, 1650 - 
2250 m and 1650 - 2800 m a.s.l, respectively. However, 
these formations are constantly overlapped. Rainfall is 
bimodal with peaks in April and August and ranges from 
2000 - 3000 mm per annum. Mean annual temperatures 
range from a minimum of 16˚C in July to a maximum of 
22˚C in September. Soils are mainly mollic andosols 
derived from tertially volcanic parent material. The HDF 
(34,000 ha) had been converted into agricultural farms 
through slashing and burning and by setting fires to im-
prove pastures whereas the MDF (62,000 ha) bordered 
small scale farms. Plantation forests formed a buffer 
zone between the small scale farms and the MDF. How-
ever, the good road network enabled continued exploita-
tion of commercially viable trees in the natural forests. 
The remaining small UDF (10,000 ha) in pristine condi-
tions is protected by extensive tea estates.  

2.2. Data Collection 

Because of ease of accessibility, all data was collected 
at altitude range of 2100 - 2700 m a.s.l. 

2.3. Vegetation 

Using E-trex model GPS receiver, 2, 4 and 3 starting 
positions were located on the edge of the HDF, MDF and 
UDF, respectively, then glid lines running in east-west 
direction were drawn on topographical maps. On the 
ground, sample plots (28 m radius) were allocated pro-
portional to the heterogeneity in sample sites. Six, 19 and 
25 sample plots were established starting 200 m from the 
edge of the forest and at least 1 km apart in the HDF, 
MDF and UDF, respectively. Within each plot, nested 
quadrats were established for assessment of abundance 
of different diameter size-classes of tree species. 

Trees (≥10 cm dbh) and poles (5 - 9.9 cm dbh) were 
enumerated in the whole plot while saplings (2.5 - 4.9 
cm dbh) and seedlings (<2.5 cm dbh) were enumerated 
in 7 m and 3.5 m radius circles respectively in the middle 
of the plot. These data was used to plot the forest struc-
ture curves [6], calculate importance values, forest basal 
area and species diversity [7]. The total numbers of each 
species found in the sites were counted, then ranked in 

decreasing order based on the totals enumerated. The 
species rankings from the disturbed sites were subse-
quently compared with rankings in the UDF using chi- 
square test. The chi-test procedure was also used to 
compare tree size regeneration classes. 

2.4. Soil Seed Germination 

Each forest type was roughly divided into four quar-
ters and a 50 cm2 plot randomly marked in each portion. 
The herbaceous vegetation layer was carefully removed 
with minimal interference with the litter and mineral 
surface layers. Subsequently, soil layers (0 - 10 cm, 10 - 
20 cm and 20 - 30 cm depths) were dug separately, put 
into a polythene bag and taken to the greenhouse. The 
soil was spread thinly on a germination bed and watered 
daily. Germination was recorded from start of germina-
tion at 7-day intervals for 140 days. Seedlings were iden-
tified by species, recorded, then uprooted. Sorenson’s 
coefficient of similarity [8] was used to estimate the de-
gree of similarity of the regenerating species.  

2.5. Soil Nutrient Analysis 

A soil core (0 - 30 cm depth) was dug using a 15 cm 
diameter auger adjacent to the plots used for seed viabil-
ity trial. These cores were partitioned into 0 - 10 cm, 10 - 
20 cm and 20 - 30 cm soil depths then composited, de-
bris was removed and soils thoroughly mixed. Another 
six soil cores were also dug at random from an adjacent 
agricultural farm, then soil was treated as above. Six sub-
samples from each soil depth were subjected to chemical 
analysis [9]. The nutrient concentrations data was sub-
jected to analysis of variance. 

3. RESULTS 

3.1. Forest Composition 

Fifty indigenous tree species were identified in total; 
38, 49 and 46 in the HDF, MDF and UDF, respectively. 
Neoboutonia macrocalyx, an early colonizer in disturbed 
sites in this forest, was ranked as the most abundant in 
the HDF. The other highly ranked species included Cro-
ton macrostachyus, Euphorbia candelabrum and 
Elaeodendron buchananii that are fire tolerant. Trees 
with low commercial value; Polyscias fluva, E. Cande-
labrum and Syzgium guineense were the highest ranked 
in the MDF. Comparison of rankings of the ten dominant 
species in the UDF to rankings in the other disturbance 
levels is shown in Table 1. There was a decline in rank-
ing of several species in the disturbed forests. Albizia 
gummifera and Drypetes gerradii were absent in the 
HDF. Forest degradation also reduced forest stocking of 
big trees (≥40 cm dbh) from 70, 57 and 11 stems ha−1 in 
the UDF, MDF and HDF, respectively. Similarly, the  
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Table 1. Differences in ranking of the dominant trees among dis-
turbance levels. 

Ranking 
Tree species 

UDF MDF HDF 

Tabernamontana stapfiana 1 12* 3 

Allophyllus abyssinica 2 32* 20* 

Macaranga kilimandischarica 3 5 4 

Syzigium guineense 4 4 27* 

Albizzia gummifera 5 11* absent* 

Polysias fulva 6 1 21* 

Euphhorbia candelabrum 7 2 9 

Podocarpus latifolius 8 10 3 

Aningera adolfi-friedirici 9 15* 6 

Drypetes gerrardii 10 20* absent* 

*Significant decrease in ranking (P < 0.05). 

 
forest basal area for this category of trees decreased with 
the level of forest degradation from 36.1, 27.9 and 7.8 
m2·ha−1, in the UDF, MDF and HDF, respectively.  

3.2. Tree Regeneration 

Seedlings and saplings were at least 1.8 times as abun-
dant in the HDF than in UDF, implying that recruitment 
into saplings in the HDF was higher that than in UDF. 
However, poles and trees were greater than 3 times more 
frequent in the UDF than in HDF (Table 2). The tree 
populations in the MDF were intermediate. Tree size- 
class distribution generated “inverted J” curves for the 
HDF and MDF that were above the UDF curve for size 
classes <2.5 cm and 2.5 cm - 4.9 cm dbh regeneration. 
The disturbed forest areas contained plants in smaller 
size classes than the UDF (Figure 1). Calculated Shan-
non-Weiner diversity indices for all disturbance levels 
decreased from 2.2 in all disturbance levels to 1.5 (HDF 
and MDF) and 1.6 (UDF) for trees dbh ≥40 cm indicat-
ing that there was less diversity for mature trees. 

3.3. Soil Seed Germination 

There was a progressive decline in the number of re-
generative species which reflected the levels of forest 
disturbance. Seeds of 20, 23 and 28 species germinated 
from soil collected in the HDF, MDF and UDF, respec-
tively. Similarly, there was dissimilarity in the member of 
species that germinated. Emerging seedlings had the fol-
lowing Sorenson’s similarity indices; HDF vs MDF = 
0.797, HDF vs UDF = 0.545 and MDF vs UDF = 0.877. 
Neuboutonia macrocalyx showed the highest regenera-
tion capacity in all forest types. Overall, 257, 177 and  

Table 2. Tree size-class distribution. 

 dbh size-classes (cm) 

Disturbance Seedlings Saplings Poles Trees 

 <2.5 cm 2.5 - 4.9 cm 5 - 9.9 cm >10 cm 

HDF 3398** 1413* 51* 13* 

MDF 2204* 804 181 95 

UDF 1931 716 152 113 

Significance: *P < 0.05, **P < 0.01. 

 

 

Figure 1. Tree demographic patterns in the heavy disturbed, 
moderately disturbed and undisturbed forests. 
 
159 seeds germinated from HDF, MDF and UDF soils, 
respectively. In addition, seed germination was highest 
from seeds found within 0 - 10 cm soil depth and the 
number of germinating seeds decreased with increase in 
soil depth; germination was only recorded for seeds from 
the UDF at ≥20 cm soil depth (Figure 2). 

3.4. Soil Chemical Parameters 

Conversion of forest land to agricultural production 
and forest degradation resulted in the reduction of soil 
pH, total N, organic C and available P (Table 3). The 
levels of these nutrients also decreased with increase in 
soil depth. The concentrations of K, Ca, Mg and Na were 
not influenced by land use.  

4. DISCUSSION 

Human-induced forest degradation resulted in reduc-
tion of species diversity and decrease in some soil nutri-
ent contents. The HDF consisted of open forests in vari-
ous re-growth stages. Since this section had an open 
canopy, few seedlings of primary trees were recorded 
similar to the observations by Bazzaz [10]. It was domi-
nated by light demanding, early succession species as 
typical of open habitats [11]. The highest ranked, 
Neoboutonia Macrocalyx, is fast growing and adaptable 
to poor site conditions and is often the first woody spe-
cies in succession to a mature forest after a disturbance 
n this forest [5,12]. This species would be a good can- i 
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Figure 2. Effect of soil depth on seed germination from different forest types. 
 
Table 3. Effect of forest disturbance on soil nutrient concentrations at different soil depths. 

Me/100 g soil Soil depth 
(cm) 

Disturbance Ph Total N (%) Org C (%) Avail. P (ppm)
K Ca Mg Mn Na 

0 - 10 Farm 5.2a 0.5a 4.9a 6a 1.4 4.8 3.2 1.2 0.2 

 HDF 6.1b 0.4a 4.0a 7a 1.2 4.7 3.2 1.2 0.2 

 MDF 6.2b 1.0b 6.4b 11b 1.5 5.2 5.3 1.2 0.3 

 UDF 6.2b 1.2b 6.6b 18b 1.6 5.4 5.4 1.3 0.2 

11 - 20 Farm 5.2a 0.5a 4.9a 6a 1.4 4.6 4.0 1.2 0.2 

 HDF 6.1b 0.4a 4.3a 6a 1.4 4.8 3.6 1.2 0.2 

 MDF 6.1b 1.0b 6.1b 11b 1.5 4.9 5.2 1.2 0.2 

 UDF 6.1b 1.2b 6.3b 17b 1.6 5.3 5.2 1.2 0.2 

21 - 30 Farm 5.2a 0.5a 5.0a 7a 1.4 4.7 4.2 1.2 0.2 

 HDF 6.1b 0.4a 4.5a 6a 1.4 4.9 3.5 1.2 0.2 

 MDF 6.1b 0.9c 6.2b 11b 1.5 4.8 5.3 1.2 0.2 

 UDF 6.4b 1.0c 6.3b 17b 1.6 5.1 5.4 1.2 0.2 

a,bMean in a column within a soil depth followed by different superscripts differ (P < 0.05). 

 
didate in forest recovery programmes in the area. Con-
sistent use of fire may also have adversely affected the 
seeds and vegetative propagules of some species. To the 
extent, they lost the ability to germinate and succeed in 
the degraded forest over time [13]. The primary species 
are likely to be affected because their seeds germinate 
quickly after dispersal and generally exhibit a short dor-
mancy period [11]. Absence of species like Albizzia 
gummifera and Drypetes. Gerradii in the HDF was an 
indication of reduced species richness associated with 
forest degradation. These species were described as com-
mon trees in this forest [5]. Other dominant species like 
Euphhorbia Candelabrum and Elaeodendron buchananii 
are fire tolerant, one of the methods used to clear the 
forest. Trees of high commercial value such as Podo-
carpus. latifolius and Olea capensis were lowly ranked 
in the MDF reflecting effects of selective harvesting. 

Juniperus procera which is widely used for construction 
poles [14] was ranked high in this forest because its re-
generation is favoured by moderate opening of the forest 
canopy [15]. 

A high seedling and sapling population in the HDF 
and MDF is typical where recent disturbances create 
favourable conditions for regeneration [16] and is con- 
sistent with intermediate hypothesis [17]. Regeneration 
potentially generated “inverted J” size-class distribution 
curves. The curve for the UDF is typical of mature stable 
systems [18]. As expected in natural forests [7], tree di- 
versity decreased with increase in tree size-class. The 
few species with dbh ≥ 10 cm in the HDF reflects in- 
complete recovery from degradation. The forest basal 
area (7.8 m2·ha−1) was also well below the minimum (30 
m2·ha−1) for a well stocked forest [19].  

The soil seeds that germinated indicated reduced spe-
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cies richness in the disturbed sites. The seed distribution 
pattern in the soil agrees with several other reports 
[20,21]. Seeds buried deep into the soil were not viable 
in agreement with other authors [22,23]. This has been 
attributed to seed aging and subsequent loss in viability. 
The results indicate that environmental modification of 
the top soil layer could adversely influence seedling 
population. 

Since soils were similar, any change between the dis-
turbance levels with respect to soil nutrient contents was 
probably due to effect of human activities on forest deg-
radation. The HDF soil had low pH, total N, organic C 
and available P, similar to those of the soil from the ag-
ricultural farm. Loss of organic matter by water erosion 
and accelerated oxidation probably accounted for the low 
soil nutrient levels [24]. Greater nutrient concentrations 
in the UDF and MDF soils may be due to higher litterfall 
deposition and efficient litter decomposition mechanisms 
[25]. The decrease in nutrient concentrations with soil 
depth was most marked in 0 - 10 cm layer in agreement 
with Rhodes [26] in that processes that influence nutrient 
fluxes in forest soils are most felt in the top soil. An-
thropogenic activities that would removed this soil layer, 
which also contained most of the seed bank, may have 
been responsible for overall decrease in soil nutrients and 
species diversity in disturbed sites. Similarly, as available 
P is critical in recruitment and growth of forest species 
[27], the low levels in the HDF was probably a factor 
contributing to reduced establishment of primary forest 
seedlings. 

The time period of the study was too short for the soils 
in the HDF to have recovered UDF nutrient status. How-
ever, since the HDF had many of the species found in the 
UDF, soil factors may not be the only factors limiting its 
regeneration. Light intensity, canopy openness, suppres-
sion by grasses of the young tree seedlings, etc. may ac-
count for the differences between the habitats. Overall, 
presence of soil seeds of many species with potential 
germination indicates that forest re-establishment can be 
achieved in the HDF if sufficient undisturbed period is 
allowed. 
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