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Abstract

Landsat images were used to evaluate changes in forest cover of five forest
fragments (Chawia, Fururu, Mbololo, Ngangao and Vuria) between 1973 and
2016. The forest fragments are part of the Eastern Arc Mountains, a global bio-
diversity hotspot that boasts outstanding diversity of flora and fauna and a high
level of endemism. Landsat imageries of 1973, 1987, 2001, 2012 and 2016 were
analyzed using ArcGIS version 10.0 to provide information on forest cover
change of the fragments between 1973 and 2016. Results showed that the annual
rate of deforestation was 0.5% and was similar to global estimates. The forest
fragments lost 23.2% of forest cover between 1973 and 2016. The forest area lost
was higher in Vuria (43.0%) and Chawia (32.7%) which are non-gazetted forests
managed by the County government of Taita Taveta but lower in Fururu (3.2%),
Mbololo (13.7%) and Ngangao (16.8%) which are gazetted forests managed by
Kenya Forest Service. Fururu and Mbololo forest fragments gazetted in early
1990s suffered less loss in forest cover compared to Ngangao, which was gazetted
12 years later. Gazettement of forests could preclude further forest degradation
and loss by improving their management for effective provision of ecosystem ser-
vices and conservation of biodiversity.
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1. Introduction

Tropical forest loss, degradation and fragmentation (Andren, 1994) generate

long-term effects on species diversity and composition, community dynamics
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and ecosystem processes, and are a major cause of biodiversity loss (Achard et
al., 2002; Wekesa et al., 2018; 2019). Socio-economic factors related to rapid
human population growth exacerbate the scale of this problem because human
population density tends to be positively correlated with areas of high species
richness and endemism (Balmford et al., 2001). Although large-scale habitat de-
terioration may affect animal and plant populations in complex and diverse
ways, depending on species-specific traits and the temporal and spatial scale of
the habitat changes involved, most studies show adverse effects on species rich-
ness, diversity, abundance and the composition of flora and fauna (Andren,
1994). To ensure efficacious biodiversity conservation, actions at local scale
(within sites) to minimize habitat loss and degradation, should be combined
with actions at regional scale (across landscapes) to maximize connectivity, dis-
persal and gene flow (Lens et al., 2002).

Approximately 2.3 million hectares of humid forest at global level are de-
graded annually due to fragmentation, logging and fires (Lambin et al., 2003;
Mayaux et al., 2005). Annual deforestation due to fragmentation in the tropical
moist deciduous and tropical dry forests is between 2.2 and 0.7 million ha re-
spectively (FAO, 2001; Mayaux et al., 2005). In Southeast Asia where forests are
under the highest fragmentation pressure, the annual relative rate of deforesta-
tion is between 0.8% and 0.9% (FAO, 2001). The annual area deforested in Latin
America is large, but the annual relative rate of deforestation is lower (0.4% -
0.5%). This is due to the vast area covered by the remaining Amazonian forests
(FAO, 2001). The African humid forests are receding due to deforestation at a
rate similar to that of Latin America (0.4% - 0.5% per year). The global net loss
of forests was alarmingly high between 2000 and 2005 and estimated to be 4.0
million ha per annum (Kelatwang & Garzuglia, 2006). Africa contributes 5.4% to
the estimated loss of humid tropical forest cover (Hansen et al., 2008).

In Sub-Saharan Africa (SSA), progressive forest loss is at an unprecedented
rate of 2.8 million ha annually. This is particularly so in areas with high biodi-
versity and in Afromontane areas, where the decrease is estimated to be 3.8%
annually (Eva et al., 2006). There is a growing awareness of the adverse effects of
habitat fragmentation on ecosystem functioning (Pellikka et al., 2009) which has
resulted into rapid increase in projects and plans to reduce current fragmenta-
tion of natural forests (Adriaensen et al., 2003). Moreover, there is increase in
application of satellite-based remote sensing methods in evaluating effects of
land management (Adriaensen et al., 2003; Hansen & Loveland, 2012). Despite
the rapid development of remote sensing platforms and tools that allow the in-
tegration of detailed geographical information with behavioural properties of
focal organisms (Adriaensen et al., 2003), few studies have analyzed spatiotem-
poral changes in forest cover at ecologically relevant scales, especially in Afro-
montane forests where biodiversity losses are expected to be the highest (Pellik-
ka et al., 2009).

Like other countries in SSA, Kenya demonstrates ample evidence of the im-

pacts of deforestation on forest ecosystem integrity. Despite their protection
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status, natural forests in Kenya have lost up to 31% of forest cover for the last 29
years (Lung & Schaab, 2010). In Taita Hills, substantial forest loss since 1960’s is
evident in Vuria (99%), Sagala (95%), Chawia (85%), Ngangao (50%) and below
50% for Mbololo (Beentje, 1988). Consequently, the forest fragments of Taita
Hills provide exceptional sites to analyze spatio-temporal forest cover change
because of various natural or anthropogenic factors. This is because the verdant
forest fragments in Taita Hills exhibit exceptionally high degree of endemism
and conservation value (Myers et al., 2000; Burgess et al., 2007; Hall et al., 2009).
The existing forest fragments have been isolated from one another for over 100
years and are embedded in agricultural landscape and ranked among the most
threatened biodiversity hotspot (Newmark, 1998; Pellikka et al., 2009). Current-
ly, indigenous cloud forests cover about 430 ha, reflecting about 98% forest re-
duction over the last 200 years (Adriaensen et al., 2003). Despite the small size
and fragmented nature of the remaining indigenous cloud forests with over 90%
loss during the last 200 years, Taita Hills continue to boast an outstanding diver-
sity of flora and fauna and very high level of endemism among vertebrates, in-
vertebrates and plants (Beentje, 1988; Pellikka et al., 2009).

Different authors (Beentje, 1988; Wilder et al., 1998; Pellikka et al., 2009) have
presented different estimates of the area covered by each of the forest fragment
in Taita Hills. However, there is no evidence of comprehensive and systematic
attempts to quantify the rate of forest cover change in Taita Hills from the time
organized forest management was ushered in by the presidential decree of 1977
banning the cutting of indigenous forests without a license and relate this to the
period after the Forests Act of 2005 was enacted and operationalized, to inform
policy decisions. The lack of long-term data on forest cover change has been an
impediment to forest management and formulation of appropriate policies for
enhancing forest conservation. Additionally, several previous mapping efforts
have resulted in rather inaccurate areas for the indigenous forest fragments
(Beentje, 1988; Wilder et al., 1998). The objective of this study was to quantify
forest cover change in Chawia, Fururu, Mbololo, Ngangao and Vuria forest
fragments between 1973 and 2016 using Landsat images to provide information
on the systematic changes in forest area from the time the presidential ban was
effected in order to evaluate the effectiveness of different forest management re-
gimes in reducing deforestation. The selection of the study fragments was justi-
fied by their rich floristic and faunistic diversity and the fact that they represent

the largest remaining fragments surrounded by cultivated farmlands.

2. Materials and Methods

2.1. Description of the Study Area

The study was undertaken in five forest fragments (Mbololo, Ngangao, Chawia,
Fururu & Vuria) in Taita Hills (3°25'S, 3°820'E) for the period between 1973 and

2016 (Figure 1). The forest fragments have similar physical environment, less than

21 km apart and used to have similar plant communities (Pellikka et al., 2009;
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Figure 1. Map of Taita Taveta County showing the study sites.

Omoro et al.,, 2010). The long rainy season occurs from March to May and a
shorter rainy season in November-December, but the mist and cloud precipita-
tion is a year-round phenomenon in the Hills. The average yearly rainfall is 2000
mm (Jaetzold & Schmidt, 1983; Pellikka et al., 2009; Republic of Kenya, 2009).
The average temperature is 23°C with variations between 18°C and 24.6°C (Re-
public of Kenya, 2013). The Hills experience lower temperatures of 18.2°C com-
pared to the lower zones that have an average temperature of 24.6°C (Republic
of Kenya, 2013). The average relative humidity is 79% and 83% for the lower
zones and the Hills respectively (Republic of Kenya, 2013).

2.2. Assessment of Forest Cover Change

Landsat images taken in 1973, 1987, 2001, 2012 and 2016 were used because they
are readily available, cheap and have suitable spectral and spatial resolutions
(Xian et al., 2009; Hansen & Loveland, 2012). Images with less than 10% cloud
cover were selected for periods of interest and analysed to give in-depth insights
on the trends in forest cover change due to fragmentation (Sepehry & Jun Liu,
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2006; Potapov et al., 2012). Time series analysis of Landsat images considered
different intervals between 1973 and 2016. This measure applied due to unavai-
lability of clear satellite images for 10-year interval. Fourteen years interval be-
tween 1973 and 2001, 11 years from 2001 to 2012 and 4 years for the period
ranging from 2012 to 2016 and the changes in forest cover for 43 years
(1973-2016) determined. The rate of forest cover change was also analysed to
determine the periodic percentage loss. Additionally, the images were analysed
for undisturbed and disturbed sites as well as open grounds created within the
forest fragments due to natural phenomena and anthropogenic activities. The
year 1973 coincided with uncoordinated forest management activities in Taita
Hills. It was not well coordinated and it was until 1977 that well-coordinated
forest management started following a Presidential decree banning logging in
the forests without a permit (Beentje, 1988). After 1990, the gazettement of the
forests started with Fururu and Mbololo being the first forests among the five
forest fragments to be gazetted in 1991. Consequently, the selected period of
between 1973 and 2016 provided opportunity to compare the rate of forest cover

loss under different management regimes.

2.3. Data Analysis

The temporal-spatial change in forest cover was analysed by the real change,
percentage change and by trajectory analysis of satellite imageries i.e. by study-
ing the changes occurring from one forest class to another (undisturbed forest,
disturbed forest and open ground). Tables and graphs illustrate the synthesized
data obtained from the analysis of satellite images.

3. Results
3.1. Forest Cover Change

The five forest fragments that form a significant part of Taita Hills landscape lost
23.2% between 1973 and 2016 representing a deforestation rate of 0.5% per an-
num (Table 1). The annual rate of deforestation was highest in Vuria (1.0%) and
lowest in Fururu (0.07%). Regarding specific forest fragments, Vuria lost the
largest proportion of its forest cover (43.0%) followed by Chawia (32.7%),
Ngangao (16.8%), Mbololo (13.7%) and Fururu (3.2%).

Table 1. Forest cover change between 1973 and 2016 of five forest fragments in Taita
Hills using Landsat imageries.

Changes in forest cover between 1973 and 2016

Forest
Area in 1973 (ha) Area in 2016 (ha) Loss (ha) Loss (%)
Chawia 165.6 111.4 54.2 32.7
Fururu 56.9 55.1 1.8 3.2
Mbololo 316.4 273.0 43.5 13.7
Ngangao 252.0 209.6 42.4 16.8
Vuria 211.7 120.7 91.0 43.0
Total 1002.6 769.8 2329 23.2
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3.2. Trends in Forest Cover (Area) Change between 1973 and
2016

The greatest loss of the forested area in all the five forest fragments occurred
between 1973 and 1987 (Figures 2-4). During this period, Chawia lost 33.0% of
its forest cover, Fururu (8.7%), Mbololo (13.2%), Ngangao (10.5%) and Vuria
(31.6%). The period after 1987 witnessed a reduced loss in forest cover in all the
five forest fragments that ranged from 0.3% to 16.7%. Moreover, it is worth not-
ing that the forest cover increased in some of the forest fragments between 1987
and 2016. The forest cover increased by 3.3% in Chawia between 2012 and 2016.
Correspondingly, the forested cover in Fururu increased by 9.2% (2001-2012)
and 0.8% (2012-2016), and this could be attributed to positive impacts associated
with the gazettement of the forest in 1991 that placed the forest fragment under
the management of Kenya Forest Service. In the case of Mbololo, an increase of
0.2% in the forest cover occurred between 2001 and 2012 while in Vuria, the
forest cover increased by 4.0% from 2012 to 2016. However, Ngangao expe-

rienced continuous decline in forest cover over the period of the study.

3.3. Trends in Forest Cover Change for Undisturbed, Disturbed
and Open Ground

Trends in forest cover change for undisturbed, disturbed and open ground forest
areas varied among the forest fragments (Table 2). The undisturbed forest area
in Chawia decreased between 1973 and 1987 before increasing in 2001; but de-
creased again in 2012 before slightly increasing in 2016. The disturbed forest
area increased between 1973 and 1987 before reducing in 2001. From 2001 to
2012, the disturbed forest area increased before marginally decreasing in2016.
The open ground declined considerably between 1973 and 2012 followed by a
slight increase in 2016.

In Fururu, the undisturbed forest area decreased between 1973 and 2001 be-
fore increasing in 2012; but decreased again in 2016. The disturbed forest area
increased between 1973 and 1987 but reduced in 2001. The disturbed forest area
in Fururu increased between 2012 and 2016. The open ground increased be-
tween 1973 and 2001 before decreasing in 2016.

350
300
250 —o—Chawia
E 200 —8—Fururu
§ 150 —A—Mbololo
< 100 —*—Ngangao
—%—Vuria
50
0 T . .
1973 1987 2001 2012 2016

Year

Figure 2. Trends in forest cover change of five forest fragments in Taita Hills between
1973 and 2016 using Landsat imageries.
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Figure 3. Analysis of forest cover change between 1973 and 2016 in Chawia, Fururu and Vuria forest fragments in Taita Hills
using Landsat imageries.

The undisturbed forest area in Mbololo reduced between 1973 and 1987but
increased between 2001 and 2012. The undisturbed forest area in Mbololo in-
creased slightly between 2012 and 2016. From 1973 to 1987, disturbed forest area
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Figure 4. Analysis of forest cover change between 1973 and 2016 in Mbololo and Ngan-
gao forest fragments in Taita Hills using Landsat imageries.

increased before decreasing between 2001 and 2012 and then slightly increasing
in 2016. The open ground decreased between 1973 and 1987 before increasing in
2001. Between 2012 and 2016, the open ground in Mbololo decreased marginal-
ly.

Ngangao exhibited a different trend for the undisturbed forest area compared
to Chawia, Fururu and Mbololo. From 1973 t01987, the undisturbed forest area
increased before plummeting between 2001and 2016. The disturbed forest area
decreased between 1973 and 1987 before increasing in 2001. Between 2001 and
2012, the disturbed forest area increased before plummeting in 2016. The forest
area under open ground declined between 1973 and 2012.

The undisturbed forest area in Vuria substantially decreased between 1973
and 2016. The disturbed forest area greatly decreased between 1973 and 1987
before slightly increasing in 2001. Between 2001 and 2012, the disturbed forest
area reduced slightly before increasing in 2016. The open ground increased mar-
ginally between 1973 and 1987 and then plummeted considerably in 2001 before
increasing between 2001 and 2016.
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Table 2. Analysis of forest cover change for undisturbed, disturbed and open ground for-
est areas of five forest fragments in Taita Hills between 1973 and 2016 using Landsat im-

ageries.
Area (ha)
Forest fragment Year
Undisturbed forest Disturbed forest ~ Open ground
1973 111.2 24.1 30.2
1987 46.0 39.1 25.9
Chawia 2001 78.2 20.0 12.2
2012 70.4 30.8 6.7
2016 73.9 29.6 7.9
1973 35.6 15.8 54
1987 28.4 17.4 6.2
Fururu 2001 24.9 15.9 9.2
2012 33.5 16.3 4.9
2016 28.6 22.6 3.9
1973 208.4 38.2 69.8
1987 143.3 97.6 33.8
Mbololo 2001 143.2 72.1 58.0
2012 173.0 56.4 44.5
2016 178.8 61.8 32.3
1973 142.9 37.4 71.6
1987 154.5 26.7 44.3
Ngangao 2001 151.9 324 29.1
2012 147.2 48.6 16.9
2016 144.4 39.5 25.7
1973 133.2 50.8 27.7
1987 87.8 28.7 28.4
Vuria 2001 80.3 33.6 6.8
2012 78.1 26.6 11.3
2016 56.3 52.8 11.5

4. Discussion
4.1. Forest Cover Change

The forest loss varied among the forest fragments. The highest forest loss oc-
curred in Vuria and the lowest in Fururu. The variation in the forest cover lost
among the forest fragments was due to a number of factors. The legal and ad-
ministrative status of the forest may have affected the rate of forest loss as well as
the forest cover lost. The forest fragments under the management of Kenya For-
est Service (KFS) exhibited low rate of forest loss compared to forest fragments

managed by the County government. Mbololo, Ngangao and Fururu which are
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gazetted forests managed by KFS lost the least area compared to Chawia and
Vuria which are non-gazetted County forests under the management of Taita
Taveta County. In fact, the forest cover loss witnessed in KFS owned and man-
aged forest fragments were less than half of the loss suffered by forest fragments
managed by the County government. This is because the County government
lacks the technical capacity needed for effective management of the forests under
its jurisdiction. Moreover, the number of staff responsible for day-to-day man-
agement and conservation of the forests at County level is inadequate; this hin-
ders effective management of the forests on sustainable basis.

The gazettement of the forest fragments and the year of gazettement are im-
portant factors that explained the variations in the forest area lost and the asso-
ciated rate of forest loss for KFS managed forest fragments. Fururu, which was
gazetted in 1991, lost only 8.7% while Ngangao which was gazetted in 2003 lost
10.5% of its forest cover between 1973 and 1987. Mbololo which was gazetted in
1991 lost 13.2% of its forest cover during the same period. However, after the
gazettement, the forest loss decreased substantially with Fururu losing 3.6% of its
forest cover between 1987 and 2001. Ngangao and Mbololo lost 5.4% and 0.5%
respectively between 1987 and 2001. Large forest areas were lost before gazette-
ment but the loss decreased after the gazettement. Vuria, a County forest man-
aged by the County government of Taita Taveta (not gazetted) lost 31.6% of its
forest cover between 1973 and 1987 which was about four times the area Fururu
lost during the same period. Moreover, the forest loss in Vuria from 1973 to
1987 was three and two and half times the loss that occurred in Ngangao and
Mbololo respectively over the same period.

The annual rate of forest loss was lower in forest fragments that were the first
to be gazetted. Fururu, gazetted 12 years before Ngangao had an annual rate of
forest loss of 0.07% that was remarkably lower than 0.4% witnessed in Ngangao.
Chawia and Vuria, not gazetted to date, exhibited annual rate of forest loss of
1.3% and 2.1% respectively. Thus, forest fragments not gazetted by KFS and un-
der the management of County government showed high annual rate of forest
loss compared to the gazetted forests managed by KFS. The gazettement of forest
fragments improved the management of the forests by reducing the rate of forest
loss. Therefore, gazettement of forests is fundamental in halting deforestation
and for biodiversity conservation.

The largest forest area across the five forest fragments was lost between 1973
and 1987. During this period, Chawia lost 33.0%, Fururu (8.7%), Mbololo
(13.2%), Ngangao (10.5%) and Vuria (31.6%). This massive loss in forest cover
during this period could be attributed to the tragedy of the commons whereby
local communities freely extracted materials from the forest fragments in unsus-
tainable manner due to uncoordinated management. Forest management in
Taita Hills was not well coordinated from 1973 to 1977 (Beentje, 1988). It was
until 1977 that well-coordinated forest management started in Taita Hills fol-
lowing a presidential decree banning logging in the forests without a permit
(Beentje, 1988). Besides, the first District Forest Officer (DFO) was posted in
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Taita Taveta County (formerly Taita Taveta District) in 1982. Prior to the post-
ing, forest management responsibilities in Taita Taveta County were within the
domain of Provincial Forest Office in Mombasa. Management of the forests
from the Mombasa office was not effective due to the distance and this contrib-
uted to poor enforcement that resulted in wanton encroachment of the forest
fragments for agriculture and human settlement.

The loss in forest cover of between 3.2% and 43.0% for the five forest frag-
ments studied compares well with forest cover loss of between 3.8% and 40.0%
in a period of 50 years previously reported by Eva et al. (2006) and Harper et al.
(2007) for Afromontane forests in Madagascar. Furthermore, related studies on
forest cover change using time-series analysis have shown that Kakamega and
Nandi forests lost 31.0% of the original area in a period of 29 years (Lung &
Schaab, 2010); this compares well with the forest loss of 32.7% reported in
Chawia and the overall average loss for the five forest fragments of 23.2%. Ac-
cording to Beentje (1988), forest loss in Taita Hills since 1960’s has been sub-
stantial. Vuria has lost 99% since 1960’s, Chawia (85%), Ngangao (50%) and be-
low 50% for Mbololo (Beentje, 1988). The present findings show that since early
1970°s, Vuria lost 43.0%, Chawia (32.7%), Ngangao (16.8%) and Mbololo
(13.7%). The linear trend in forest cover loss reported by Beentje (1988) is
analogous to the trend observed in the current study whereby Vuria lost the
largest forest area followed by Chawia, Ngangao and Mbololo. Moreover, the
annual deforestation rate of 0.5% reported in this study is quite similar to annual
rate of deforestation in humid tropical forests of Africa of 0.4-0.5% as earlier re-
ported by other authors (FAO, 2001; Hansen et al., 2008).

The areas for the forest fragments are as follows in 2016: Chawia (111.4 ha),
Fururu (55.1 ha), Mbololo (273.0 ha), Ngangao (209.6 ha) and Vuria (120.7 ha).
The area for Chawia of 111.4 ha reported in this study compares well with 111.3
ha previously reported by Pellikka et al. (2009) but differs from 86.0 ha reported
by KFS (2016) and Mbuthia (2003). The present findings on the forest area for
Vuria also deviate from earlier reports by Run (1995) and Lanne (2007) of 100.0
ha and 91.0 ha respectively. Preceding studies have estimated the area for Fururu
as 14.1 ha (KFS, 2016), 62.1 ha (Pellikka et al., 2009) and 13.0 ha (Mbuthia,
2003). The estimated forest area for Fururu in this study of 55.1 ha compares
well with findings of Pellikka et al. (2009) but differs from forest area reported
by KFS (2016) and Mbuthia (2003). The method of assessment used by KFS is
not clearly stated and therefore the difference in the area of Fururu presented in
this study and the area reported by KFS for the same forest fragment may be due
to the differences in the methods used. The present study estimates the area for
Mbololo to be 273.0 ha which is similar to 272.7 ha reported by KES (2016).
Only KFS has quantified the area for Mbololo. Before 2016, the forest area for
Mbololo used by KFS for management planning was based on underestimated
forest area of 200.0 ha which was 26.7% less than the actual forest area. This
means that KFS has been allocating insufficient human and financial resources

for the management and conservation of the forest and hence compromising
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management effectiveness.

The area for Ngangao (209.6 ha) reported in this study is similar to 206.6 ha
previously reported by Pellikka et al. (2009) but different from 113.0 ha (Run,
1995), 123.0 ha (Mbuthia, 2003) and 136.0 ha (Adriaensen et al., 2006) and 139.0
ha (Lanne, 2007). This study shows that Vuria had a total forest area of 120.7 ha
which is close to 115.0 ha reported by KFS (2016). Prior to this study, only one
quantitative study to determine the area for Vuria existed (KFS, 2016). Before
KFS and present studies were undertaken, records indicated that the area for
Vuria was 1.0 ha (Beentje, 1988). Thus, management decisions for Vuria by for-
est managers depended on exceedingly underestimated area. Consequently, in-
adequate resources, both human and financial were made available for manage-
ment and conservation of Vuria. This partly explains why Vuria has lost the
largest forest area for the last 43 years compared to other forest fragments whose
estimated areas used in decision making prior to the study carried out by KFS in
2016 were almost similar to KFS estimates of 2016.

There is great similarity in the areas of Chawia, Fururu and Ngangao given by
Pellikka et al. (2009) and this study. This implies that with proper analysis and
interpretation, the use of Landsat images and aerial photographs in quantitative
assessment of the changes in forest cover/area provides accurate results that are
comparable. On the other hand, there is great variation in the areas of the forest
fragments given by other authors with the exception of Pellikka et al. (2009) and
this could be due to the differences in the analysis and interpretation methods
used. Moreover, in the previous studies except Pellikka et al. (2009), the methods
used are inadequately described and hence unclear and this most likely reduced
the accuracy of the results. However, the areas of the forest fragments reported
in the present study are accurate and useful for adoption by forest managers and
policy makers for making management decisions for sustainable conservation of
the forest fragments in order to safeguard the rich flora and fauna diversity

found in these forest fragments.

4.2. Trends in Forest Cover Change for Undisturbed, Disturbed
and Open Ground Forest Areas

The trend analysis in forest cover/area change between 1973 and 2016 for un-
disturbed, disturbed and open ground areas within the forests showed great
variation among the forest fragments studied. In Chawia, the undisturbed forest
area decreased between 1973 and 1987. This decrease could be attributed to lack
of formal protection of the forest from 1973 to 1977 (Beentje, 1988). During this
period, communities entered into the forest without restrictions and extracted
wood products hence causing heavy disturbance that resulted into increased ar-
eas of disturbed sites within the forest; consequently reducing the area under
pristine forest. Between 1987 and 2001, the state of Chawia forest improved fol-
lowing an increase in undisturbed area. This improvement was because of en-
richment planting of exotic tree species ( Cuppressus lusitanica, Grevillea robusta
and Eucalyptus spp) in the disturbed sites within the forest (Pellikka et al., 2009).

DOI: 10.4236/0jf.2020.101003

33 Open Journal of Forestry


https://doi.org/10.4236/ojf.2020.101003

C. Wekesa et al.

The reduction in the undisturbed forest area between 2001 and 2012 may be due
to forest fires that occurred in 2003 and 2006. According to KFS fire incidences
records, the estimated combined area burned in Chawia in 2003 and 2006 was
approximately 7.0 ha. Occurrence of forest fires is common in Taita Hills’ forests
during the dry season (December-March) and whenever the fires occur, they are
usually very intense and spread quickly due to the presence of dense layer of lit-
ter on the forest floors that usually act as fuel. Over time, the burnt sites within
the forest recovered resulting in increased undisturbed forest area between 2012
and 2016. Moreover, rehabilitation of degraded sites in Chawia initiated in 2011
by KEFRI in partnership with a local Community Based Organization, Chawia
Environmental Group also contributed to increased area for the undisturbed
forest.

The undisturbed forest area decreased substantially in Fururu between 1973
and 1987. Most of the degradation that caused a decline in undisturbed forest
area and hence an increase in the area of disturbed sites in the forest probably
happened before 1979 when the management of Fururu was not coordinated
and there was illicit encroachment for agriculture and human settlement (Pel-
likka et al., 2009). The slight decrease of undisturbed forest area between 1987
and 2001 and the subsequent increase between 2001 and 2012 may be due to the
gazettement of the forest fragment in 1991 that streamlined the management
making it effective and the establishment of Eucalyptus plantations on previ-
ously bare areas (Pellikka et al., 2009). The decrease in undisturbed forest area
observed in 2016 was because of forest fire that occurred in January 2015 de-
stroying an estimated area of 5.0 ha according to KFS fire incidences records.

The undisturbed forest area in Mbololo reduced by 31.3% between1973 and
1987 followed a slight increase between 1987 and 2001. As the undisturbed forest
area increased, the disturbed forest decreased. Lack of formal protection explains
why disturbed areas increased between 1973 and 1987. With the gazettement of
Mbololo in 1991, a formal management system was established and this explains
the slight improvement in the forest condition between 1987 and 2001. More-
over, due to accessibility challenges, the exotic plantations (C. fusitanica and P.
patula) reflect no symptoms of extraction since they were planted in the late
1980’s in areas opened up by illegal logging and this has helped in maintaining
the forest in good condition. No fire incidences have occurred in Mbololo in the
last 34 years (1982-2016) and this together with the impact of gazettement ex-
plains the improved forest condition between 2001 and 2016 as confirmed by the
reduction in the areas for disturbed sites and open grounds within the forest
fragment.

Ngangao exhibited a different trend in forest cover change for undisturbed
forest area. The undisturbed forest increased by 8.1% between 1973 and 1987
whereas the disturbed forest area decreased by 28.6% during the same period.
Several factors contributed to the increase in the undisturbed forest in Ngangao
(1973-1987). Firstly, fast-growing succession species like Phoenix reclinata and

Dracaena steudneri var. Kilimanjaro rapidly colonized the abandoned open ar-
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eas especially at the top of Ngangao forest closing up the gaps. Secondly, the es-
tablishment of exotic plantations of C. Jusitanica and P. patula in mid 1970s in
open areas and particularly in the northern part of the forest; these plantations
covered previously bare areas resulting in an increase in undisturbed forest area.
However, from 1987 to 2016, the undisturbed forest area decreased by 10.2 ha
(6.6%) while the disturbed forest area increased by 12.8 ha (47.8%). The open
ground too increased by 8.8 ha (52.1%) between 2012 and 2016. This means that
the gazettement of Ngangao in 2003 has not had a positive impact on the eco-
logical integrity of the forest. Recurrence of forest fires is responsible for the in-
crease in the areas of disturbed and open ground within the forests. Ngangao has
had three incidences of forest fire that destroyed approximately 30.0 ha of the
forest. Besides, in 2011, 5.0 ha of Ngangao were lost to forest fire. In early 2016,
forest fire burned 6.5 ha of the forest. Although the estimated areas of the forest
lost to fires may not be very accurate, they provide a satisfactory explanation
why the disturbed and open ground areas have been increasing lately.

In Vuria, the undisturbed forest area greatly declined by 57.7% between 1973
and 2016. Similarly, the disturbed forest area decreased by 44.1% between 1973
and 1987 but slightly increased by 18.3% between 1987 and 2001. Vuria is a
County government managed forest and therefore the enforcement of forest
protection laws has been rather weak due to lack of capacity by the County gov-
ernment, resulting in subsequent continuous degradation. Uncontrolled grazing
of livestock beyond the carrying capacity is also common in the forest. Large
numbers of cattle and sheep grazed in the forest fragment all year round. The
livestock browses on the vegetation including the regenerates (seedlings and sap-
lings) causing heavy disturbance and hindering the recovery of degraded sites
which could have otherwise recovered through natural succession process. At
the hill top of Vuria, the forest was cleared for setting up of radio and mobile
telephone towers and access road constructed from the edge of the forest to the
towers; an action that created perpetual open areas within the forest. Vuria ex-
periences frequent incidences of forest fires. Most of the open and degraded ar-
eas within Vuria support a dense matrix of Blotella cursii, an invasive fern that
dries up during the dry season forming massive fuels and hence increasing the
fire risk. According to fire records at KFS Wundanyi station, the latest incident
of fire occurred in 2009 and affected approximately 2.5 ha of the forest. The de-
crease in the undisturbed forest area in Vuria and the accompanying increase in
open and disturbed forest areas may be explained by rapid increase in human
population, overgrazing, frequent forest fires and ineffectiveness in the man-
agement of the forest due to inadequate human and financial capacity of the

County government of Taita Taveta.

5. Conclusion

Gazetted forests managed by Kenya Forest Service exhibited low rate of forest
loss compared to County government forests under the management of the

County government of Taita Taveta. Moreover, forests that were gazetted earlier,
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suffered less loss of their cover compared to those that were gazetted much later.
Gazettement of forested areas is an effective legal and administrative strategy in
the management and conservation of the threatened forest fragments like those
of Taita Hills.
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