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XX

This study aimed to investigate and document human activities disturbances 
on the ecosystems structure and impacts on ecosystem services values (ESV) 
along the coastal areas of Tanzania. The study provides initial understanding 
about spatial characteristics of soils and vegetation on human disturbed sites 
in comparison with the intact sites, and establishment of temporal coastal 
ESV to provide information for sustainable management of tropical 
ecosystems in Tanzania. Specifically, this study aimed 1. To establish spatial 
variation on soil physical properties (electrical conductivity, soil texture and 
bulk density), and soil chemical properties (nitrogen (N), carbon (C), 
phosphorus (P), calcium (Ca), magnesium (Mg), potassium (K) and sodium 
(Na) across disturbed and intact sites of the coastal ecosystems; 2. To 
investigate the impacts of human activities disturbances on the vegetation 
and regeneration potential of naturally occurring tropical coastal forests; 3. 
To establish the correlations between vegetation and soil properties of the 
human disturbed and intact coastal forest ecosystems; 4. To explore how 
socioeconomic activities contribute to temporal change of coastal 
ecosystems and their impacts of changes on the coastal ESV; 5. To identify 
and gauge the current restoration interventions and factors influencing 
restoration of the disturbed coastal ecosystems in Tanzania.

Human Activity Disturbances on the Structure and Impacts on the Service Values of 
_______________________the Coastal Ecosystems in Tanzania________________________

Abstract

This study was conducted by collecting data from the Coastal Zone sites in 
Tanzania. The zone stretches within 850km from the boarder of Tanzania 
and Kenya in the north, and Tanzania and Mozambique in the south. The 
zone represents the coastal ecosystems, which are affected by human 
disturbances especially between 2000 and 2016. The classification of land
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Soil physical and chemical properties were analyzed as follows: Electric 
conductivity was determined by electrical conductivity meter, soil texture by 
pipette method and bulk density calculated by dividing dry weight of soils 
by volume. Determination of total nitrogen followed the Kjeldahl acid
digestion procedures while total carbon were analysed by the Walkley-Black 
procedures. Potassium Dichromate (KoCriCh) and concentrated Sulphuric
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cover and land uses was firstly computed from the areas that cover S37 00, 
S37 50 and S37 50, S37 10 geographical coordinates. Samples were 
collected from Uzigua Forest Reserve (UFR). Certainly, this forest is within 
100 km from the coastline of Indian Ocean, thus the reserve is considered 
among the true representative of the Tropical Coastal Ecosystems in 
Tanzania.
The study collected bio-physical and socioeconomic data to understand the 
interplays between human activities, structure and services of the coastal 
sites. Soil samples were collected from ADS, DGS and CFS in forty-seven 
(25m x 25m) sampling plots. Each site provided 47 samplings plots, which 
resulted into 141 plots in total. These plots were laid randomly because 
agriculture and livestock grazing are not uniformly distributed within the 
ecosystems. In each of the plots, 10 soil samples were collected from 1- 
30cm depth because agriculture and livestock grazing activities affect the 
surface and near surface layers of the soils. Representative soil samples were 
put into tightened double plastic bags, labeled and stored at 4°C to reduce 
further microbial degradation during transportation and storage in the 
laboratory. Fresh air-dried and oven-dried weights were determined before 
subjecting soil samples into further laboratory analysis.
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Acid (H2SO4) were used to produce the reaction and products. Available 
phosphorus was determined by the Bray-II method. The Ammonium Acetate 
was used to extract exchangeable Ca, K, Mg and Na. Then K content was 
determined by using flame photometer while ethylenediaminetetraacetic acid 
(EDTA) titration was done to measure Ca, Mg and Na. A combined glass
calomel electrode used to determine the pH of aqueous suspensions.
Tree inventories were prepared on each sites to determine forest structure in 
the human disturbed areas compared to intact sites. From live trees (i) 
number of live trees per unit area (N/ha), (ii) basal area of live trees (m2 /ha), 
and (iii) volume of live tree per unit area (m3 /ha). Basal area and volume 
were compared between and across CFS, ADS and DGS. The mean values 
and t-test were used to compare and judge the variations, which exist across 
the sites. The results were considered significant atp < .050.

To analyze the differences in vegetation the following parameters were 
computed (i) Shannon diversity index, (ii) Simpson diversity index, iii) 
species evenness and (iv) the importance value index (IVI). Each of the 
computed diversity indices were subjected into the Microsoft Excel 10 and 
Statistical Package for Social Sciences Software (SPSS) for production of 
means, standard deviation and t-tests.The Detrended Canonical 
Correspondence Analysis (DCCA)) was used to obtain multiple linear 
regressions and optimal linear combination between tree parameters and soil 
variables for comparisons across CFS, ADS and DGS. To analyze the 
impacts of human activities on changes of ecosystems, land cover and land 
use (LCLU) and estimation of ESV, area changes were detected based on 
differences between imagery identification of the changed areas. The LCLU
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information were used to compare land changes in relationships with the 
socioeconomic activities, and the dynamics of ESV in the coastal zone. The 
LCLU data for 2000 and 2010 were from the Globe Land 30 mapping 
products at 30-meter spatial resolution developed by National Geomatics 
Center of China, while 2016 images were produced from Landsat 8. 
Classification of images was done from Landsat TM/ETM+ for 2000, 2010 
and 2016 years complemented with MODIS and Normalized Difference 
Vegetation Index time series, and Chinese HJ imagery. The LCLU 
categories and ecosystem service coefficients used to compute ESV on each 
LCLU categories.

There were significant variations in spatial soil properties as well as forest 
structural parameters and temporal ecosystems service values. 1. The mean 

variation in electrical conductivity (pS/cm) between CFS and ADS was 

26.197 ± 8.42; CFS and DGS was 5.55 ± 7.45; ADS and DGS was 20.65 ± 
3.97. The soil particles ranged between 86.06% to 86.79% for sandy, 
11.40% to 14.98% for clay and 1.81% to 2.57% for silt across land uses. The 
bulk density in CFS and ADS was 0.05 ± 0.23, in CFS and DGS was 0.13 ± 
0.02 and, in ADS and DGS was 0.08 ± 0.02. The mean values (percentage) 
for nitrogen = 16.07 ± 0.34, 1.75 ± 0.25, 6.5 ± 0.20; carbon =14.48 ± 0.23, 
11.81 ± 0.13, 12.24 ± 0.30; phosphorus =14.12 ± 6.57, 17.74 ± 3.96, and 
13.31± 2.86 for CFS, ADS and DGS respectively. There were slightly lower 
amount of total carbon on ADS than DGS. Carbon-nitrogen ratio was higher 
in CFS than in the disturbed sites. The mean values for soluble bases were 
3.75, 3.11 and 0.63 for Ca2+; 0.80, 5.87 and 6.67 for Mg2+; 0.03, 0.55, and 
0.52 for K+; 0.01, 0.31 and 0.31 for Na+; 2.61, 13.74 and 16.36 (cmol(+)/kg)
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3. The multivariate canonical correlation showed significant variation across 
CFS, ADS and DGS. The canonical correlation was F = 2.400, p < .012 for 
tree stand parameters (TSP) and soil physical parameters (SPP). In ADS, the 
F- test was 0.529, p = .938. In DGS, the significance of all canonical axes 
was F = 1.207, p = .242. Correlation of soluble bases and TSP was F = 
2.448, p = .018 in CFS, F = 0.687, p = .790 in ADS and F = 0.743, p = .808 
in DGS. The values of non-soluble bases and TSP were F = 0.816, p = .572 
in CFS, F = 0.687, p = .790 and F = .070, p = .020 in DGS. The SPP and 
Shannon index was that F = 1.103, p < .388 in CFS, F = 0.520, p = .714 in 
ADS and F = 0.932, p = .444 in DGS. The SPP and IVI was F = 0.042, p = 
.996 in CFS, F = 0.819, p = 620 in ADS and F= 0.633, p = .724 in DGS. 
Soluble bases and equitability was F = 0.119, p = .968 in CFS, F = 0.001, p 
= .001 in ADS and F = 0.011, p = .001 in DGS. There were almost no

2. There were significant variation across the vegetation stand parameters 
and as well as for diversity indices. Plots in the CFS had higher mean values 
of adult trees, basal area and volume than the ADS and DGS. Plots in ADS 
had the highest Shannon-Wiener index of seedlings and saplings, followed 
by CFS and DGS. The CFS and DGS had higher Simpson’s index for 
seedlings and saplings than DGS. Plots in ADS and DGS had higher adult 
tree Simpson than closed sites. The equitability of seedlings and saplings 
was highest in CFS, followed by ADS and DGS. Plots in ADS had higher 
equitability of adult trees than DGS and CFS. Moreover, plots in ADS and 
DGS had higher importance value index for seedlings than CFS.

Human Activity Disturbances on the Structure and Impacts on the Service Values of 
_______________________ the Coastal Ecosystems in Tanzania_________________________ 
for cation exchange capacity and 10.29, 5.86 and 4.42 (% volume ) for base
saturation in three areas: CFS, ADS and DGS.
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5. The study found that afforestation, reforestation and retaining natural 
growing trees are the major restoration interventions used along the coastal 
zone of Tanzania. In some cases, eviction of forest invaders are executed to 
allow disturbed forests to regenerate naturally. Socioeconomic and climatic 
factors significantly have negatively affected artificially planted and natural 
regenerating trees (p<.050). Indeed, there were limited understanding on the 
ecological values of restoration interventions. Lack of improved planting 
materials and local community overdependence on forests resources 
significantly impede restoration interventions.

The implications of the findings is that human activities disturbances affect 
the structure of ecosystems and services at large. Population and 
socioeconomic activities are the main drivers and have increased demand, as
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established correlation between CNP and equitability across CFS, ADS and 
DGS.
4. Between 2000 and 2016, ecosystems along coast changed significantly. 
The decline (ha) was in forest by -36 441 (-10%), grazing land by -6 347 (- 
2%) and wetland by -112 (-2%). The expansion on LCLU areas was in shrub 
land by 11 751 (37%), farm land by 30 506 (43%), waterbody by 279 (14%) 
and artificial surface by 365 (14%). The ESV declined in forest cover by 
12%, grazing land by 2% and wetlands by 2% while farmland increased by 
30%, shrub land by 27% and water body by 12%. The ESV and the total 
population ratios declined from $80.4, 63.8 and $46.0 million in 2000, 2010 
and 2016 respectively. Perfect positive correlation was on LCLU change and 
ESV, population and households in crop farming, livestock keeping and 
bioenergy use.
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a result the coastal ecosystems is losing ESV largely. If not abetted, there is 
a danger of further impairments on these ecosystems. Therefore, this study 
advise 1. To regulate population and socioeconomic activities to avoid 
further negative impacts of coastal LCLU change. 2. To improve the current 
restoration interventions by ensuring that the socioeconomic and ecological 
interplays along the coastal zones are fully addressed. 3. To investigate and 
establish minimum allowed crop-agriculture and livestock grazing 
integration equilibrium point in the coastal sites is needed to make 
socioeconomic activities a solution with no harm on coastal ecosystems.



CHAPTER ONE: INTRODUCTION

1.1. Definitions of Key Terminologies

1

Disturbance is defined as "any relatively discrete event in time that disrupts ecosystem, 
community, or population structure and changes resources, substrate availability, or the 
physical environment" (Averill et al. 1994). Some disturbances are naturally occurring 
such as the invasion of insects while others are human induced, for example crop 
agriculture and livestock grazing. The process of disturbance, response, and recovery 
changes the current state of the ecosystem because of changes in some species, which get 
lost and or introduced in the ecosystem (Averill et al. 1994).

Ecosystem services are the many benefits, large and small, direct and indirect that 
ecosystems provide to people (Costanza et al 1997; Millenium Ecosystem Assessment 
(MEA) 2005). These consist of all the natural products and processes that contribute to 
human well-being, as well as the personal and social enjoyment derived from nature.

Forest ecosystem is defined as a set of biotic and abiotic components of the ecosystems 
that provide the critical resources, which support the livelihoods of people worldwide 
(Smith et al. 2014). Human life dependence on forest ecosystems is authentically evident 
because forest plays important roles, which range from ecological functions (regulating 
the climate and water resources and by serving as habitats for plants and animals);
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Forest is defined as the land with tree crown cover (or equivalent stocking level) of more 
than 10 percent and area of more than 0.5 hectares (Forest Resources Assessment (FRA) 
2018).

Land-use change is the major human influence on habitats and can include the 
conversion of land cover (e.g. deforestation), changes in the management of the 
ecosystem or agro-ecosystem (e.g. through the intensification of agricultural management 
or forest harvesting) or changes in the spatial configuration of the landscape (e.g. 
fragmentation of habitats) (FRA 2005; 2018).



1.2. Human Activities Disturbances on Ecosystems

2
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Ecological restoration refer to the process of assisting the recovery of an ecosystem that 
has been degraded, damaged, or destroyed (Mishra and Tripathi 2015)

provision of goods (wood, food, fodder and medicines); and used for recreation, spiritual 
values and other services (Wenhua 2004; FRA 2005; Kideghesho 2015; URT 2015).

Forest degradation is defined by the Food and Agriculture Organization of the United 
Nations (FAO) as changes within a forest that affect the structure and function of the 
stand or site and thereby lowering its capacity to supply products or services (FAO 2011; 
2015).

Human disturbances probably have the most drastic effects on succession in both forested 
and non-forested terrestrial ecosystems globally (FAO 2015). In recent decades, the 
socioeconomic activities are rapidly degrading ecosystems all over the world and have 
resulted in people competing for increasingly scarce natural resources (FRA 2005). 
Human activities have caused land cover change, and in particular deforestation, which 
have a significant impact on biodiversity and ecosystems services loss mostly in the 
tropical countries including Tanzania (URT 2015). Activities such as crop-agriculture and 
livestock-over grazing, land clearing and logging for investments and developmental 
activities have dramatically changed the composition, structure and function of 
ecosystems particularly of forest around the world (FAO 2015; Keenan et al. 2015). 
Human activities are frequently leading to forest conversion or degradation forms locally 
and globally (FRA 2005; Kideghesho 2015). The world is experiencing massive changes 
on croplands, forests, grasslands and wetlands because of changes on land use due to 
conversion of ecosystems mainly forest and grasslands into cropland and pasture or 
grazing lands (FAO 2015).
Activities associated with expanded settlements, crop-agriculture, overgrazing, firewood 
and charcoal production, uncontrolled fires, timber extraction and development of 
infrastructure/industry affect forest ecosystems globally (Kissinger, Herold and De 2002). 
In Tanzania, clearing land for agriculture expansion and livestock grazing, pole cutting, 
charcoal burning, timber harvesting and urbanization are the major factors contributing to



1.3. Impacts of Human Activities on Forest

3

Crop-agriculture and animal husbandry disturbances in particular are the predominant 
activities causing land use change and impacts on ecosystems services (Smith et al. 
2014). Forest ecosystems disturbances continue to be a challenge to forests management 
in many countries (Anna 2009; Agherkakli et al. 2010; Amato et al. 2011). These two 
activities are the central challenge for forest scientists, policymakers, and resource 
managers locally and globally (Thompson et al. 2016). The major reason for this 
challenge is that agricultural and animal husbandry land use changes are complex and are 
the results of the interactive effects on socioeconomic and ecological structures 
(Thompson et al. 2016). Therefore, understanding the impacts of human activity 
disturbances on environmental settings requires integrative analyses of multiple processes 
and outcomes (Thompson et al. 2016).
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forest loss like in many tropical countries (Ahrends 2005; Hartter et al. 2011). These 
activities disturb the natural settings of forest ecosystems (Smith et al. 2014). As a result 
many forests existing nowadays are classified as disturbed and secondary following 
natural and human activities on forests ecosystems (Lindsell et al. 2015; Yirdaw, Tigabu 
and Monge 2017).

Forest ecosystems are the main drivers and providers of a wide range of functions and 
services globally (FRA 2005; FAO 2015), it is imperative to widely use forests in 
addressing ecosystem structure and ecosystems services dynamics because forest 
ecosystem are under pressure from the increasing human activities and demand of forest
based products and services. Human activities on forest ecosystems have contributed 
significantly to changes on the structure, functions and services of these ecosystems in 
many parts of the world (Pfeifer et al. 2013). The impacts of various activities on forests 
are destruction of tree species, biomass, biodiversity loss and soil fertility loss (Godoy et 
al. 2011; Chu and Guo 2013). Human activities cause conversion of land uses, which 
influence forest ecosystem structure, function and biota that in turn affect ecosystem 
supply and other ecosystems too (Ziter, Graves and Turner 2017).



1.4. Crop-agriculture and Animal Husbandry Disturbances

1.4.1. Crop-agriculture

4

Coastal ecosystems especially forests are overexploited because of unsustainable use of 
coastal resources as well as pressures from the growing agricultural activities depending
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Moreover, excessive disturbances cause forest degradation through affecting forests 
biodiversity, productive capacity or protective functions (Bahamondez and Thompson 
2016). Human pressure and poor management continue to threaten tropical forests 
particularly in Sub-Saharan countries, Tanzania inclusive (FAO 2015; Keenan et al. 2015; 
Halter 2016). For example, agriculture (crop production and livestock grazing) is 
continuously documented the major driver for land use changes in Sub-Saharan Africa 
that contributed to massive loss of the remaining forests (Anon 2007). Indeed, human 
activities contribute to significant loss of forest cover in Tanzania. For example, forest 
loss reached up to 403,350 hectares in 1990s and 372,871 hectares in 2015 (FAO 2015; 
Keenan et al. 2015; Kideghesho 2015; URT 2015). Of this recorded loss, 38,800 ha 
(equivalent to 6%) represents deforestation of coastal forests between 1990 and 2000 
(Ndang’ang’a et al. 2008). Moreover, documentation show that Tanzania lost 2.00 
million hectares (Mha) of tree cover between 2001 and 2016 (Global Forest Watch (GFW) 
2016). This loss is equal to 7.6 % of the country area’s tree cover extent in 2000, and 
equivalent to 149Mt ofCCh emissions (FAO 2015; GFW 2016). This loss is alarming and 
calls for field empirical evidence to understand their impacts on forest structure and 
service values in comparison to other land cover and land use.

The kind of disturbance and the associated cumulative severity affect the distribution and 
structure of vegetation in an ecosystem (Amato et al. 2011; Yirdaw, Tigabu and Monge, 
2017). Disturbances can affect part of trees, whole trees, population, community and the 
entire components of forest ecosystems hence the floristic structure, composition, 
functions, diversity, succession development and patterns of resource availability( e.g. 
soil nutrients) (Agherkakli, Najafi and Sadeghi 2010; Amato et al. 2011; Alexander 2012; 
FAO 2011).



1.4.2. Effects of Grazing on the Ecosystems

5

The physical structure of plant communities is often changed by grazing. Defoliation by 
grazing herbivores alter plant height and canopy cover, and change species composition 
to include structurally different types of plants. Trampling may also change the structure 
of plant communities by breaking and beating down vegetation (Fleischner 1994). Indeed, 
defoliation can promote shoot growth and enhance light levels, soil moisture, and nutrient 
availability (Frank et al. 1998). However, grazing animals can decrease flower and seed
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coastal populations (Kebede, Brown and Nicholls 2010). Clear tree felling from intensive 
agriculture is associated with timber removal, and with major disturbances by using 
powered machinery contributes to the opening of larger sites for crop production (Attiwill 
1994) making ecosystem vulnerable to disturbances. The detrimental effects of 
agricultural practices is deforestation, which in turn affects soils in ways such as erosion, 
desertification, salinization, compaction, lowering soil structure quality and loss of soil 
fertility (Anyanwu et al. 2015). Deforestation usually led to land degradation and 
ecological imbalance especially when clearing and burning are accompanied in 
deforestation methods in preparation of land used for crop production (Anyanwu et al. 
2015). Agricultural activities (Tomppo et al. 2014), disturb forests soils and cause high 
scale severity in soil and vegetation properties (Elliott, Harper and Collins 2011). It is 
obvious that the ongoing agricultural practices of clearing land for crop production and 
improved pasture management by using uncontrolled fire accelerate the problem of forest 
disturbances.

Livestock grazing disturbances in forests is a concern in forests management because the 
life of every kind of human beings and civilization all over the world show well 
connections between these activities and ecosystems mainly forests (Runsten et al. 2013; 
Kideghesho 2015; FAO 2015; World Bank 2016). Livestock grazing affects species 
composition, ecosystem function, and socioeconomic value of forests (Ayers and 
Lombardero 2000; Nasi and Van Vliet 2009). Literature show that livestock induced 
disturbances might be among the major factors constraining regeneration and recruitment 
of species in terrestrial ecosystems.



the Service Values of

1.5. Coastal zone Ecosystems Disturbances

6

This study presents the impacts of human activities on ecosystems located within 100 
kilometers (in this study referred as coastal ecosystems) from the Indian Ocean. In this 
study, the coastal zone of Tanzania, was selected purposely because the top 10 regions, 
which were responsible for more than half (82%) of all land cover loss between 2000 and 
2016 are found within this zone. Pwani Region (where this study was conducted) had the 
largest tree cover loss at 274 thousand hectares (kha) compared to an average of 66.6kha 
in the country (GFW 2016). This loss if not addressed seriously, will continue to worsen 
land cover mainly forests and woodlands by 2050 (IUCN 2012; URT 2015; Kideghesho 
2015). Indeed, the ongoing loss of land cover in Tanzania will likewise affect about

production directly by consuming reproductive structures, or indirectly by stressing the 
plant and reducing energy available to develop seeds. Grazing animals can also disperse 
seeds by transporting seed in their coats (fiir, fleece, or hair), feet, or digestive tracts 
(Lacey et al. 1992; Wallander et al. 1995). For some plant species, grazing may facilitate 
seed germination by trampling seed into the soil.
Trampling and pawing disturb the soil and in some cases completely destroy soil crusts 
(Fleischner 1994; Belsky and Gelbard 2000). Reduced vegetative cover and disturbed soil 
surfaces results into increased wind and water erosion (Belnap and Gillette 1998). In 
addition, the effect of trampling is compaction of soils, which damages plant roots and 
causes roots to become concentrated near the soil surface (Dormaar and Willms 1998). 
These changes may prevent plants from acquiring sufficient resources for vigorous 
growth (Belsky and Gelbard 2000). The hoof-action of large grazing animals can 
incorporate plant material into soils and increase organic matter. Grazers enhance mineral 
availability by increasing nutrient cycling within patches (Holland et al. 1992). Also, the 
organic components of feces and urine from grazing animals can build soil organic matter 
reserves (Runsten et al. 2013). These organic components results into soils having 
increased water-holding capacity, increased water-infiltration rates, and improved 
structural stability, which can decrease soil loss by wind and water erosion (Hubbard et al. 
2004).
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850km2 of the coastal line ecosystems that are rich in tree species' diversity but classified
as threatened ones (IUCN 2012; Mligo 2015a; URT 2015).

In order to compare the impacts of disturbances across land uses, Uzigua Forest Reserve 
was purposely selected as a study area (Banda, Schwartz and Caro 2006). The reason for 
using this forest ecosystem is that, this forest is within the region characterized by a high 
level of species endemism, a severe degree of threat (because of human invasions for 
crop-agriculture and livestock grazing) and exceptional diversity of its plants 
(Ndang’ang’a et al. 2008) as also supported in Mori (2011). This study considered that 
the impacts of human activities in Uzigua reseserve are different across sites, which were 
not disturbed by human activities (closed forests sites), used as a control, and those 
disturbed by crop-agriculture and grazing. This kind of study is important in management 
of coastal ecosystems because identifying human activities, which influence degradation 
of forests, impact ecosystems services value and restoration practices offers 
input/solutions for sustainable management of coastal ecosystems (Giliba et al. 2011).
This study considered that an understanding of ecosystems structure under human 
influences is important, as management of any ecological systems requires detailed 
information on dynamic processes occurring at spatial and temporal patterns (Webb et al. 
2007). Understanding disturbances and recovery can provide clues for treatments that are 
useful to halt or reverse degradation and assist in the recovery (Polster 2016).
However, empirical evidence about human influence on ecosystems structure and 
services of tropical coastal forests is lacking. Moreover, an understanding on how 
disturbances have affected the coastal area abiotic factors (soils) and biotic factors 
(vegetation stand and diversity structures, and services) is limited. The major reasons for 
limited studies on disturbance lie on the fact that it is difficult to quantify and monitor 
effects directly (Hitimana, Kiyiapi and Njunge 2004; Backeus 2006). Therefore, this 
research was conducted to systematically assess and compare the ecological impacts of 
disturbances using vegetation structure and soil status using by a combination of 
extracted satellite images to get classes of land cover and land use changes, and ground 
verification on vegetation and soil indices (Peres, Barlow and Laurance 2006).



1.6. Problem Statement and Justification
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In this presented work, human activity disturbances on the structure of ecosystems and 
socioeconomic activities that have linkages to degradation of land cover such as 
deforestation were identified and presented. The study was conducted under the laid 
principle that “If we ignore the lessons of ecosystem disturbances and recovery, the 
concepts of sustainable development and that of conservation of biodiversity are 
meaningless ** (Averill et al. 1994:13).
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Sustainable ecosystem production and management require an understanding of 
disturbance effects on structures and the consequences in ecosystems services values 
(Ares et al 2007). This understanding is crucial because ecosystem disturbances such as 
those, which emanate from deforestation are human-caused and affect biodiversity, 
carbon storage, soil erosion, habitat connectivity, and soil nutrient dynamics (Corbin and 
Holl 2012; Widianingsih, Theilade and Pouliot 2016). The existing research and 
development works on disturbed ecosystems’ structure and properties state that 
disturbances form an integral part of ecosystems. Human disturbances influence 
ecosystem structural composition and functioning and thus can be important for 
maintaining biological diversity and facilitating regeneration or biodiversity losses (FAO 
2011).

The documentation in FAO (2006); Cathcart et al. (2008) show that there is a 
considerable work done to address ecosystems disturbances and degradation in different 
parts of the world. However, FAO (2006), Cathcart et al. (2008) and FAO (2009) indicate 
that there is incomplete, inconsistent, unreliable data and limited information on the 
impacts of human ecosystems disturbances to establish the status and structures of many 
ecosystems particularly forests and soil properties of different habitats. Essentially, 
Cathcart et al. (2008) suggest that there remains much work to assess the impacts of 
disturbances on ecosystems structures especially in the tropics. Studies are required to 
investigate and analyze ecosystems structural changes to understand human disturbances 
and their implications on services values for sustainable coastal ecosystem management 
(URT 2013; Keenan et al. 2015).



1.7. Objectives of the Study

1.7.1. The Main Objective of the Study

1.7.2. Specific Objectives

Specifically, this study aimed: -

1. To investigate human disturbances on coastal forest ecosystem soils

9

This study aimed at understanding human disturbances on the coastal ecosystems 
structure by assessing factors, which affect forest structural parameters, soil physical and 
chemical properties, and ecosystem services values of the tropical coastal forest 
ecosystems in Tanzania.
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Therefore, understanding the impacts of human disturbances brought by crop-agriculture 
and livestock grazing on the coastal ecosystems of Tanzania is crucial. This 
understanding is important because agriculture and livestock grazing are the major land 
use categories easily identified in disturbances and patch size distributions relative to 
those occurring naturally (North and Keeton 2008; Sturtevant et al. 2014). Indeed, this 
work, attempted to understand the human disturbances on soil physical and chemical 
properties, forest floristic composition, species diversity and regeneration status in the 
coastal forest ecosystems (Hitimana et al. 2004, Sapkota, Tigabu and Oden 2009). In 
addition, the study represents the interplays between socioeconomic activities, land use 
change and impact on ecosystem services values as well as restoration interventions in 
the coastal forests of Tanzania.

2. To investigate the effects of human disturbances on coastal forest ecosystem 
vegetation structure

3. To establish the relationship between forest vegetation structure and soils in the 
disturbed and intact sites of the coastal ecosystems

4. To evaluate the drivers and effects of socioeconomic activities on changes of coastal 
ecosystems service values



1.7.3. Study Questions

1.

2.

3.

4.

5.

1.7.4. Activities Performed

1.

2.

3.

4.

io
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How soil physical and chemical properties are characterized under crop-agriculture 
and grazed land uses compared to intact (closed-disturbed) forest sites?
How forests disturbances contribute to affect the floristic structure, composition and 
diversity patterns of coastal forests?
How soil properties and forest vegetation structure are canonically related under crop
agriculture and livestock disturbed sites compared to intact sites of forests?

How socioeconomic activities have caused land cover and land use changes and 
effects on ecosystem services values across 2000, 2010 and 2016, of the coastal 
ecosystems in Tanzania?

How restoration interventions 
coastal forests in Tanzania?

5. To investigate the cunent restoration interventions and factors affecting restoration 
interventions of the disturbed coastal forests in Tanzania

Reviewing literature on natural forests, human disturbances mainly crop-agricultural 
disturbances and animal husbandry disturbances, land use and land cover changes, as 
well as restoration of disturbed forests
Collecting and analyzing soil samples from crop-agriculture, livestock grazed and 
intact forests patches to know the status of physical and chemical properties of soils 
under these different land uses
Carrying tree species inventory on crop-agriculture, livestock grazed and intact forest 
sites to gauge and establish the variation of species across disturbed and non
disturbed sites
Extracting and preparing land cover and land use change maps from satellite images, 
and collecting socioeconomic data to gauge the impacts of land use changes on 
ecosystem services of coastal ecosystems

are executed to address recovery of the disturbed



1.7.5. Expected Outputs
i.

ii.

iii.

iv.

v.

Significance of the Study1.8.
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The changes in status of land cover and land use, socioeconomic activities and 
ecosystem services values investigated, analyzed and documented

Soil physical and chemical properties under crop-agriculture, grazed land and 
intact forest sites investigated and documented
The current structure of forest vegetation status under crop-agriculture, grazed 
land and intact forest sites analyzed and documented

The mechanisms and factors affecting restoration of the disturbed coastal forests 
identified, gauged and documented

Suggestions for improving the current frameworks for management of coastal 
forest under different land uses recommended and documented

5. Field surveys to understand activities for restoration and factors which affect the 
implementation of restoration interventions of disturbed sites along the coastal zone 
of Tanzania

This work contributes to provide the basic initial research findings to improve an 
understanding about human interference and sustainable management of the tropical 
forest ecosystems of Tanzania. This is the first kind of study, which established the inner 
relationships between soil properties and above ground forest structure in Tanzania. The 
study is also unique in the sense that it involved exploration of how socioecological 
systems interplays to address sustainable coastal forest in Tanzania. The study on forest 
disturbance and implication on biophysical and ecosystem services dynamics provides 
fundamental information, crucial for determining the sustainability of tropical coastal 
forest resource utilization and management (Kissinger, Herold, and De 2002; Preston 
2006; Hjalten et al. 2017). The research findings are crucial in providing important initial 
basic data on the structural status and services of tropical coastal forests using Uzigua 
Forest Reserve following the past fifty years of human activities encroachment and



1.9. Dissemination of Research Findings
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Indeed, the results from this study contribute to the current efforts of Tanzania and many 
developing countries partners, and international commitments to improve the current 
forest management programs under recognition that tropical coastal forests are among the 
biodiversity rich hotspots but threatened because of human based factors. The 
suggestions in this work are expected to reflect processes operating over multiple scales 
crop-agriculture and animal husbandry in the tropics. In addition, this work produced a 
PhD thesis, which forms a significant contribution to the partial fulfillment for the 
completion of a PhD in Ecology as offered by the College of Life Sciences, Fujian 
Agriculture and Forest University, Fuzhou, Fujian, China.

The suggestive research findings dissemination includes thesis production, scientific 
papers/articles production, public meetings, local and international conferences, lectures, 
group discussions, case study presentations and demonstrations.

degradation; a condition needed for re-mapping and exclusion of human activities from 
this forest as a step towards re-establishing proper management options. The expectation 
is that public, non-governmental and community-based organizations will use the results 
after understanding about forest disturbances and ecosystems interplays and so 
incorporating human induced disturbance on forest management plans and programs.
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2.2. Deforestation in the Coastal Zone of Tanzania
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Human activities have pronounced impacts on tropical forests (Islam and Weil 2000) as 
they affect the forests which are characterized as forests with low ability to buffer from 
the negative impacts of disturbances and degradation (Islam and Weil 2000). Human 
activities have been disturbing forests ecosystems in Tanzania before and after 
independence (in 1960s) (Kideghesho 2015). Soils developed under natural forests in the 
coastal zone of Tanzania have been degraded by land-use changes for the past 50 years 
(Silayo et al. 2006; Kideghesho 2015).
Crop-agriculture and livestock grazing have been stressing coastal forests by contributing 
to soil disturbances and then degradation. These activities lead to the decline in soil 
quality with continuous reduction of coastal forest productivity (Islam and Weil 2000; 
Bahrami et al. 2010). Cultivation of land and livestock grazing cause forest disturbances 
and degradation through affecting the productive capacity, loss of biodiversity, carbon, or 
protective functions (Bahamondez and Thompson 2016).
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Deforestation and impacts on forest ecosystems along the coastal zone of Tanzania have 
been exacerbated by the rapid population growth of about 2.7% between the 2000s and 
2010s (URT 2016). This population increase is associated with the increased demand for 
crop and livestock production in the coastal zone of Tanzania. The current operations in 
crop-agriculture and livestock grazing cause forest ecosystem disturbance particularly in 
the coastal zone of the country (UNDP 2004; Mligo 2015). The problem is disturbing 
tropical coastal forests because human activities are accelerated by climate change 
impacts forcing crop growers to expand their farms by encroaching forest ecosystems 
while the number of livestock is increasing too (Pan et al. 2013). This pressure puts at 
risk the coastal forests that are the most affected forest ecosystems in Tanzania (Mligo 
2015).



2.3. Human activity disturbances on soil properties
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The information about forests disturbances, soil chemical and physical properties is 
important in the management of soil resources (Paillet et al. 2010; Alexandre et al. 2013). 
This assessment is used as a step to identify and set a baseline for investigating local soil 
properties dynamics hence focusing on conservation priorities, and enabling effective 
design of forest management efforts (Defries et al. 2010). However, documentation by 
FAO (2006); Nasi and Van Vliet (2009) show that more work is needed to investigate 
and generate reliable information about soil heath to provide a good stance for sustainable 
forest ecosystem management particularly in developing countries, Tanzania inclusive. 
Therefore, this study contributes to generate information crucial in monitoring of soil 
attributes and variability (Paillet et al. 2010; Rezapour 2014). An understanding about 
forest soils health is required as it is lacking in many existing studies such as 
Ndang’ang’a et al. (2008); Mligo et al. (2011); Mligo (2015b).

Human disturbances and impacts on soil properties is a concern of many tropical soils 
and a challenge in the management of coastal forests in many developing countries 
including Tanzania (De Caires et al. 2014). This challenge is persistent because human 
activities affect land use choices, which in turn affect the status of soil organic matter, 
soil structure, water and nutrient holding capacity (Gimenez et al. 2010; Tanah and Hutan 
2015). It is apparently known that the electrical conductivity, organic matter, soil 
structure, soil texture, bulk density, water infiltration and biological community controls 
soil health or quality (Gimenez et al. 2010). However, these properties of soils are

Human Activity Disturbances on the Structure and Impacts on the Service Values of 
the Coastal Ecosystems in Tanzania

Livestock grazing is putting more pressure on coastal forest ecosystems in 2010s than 
before because there is a massive shift of livestock keepers from central and northern 
parts of the country to the coastal zone searching pasture and water mainly for cattle 
(URT 2016). For example, cattle population in the Pwani Region alone increased from 
122 300 in 2002/2003 to 470 000 in 2011/2012 equivalent to an increase of 280 % (URT 
2016). This increment puts more pressure on coastal forests located within 100 kilometers 
of the Indian Ocean, the zone where about 850 km2 of forest ecosystems are located 
(Francis and Bryceson 2001).



2.3.1. Disturbances and Electrical Conductivity

2.3.2. The Interplays between Soils and Vegetation Structures

2.3.3. Disturbances on Soil Texture and Bulk Density
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In forest ecosystems, farming activities and livestock grazing affect vegetation which in 
turn disturb the ecological relationship between the above and below ground systems 
(Islam and Weil 2000; Demir et al. 2007; Bahrami et al. 2010; Charan et al. 2013). As 
these activities affect the vegetation biodiversity and results into affecting the overall soil 
health or quality (Charan et al. 2013; Bahrami et al. 2010; Gimenez et al. 2010; Tanah 
and Hutan 2015).

compromised by crop-agriculture and livestock grazing through converting forest 
vegetation into other land uses (Demir et al. 2007; Makineci et al. 2015).
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Crop-agriculture and livestock grazing affect soil texture and soil bulk density (USDA 
2008). The interplay between electric conductivity, soil texture and bulk density is

Although electrical conductivity is a measure and the indicator of soil nutrients 
availability and loss, information on the current spatial variation of electric conductivity 
(pScm-1), soil texture (percentage) and bulk density (gem-3) across the remaining natural 
coastal forests and disturbed sites in the tropical coastal ecosystems is lacking (Sudduth et 
al. 2003; Doolittle and Brevik 2014; Rabenberg and Kniffen 2014). Therefore, this study 
was conducted to address this deficit based on the basic principles that changes in land 
uses and management (agriculture, livestock grazing) affect the physical, chemical and 
biological properties of the soil (Certini 2005; Grossmann and Mladenoff 2008; Bahrami 
et al. 2010; Rezapour 2014). Agriculture and livestock grazing expose soils directly to 
solar radiation and evaporation, hence lowering the electric conductivity compared to 
moist soils that are protected by vegetation (Rysan and Sarec 2008). Exposure of land to 
evaporation and directly solar radiations affects some properties such as salinity, which 
increases concentrations of electrolytes in soil water, dramatically increase the electrical 
conductivity depending on soil drainage and organic matter levels (Rysan and Sarec 
2008).



2.3.4. Disturbances and Soluble Bases
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important in forest management because any activity, which affects any one of these 
three factors, affects the other two components. For example, cultivation in forest 
ecosystems contributes to increase the bulk density of soils, the process related to the 
decrease of soil pore volume, a loss of pore continuity, and induced changes in soil 
aeration, poor soil water retention and changes in hydraulic conductivity and hence 
affecting the electric conductivity (Rezapour 2014). Spatial variation of electric 
conductivity, soil texture and bulk density (gem-3) across intact forest sites, crop
agriculture and livestock grazing sites is based on the background that (i) human 
activities contribute to the dynamics of soil quality (Gimenez ct al. 2010; Paillet et al. 
2010); (ii) human induced activities influence the soil attributes related to soil processes 
such as oxidation, mineralization, and leaching (Rezapour 2014). Consequently, these 
processes modify the breakdown of salts into positively and negatively charged ions; and 
(iii) the accumulation of salt ions in the soil affect the soil electric conductivity in 
different land uses (Makineci et al. 2015).

Although limiting forest ecosystems disturbances is often viewed as essential for 
maintaining biodiversity, documentation show that there is incomplete, inconsistent, 
unreliable and limited information about the interplay of disturbance impacts on carbon, 
nitrogen and phosphorus in the coastal ecosystems under various forms of land uses (Bell 
et al. 2016; FAO & JRC 2012). Research to support positive or negative impacts of 
disturbances on coastal forest soil nutrients content is lacking, especially in African 
countries including Tanzania (FAO 2010). More specifically, comparative studies on the 
impacts of crop-agriculture and livestock grazing disturbances on the status and variation 
of carbon, nitrogen and phosphorus along the coastal forest ecosystems are poor. It is 
important to assess disturbances effects on soil non soluble bases and the interplays 
between inputs to soil organic matter. This interplay is important because disturbances 
affect by increasing or lowering decomposition of organic matter/plant litter and animal 
excreta (Golluscio et al. 2009). Disturbances also affects outputs from soil organic matter 
pools by accelerating the mineralization and leaching of nutrients such as nitrogen 

(Golluscio et al. 2009).



2.3.5. Disturbances and Soluble Bases

An understanding of different levels of soil calcium, magnesium, potassium, and sodium, 
is important in the management of forest ecosystems (Laiho, Penttila and Lainest 2004; 
Pulla et al. 2016; Sarmadian, Keshavarzi and Malekian 2010), because cation exchange 
capacity highly influence vegetation growth in forest ecosystems (Pal, Panwar and 
Bhardwaj 2013). Despite the importance of these elements, little is understood about their 
patterns and variability in tropical coastal forest ecosystems particularly on crop
agriculture and livestock grazed land uses (Yavitt et al. 2009). There is limited 
documentation on the status and variations of cation exchange capacity and percentage 
base saturation in the closed forest, forestland sites subjected to crop-agriculture and 
livestock disturbances especially in the tropical coastal forests like in many other tropical 
forest ecosystems (Yavitt et al. 2009).
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Unfortunately, crop-agriculture in the coastal forest reserves is practiced without 
additional of fertilizers, while literature on the differences in nutrients status between and 
across intact forests, agriculture and livestock disturbed sites is limited. It is known that 
forest disturbances brought by human activities or natural processes affect vegetation, 
which in turn influence nutrients biogeochemistry through variation in the quantity and 
chemistry of plant litter (Hobbie et al. 2005). Forest disturbances affect litter 
accumulation, thus lowering the capacity of forest ecosystems to slow soil erosion and 
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Disturbances on the tropical coastal forests affect soluble bases (Johnson et al. 2009). As 
a result, many of the tropical forests are characterized by limited soluble bases 
(Heineman et al. 2016). The variation of nutrients exists between different ecosystems 
because of processes such as pedogenesis variability of parent rock materials and land 
uses (Pulla et al. 2016; Sarmadian et al. 2010; Kaspari and Yanoviak 2008). While 
cutting down of native vegetation to convert forestland into farms counted as one of the 
processes that add soil nutrients, yet this addition is considered a temporal return of 
mineral nutrients in soil stock (Moreira and Fageria 2009). Thus, any conversion of 
natural vegetation into crop or grazing lands contributes to alter some soil nutrients 
(Moreira and Fageria 2009). The depletion of nutrients is severe especially when 
fertilizers are not used as one of the corrective measures (Moreira and Fageria 2009).



2.4. Human Disturbances on Forest Structure

Activities that cause land cover change for example those associated with deforestation 
cause soluble bases depletion and extinction of some plant species in the tropics hence 
limiting the development of forest ecosystems (Kirby and Potvin 2007; Vourlitis and 
Lobo 2015). Because of the roles played by soluble bases in controlling soil acidity and 
plant community welfare, an understanding about soluble elements quantities and 
variation is crucial in forest management (Kabrick and Goyne 2011).

The existing studies have documented on the impacts of land cover change and carbon 
storage (Kirby and Potvin 2007; Nave et al. 2010; Parras-Alcantara, Lozano-Garcia and 
Galan-Espejo 2015). Studies on soil organic carbon conducted by Shelukindo et al. 
(2014), Nitrous Oxide and Methane by Ishizuka et al. (2005), and plant diversity in Mligo 
(2015) and (Howell et al. 2012). Although a study by Pal et al. (2013) investigated soil 
fertility on different land uses, documentation on the comparative differences of soluble 
bases across forest sites subjected to different land uses along the tropical coastal forests 
including those found in Tanzania is lacking. This lack of information is a challenge on 
the management of coastal forests in the tropics.

Protecting the remnant of coastal forests and recovering disturbed sites is an important 
worldwide concern (Potter 2014; Mligo 2015a; World Bank 2016). Common strategies 
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Inadequate information about soil soluble bases puts forests management in risk because 
the knowledge about the existence of forest resources is not enough to address the entire 
reciprocal function of soil properties and the interplays between vegetation and soils 
soluble bases ecosystems (Kaspari and Yanoviak 2008; Vourlitis and Lobo 2015). A 
study about soluble bases status and variation is important in the tropical coastal forests 
because these forests face pressure from human activities mainly crop-agriculture and 
livestock grazing (Ligate, Wu and Chen 2017). Information generated in this section is 
crucial in contributing on the effective management and protection of tropical coastal 
forest ecosystems (Kabrick and Goyne 2011).
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mineral nutrients leaching (the most factors for soluble nutrients loss in the tropics)
(Kaspari and Yanoviak 2008; Johnson et al. 2009).



ft?Human Activity Disturbances on the Structure and Impacts on the Service Values of 
the Coastal Ecosystems in Tanzania

used locally and globally include excluding human settlements, crop-agriculture, and 
livestock grazing (Redford and Feam 2007; Navroodi 2015; Tadesse and Kotler 2013; 
Schieltz and Rubenstein 2016). These efforts aim to allow the regeneration of trees and 
other vegetation since tropical forests have a pronounced power of self-maintenance 
through regeneration (Sundarapandian and Swamy 2013). However, under the current 
exclusion management options, there is insufficient documentation about the distribution 
and concentration of trees diversity in response to disturbances, particularly in the 
tropical coastal forests.
Deforestation due to human pressures and poor forest management systems affects forest 
structure and ecosystems (Guerrero and Bustamante 2007; Halter 2016; Bonari, Acosta 
and Angiolini 2017). Forest disturbances and degradation affect the structure of forest 
ecosystems at large (Bargali et al. 2013). Human activities contribute to forest 
biodiversity decline or loss (DeFries et al. 2010). The main activities contributing to 
forest loss, especially in the tropics, include clearing land for crop-agriculture, pole 
cutting, charcoal burning, timber harvesting, and settlements (Majumdar and Datta 2014; 
Keenan et al. 2015; Bonari, Acosta and Angiolini 2017). Human disturbances reduce the 
capacity of forest to regenerate, function, and offer various ecological services 
(Thompson et al. 2009; Kimaro and Lulandala 2013; Joyi et al. 2015).
However, documentation shows that some degree of disturbances are actually beneficial, 
as they contribute to the increase of biodiversity and nutrient circulation. These 
disturbances are thus considered important for long term sustainability and productivity 
of most ecosystems on earth (Kalaba et al. 2013; Kijazi et al. 2014). Indeed, disturbances 
are important in the modification of forest structures (i.e., stand parameters and species 
diversity), thus helping forests to undergo successional stages and maintain values. 
Unfortunately, in many cases these structures affected by natural and human activities 
under varied environmental conditions (Bargali et al. 2013).
This study was conducted on the forests located along the coastal zone of Tanzania. This 
ecological area is rich in biodiversity as it has about 190 forest species, of which 92 are 
endemic (Howell et al. 2012). However, as in many other tropical forests, farming (crop
agriculture), livestock grazing, timber harvesting, and charcoal making threaten forests. 
As a result forests are disappearing at an alarming pace (Devi and Yadava 2006). Because 
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2.5. Canonical Correlation of Vegetation and Soil Properties
Knowledge about the influence of human activities on structures and the correlation of 
vegetation structure (tree stand parameters and diversity indices), soil health parameters 
(soil physical and chemical properties such levels of calcium, magnesium, potassium, 
phosphorus and sodium) is important in ecosystems management (Poorter et al. 2015). 
This information is crucial because plants in forest ecosystems have influence on soil 
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of these human activities, tropical coastal forests located in the coastal zone of Tanzania 
have lost about 69% of their primary vegetation (Howell et al. 2012). If not abetted, 
further degradation will continue to threaten about 1500/300,000 (i.e., 0.5%) of global 
vascular plants found in this zone (Mligo et al. 2009). Crop-agriculture and livestock 
grazing are the main human activities accelerating the rate of coastal forests degradation 
in Tanzania (Kimaro and Lulandala 2013).
Encroachment through these activities threatens the coastal forests, which cover an area 
of about 800 km2 along the coastal zone of the country (Kimaro and Lulandala 2013). 
These activities alter the distribution and structure of the forests (Ares et al. 2007; Amato 
et al. 2011). Changes in spatial and temporal patterns, and the subsequent regeneration 
capacity put forest management efforts in jeopardy (Huang et al. 2003; Merganic et al. 
2012). Yet studies on how coastal forests, such as those comprising the study area, 
respond to crop-agriculture and livestock grazing disturbances are not available.
This first study compares the regeneration of trees across land uses after crop-agriculture 
and livestock grazing exclusion in tropical coastal forests of Tanzania. This paper 
presents tree composition, structure and regeneration potential across land use sites 
(Bharathi and Prasad 2015). The study used data from the Uzigua Forest Reserve located 
along the coastal zone of Tanzania to serve an important stage and contributing measure 
in the planning for sustainable coastal forest management (Guerrero and Bustamante 
2007; Sundarapandian and Swamy 2013). Therefore, this section in this work explored 
and presents findings to gain an understanding of trees’ responses after disturbances and 
the exclusion of human activities because knowledge of forest structure, including tree 
regeneration, is a critical determinant of forest direction in order to attain sustainable 
management (Bargali et al. 2013).

on the Service Values of



conditions (Gairola et al. 2012; Wagg et al. 2014). Nevertheless, information about the 
reciprocal relationships between soil properties and vegetation structure of the remaining 
and regenerating tropical coastal forest (TCF) sites is lacking (Ichikogu 2014; FAO 2015).

Little knowledge exists about the interplays between stand parameters, composition and 
soil physical properties in the tropical coastal forests. This deficit is contributing to put 
management of tropical coastal forests in jeopardy. Therefore, this piece of work address 
the missing relationship between above and below ground coastal forest ecosystems after 
exclusion of human activities (mainly farming and livestock grazing) (Poorter et al. 2015).

Human induced disturbances bring soil degradation, which are defined in this study as 
any physical or chemical alteration of the soil caused by different operations in forest 
ecosystems (Curran et al. 2003). Different process and activities occurring in forest 
ecosystems affect forest structural parameters by providing favorable or unfavorable 
conditions in forest ecosystems (Kalaba et al. 2013). Existing studies show that 
disturbances in forest ecosystems affect the ecological relationship between forest 
vegetation and soils (Cavelier et al. 1999; Brosofske, Chen and Crow 2001; Eni, Iwara 

and Offiong 2012).
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Human activities especially those involving clearance of forests expose soils to erosion, 
loss of organic matter and other necessary elements useful for vegetation growth (Chen 
and Li 2003). Soil properties differ in different soil horizon as a result of biological and 
geochemical processes at different depths after human disturbances (Chen and Li 2003). 
Disturbances in the tropics affect forest structures (i.e. the spatial arrangements of various 
components of forest ecosystems) (McElhinny et al. 2005; Nizam, Jeffri and Latiff 2013). 
These disturbances affect the number of trees, heights of different canopy levels, 
diameter, spatial distribution, basal area, volume and species composition (Huang et al. 
2003; Mbwambo et al. 2008; Delang and Li, 2013; Kijazi et al. 2014).
Although disturbances are reported to disrupt ecological settings, ecologically they are 
sometimes essential processes, necessary at some levels of intensity and periodicity for 
the long-term sustainability and productivity of forest ecosystems (Averill et al. 1994). 
There is relationship across forest structures and soil physical and chemical properties.
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This relationship is based on the fact that forest vegetation determine soil properties 
forest systems through process which accelerate soil erosion, oxidation and destruction of 
biomass (Chu and Guo 2013). Thus, there is a strong relationship between disturbances 
on plant species composition and impacts on soil parameters (Chen and Li 2003; FAO 

2009).
Human activities in the coastal forests ecosystems of Tanzania affect the structure of trees 
biodiversity and soils properties. These activities are forms of land uses, which have 
caused variation in habitat conditions characterized by biogeography and disturbance 
levels (Huang et al. 2003; Wagg et al. 2014; Joyi et al. 2015; Howell et al. 2012; Tomppo 
et al. 2014; Mligo 2015a). The vegetation disturbance is related with soil status because 
there is a close relationship between forest and land use management on species diversity, 
and soils conditions (Martin et al. 2016). For example, low species diversity in disturbed 
areas is associated with low values of soil elements such as carbon, nitrogen and 
phosphorus (Joyi et al. 2015).
Nevertheless other studies show that the diversity of tree species between undisturbed 
and disturbed forests sometimes is not significant (Huang et al. 2003). A study by 
Merganic et al. (2012) show that natural forests are not influenced by human activities 
rather than conditions of abiotic environment In this case, it is important to find the 
correlation between forests structure and soils properties. This understanding is important 
in gauging the dynamics of forests structure and environmental variables (Rayfield et al. 
2005).
Agriculture and livestock grazing disturb forests and cause high scale severity in soil and 
vegetation properties (Elliott, Harper and Collins 2011; Tomppo et al. 2014). Clear tree 
felling because of intensive agriculture makes ecosystem vulnerable to disturbances 
(Attiwill 1994). More specifically, livestock grazing affects species composition and 
ecosystem function by feeding and trampling on vegetation (Ayers and Lombardero 
2000).
The impacts of agriculture and livestock grazing are large especially when there is 
agriculture intensification and reduced grazing areas (Nasi and Van Vliet 2009; Runsten 
et al. 2013). Within low carrying capacity of the forests, farming activities and livestock 
grazing destroy plant species and destruct soils. In addition, these activities expose the 
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2.6. Socioeconomic Activities and Ecosystems Services Values

2.6.1. Changes on Land Coastal Ecosystems
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land into erosion and nutrients losses. Therefore it is imperative to establish information 
about forest structure and soil relationship in forest management because vegetation and 
soils are interconnected and exert symbiotic effects on each other (Ichikogu 2014; Wagg 
et al. 2014).
In order that the direction of the relationships of forest structure and soil status is 
established in the disturbed coastal forests, this work presents the first kind of findings 
done in the disturbed coastal forest ecosystems after human activities exclusion. This 
presented section was conducted under the hypothesis that there is positive relationship 
between above ground forest structures and soil properties of the disturbed sites in the 
tropical coastal forest ecosystems. This work guided by one major study question: How 
forest parameters (density, height, basal area and volume, and species composition and 
diversity) canonically correlated with bulk density, soil texture and electric conductivity 

across land uses.

Change on land cover and land use (LCLU) is among the major drivers of biodiversity 
loss and ecosystem’s degradation at both global and local levels (Nkonya et al. 2012; 
Kindu et al. 2016; Quintas-Soriano et al. 2016; Xu et al. 2017). The change has 
significantly affected almost all terrestrial biomes (Baumgartner and Cherlet 2016; 
Borrelli et al. 2017; Zhou et al. 2017). To underpin this, Baumgartner and Cherlet (2016), 
Scull et al. (2017), Temesgen, and Wei (2018) confirmed that these impacts pronounced 
in Sub-Saharan Africa. Besides, numerous human activity disturbances have amplified 
the problem by affecting the ecosystem functions and services (Cork and Shelton 2000; 
FAO 2011; Temesgen et al. 2018). Concurrently, changes on natural settings of land also 
affect the function of ecosystem and service values (Dale and Polasky 2007; Keenan et al. 
2015; Yirsaw et al. 2016).



2.6.2. Drivers for Land Cover and Land Uses Change

2.6.3. The LCLU Changes in the Coastal Zone of Tanzania
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Spatially, the coastal ecosystems across the world are among the systems that are at risk 
of degradation due to human interventions posed by development pressures among the 
coastal communities (Schmidt, Moore and Alber 2014; Santha 2015; Ligate et al. 2017). 
This pressure is exerted by rapid population growth and expansion of socioeconomic 
activities (Madrinan, Rickman and Ye 2012). Anxious socioeconomic activities are 
associated with unprecedented agriculture, expanding settlements, industrialization and 
other investments (Zhao et al. 2004; Xu et al. 2017). Weak management institutions and 
climate change that threaten the ecological potentials (Maitima et al. 2009; Keenan et al. 
2015; Xu et al. 2017) amplify the resulting impacts.

Apparently, human based pressure and other stressors have contributed to the 
transformation of the naturally covered land systems (especially coastal forest) and open 
grassland into farmland and bush/shrubs encroachment (Fetene et al. 2015; United 
Republic of Tanzania (URT) 2015; Temesgen et al. 2018). The transformation in LCLU 
categories affects ecosystem processes and services (Fujita et al. 2013; Hu et al. 2008; 
Smith et al. 2014; Zhang et al. 2015a). Obviously, human decisions about land use affect 
the status and potentials of ecosystem service provision (Quintas-Soriano et al. 2016; 
Temesgen et al. 2018). Therefore, the processes and human activities, which bring 
changes on LCLU are continuously and severely affecting ecosystems in various biomes 
(Szuster, Chen and Borger 2011; Song et al. 2014; UNEP 2015). In addition, projections 
from various models indicate that Sub-Saharan Africa will continue to experience the fast 
LCLU changes because of the rapid human population pressure and regional expansion 
of agricultural land (Van der Esch et al. 2017).

Tanzania, which is located in Sub-Sahara Africa, is among the worst affected countries in 
terms of forest degradation. In 2015, it had a net loss of 372 thousand hectare per year, 
while a generalized global trend shows that during the same year, there was net gain in 
land cover (FAO 2015; Keenan et al. 2015; UNEP 2015). This loss placed Tanzania at 
number five among the top ten countries with significant annual loss of land cover 
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2.6.4. Threats to Coastal Ecosystems of Tanzania

2.6.5. Ecosystems Services Values

25

Tanzanian coastal ecosystems provide critical ecological functions such as protection of 
the coastal zone and habitats of many living organisms including human beings (Luc van 
Hoof and Kraan 2017; Kubiszewski et al. 2017). However, human activities threaten the 
viability of coastal ecosystems located within the coastal zone like many other global 
systems (Zhao 2004; Kindu et al. 2016; Luc van Hoof and Kraan 2017). Despite of the 
posed threats, the documentation of the Tanzania coastal LCLU change and its 
implications on the dynamics of ecosystem services suffer numerous challenges. 
Therefore, a study that addresses LCLU change and its implications on the value of 
ecosystem services and human-ecosystem services interplay along the coastal zones is 
quite imperative (Otsuka and Place 2014).

concerning forest (FAO 2015; Keenan et al. 2015; Patra et al. 2015). The major reasons 
for this loss being: land is lost for urban development, is claimed for agricultural purposes 
(crops and livestock grazing), forests are harvested for small and large-scale commercial 
investments of timber and for subsistence and commercial fuel wood reasons (Sloan and 
Sayer 2015; UNEP 2015).
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the Coastal Ecosystems in Tanzania

Previously, there were some studies conducted on LCLU and ecosystem services’ value; 
however, they had different focuses. Costanza et al. (1997) evaluated the global 
ecosystem service values and laid a foundation for evaluation of global ecosystems, while 
Zhao et al. (2004) reported on the decline of ecosystem services. Furthermore, Li et al. 
(2007) showed a significant conversion of forests and grassland into shrub land and 
cultivated land. Literally, Maitima et al. (2009) and Temesgen et al. (2018) pointed out 
that land use changes largely contribute to modification of Africa’s land cover. On top of 
that Nkonya et al. (2013) and Otsuka and Place (2014) specified farmland as a leading 
form of land use change in the Sub-Saharan region. Moreover, Warinwa, Mwaura and 
Kiringe (2016) and Temesgen et al. (2018) studied LCLU and ESV in Kenya and 
Ethiopia respectively.



2.6.6. Addressing LCLU and Ecosystems Services Values
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To address this deficit, this assessment was conducted by using field surveys and satellite 
imagery to attempt (1) investigation of the socioeconomic activities which contribute to 
LCLU change in the coastal zone of Tanzania; (2) mapping changes in the area of each 
LCLU category in 2000, 2010, and 2016 reference years; (3) valuation of the dynamics of 
ecosystem service values along the coastal zone of Tanzania across sixteen years. 
Practically, the section presents the investigated the area and ecosystem service values of 
seven major ecosystems, namely: artificial surfaces, farmland, forest, grazing land, shrub 
land, and waterbody and wetland ecosystems. These categories were selected because 
they are the major suppliers of many recognized services, locally and globally (Marc, 
Babu and Hamilton 2005; Pan et al. 2011; Kubiszewski et al. 2017).
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These studies show a continuous loss of many tropical ecosystems because of land use 
change (UNEP 2015; Temesgen et al. 2018). However, the direction of any land cover or 
land use depends on the nature, location, activities and temporal variations of human 
activities (Rautiainen, Virtanen and Kauppi 2016). Human activities consequently affect 
ecosystems to the direction of gaining or losing service values (Bhagabati et al. 2014; 
Warinwa, Mwaura and Kiringe 2016; Yirsaw et al. 2016).

There has been a great deficit on the documentation of the interplays between LCLU 
change and impacts on ecosystems’ service values in the tropical coastal zones 
(particularly in Tanzania). This deficit is challenging ecologists, economists, 
policymakers and the public (Costanza et al. 1997; Cork and Shelton 2000; Zhao 2004; 
Van der Esch et aL 2017).

The information generated in this evaluation is crucial because it can validate the 
ecosystem service values (Cork and Shelton 2000; Zhao et al. 2004; Temesgen et al. 
2018). Furthermore, this work expected to improve the current national and coastal 
development planning (Guerry et al. 2015). Indeed, it can promote the understanding of 
the mutual interplay across the dynamics of human population, socioeconomic activities, 
LCLU and ecosystem service values (Willcock et al. 2016). Eventually, knowledge about



2.7. Restoration Interventions of Disturbed Forests

2.7.1. The Role of Restoration Interventions

this interplay used as a tool for decision-making on management of coastal ecosystems 
(Thompson et al. 2016; Luc van Hoof and Kraan 2017; Temesgen and Wei 2018).

Essentially, the restoration process of disturbed and degraded ecosystems consists of 
human interventions to re-establish forest ecological functions and services (Pinto et al. 
2014; Jacob, Lechowicz and Chapman 2017). These interventions base on the idea that 
the most effective strategies are those that assist the natural recovery processes (Polster 
2016). Ecological restoration in most cases refer to the process of assisting the recovery 
of an ecosystem that has been degraded, damaged, or destroyed (Mishra and Tripathi 
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Forest restoration is recognized as a global priority (Karvemo et al. 2017) because 
restoration interventions attempt to respond to deforestation and the pace of ecosystem 
destruction from human and natural disturbances (Corbin and Holl 2012; Jones et al. 
2018). Understanding about forest restoration is crucial for developing ecologically 
sustainable forest management strategies (Kuuluvainen 2002; Stanturf, Goodrick and 
Outcalt 2007; Soule, White and Van De Gevel 2012). This understanding is important 
because forests suffer from natural and human disturbances globally (Lamb and Gilmour 
2005; Ribeiro et al. 2009; Mori 2011; Mishra and Tripathi 2015; Karvemo et al. 2017).

Restoration interventions attempts to reestablish the structure and services of disturbed 
forests after poor forest management practices (Goldmark 2014). In most cases to 
augment the amount and the quality of remaining natural habitats (Pinto et al. 2014) It is 
well known that changes in forest ecosystems especially those associated with human 
disturbance and degradation require human intervention to facilitate recovery (Cortines 
and Valcarcel 2009; Zhao et al. 2016). Human-facilitated regeneration mainly aim to 
promote the return of trees and other vegetation in the disturbed sites (Lamb and Gilmour 
2005; Zhao et al. 2016; Karvemo et al. 2017). The underlying principle in restoration is 
that, disturbed forest ecosystems especially those in the tropics are capable of returning 
spontaneously to their former conditions (Cortines and Valcarcel 2009; Lindsell et al. 

2015).



2.7.2. Interventions for Restoration

In some cases, restorations process include exclusion of human induced disturbances to 
allow natural regeneration to occur because natural processes re-vegetate disturbed sites 
(Polster 2016). Exclusion works under the consideration that leaving disturbed sites to 
regenerate naturally is vital because establishment of forest species does necessary is in 
support by planting trees, as is often practiced in many disturbed sites (Prach et al. 2014). 
In this view, interventions after disturbances are beneficial in promoting forest 
biodiversity (Prach et al. 2014).

Ecological restoration of disturbed and abandoned forests have been studied by Haugo et 
al. (2015) and Jacob et al. (2017). Forest disturbances, recovery and succession reported 
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Most restoration studies have addressed forest disturbances, restoration and recovery. The 
comparatively few tropical coastal forests studies tend to focus on remnant trees in 
disturbed sites (Sturtevant et al. 2014); forest recovery patterns in response to divergent 
disturbance regimes, the natural disturbance patterns and manipulation of forest structure 
and development (Lamb and Gilmour, 2005; Goebel, Wyse and Gregory Corace 2005; 
Lin et al. 2015). Certainly, some studies present conservation and restoration actions of 
forests (Ribeiro et al. 2009; Dickinson 2014; Hjalten et al. 2017).

In attempts to restore disturbed forests, there are multiple existing establishments, which 
broadly categorized according to the level of management intervention (Jones et al. 
2018). These establishments aim to facilitate regeneration of native species that could not 
otherwise establish by removal of abiotic constraints alone (Rayfield, Anand, and 
Laurence 2005; Jones et al. 2018). In the restoration projects, more frequently, 
reforestation and afforestation used at large or small-scale plantation (Lamb and Gilmour 
2005; Thomas et al. 2014). Indeed, reforestation and afforestation are considered as one
dimensional restoration efforts mainly involving single abiotic variables, single species, 
or single applications (Rayfield et al. 2005).
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2015; Polster 2016; Lee, Cha and Moon 2017). Indeed, human interventions facilitate 

ecological restoration locally and worldwide (Haugo et al. 2015; Hjalten et al. 2017; Lee 

et al. 2017; Jones et al. 2018).



2.7.3. Goals of Restorations Interventions
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Thus, this presented section examined forest restoration interventions to understand how 
disturbed forests are restored in Tanzania. This kind of study is important because 
understanding about restoration interventions is critical for forest ecosystem based 
management and the development of strategies to help mitigate or adopt to novel 
disturbance regimes (Sturtevant et al. 2014; Corbin and Holl 2012). Indeed, this 
understanding is critically important as it contributes to gauge restoration options of the 
ecologically highest plant species richness and endemism (IUCN 2012), but highly 
disturbed by human activities than any other forest ecosystems in Tanzania (URT 2015).

annually (URT 2015; FAO 2015). 
restoration interventions/treatments 
Furthermore, assessments on the

in Soule et al. (2012); Hartter et al (2011) and Mishra and Tripathi (2015). A study by 
Lindsell et al. (2015) documents seed dispersal and restoration; Hartter et al (2011) shows 
the temporal and spatial forest change while effects of restoration methods are reported in 
Karvemo et al. (2017). Indeed, assessments on ecosystem management based on natural 
disturbances are reported well in Mori (2011). Moreover, forest restoration strategies are 
covered in Shorohova et al. (2011); Franklin and Johnson (2012); Corbin and Holl 
(2012); Jones et al. (2018) and factors affecting forests restorations in Kauano et al. 
(2013).

Documentations show that the most used restoration interventions are (1) reforestation 
and afforestation as biological measures for ecosystem restoration and (2) permitting 
natural regeneration to occur through protection or exclusion of human activities. These 
strategies show that the goal of forest ecosystem restoration is to develop some ways that 
help disturbed sites and landscapes to ecologically recover (Goebel et al. 2005; Haugo et 
al. 2015).The expected outcome is land improvements on structure and land cover of 
forest. Unfortunately, forest cover along the coastal zone of Tanzania is declining 

In spite this decline, a systematic evaluation of 
on these tropical coastal forest is lacking, 

current implementation of different restoration 
treatments to guide future restoration interventions are not documented. Therefore this 
sections attempted to fill this knowledge gaps.



3.1. Description of the Study Area

3.1.1. Location
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CHAPTER THREE: MATERIALSAND METHODS

on the Service Values of

This study was conducted in the coastal ecosystems located along the Coastal Zone of 
Tanzania. This zone stretches within 850km from the boarder of Tanzania and Kenya in 
in the north, and Tanzania and Mozambique in the south (Luc van Hoof and Kraan 2017). 
The coastal zone was purposely chosen because is among the areas with the leading 
forest cover loss in Tanzania particularly between 2000 and 2016 (Figure 1-1 a). 
Classification of land cover and land uses firstly computed from the areas that cover S37 
00, S37 50 and S37 50, S37 10 geographical coordinates. Secondly, forestland cover and 
land use classifications were carried out for Uzigua Forest Reserve (UFR) found in 
Bagamoyo and Chalinze Districts, Pwani Region in the Coastal Zone of Tanzania 
Mainland.
The UFR is located between 50 58 ’00" S and 38 04 ’00" E (Figure 1-lb) with a coverage 
area of 24,730 ha (URT 2015). This forest was purposely selected to represent other 
forest ecosystems along the coastal, which have been encroached mainly for crop
agriculture and livestock grazing. Certainly, this forest is within 100 km from the coast of 
Indian Ocean and thus considered among the tropical coastal forests in Tanzania (Godoy 
et al. 2011). The Central Government under the Forest and Bee-keeping division of the 
United Republic of Tanzania, Ministry of Natural Resources and Tourism manages the 
UFR (URT 2015). This forest reserve is supposed to be completely restricted from human 
use, serving for catchment and biodiversity conservation (URT 2015). Unfortunately, due 
to poor protection and surrounding settlements, the entire forest is affected by human 
based activities such as harvesting trees for fuel-wood, fodder, grazing pressure and 
encroachments for agriculture. These activities have significantly affected this forest; 
however, it is the reserve among a few remaining tropical coastal forests in Tanzania. 
These activities are threatening this forest like many other coastal forests, which are 
documented to harbor diverse plant species that make them, and hence included as one of



3.1.2. Population and Occupations

3.1.3. Climate
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the 34-world biodiversity hotspots that need special conservation measures (IUCN 2012; 
Mligo 2015a).

WJ Human Activity Disturbances on the Structure and Impacts on the Sendee Values of
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The coastal zone of Tanzania mainland receives annual average rainfall of 917.23 mm 
where by the peak periods of rainfall are in January to April and November to December. 
Uzigua forest reserve is located in the tropical and sub-humid area with 700 mm to 1000 
mm rainfall. October to May is a wet season while June to September is dry. The annual 
minimum temperature is 22.4°C while the annual maximum temperature is 31.7°C (URT 
2016). The soils are well-drained, red sand clay, loamy with brown friable top soils 
covered by more or less decomposed litter. The area is undulating with continuous hills 
with altitude ranging from 400 to 600 meters above sea level (masl) (Silayo et al. 2006). 
However, the current climate change and variability along the coast greatly influence 
temperature, rainfall, and the distribution pattern of plant species in these tropical coastal 
forests, and therefore the composition of the forest fragments at large (Mligo, Lyaruu and 
Ndangalasi 2009).

The current population of the coastal zone of mainland Tanzania is 11 549 190 
representing the population of Tanga, Dar es Salaam, Pwani, Lindi and Mtwara regions 
(URT 2016). The Bagamoyo and Chalinze Districts have the population of 347 336 (URT 
2016). The main occupations along the coastal zone are agriculture, livestock keeping, 
fishing, timber and charcoal production. The UFR in Bagamoyo and Chalinze purposely 
selected because is affected by different human activities following the fact that this 
forest lacked proper management since its establishment in the early 1950s. It was the 
expectation of the researcher that from this forest reserve and the adjacent selected 
villages could gauge the impacts of agriculture and grazing on tree species and soil 
properties as well as ecosystems services dynamics.
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Figure 3-1: A map of the study area (a = The Coastal Zone, b = The Uzigua Forest Reserve)

3.1.4. Vegetation

The vegetation in coastal zone specifically the UFR is diverse, characterized with open

coastal woodland dominated with Acacia, Brachystegia, Combretum, Terminalia,

Diospyrus and Albizia species (Silayo et al. 2006). Also, herbs and grasses are found and

grow up to 1.5m high; dominating the ground cover. Some of the common indigenous

species still existing in the reserve and some remnant sites of the degraded lands are

Combretum molle, Tamarindus indica and Dombeya sp. (Silayo et al. 2006).
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Figure 3- 2: The technical route of the study

3.2. The Technical Route of the Study
This study were conducted by collecting and analyzing soil properties, vegetation

structures and ecosystems services values. Soil chemical and physical properties and tree

stand and diversity parameters were used as indicators for disturbances across the land
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3.3. Land Use Classification

34

Prior to detailed field survey, reconnaissance surveys were conducted to get geographical 
coordinates, which were then used to produce stratified different land uses (LU) classes. 
The satellite image interpretation were used to identify areas for ground study (Backeus 
et al. 2006). Both satellite imagery, ground validation and calibration were used because 
remote sensing technology alone doesn’t provide detailed analysis of land uses (Axelsson 
et al. 2012; Banda et al. 2006). The LU classes were identified and developed by 
checking on the satellite images and corresponding mean layer values, and normalized 
difference vegetation index (NDVI). The NDVI with support vector machine classifier 
were used in land use classification to generate land uses. Closed forest, open forest, 
shrub and grassland, agriculture, grazing land, settlements, bare and clouds were 
classified. These thresholds were obtained by checking the known land use type in the 
image and the corresponding NDVI values as well as adapting from literature and field 
experiences.. Three LU (closed forest (CFS), Agriculture (ADS), and grazed land (DGS) 
were purposively selected and used to gauge the variation and correlation of electrical 
conductivity (EC), soil texture (ST) and bulk density (Bd) across the three LU.

Human Activity Disturbances on the Structure and Impacts on the Service Values of 
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uses because these properties often change by fanning and livestock grazing (Fleischner 
1994). In order to understand the impacts of disturbances on forest soils and forest 
structure, this study followed a systematic classification of land use categories where 
crop-agriculture and livestock grazing were identified as the major sites for sample 
collection. The study used land use classes from land satellite imageries in combination 
with ground data verification collected in May 2016 to August 2017. This methodological 
combination used to address the impacts of disturbances on the ground. Based on this 
methodology, the effects of canopy factor was eliminated in understanding the impacts of 
disturbances on soil properties and forest structures and services unlike in many existing 
studies (Peres, Barlow and Laurance 2006). Additionally, the study investigated the 
current restoration practices and their challenges. Therefore, this study was conducted 
through the technical route as illustrated in Figure 1-2.



3.4. Sampling Approaches

3.5. Determination of Soil Physical Properties

3.5.1. Determination of Electrical Conductivity (EC)
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Systematic and stratified sampling techniques were used in this study. These approaches 
were adopted to get CFS, ADS and DGS for their contrasting site conditions (the 
characteristics of disturbances), and used as representative sites to map the EC, ST and 
Bd (Nasi et al. 2009; IUCN 2012). Attention was paid to make sure that soil samples 
were collected from disturbed and undisturbed sites (FAO 2009). A comparison between 
variables and correlation were studied across each site subjected to different LU. To 
compare the variations on EC, ST and Bd, forty-seven random plots were established in 
the three major LU (CFS, ADS and DGS). Soil samples were collected from 1-30 cm 
depth because agriculture and livestock grazing activities like many human activities 
affect the surface and near surface layers of the soils (Gimenez et al. 2010). At each field, 
10 to 15 soil samples were collected following a zig zaga sampling technique. Soil 
samples were collected with an Edelman auger as adopted from (Curran et al. 2003; Aref 
et al. 2011; Berber et al. 2015).
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The EC meter with an automatic temperature compensation were used to get EC accurate 
results following the preparation of 1:5 (soil: water) solution put in rotary shaker for one 
hour. Then, the solution was put into a centrifuge at 8000-10000 rotation per minute for 
about 10 minutes then a clear solution was decanted and the EC measured in the decanted 
solution after calibrating the instrument by means of 0.01 M KC1. The EC meter were 
used to get a rapid and inexpensive data (Sudduth et al. 2003; De Caires et al. 2014; 
Doolittle and Brevik 2014). All the data were analyzed for mean, standard deviation and 
standard mean errors. The paired samples t-test and Pearson correlation analysis were 
carried out by using the Statistical Package for Social Science (SPSS version 20.0) and 
MS. Excel computer programs. The confidence intervals of significant determination 
were obtained atp < .050 across all the LU.



3.6. Determination of Non Soluble Bases (C, N and P)

3.7. Determination of Soluble Bases (Ca, Mg, K and Na)
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A combined glass-calomel electrode used to determine the pH of aqueous suspensions 
(1:2.5 soils: solution ratio to aid on deciding on the proper techniques for further analysis 
of samples. Ammonium Acetate (IM NH4OAc) (pH 7.0) was used to extract 
exchangeable Ca, K and Mg. Potassium content was determined by flame photometer 
(Moreira and Fageria 2009). Ethylenediaminetetraacetic acid (EDTA) titration done to

3.5.2. Determination of Bulk Density and Soil Texture

Core sampling units (volume = 100 cm3) were used to collect samples for Bd 
determination, where the calculations were computed by dry weight of soils divided by 
their volumes (gem3) (Burt 2004; USDA 2008). Soil samples were air dried and sieved 
through a 2 mm sieve and then ST (silt = 2-20 pm, clay < 2 pm) were determined by 
using the pipette method as described in Burt (2004). The resulting findings were 
presented as percent sand, silt and clay by plotting the percentage ratio of each textural 
class using the ST triangle (Tanah and Hutan 2015).

Soil parameters ( Total Nitrogen, (TN), Total Carbon (TC) and Phosphorus (P) were 
analyzed by following the standard protocols for soil analysis as follows: (i) 
Determination of TN was done following the Kjeldahl acid-digestion procedures 
(Kjeldahl 1883); (ii) Soil TC was analyzed by the Walkley-Black Procedures where by 

Potassium Dichromate (Kz CrzOz) and concentrated Sulphuric acid (H2SO4) were used to 
produce the reaction and products as shown in this chemical reaction 2CrzO72‘ + 3C° 
+16H+-> 4Cr3‘r + 3CO1+ 8H2O (Walkley and Black 1934). In computing the results, a 
correction factor of 1.33 applied to adjust the organic carbon recovery because of 
incomplete oxidation in Walkley-Black combustion procedures, (iii) Available 
phosphorus was determined by the Bray-II method (Bray and Kurtz 1945). Statistical 
Package for Social Sciences (SPSS) version 20.0 used together with MS-Excel computer 
program to run statistical analysis for getting mean and t-values at 5% significance level 
for TN, TC and P differences between and across CFS, ADS and DGS.



CEC= £(Ca, Mg, K and Na) (cmol/kg) (Eq. 1)

Where, Ca, Mg, K and Na exchangeable are in cmol/kg

Base saturation (BS) (V %) =nca^cxa)x 100o/o (Eq.2)

3.8. Tree Data Collection
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Laboratory results were further subjected into Statistic Package for Social Science (SPSS 
version 20.0) software and Microsoft Excel computer programs for computation of 
means, standard deviation and t-values at 5% significance interval. These outputs were 
compared across the land uses and elevations to gauge the differences and similarities of 
soluble bases.

Inventory field data collection carried out from May to August 2016 and repeated on June 
to August 2017 using the stratification field inventory approaches (Jayakumar et al. 2011; 
Tomppo et al. 2014; URT 2015). Land use (LU) classes identified and developed by 
checking on the images and corresponding mean layer values and the normalized 
difference vegetation index (NDVI). The NDVI used together with the support vector 
machine (i.e., a machine used for classification and regression analysis) for image 
processing and production of LU classes (Ustuner, Sanli and Dixon, 2015). The closed 
forest, open forest, shrub and grassland, agriculture, grazing land, settlements and bare 
lands were classified. From these classes, closed forest (CFS) agriculture (ADS) and 
grazing lands (DGS) purposely selected.
In addition, local people supported the identification of LU sites based on the history of 
crop and livestock production activities in the study area. The selected LU sites surveyed 
to gauge the response of trees three years after the exclusion of human activities. The 
researcher chose to compare regeneration across CFS, ADS and DGS because fanning 
and livestock grazing are the major factors for disturbing tropical forests (Kimaro and 
Lulandala 2013; Keenan et al. 2015).
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measure Ca and Mg from the soil solution. Cation exchange capacity (CEC) in (cmol/kg) 
and percentage base saturation BS (V%) were calculated following the methods by 
Yeshaneh (2015) and Blanchet et al. (2017) as shown in equation (i) and (ii)



3.8.1. Sampling Procedures
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3.8.2. Sampling Design

A systematic sampling design was used in this study. For the sake of covering 
representative sample of forested blocks and disturbed land in UFR, stratification 
approach was adopted Tomppo et al. 2014, URT, 2015). A comparison between floristic 

compositions of forests under different management systems was carried out. For the 

purpose of comparing impacts of disturbance on vegetation, random plots were 

established in the three major land uses i.e. CFS, ADS and DGS.

3.8.4. Sampling Intensity, Size and Shape of Plots

In order to determine the status of disturbance signs, forest disturbance, soil and 

vegetation attributes were measured and assessed. On each of the three strata (CFS, ADS 
and DGS), the 25m x 25m field plots were established and from which samples were 
drawn (Tomppo et al. 2014, URT, 2015). Ground forest inventories were carried out 
(Axelsson et al. 2012) by measuring and identifying tree species from CFS, ADS and 
DGS. Because human activities are not uniformly distributed, random selections of sites 
for plot establishment were adopted in this study. Trees and composition parameters were 
recorded from each land use. About 47 quadrats of 25m x 25m size were laid down for 
collection of adult tree data, while nested plots of 2m x 2m (Shankar 2001; Bharathi and 
Prasad 2015) (i.e. within the established 25m x 25m plots) were laid for collection of 
seedlings and saplings. Stems with a diameter of > 20cm at breast height (DBH) 
(approximately 1.34m height above the ground) were counted as trees. All tree species 
with <20 cm girth were considered as regenerates in the following subdivisions: (i) 
seedlings included only trees with <0. 40m height and (ii) saplings included all trees from 
>0.40m to <lm heights as adapted from (Bharathi and Prasad 2015).
Trees were identified in the field by using field guide books with the help of a local and 
qualified botanists, while some voucher samples were taken to Sokoine University of 
Agriculture botanic laboratory for further identification using Flora of Tanzania and field 
guide book by Lovett, et al. (2006). All dbh were recorded at 1.3 m above the ground and 
as well as height (h) for each poles and trees at 1% sampling intensity.
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3.8.5. Vegetation Data Analysis
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Geographical information system (GIS) analysis was carried out by using Arc View 1.3 
and ERDAS imagine software, version 8.3.1 programs to understand the current status of 
forest vegetation types under different land uses. Ground verification was carried out to 
collect biophysical data and modified land covers described in the preliminary stages of 
image interpretation. The Microsoft Excel windows 10 and Statistical Package for Social 
Sciences Software (SPSS) were used to analyze the inventory data. From each land use, 
live vegetation results were used to determine forest structure in relationships to human 
disturbances. Before the computation of forest stand parameters, a checklist of tree and 
shrub species were prepared. From the checklist, the following forest stand structural 
parameters/indicators were calculated per each land use, which were converted into unit 
hectares (ha). (i) number of live trees per unit area (N/ha), (ii) basal area of live trees
(m2 /ha), and (iii) volume of live tree per unit area (m3 /ha) (Hitimana et al. 2004).

3.8.6. Analysis of Biodiversity Indices

Biodiversity indices were analyzed and used to measure disturbances. In this case, 
species diversity indices were used because they are the most popular methods for 
measurement and quantification of plant species (Kikvidze and Ohsawa 2002; FAO 2009, 
Axelsson et al. 2012; Merganic et al. 2012; Kijazi et al. 2014). Therefore, the following 
four major species diversity indices were computed in this study: - (i) Shannon diversity
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Basal area was used to measure the area occupied by the living tree stems. Computation 
of basal area was carried out as follows: - (i) Basal (BA) = ((dbh) 2*7t)/4; where dbh = 
diameter at breast height. The volume was calculated by the formula (V) = ghf; where V 
= volume estimation (m3/ha), g = basal area of the tree (m2/ha), h=height of the tree (m) 
and f = form factor (0.5). The form factor of 0.5 was used as an average for natural forest 
form factor that range between 0.4 and 0.6 (Phillip 1983). Forest structure indicators were 
compared between and across different lands uses. The t-test was applied to compare the 
existing differences between and across the non-disturbed and disturbed forest 
ecosystems (Joyi et al. 2015). The results were considered significant at p <. 050.
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index, (ii) Simpson diversity index, (iii) species evenness and (iv) the importance value 
index (IVI).

3.8.6.2. Index of Dominance/ Simpson’s Index of Diversity

The index of dominance sometimes is called the Simpson’s index of diversity is a 

measure of the distribution of individuals among the species in a community. Simpson’s 
diversity index was computed as D =£ (ni/N)2; where D = the index of dominance, ni — 
the number of individuals of species ‘i’ in the sample, N = the total number of individuals 
(all species) in the sample and £= the summation symbol. Determination of values for 
comparison between land uses was based on the criteria that the greater the value of 
dominance index, the lower is the species diversity in the community and the vice versa.

3.8.6.L The Shannon Diversity Index

Shannon-wiener index of diversity (H‘) were used to determine vegetation species 
diversity. This index is the most widely used for diversity as it combines species richness 
and evenness and it is not affected by sample size. The Shannon diversity index was 

computed as (H’ = EPi*ln Pi); where H’ is the index of diversity and Pi is a decimal 
fraction of a relative basal area. The interpretation of results from this index were judged 

on the criterion that Shannon index increases with the number of species in the 
community but in practice, for biological communities H' does not exceed 5.0 units.

3.8.6.3. Species Evenness

Species evenness refers to how close in numbers each species in an environment are. 
Species evenness is defined as a measure of biodiversity which quantifies how equal the 

community is numerically. Species evenness was computed by using Shannon’s 
equitability index (H’E), which was calculated mathematically as H’E = H7 Hmax; where 
Hmax is defined as In S (specie richness), H’E value ranges from 0 to 1, in which 1 
indicates complete evenness. Its interpretation decision criterion was that the less 
variation in communities between the species, the higher the H’E is.



3.8.6.4. Importance Value Index (IVI)

Meters

j

Where d= distance between tress, dt = dt is the total distance across all trees

Where A = Area in meters, d = average distance

Where Da is the absolute density for trees
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Where Mj is the number of points where species j occurred, and m is the total number 

of points.

Importance value for species (IVI) j was computed from the sum of the relative frequency 
relative density and relative dominance for the species i.e. IVj=Fij + Dij + Bij. In order to 
compute all the parameters in this equation, the following series of calculations were 
carried out.
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ii. Calculation of average distance between trees,
d = dt + n.............. meters

vi. Calculation of relative frequency of species j, Ftj, is the absolute frequency of 
species j divided by the sum of the absolute frequencies for all species

Where dt is the total distance, di is the distance to tree number i, and n is the total 

number of trees

iv. Calculation of absolute density for all trees, Da, in trees per hectare (ha):
Da = 104m2 + A..............tree/ha

iii. Calculation of average area occupied per tree, A:
A = d2..............meters2

i. Calculation of the total distance (dt) 
n 

dt = di 
i=l

v. Calculation of absolute frequency for each tree species
Faj = Mj + m



Frj = Faj

Where Nj is the number of occurrences of species j and n is the total number of trees.

viii.

x.

Brj = X 100%

Where the denominator is the sum of the absolute frequencies for all species, k is the 

species number, and p is the total number of species

3.9. Canonical Multivariate Data Analysis
The tree and soil data were subjected into Canoco software following the procedures in 
(Leps and Smilauer 2003). In this work, detrended canonical correspondence analysis
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Where Daj is the absolute density for all trees, Dij is the number of occurrences of 
species j divided by the total number of trees, Da is the absolute density for trees

Where the denominator is the sum of the absolute dominance for all species, and p 
is the total number of species.

ix. Calculation of absolute dominance for species j, Baj, is the mean basal area for 
species j times the absolute density of species j:

Baj = Baj x Daj

Where k is an individual of species j, and t is the number of occurrences of 
species j.

Calculation of absolute density of species j
Daj =Drj* Da

vii. Calculation of relative density of species j, Drj, is the number of occurrences of 

species j divided by the total number of trees:

Drj = Nj + n *100%
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p
-s-^Fafc X 100%

k=l

Calculation of relative dominance of species j, Bij, is the absolute dominance of 
species j divided by the sum of dominance for all species:

Baj 
S?=i Bai



3.10. Computing LCLU and ESV
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(DCCA) were used to obtain multiple linear regressions and optimal linear combination 
between tree parameters and soil variables. The computation of these variables in the 
DCCA facilitated the possibility to test the null models by Monte-Carlo permutation on 
each set of data. This method was chosen because it permitted the whole community 
composition data to be carried out and produced the results that are much more 
informative about species and environmental variables reaction (Legendre 2008; Cankaya, 
Balkaya and Karaagac 2010). The F-ratio were used to test the significance of correlation 
at 5% confidence interval.
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Therefore, these sources of data helped to overcome the empirical inherent problem in 
producing ecosystem services evaluation in Costanza et al. (1997). The classification of 
images done from Landsat TM/ETM+ data, covering the reference years 2000, 2010 and 
2016. These data complemented with MODIS NDVI time series data and Chinese HJ 
imagery (Han et al. 2015). The NDVI used in LCLU classification, together with Support 
Vector Machine (SVM) classifier, to indicate characteristics of vegetation (Zhang et al. 
2015a). The 2000, 2010 and 2016 LCLU data mapped in ArcGIS, overlays and changes 
established based on LCLU’s total area.

The process of quantifying and analyzing ecosystem services value followed a 
methodological flow chat as in (Figure 3-3). This work adopted ecosystem service 
evaluation approaches as laid down in Costanza et al. (1997); Zhao et al. (2004); Li et al. 
(2007); Hu et al. (2008) and Temesgen et al. (2018). Unlike in the previously applied 
methodologies, in this investigation the data of each LCLU category for 2000 and 2010 
were from the Globe Land 30 mapping products at 30-meter spatial resolution developed 
by National Gcomatics Center of China (NGCC 2014), while 2016 images produced from 
Landsat 8. The Globe Land 30 mapping products provided LCLU data with higher 
resolution compared to earlier sources of data that taken at 1km and 300m resolution 

(Han et al. 2015; Zhang et al. 2015a).
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3.10.2. Computing the Ecosystem Service Values

The ecosystem service values (ESV) for each of the seven LCLU categories computed. 
The most representative biomes for each category used as the proxy for a particular land 

category (Costanza et al. 1997; Temesgen et al. 2018) (Table 7-1). Nevertheless, this 
assessment adopted ecosystem service coefficients as modified and used in Temesgen et 
al. (2018). These coefficients used under the assumption that they represented 
standardized coefficients’ values from tropical areas, mainly Sub-Sahara Africa. Indeed, 
these values used because suitably developed for computing ESV from low-income 
countries, Tanzania inclusive (Van der Ploeg et al. 2010; Kindu et al. 2016; Temesgen et 
al. 2018).
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3.10.1. Land Use Classification

The classification of LCLU along the coast produced seven land categories, as 

representing the estimated areas from S37 00, S37 50 and S37 50, S37 10 geographical 
coordinates. The seven LCLU categories included (i) farm land (crop land used for 
agriculture, horticulture and gardens including paddy fields, irrigated and dry farmland, 
vegetation and fruit gardens); (ii) forest (land covered with trees and vegetation cover 
over 30%); (iii) grazing land (grassland/rangeland/ land covered by natural grass with 
cover over 10%); (iv) wetland, (land covered with wetland plants and waterbody 
including inland marsh, lake marsh, river flood plain wetland, forest/shrub wetland, peat 
bogs, mangroves, fish and salt marshes; (v) shrub land (land covered with woody 
perennial plants ranging between >0.5m and <5m); (vi) waterbody (waterbodies in the 
area including rivers, lakes, reservoirs and fish ponds; and (vii) artificial surfaces (land 
modified by human activities for settlements, industrial and mining areas, transportation 
and urban zones) (1PCC 2003; Maitima et al. 2009). Area changes detected based on 
differences between imagery identification of the changed areas. Each changed category 
of LCLU was obtained from remotely sensed imagery acquired in years 2000, 2010 and 
2016 (Chen et al. 2013a; Kindu et al. 2016). The LCLU information used to compare 
land changes, socioeconomic activities, and the dynamics of ecosystem services in the 
coastal zone (Chen et al. 2013b).



ecosystems services. Therefore, land area (ha), confidents and monetary (USS)) methods
were used to evaluate the trend of ecosystem service values (Kubiszewski et al. 2017;
Costanza et al. 2014).

Computation of ESV

Field surveys

KU HHFGD
2000, 2010, 2016

Analysis of LCLU areas

12000, 2010. 2016

Figure 3- 3: Methodological chat flow for computing ESV

3.10.3. Quantifying LCLU Changes
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Land cover and land use dynamics for each land use category computed to map the 
quantity change across 2000, 2010 to 2016. The change for each LCLU categories were 
compared quantitatively to map the difference across sixteen years of changes. The rate
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However, in this work, the researcher did not identify or gauge factors, which affect local 
community ecosystems services utilization. The researcher constantly assigned the 
coefficients values across the community for all ecosystem settings under assumption 
that, other factors (e.g. access, priorities and availability of ecosystems services) kept 
constant. This meant that the randomly sampled communities have equal access etc. to

Maps showing 
LCLU changes 
Estimated ESV 
changes 
Identified 
socioeconomic 
activities (drivers) 
for LCLU and ESV 
changes

Satellite images
I

ESV coefficients

r
Wrap-up workshop

—1
Identification of 
drivers for LCLU 
changes
Sharing experience on 
the direction of LCLU 
and ecosystem service 
changes

J
LULC maps



X 100 (Eq.3)
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3.10.4. Assessment of Ecosystem Service Values

The total value of the ecosystem service represented by each of LCLU categories 
obtained by multiplying the estimated size of each land category by the value coefficient 

of the biome used as the proxy for that category as in equation 2.
ESV = E(Ak X Vcfc) (Eq.2)

Where ESPis the evaluated ecosystem service values, Ak is the area and Fck is the value 
coefficient (S/ha/yr) for land use category k (Li et al. 2007; Kindu et aL 2016). The 
change in ecosystem service values evaluated by calculating the difference between the 
values for each land cover category in 2000, 2010 and 2016. The percentage ESV 
changes calculated as in equation 3.

Percentage ESV change = {—f^ESViy)

Where by ESV= total estimated ecosystem service value, ESVfy is the ESV in the final 

year, ESViy is the ESV in the initial year. Positive values suggest an increase while 
negative values show a decrease in ESV (Li et al. 2007; Kindu et al. 2016).
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of change were evaluated as in equation 1 (Tang, Shi and Bi 2014; Yirsaw et al. 2016;
Temesgen etal. 2018).

K = !^5 x ix 100- Ua -r - (Eq-1)

Where K is the single land cover dynamic index; Ua and Ub are the areas of a certain 
LCLU class at time “a” and time respectively; T is the time span from time a to time 

b. When T is in a unit of year, then K is the annual rate of change in area for this land 
cover type. The values of K range from negative one to one. When K<0 it means that the 

land cover type is in a state of depletion (Tang, Shi and Bi 2014; Yirsaw et al. 2016). The 
interpretation criterion is that the larger the absolute values of K, the more intensively 

land depleted. If the values of it means that, such land category not intensively 
depleted.



Coefficient value (S/ha/y)
LCLU type Composition Equivalent biome Global value Local

value
Forest 1093.20Forest 969.00

Grazing land Grasslands 232.00 355.50

Shrub land 897.00232.00

169.2092.00Farmland
14785.00Wetland

Lakes/rivers 8498.00Waterbody

0.00Urban 0.00Artificial surfaces

3.10.5. Human to Ecosystem Services Values

(Eq.4)

and 2016 years.

3.10.6. Methods for Collecting Socioeconomic Data

Collection of socioeconomic data began with a desk review of the published
literature/documents from different sources. The sources included books, articles and
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Human beings cause LCLU changes. From LCLU changes, the wellbeing of the human 
community is affected. The interplay across LCLU change and ecosystem service 
dynamics used to understand the direction of a human-to-ecosystem service (H-ESV) 
values. The H-ESV indices for each LCLU category helped to assess the relationship 
between the human population and the ESV. This index obtained by dividing the ESV to 
the total population of a given reference year (2000, 2010 and 2016) as in equation 4

Where H-ESV is the human to ecosystem service values, TESV is the total ecosystem 
service value of each land use, and TP is the population of the coastal zone in 2000, 2010

Table 3- 1: Description of the representative biomes with their respective ecosystem service valuation 

coefficients globally and locally from Costanza et al. (2014) and Temesgen at al. (2018) respectively

Paddy field, maize and sesame field 
Wetland plants and water bodies 

Rivers, land reservoirs fishery, and 
lakes

Residential, commercial, 
Settlement and roads

Forest land, open forest land 
Moderate coverage grassland and 

high coverage grassland 

Grass/rangelands woody perennial 

plants, >0.5 m & 
<5 m

Cropland
Wetland 2856.10

3226.80

tW _t Human Activity Disturbances on the Structure and Impacts on the Service Values of
the Coastal Ecosystems in Tanzania

(Yirsaw et al. 2016).
h_esv = ™l 

TP



3.10.6.1. Focus Group Discussions and Field Observations

Prior to intensive households and key informants survey and interviews, focus group 
discussions (FGD) conducted from each village to learn about local conditions in 

relationship with land use and economic activities. Ten members formed one 
heterogeneous group, whereby the composition of each group considered gender, sex, 
occupation and age differences. Direct field observation and note taking supported FGD 
during data collection. The purpose of FGD and observations were to collect information 
for opening up discussions with respondents on LCLU and socioeconomic activities 
changes.

3.10.6.3. Key Informants Interviews

The purposive sampling techniques used to interview village and ward executive officers, 
and district forest, environmental, livestock and agricultural officers. These officers 
formed a key informant group category. The purpose of key informant interviews and 
group discussions was to deepen and clarify the understanding of the factors contributing 
to coastal zone disturbances and socioeconomic activities trends across sixteen years. The
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3.10.6.2. Household Surveys

The households randomly picked from the village register books in which all households’ 
heads listed. In villages where register books were absent, the names of people recorded 
with the assistance of village leaders from each hamlet and random selection employed to 
avoid/reduce bias. Simple random sampling technique used to get households listed as 
farmers (crop producers), livestock keepers, charcoal producers and sellers, house 
constructors, carpenters, village security and environmental committee members. It took 
between 30 to 60 minutes to complete one surveys then followed immediate memos 
production.
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reports from the Ministry of Natural Resources and Tourism of the United Republic of 
Tanzania. Thereafter, a cross section research design employed to collect field data from 
May 2017 through August 2017. The data collected deliberately from Changalikwa, 
Kwaluhombo, Kwang’andu, Mbwewe and Mpaji villages, because they are located 

within the coastal zone of Tanzania.



3.10.6.4. Wrap-up Workshop

quantitative

Social

Total ESV

Figure 3- 4: Summarized ecosystems services assessment methods
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Therefore, the process of computing ecosystems service values involved biophysical, 
social and economic assessments (Figure 3.4).

To fine-tune the research findings, a one-day triangulation workshop held just after 
partial data analysis. The aim of the workshop was to present preliminary' results to the 
households, key informants and group discussion representatives before final presentation 
of the results. In addition, the workshop functioned to minimize the possibilities of 
generating biased results because the composition of the workshop members considered 
all the categories, which interviewed in their respective categories.

Biophysical 
assessment

Economic 
assessment
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the Coastal Ecosystems in Tanzania

Assess ecosystem service /j 
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Provisioning 
services

Regulating 
services

Cultural 
services

1\

\

\

\\

1 i /

\K

in-depth interviews took between 60 to 120 minutes including time for memos 
production.

Applied sociological 
surveys, interviews, focus 
groups discussion

Applied 
biophysical 
measurements, spatial 
data and mapping
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3.10.6.5. Tools for Data Collection

Socioeconomic data collected by means of household questionnaires and checklist for 
key informants (Annex 1 and 2). Discussions from spoken interviews recorded using tape 
recorders and then transcribed to produce memos on the themes of local community 

understanding about LCLU changes and socioeconomic activities changes over the past 
sixteen years. The following questions guided the surveys, interviews and discussions. (1) 
How local community, leaders and experts gauge the trend of LCLU change along the 
coastal zone of Tanzania. (2) How sets of socioeconomic activities have taken place and 

what sets have changed over the past sixteen years to affect LCLU along the coastal zone. 
(3) Why the degradation of coastal ecosystems increased in the past sixteen years. These 
questions generated both qualitative and qualitative information, which used to 
complement each other in the discussion of the results. The data subjected into further 
analysis by using the Statistical Package for Social Sciences (SPSS version 20.0) and 
Excel (Microsoft, Redmond, WA, USA) computer software.

3.10.7. Collection of Restoration Data

In order to identify and gauge forest restoration interventions, both primary and 
secondary data gathered in this work. Secondary data obtained through literature survey 
of the published and government’s reports. Primary data were collected from the five 
villages (Changalikwa, Kwaluhombo, Kwang’andu, Mbwewe and Mpaji) purposely 
selected and surveyed because are located within the perimeter of this forest. A cross- 
sectional research design adopted where both qualitative and quantitative approaches 
used to get data, which collected at a single point in time from selected sample of 
respondents to represent some large populations. This design adopted for the study 
because it is economical and served time.

The samples drawn from the households randomly picked from the villages’ register 
books in which all households’ heads listed. In villages where register books were absent, 
the lists of households recorded with the assistance of village leaders from each hamlet 
and random selection employed to avoid/reduce bias.

Participatory rural appraisal (PRA) employed to assess restoration interventions at local 
community level. The PRA methods used included focus group discussions and direct 
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3.11. Restoration Data Analysis

Data analyzed by using Statistical Package for Social Sciences (SPSS version 20.0) and 
Excel (Microsoft, Redmond, WA, USA) computer software. Descriptive statistical 
analysis then used to explore data for distribution of responses, central tendencies and 
dispersion. Cross-tabulation and multiple response analyses also performed to ascertain 
responses and percentages. Two multiple regression models were developed to show the 
relationship between socioeconomic and environmental factors and artificial /natural trees 
restoration interventions as dependent variables. The multiple regression equations 

developed were-

ficld observation. As a research tool, PRA methods adopted for opening up discussions 
with villagers on restoration of disturbed forests sites in the study area. Focus group 
discussions purposely chosen to explore information from people of different ages, sex, 
occupations and residential duration.
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Household questionnaires used to collect primary data from respondents (Annex 1). Both 
open and close-ended questions were included in the data collection protocols. A 
checklist was prepared to solicit information from key informants (Annex 2). In this 
study, the key informants comprised individuals who are knowledgeable, accessible and 
willing to discuss about forest restoration issues. Therefore, a checklist was a tool used to 
collect data from village leaders, ward executive officers, district and regional forest 

officers.

Y1 = Po +P1X1 + P2X2 + P3X3+ P4X4+ PsXs +....pnXn + e
Y2=Po+ P1X1 +P2X2 + P3X3+ P4X4+ PsXs +....pnXn + e
Where:
Y1 = artificial trees planting intervention
Y2 = natural trees regeneration intervention
Xi to Xn = independent variables (socioeconomic and environmental factors)
Po = a constant showing intercepts for regression equation
Pi to pn = independent variables coefficients 
e = error term
i= 1,2,3...n
n = Sample size (total number of respondents i.e. 255 for the purpose of this study)
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The hypotheses tested were:

Ho: Pi = 0 that is regression coefficients are equal to zero to imply that socioeconomic and 

environmental factors (independent variables) have no significant contribution to affect 
artificial trees planting and natural regeneration interventions (p< .050).
FL: pi 0 that is regression coefficients are not equal to zero to mean that socioeconomic 
and environmental factors have significant contribution to affect artificial trees planting 
and natural regeneration interventions (p< .050).

The regression models applied to explain the relationship between factors affecting 

restoration interventions through the amount of artificially planted and naturally managed 
trees at household level across the study villages. Therefore, the variables included in the 
regression models were:-

Xi = Extension services

It hypothesized that respondents who are aware about the importance and restoration 
interventions would invest in planting and retaining trees to restore the disturbed sites. 
This could have positive coefficient (+) in the sense that extension services would 
influence and enhance villagers’ willingness and understanding about restoration 
practices Therefore, extension services were coded with respect to the number 
(frequency) the respondents were visited by extension or forest officers.
Xz = Availability of incentives for restoration compensation
The assumption here is that incentives motivate respondents to be engaged in restoration 
programs. In addition, incentives empower the respondents to have access to alternatives 
of livelihood activities other than depending on forest resources. Therefore, the study 
investigated respondent’s access to restoration incentives. This variable expected to have 
a positive regression coefficient (+).
X3 = Household income

It was hypothesized that respondents with relatively higher income could plant and retain 
more trees than those with low income. The assumption was that, higher income enable 
respondents to afford to purchase planting materials, as well as land and pay for tree 
nursery attendants and would afford to use alternative sources of fuels domestically to 
safeguard trees. It implies that more trees be planted and well managed by households
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Xi = Household size
The hypothesis in this case was that the bigger the household, the more the labor would 
be available for various activities such as tree planting and caring. It was assumed that 
high number of trees be planted by households with higher members if other factors were 
held constant. In defining this variable, household members with the age above 18 years 
considered as adults, potential participants in tree planting and caring. The expected sign 
of the regression coefficient was positive (+).

Xs = Land ownerships (ha)
The underlying hypothesis is that land ownerships determine restoration practices. The 
bigger the size of the land, the more the space would be available for tree planting, 
resulting into high number of trees planted by the households. In this case, the expected 
sign of the regression coefficient was positive (+) implying that there is positive 
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with higher income. Data on households income were collected and the expected sign of 
the regression coefficient was positive (+).

X4 = Availability of tree planting materials (seeds/seedlings)
It hypothesized that if the planting materials were conveniently available within the local 
settings, respondents would plant them to restore the disturbed sites (given other factors 
constant). To gauge the availability of planting materials, ranking of materials availability 
done at household and during group discussions. This variable assigned a positive 
coefficient (+).

Xs = Climatic factors
It was hypothesized that under good climatic conditions (mainly precipitation), 
restoration practices would be successful. Respondents ranked the climatic factors, which 
affect restoration interventions in the study area. The expected sign for this variable was 

positive (+).
X6 = Encroachment by human activities
It hypothesized that human activities such as crop-agriculture and livestock grazing affect 
the planted trees and naturally regenerating trees. Respondents asked to identify and rank 
human encroachment activities, which hinder restoration of the disturbed sites. This 
variable assigned a positive regression impacts coefficient (+).
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proportionality between land size and number of trees planted or left to regenerate 

naturally.
X9 = Residence duration (in years)
The assumption in this variable is that the higher the number of year’s respondents lived 
in a given area, the higher the chances of planting or retaining trees. This assumption is 

because trees are perennial crops; their tangible benefits obtained after some years of 
production. Temporally, residential duration in this case affect tree planting. Therefore, 
the number of years an individual stayed in a given village recorded. The expected sign 
of the regression coefficient was positive (+).
Xio = Donor dependence

Many programs for restoration of forests supported by international or local funding 
organizations. The assumption put forward here is that some restoration project cease 
after donor support Therefore, this work attempted to understand whether tree planting 
or retaining is donor or locally community influenced. The expected sign of the 
regression coefficient was positive (+).

Xn = Enforcement of laws and regulation
It hypothesized that national and by-laws enforcement and compliance contribute to 
implementation of restorations practices beyond individual willingness. Therefore, this 
study tried to understand how laws instituted at local levels to promote tree planting and 
permitting natural regeneration. The expected sign of the regression coefficient was 
positive (+) if laws are functionally in place.
The coefficient of determination (R2) used to show the level of variations in the 
dependent variables as were explained by independent variables. The higher the value of 
R2 the stronger was the model and vice versa.



CHAPTER FOUR: RESULTS

4.1. Electrical Conductivity, Bulk Density and Soil Texture

4.1.1. Electrical Conductivity across Land Uses

EC in DGSEC in CFS

Figure 4- 1: Comparison of electrical conductivity means values across LU

4.1.2. Mean Values of Soil Texture across the Land Uses
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EC in ADS 
Different land uses

There were significant differences between textural classes across the LU (Table 4-1). 

The percentage mean range were 86.06 to 86.79, 11.40 to 14.98 and 1.81 to 2.57 for 

sandy, clay and silt respectively. Closed forest sites were dominated by sand, while DGS 

had large percentage of clay and silt particles. The means (mean ± SEM) differences 

between EC and each textural classes were significant as follows: EC and clay % in CFS 

= 59.57 ± 8.92, (t = 6.68, p < .001); EC and silt in CFS = 69.17 ± 8.88, (t =7.79, p < .001); 

EC and sand in CFS = 15.81 ± 9.11 (t = 1.74, p < .089); EC in CFS and clay in ADS =

The results showed a significant variation across in Electrical conductivity (uS/cm) 

across the LU. The mean differences (mean ± standard mean error (SEM) of electric 

conductivity between CFS and ADS was 26.197 ± 8.42, (t = 3.11, p < .003); EC in CFS 

and DGS was 5.55 ± 7.45, (t = 0.75,p < .460); EC in ADS and DGS was 20.65 ± 3.97, (t 

= 5.20, p <.001). These results were in the following order EC in CFS> DGS> ADS 

(Figure 4-1).
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LU Sand

4.1.3. The Mean Values of Bulk Density across Land Uses

Bd in CFS Bd in DGS

Figure 4- 2: Comparison of bulk density means values across land uses
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CFS
ADS
DGS

1.7
1.65

1.6
1.55

1.5
1.45

1.4
1.35

11.79 ±0.33

14.98 ±0.30

1.81 ±0.15

2.15 ± 0.15

2.57 ±0.12

86.79 ±0.21

86.06 ±0.39

82.45 ±0.36

The means difference of Bd across LU shown in Figure (4-2). The Bd in CFS and ADS 

was 0.05 ± 0.23, (t = 2.16,p < .360); Bd in CFS and DGS was 0.13 ± 0.02, (t = 5.88, p < 

001); Bd in ADS and DGS was 0.08 ± 0.02, (t = 3.63,p < .001). The Bd was in the order 

ofDGS>ADS>CFS.

BD in ADS 
Different land uses

f 
I -o
S3 

CQ

Table 4-1: Mean values of soil texture across land uses (N = 47)
Soil Classes 

SiltClay

11.40 ±0.14

59.19 ± 9.09, (t = 6.51, p < .001); EC in CFS and silt in ADS = 6S.82 ± 8.98, (t = 7.66, p 

< .001); EC in CFS and sand in ADS = 15.09 ± 8.84, (t = 1.71, p < .095); EC in CFS and 

clay in DGS = 56.00 ± 9.05, (t = 6.19, p < .001); EC in CFS and silt in DGS = 68.40 ± 

8.95,(t = 7.64, p < .001); EC in CFS and sand in DGS = 11 +8.91, (t = 6.46, p < .204); EC 

in ADS and clay in DGS = 29.80 + 1.02, (t = 29.12, p < .204); EC in ADS and silt in 

DGS = 42.21 + 0.92, (t = 45.68, p < .001); EC in ADS and sand in DGS = 37.67 + 0.81, 

(t = 46.13, p < .001).



4.1. 4. Electrical Conductivity versus Soil Texture

4.1. 5. Electrical Conductivity and Bd across Land Uses

4.1. 6. Mean Difference of EC and CEC within Land Use
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Although not significant, the results showed a positive correlation between EC across all 
the LU. The Bd negatively correlated with EC in CFS and ADS, CFS and DGS except in 
ADS and DGS where it showed a weak positive correlation (Table 2-3).
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 the Coastal Ecosystems in Tanzania

CFS
ADS
DGS

r
0.617
0.090
0.125

r
0.641
0.333
0.187

The correlation between EC and each soil textural classes was not significant across all 
the LU. Both positive and negative correlations recorded as follows: - electrical 
conductivity correlated positively with clay in CFS, ADS but negatively in DGS clay. 
There was a positive correlation between EC and silt in CFS, ADS and DGS. Electrical 
conductivity was positively correlated with sand in DGS but negatively correlated in CFS 
and ADS (Table 4-2).

Sig.
0.016
0.013

0.059

Sig.
0.001
0.546
0.404

Sig- 
ojooT
0.022
0.209

The mean value of EC in CFS was higher than in all other LU (70.98 ± 8.97) followed by 
EC in DGS (65.43±4.00). The EC in ADS was the lowest compared to that in CFS and 
DGS (44.78±.88). The mean differences (mean ± SEM) between EC and CEC in CFS = 
44.06 ± 8.79, (t = 5.01, p < .001); EC and CEC in DGS = 24.77 ± 3.76, (t = 6.57, p 
< .001). EC and CEC in ADS = 20.47 ± 0.80, (t = 25.50, p < .001). The CEC mean values 
were in the order of DGS > CFS > ADS, indicating more depletion of nutrients in ADS 
than in other two sites. There were positive correlations between EC and CEC within LU 
and in all the sites (Figure 4-3). The correlation between EC and CEC within land uses 
was - r = 0.598, p < .001, r = 0.581, p < .001 and r = 0.345, p < .018 in CFS, ADS and 
DGS respectively.
Table 4- 2: Correlation (r) between electrical conductivity and soil texture (N = 47) 

LU EC and clay EC and silt EC and sand

r :
0.349 i
0.358 l
0.278 l

Where: sig. = significance level



Sig.rr

0.095EC in CFS and EC in ADS Bd in CFS and Bd in ADS 0.2470.652 0 001

0.339EC in CFS and EC in DGS 0.1430.571 0 001 Bd in CFS and Bd in DGS

0.015EC in ADS and EC in DGS 0.154 Bd in ADS and Bd in DGS 0.3530 303

Where: sig. = significance level

EC in CFS EC in ADS EC in DGS

Figure 4- 3: Mean differences between EC and CEC within LU

4.1.7. Correlation of EC and CEC across Land Uses

4.1.8. Electrical Conductivity versus Elevation
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The mean elevation was 417 across all the sites. The EC was on the average of 70.98 in 
all sites and at different elevations in CFS, 65.43 in DGS and 44.78 in ADS plots. 
Regardless of different elevations, CFS had the highest CE than the other LU. The mean

CEC in CFS
Pairl

CEC in ADS
Pair 2

EC and CEC on each LU

CEC in DGS
Pair 3

Table 4- 3: Correlation (r) between EC and Bd across LU (N = 47) 
"LU r Sig LU

SO

U 70 
B60
O 50 w 
° 40 
8 
i30 
i20

10 
0

The mean differences (mean ± SEM) between EC and CEC across different LU were EC 
in CFS and CEC in ADS = 46.67 ± 8.89, (t = 5.25, p < .001), EC in CFS and CEC in 
DGS = 30.31 ± 9.24, (t = 3.28, p < .002); EC in ADS and CEC in DGS = 4.12 ± 0.10, (t = 
1.97, p < .056). There was a positive correlation between EC and CEC across the LU. 
The correlation between EC and CEC in ADS and DGS was weak compared to those 
recorded in CFS and ADS as in CFS and ADS too (Figure 4-4).



Figure 4- 4 : Mean difference between EC and CEC

4.1.9. Elevation versus Soil Texture across Land Uses

rr
E and sand in ADS 0.0930.087E and clay in CFS

0.006 0.9680.7850.041
0.089 0.5530.5800.083

E and sand in DGS 0.035 0.8160.7500.048E and clay in ADS

0.3390-0.143
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The results showed significant positive and negative correlation between elevation and 
texture across the three LU. Elevation negatively correlated with clay and silt across all 
the LU and different elevations. There was a positive correlation between elevation and

E and silt in CFS
E and sand in CFS
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E and in DGS
El and silt in DGS

sand across all the LU (Table 4-4).

Table 4- 4: Correlation (r) between elevation and soil texture across LU (N = 47) 
Elevation and ST r Sig Elevation and ST

0.562
Sig.

0.535

SO
70
60
50
40

= 30
20

E and silt in ADS
Where: sig. = significance level

difference (mean ± SEM) of EC and elevation was EC and elevation in CFS = 346.38 ± 
11.15, (t = 31.08, p < .001); EC and elevation in ADS = 372.58 ± 6.16, (t = 60.50, p 
< .001); EC and elevation in DGS = 351.93 ± 7.65, (t = 46.02, p < .001). Indeed, the 
correlation of EC and elevation was negative across all the sites in different elevations.

EC in CFS CEC in DGS
Pair 2 

EC & CEC between LU

EC in ADS CEC in DGS
Pair 3

EC in CFS CEC in ADS
Pair 1

£
s

10
0



4.2.2. Variation of Total Carbon across Land Uses
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Total carbon differences between CFS vs. ADS was: t =11.80, p < .001. Due to the mean 
values of TC between these two LU and the direction of t-value, a conclusion was drawn 
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4.2.1. Variation of Total Nitrogen across Land Uses

Total nitrogen variation between CFS vs. ADS was t =11.66, p < .001. Due to the means 
values of TN between CFS and ADS, and the direction of t-value, it can be concluded 
that there was a significance difference (%) of TN in CFS and ADS from 13.07 ± 0.34 to 
11.75 ± 0.25, a difference of 1.32 ± 0.11; TN variation in CFS vs. DGS was: t = 2.21 , p 
< .032, with a mean difference from 13.07 ± 0.34 to 12.57 ± 0.20, a variation of 0.50 ± 
0.23; TN in ADS and DGS showed a variation of t = 5.34, p < .001, with mean difference 
from 11.75 ± 0.25 to 12.57 ± 0.20, i.e. 0.82 ±0.15 TN-variation between ADS and DGS 
showed that TN in DGS is higher than in ADS.

4.1.10. Elevation and Bulk Density

The study area ranged between 300 to 600 masl, and the mean elevation was 417 masl 
across the study sites. The mean Bd was 1.56 mg/kg in CFS to 1.69 mg/kg in DGS 
indicating that sites disturbed by livestock grazing across the elevation levels had high Bd 
followed by ADS. At different elevations, CFS had the lowest Bd. The mean differences 
(mean ± SEM) between elevation and Bd in CFS was 415.80 ± 6.08, (t = 86.38, p < .001); 
elevation and Bd in ADS = 415.75 ± 6.08, (t = 68.38, p < .001); elevation and Bd in DGS 
= 415 ± 6.08, (t = 68.35, p < .001). The elevation negatively correlated with Bd in CFS 
and DGS and positively correlated in ADS.

4.2. Status of Carbon, Nitrogen and Phosphorus
For comparing the differences between and across closed forests, agriculture and 
livestock disturbed sites; the following consistence were maintained in the presentation of 
results. The mean and t-values were kept constant in the order of TN (CFS vs. ADS), TN 
(CFS vs. DGS), and TN (ADS vs. DGS); TC (CFS vs. ADS), TC (CFS vs. DGS), TC 
(ADS vs. DGS); P (CFS vs. ADS), P (CFS vs. DGS) and P (ADS vs. DGS) for total 
nitrogen, carbon and available phosphorus consecutively.



4.2.3. Variation of Available Phosphorus across Land Uses

4.2. 5. Variation of TN, TC and P against Elevation
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Between 300-390 m elevations, differences in each nutrient (percentage) were TN in 
ADS > CFS >DGS; TC was in the order of CFS > DGS > ADS while P was in the order 
of CFS > ADS > DGS. Between 391 to 447 m, TN was in DGS > ADS >CFS; TC was

The available phosphorus variation between CFS vs. ADS was: t = 24.78, p <.001. Due to 
the means values of phosphorus between CFS vs. ADS, and the direction of the t-value, it 
was concluded that there was a significant difference of available phosphorus between 
these two LU from 13.12 ± 6.57 to 11.97 ± 6.96, a variation of 1.15 ± 0.93; variation of 
available P between CFS vs. DGS was: t = 4.04, p < .001, with the mean difference from 
13.12 ± 6.57 to 10.12 ± 2.86, a difference of 3.00 ± 1.56 and variation in available 
phosphorus between ADS vs. DGS was: t = 1.54, p < .131, with a mean difference from 
11.97 ± 6.96 to 10.12 ± 2.86, a difference of 1.85 ± 01.10.

4.2.4. Carbon-Nitrogen Ratio across Land Uses

Carbon-nitrogen ratio variation between CFS vs. ADS was: t = 3.97, p < .001. Due to the 
mean values of CN ratio between CFS vs. ADS, and the direction of t-value, it was 
concluded that there is a significant difference of CN ratio between these two LU i.e. 
from 8.62 ± 2.84 to 9.88 ± 2.91, a difference of 1.26 ± 2.77; variation of CN ratio 
between CFS vs. DGS was: t = 2.33, p < 0.02, with the mean difference from 8.62 ± 2.84 
to 6.53 ± 2.06, a difference of 2.09 ± 0.57, and variation in CN ratio between ADS vs. 
DGS was: t = 2.94, p < .001, with a mean difference from 9.88 ± 2.91 to 6.53 ± 2.06, a 

difference of 3. 35 ± 1.39.
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that there was significant difference (%) of TC from CFS to ADS (i.e. 14.48 ± 0.23 to 
11.81 ± 0.13), a difference of 2.67 ± 0.23; the difference of TC between CFS vs. DGS 
was: t = 7.66, p < .001 with the mean values differing from 14.48 ± 0.23 to 12.24 ± 0.30, 
a significant difference of 2.24 ± 0.29, and TC in ADS vs. DGS was: t = 2.18, p < .035 
and the mean difference was 11.81 ± 0.13 to 12.24 ± 0.30, showing a variation of 0.43 ± 
0.19, this variation shows that there was less TC in ADS than in DGS.



recorded in CFS > DGS > ADS; while P was in CFS > ADS > DGS orderly. At the
elevation of 448-500 m, TN was DGS > ADS > CFS; TC order was TFS > ADS > DGS;
P was DGS > CFS > ADS. Across the study sites, there were negative correlations
between nutrients levels and elevations. This trend indicates that with increase in

elevation there is unit loss of nutrients (Figure 3-1: a, b, c, d, e, f, g, h and i).

4.2.6. Correlation (R2) of TN, TC and P within Land Uses

The correlation (p = .05) between TN, TC and P within LU were:- (i) positive correlation
between TN & TC in ADS (R2 = 0.59); TN & TC in DGS (R2 = 0.84); (ii) weak positive
correlation between TN & TC in CFS (R2 = 0.18); TN & P in CFS (R2 = 0.14); TN & P
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negative correlation between TC & P in CFS (R2 = 0.07) and TC & P in ADS (R2 = 0.17).
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Figure 4- 5: Correlation between nutrients levels (%) and elevation (maslxl02) (a = TN in CFS vs. 
elevation, b = TN in ADS vs. Elevation, c = TN in DGS vs. Elevation, d = TC in CFS vs. Elevation, e = TC 
in ADS vs. Elevation, f = TC in DGS vs. Elevation, g = P in CFS vs. Elevation, h = P in ADS vs. Elevation 
and i = P in DGS vs. Elevation.
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in ADS (R2 = 0.01); TN & P in DGS (R2 = 0.12); TC & P in DGS (R2 = 0.11; (iii)



4.2.7. Correlation of TN, TC and P across Land Use

4.3. Soluble Bases Values

4.3.1. Calcium Variation across CFS, ADS and DGS
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Calcium variation between CFS and ADS was t = 3.78, p <.001. Due to the mean (mean 
± standard error mean (SE)) values of Ca between CFS and ADS and the direction of the 
t-value, it was concluded that there was a significant difference of Ca between these two 
land uses from 14.12 ± 1.07 to 10.37 ± 0.47 with a variation of 3.75 ± 0.99. The variation 
of Ca on CFS vs. DGS was: t = 2.91, p <001, with the mean difference from 14.12 ± 
1.07 to 11.00 ± 0.22, a difference of 3.11 ± 1.07, the variation in Ca between ADS and 
DGS was: t =1.10, p = .280, with a mean difference from 10.37 ± 0.47 to 11.00 ± 0.22, 

and a difference of 0.63 ±1.10 (Table 4-5).
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The correlation (p = .050) between TN, TC and P between LU showed both positive and 
negative relationships as follows: (i) strong positive correlation between: TN in CFS and 
ADS (R2 = 0.62), TN in CFS and DGS (R2= 0.96), TN in ADS and DGS (R2 = 0.61), TC 
in ADS and DGS (R2 = 0.97), P in CFS and ADS (R2 = 0.98), (ii) weak positive 
correlation between TC in CFS and DGS (R2 = 0.09), TC in CFS and DGS (R2= 0.15), 
(iii) weak negative correlation between P in CFS and ADS (R2 = 0.14) and P in ADS and 
DGS (R2 = 0.18) (Figure 4-5).

In comparing variation across CFS, ADS and DGS, the following consistence maintained 
in the presentation of results. The means and t-values are kept constant in the order of Ca 
(CFS vs. ADS), Ca (CFS vs. DGS), and Ca (ADS vs. DGS); Mg (CFS vs. ADS), Mg 
(CFS vs. DGS) and Mg (ADS vs. DGS); K (CFS vs. ADS), K (CFS vs. DGS), and K 
(ADS vs. DGS); Na (CFS vs. ADS), Na (CFS vs. DGS), and Na (ADS vs. DGS); CEC 
(CFS vs. ADS), CEC (CFS vs. DGS), and CEC (ADS vs. DGS) and BS (CFS vs. ADS), 
BS (CFS vs. DGS), and BS (ADS vs. DGS). In this work, all exchangeable bases are 
expressed in cmol/Kg/ha, CEC in cmoI/Kg/ha while BS values are expressed in 

percentage volume/ha.



4.3.5. The CEC Variation across CFS, ADS and DGS

Cation exchange capacity variation between CFS and ADS was t = 3.12, p= .030. Due to 
the mean values of CEC between CFS and ADS and the direction of the t-value,
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4.3.3. Potassium Variations across CFS, ADS and DGS

Potassium variation between CFS vs. ADS was t = 0.41, p =.860. Due to the mean values 
of K between CFS and ADS and the direction of the t-value, concluded that there was a 
significant difference of K between these two land uses from 0.70 ± 0.05 to 0.72 ± 0.05 
with a variation of 0.03 ± 0.06. The variation of K between CFS and DGS was: t = 5.88, 

p <001, with the mean difference from 0.70 ± 0.05 to 1.24 ± 0.08, a difference of 0.55 ± 
0.09, and the variation in K between ADS and DGS was: t = 5.88, p <.001, with a mean 
difference from 0.72 ± 0.05 to 1.24 ± 0.08, and a difference of 0.52 ± 0.09 (Table 4-5).

4.3.4. Sodium Variation in CFS, ADS and DGS

Sodium variation between CFS and ADS was t = 0.19, p = .240. Due to the mean values 
of Na between CFS and ADS and the direction of the t-value, concluded that there was a 
significant difference of Na between these two land uses from 0.13 ± 0.01 to 0.14 ± 0.01 
with a variation of 0.01 ±0.01. The variation of Na between CFS and DGS was: t = 7.96, 
p < .001, with the mean difference from 0.13 ± 0.01 to 0.44 ± 0.04, a difference of 0.31 ± 
0.01, and the variation in Na between ADS and DGS was: t = 7.37, p < .001, with a mean 
difference from 0.14 ± 0.01 to 0.44 ± 0.04, and a difference of 0.31 ± 0.04 (Table 4-5)
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4.3.2. Magnesium Variation across CFS, ADS and DGS

Magnesium variation between CFS and ADS was t = 4.71, p <.001. Due to the mean 

values of Mg between CFS and ADS and the direction of the t-value, concluded that there 
was a significant difference of this element between these two land uses from 2.96 ± 0.06 

to 2.16 ± 0.17 with a variation of 0.80 ± 0.17. The variation of Mg in CFS vs. DGS was t 
= 13.85,p <001, with the mean difference from 2.96 ± 0.17 to 8.84 ± 0 .44, a difference 
of 5.87 ± 1.07, and the variation in Mg between ADS and DGS was: t = 17.11, p <.001, 
with a mean difference from 2.16 ± 0.17 to 8.84 ± 0.44, and a difference of 6.67 ± 0.39 
(Table 4-5).



4.3.6. Base Saturation Variation across CFS, ADS and DGS

± 5.26 (Table 4- 6)

Table 4- 5: Soluble bases variation across land uses
NaKMgCa

meanmeanmean
vs.

<.001 <.001<.001<.001vs.

<.001 <.001<.280vs.

Table 4- 6: The variation of CEC and BS across CFS, ADS and DGS

5.86 ±2.67<.001 <.03013.74 ±1.59CFS vs. DGS

36.03± 5.26 <.40016.36 ±2.19ADS vs. DGS

CFS
DGS

ADS
DGS

was: t = 2.19, p =.030, with the mean difference from 49.95 ± 1.93 to 55.82 ± 2.01, a 

difference of 5.86 ± 2.67, and variation in BS between ADS and DGS was: t = 0.84, p = 

.400, with a mean difference from 60.24 ± 4.41 to 55.82 ±2.01, and a difference of 4.42

Base saturation variation between CFS and ADS was t = 2.75,p <001. Due to the mean 

values of BS between CFS and ADS and the direction of the t-value, concluded that there

was a significant difference of BS between these two land uses from 49.95 ± 1.93 to

60.24 ± 4.41 with a variation of 10.29 ± 3.74. The variation of BS between CFS and DGS

concluded that there was a significant difference of CEC between these two land uses 

from 26.92 ± 0.30 to 24.31 ± 0.87 with a variation of 2.61 ± 0.84. The variation of CEC

5.87 ±
0.42

0.55 ±
0.09

0.52 ±
0.09

0.03 ±
0.06

between CFS and DGS was: t = 8.62, p <001, with the mean difference from 26.92 ± 

0.30 to 40.66 ± 1.54, a difference of 13.74 ± 1.59, and the variation in CEC between ADS 

and DGS was: t = 7.48, p <001, with a mean difference from 24.31 ± 0 .87 to 40.66 ± 

1.54, and a difference of 16.36 ±2.19 (Table 4- 6).
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3.75 
± 
0.99 
3.11 
±1.07

0.01 
± 
0.01 
0.31 
± 
0.04 
0.31 
± 
0.04

LU
CFS
ADS

Land use
CFS vs. ADS

P
<ooF

<.001
65

p 
<.680

P
<.240

mean
2.61 ±0.84

Mean____
10.29±3.74

6.67 ± <.001
0.39

BS______
p-value 
<.010

CEC______
_____p-value

<.030

mean p
0.80 ± <001
0.17

0.63 
± 
0.58

Where: p = p-value



K Na
LU p-valuer PP r P r

0.373 <010vs. 0.135 <.365 <.7800.247 <.094 0.042

0.074 <.623vs. 0.320 <.028 <.0030.074 <.622 0.421

0.288 <.050vs. 0.463 <.001 <.6160.051 <.734 0.075

BS
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4.3.7. Correlations of Soluble Bases between Land Uses

p
<058

<.596

<.000

LU

CFS vs. ADS

CFS vs. DGS

ADS vs. DGS

P

<.000

<.584

<.001

Table 4- 8: Paired sample correlation of CEC and BS across land uses

CEC

r
0.279

0.079

0.613

Where: r = Correlation value, p = p-value

There was a statically positive correlation between; Ca in CFS and ADS (r = 0.139); Mg 
in CFS and DGS (r = 0.153); Mg in ADS and DGS (r = 0.168); K in CFS and ADS 
(0.062); Na in CFS and DGS (r = 0.004); Na in DGS and CFS (r = 0.179); CEC in CFS 

and ADS (r = 0.290); BS in CFS and ADS (r = 0.007). There was statistically weak 
positive correlation between Ca in CFS and DGS (r = 0.005); Mg in CFS and ADS (r = 

0.018); K in ADS and DGS (r = 0.004); Na in ADS and DGS (r = 0.078). There was a 
negative correlation between Ca in ADS and DGS (r = 0.083); K in CFS and DGS (r = 

0.006); Na in CFS and ADS (r = 0.005); CEC in ADS and DGS (r = 0.375). There was 
strong negative correlation between CEC in CFS and DGS (r = 0.006); BS in ADS and 
DGS (r = 0.054). Table (4-7) shows a correlation summary of soluble bases and Table (4- 
8) indicates the correlation of CEC and BS between land uses.

r
0.538
0.082
0.263

Table 4- 7: Paired soluble bases correlation between across land uses
Ca Mg

r

CFS
ADS
CFS

DGS
ADS
DGS

Where: r = Correlation value, p = p-value



0.365 0.08 0.615 0.05 0.7500 539 0 14I 0 250 0.04 0.794 0.09

0.08 0.589 0.15 0.329 0.01 0.9720.095 0.02 0.9870.18 0.222 0 25

0.851 0.05 0.727 0.12 0.4180.890 0.030.863 0.020.04 0.775 0.03

4.4. Analysis of Tree Species

67

4.4.1. Species Density

Seventy species belonging to 25 families sampled from CFS, ADS and DGS. These 
families were grouped into five major categories based on their percentage contribution 
to the main sample: (i) Fabaceae (26%), (ii) Combretaceae (7%), (iii) Malvaceae and 
Meliaceae (4%), (iv) Anacardiaceae, Annonaceae, Apocynaceae, Bignoniaceae, 
Capparidaceae, Moraceae, Phyllanthaceae and Sapotaceae (3%) and (v) Asteraceae 
Araliaceae, Balanitaceae, Bombacaaceae, Clusiaceae, Dichapetalaceae, Ebenaceae, 
Euphorbiaceae, Loganiaceae, Rubiaceae, Rutaceae, Santalaceae, and Verbenaceae (1% of 
each family). Results show that the average population density (N/ha) of seedlings was in 
10, 45 and 85 species for CFS, DGS and ADS accordingly.
Saplings density ranged from 15, 20 and 65 for CFS, ADS and DGS respectively. Adult 
trees density was 130, 65 and 30 in that order for CFS, ADS and DGS (Figure 4-6).
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4.3.8. Correlation of Soluble Bases with Elevation Levels

LU and
Elevation

BS

P

1 he correlation was positive between base elements and elevation (E) as follows: Ca vs. 
E in CFS, Mg vs. E in CFS, Na vs. E in CFS, CEC vs. E in DGS and BS vs, E in CFS. 
The correlation was negative in the following patterns: Ca vs. E in ADS, Ca vs. E in 
DGS, Mg vs. E in ADS, Mg vs. E in DGS, K vs. E in CFS K vs. E in ADS, Na vs. E in 
ADS, Na vs. E in DGS, CEC vs. E in CFS, CEC vs. E in ADS, BS vs. E in ADS and BS 
vs. E in DGS (Table 4-9)

CEC
R p

Elevation
and CFS
Elevation
and ADS

Elevation
and DGS

Where: r = Correlation value, p = p-value

Table 4- 9: Correlation of Ca, Mg, K, Na, CEC and BS with elevation
Ca Mg K Na

r P r p r p r p
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ADS
Land uses

Figure 4- 6: Number of tree sub-categories per hectare in each land use

4.4.2. Diameters of Tree across Land Uses

Tree sub-categories diameters (seedlings, saplings and adults) differed across LU sites 
(Figure 3-7). In CFS, seedling diameters ranged from 4 to 10cm, saplings had a range 
from 8 to 12cm, while adult trees had 13 to 98cm. In ADS and DGS seedlings and 
saplings had similar average diameters average and trends that ranged from 3 to 6cm and 
7 to 12cm respectively, while trees had dbh between 25 to 31cm. Tree species, that had 
large dbh included Combretum mole, Cynometra webberi, Dialium holtizii, Ficus 
stuhlmannii, Hymenea verrucosa, Khaya anthotheca, Millicia excelsa, Pteleopsis 
niyrtifolia, Sclerocarya birrea, Tamarindus indica and Terminalia sambesiaca. The 
following trees had small dbh across all the LU sites: Ficus sur, K. anthotheca, S. birrea, 
M. excelsa and Millettia stuhlmannii. Small dbh dominated the seedlings and saplings 
sub-categories of tree populations across LU sites.

 Seedlings  Saplings
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Seedlings and saplings had sizeable frequency of Combretum molle, Cynometra webberi, 
Dialium holtizii, Ficus sur, Hymenea verrucosa, Khaya anthotheca, Millicia excelsa, 
Millettia stuhlmannii, Sclerocarya birrea and Stercularia appendiculata. A large 
component of adult trees density consisted by Acacia brevispica, C. webberi, C. molle, H. 
verrucosa, D. holtizii, M. stuhlmannii, Terminalia sambesiaca and Vitex zanzibarensis. In 
ADS and DGS, the density of adult trees was largely composed of a few remnant trees 
such as A. brevispica, Acacia polyacantha, Acacia senegalensis, Afzelia quanzensis, 
Cassia abbreviate, Combretum collinuni, Cussonia spicata, Erythrina abyssinica, 
Sterculia abbreviate and Strychnos henningsii.
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 Seedlings  Saplings ■ Adult trees

DGSCFS

Figure 4- 7: Average dbh of trees sub-categories in each land use

4.4.3. Basal Area of Trees across Land Uses
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ADS
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4.4.5. Volume of Trees Sub-Categories across Land Uses

A small volume (m3/ha) in seedlings and saplings, was recorded, unlike in adult trees 
across all LU sites. The range of seedling volume was 0.1 to 0.17, 0.2 to 0.8 and 0.10 to 
0.80 for CFS, ADS and DGS in CFS. Saplings volume was 0.27 to 1.03, 0.20 to 1.02 and

Basal area (m2/ha) differed across LU sites for all tree sub-categories. Seedlings had a BA 
of 0.20 to 1.30, 0.30 to 0.69 and 0.2 to 0.28 in CFS, ADS and DGS respectively; saplings 
BA ranged from 0.2 to 1.47; 0.5 to 1.13 and 0.20 to 0.64 in ADS, CFS and DGS while 
adult trees BA was 1.82 to 73.50, 1.13 to 24.62 and 0.50 to 7.96 for CFS, DGS and ADS 
correspondingly. There was significant mean paired differences in BA between and 
across LU sites (Table 5-1). At p < .05, the t-values for seedlings paired mean (in 
brackets) were 0.83 (CFS and ADS), 13.08 (CFS and DGS), 11.68 (ADS and DGS); for 
saplings they were 0.83 (CFS and ADS), 13.08 (CFS and DGS), 11.68 (ADS and DGS) 
and for adult trees they were 10.24 (CFS and ADS), 9.33 (CFS and DGS) and 3.36 (ADS 

and DGS).
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4.4.6. Shannon-Wiener Index

0.03 2.97 0.01 0.02 0.00 0.08 0.000.00

3.73ADS 0.72 0.05 0.48 1.98 0.72 1.49 1.93 0 15

0.03 0.21 0.01 0.02 0.91 0.01 020 0.00 0.01

5.72DGS 0.31 0.88 0.131.40

0.01 0.57 0.00 0.00 0.01
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31.49 
± 
3.15

0.15 
± 
0.00

1.96 
± 
0.00

1.92 
= 
0.00

0.13 to 0.25 in CFS, DGS, and ADS respectively; adult trees volume ranged from 0.60 to 
414 in CFS, 0.61 to 135 in DGS and from 0.60 to 43.78 in ADS.
The mean paired differences showed a significant variation in volume between and across 
LU sites (Table 4-10). At p < .05, the t-values for seedlings paired mean (in brackets) 
were 5.46 (CFS and ADS), 7.51 (CFS and DGS), 3.68 (ADS and DGS); for the saplings 
values were 0.83 (CFS and ADS), 13.08 (CFS and DGS), 11.50 (ADS and DGS) and for 
adult trees they were 10.24 (CFS and ADS), 9.33 (CFS and DGS) and 3.36 (ADS and 
DGS). The order of seedlings volume was CFS > ADS > DGS. The order was similar for 
saplings, while in adult trees the order was CFS > DGS > ADS.
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0.32 
± 
0.02

20.54 
± 
1.16

2.93 
± 
0.60

0.16 
± 
0.00

0.03 
± 
0.02

0.21 
± 
0.01

2.94 
± 
0.09

1.41 
± 
0.62

1.96 
± 
0.00

0.71

0.00

0 94

001

At

3160

At 

oTs 
± 
0.00

Sa

076

At

79033 
± 
16.33

Se

197 
± 
0.60

Se

L49

Sa

085

At 

oof 
± 
0.00

Land 
uses

CFS“

Equitability 
Se 

035 

0.08

Seedlings and saplings Shannon-Wiener indices were ADS > CFS > DGS and ADS > 
CFS > DGS in order. There was a significant variation between ADS saplings compared 
to a non-significant variation between CFS and DGS. The adult trees Shannon-Wiener 
index was CFS > DGS > ADS accordingly (Table 4-10). At p < .050, the t-values for 
seedlings for each paired mean (in brackets) were 1.35 (CFS and ADS), 3.23 (CFS and 
DGS), 6.14 (ADS and DGS); for saplings the values were 0.98 (CFS and ADS), 625.97 
(CFS and DGS), 7.44 (ADS and DGS) and for adult trees they were 1.18 (CFS and ADS), 
1.18 (CFS and DGS) and 5.33 (ADS and DGS).
Table 4- 10: Basal Area, Volume, Shannon, Simpson and Equitability Indices

Basal Area 
Sc“ 

05? 
± 
0.03

Shannon Index
Sa At

771 767

Simpson’s Index 
Sa 

737 

0.00

0.21 
± 
0.02

Where: Se = seedlings, Sa = saplings, At = adult trees

Volume

Se Sa 

080 637
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4.4.9. Important Value Index across Land Uses

Seedlings in DGS scored the highest IVI, followed by those in CFS and ADS. The mean 
value of saplings IVI was highest in CFS followed by ADS and DGS. Adult trees had 
highest FVI in CFS followed by ADS and DGS. The trend of IVI shows that there was a 
high dominance of adult trees in CFS, while ADS and DGS had higher regeneration 
values of seedlings and saplings.

The Simpson’s index in CFS and ADS for seedlings, and saplings had similar diversity 
values, but were higher than those in the DGS. This shows that there was a higher 
diversity of seedlings as well as for saplings in DGS than in CFS and ADS. However, 
adult trees diversity was lower in CFS than in any other LU site. The variations in paired 
mean differences between and across LU sites shown in (Table 4-10). At p < .05, the t- 
values for seedlings for each paired mean (in brackets) were 20.37 (CFS and ADS), 74.05 
(CFS and DGS), 60.36 (ADS and DGS); in saplings the values were 38.31 (CFS and 
ADS), 242.92 (CFS and DGS), 12.39 (ADS and DGS) and for adult trees they were 18.16 
(CFS and ADS), 160.71 (CFS and DGS) and 0.07 (ADS and DGS).
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4.4.7. The Simpson’s Index across Land Uses

4.4.8. Shannon Equitability

The Shannon equitability shows that seedlings in ADS and DGS had lower values than 
CFS, while saplings equitability showed that there was a high value in CFS, followed by 
DGS and then ADS, in that order. The mean equitability value was lower in CFS adult 
trees when compared to ADS and DGS. These observations show that there was a lower 
frequency of seedlings in CFS than in ADS and DGS, while there was a lower saplings 
frequency in DGS and CFS than in ADS. Therefore, adult trees' frequency was higher in 
CFS than in ADS and DGS. The paired mean variation across LU sites as shown in 
(Table 4- 10). At p < .050, the t-values for seedlings paired mean (in brackets) were 
137.75 (CFS and ADS), 104.91 (CFS and DGS) and 208.27 (ADS and DGS); for 
saplings the values were 0.00 (CFS and ADS), 0.81 (CFS and DGS) and 0.52 (ADS and 
DGS), and for adult trees they were 1.18 (CFS and ADS), 0.72 (CFS and DGS) and 1.13 
(ADS and DGS).
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Figure 4- 8: Important Value Index in CFS

72

Seedlings and saplings IVI in DGS largely represented by A. mauritianum, Acacia 
polyacantha, A. quanzensis, B. microphylla, P. rotiindifolius, T. indica, while A. 
quanzensis, B. microphylla, Hymenea verrucosa, and P. rotiindifolius had a greater IVI 
than other adult trees. The mean values of tree species dominated the IVI across the three 
land uses were as in (Figure 4-8,4-9 and 4-10) for each land uses.
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Abutilon mauritianum, Acacia senegalensis, Albizia petersiana, Combretum collinuni, 
Dalbergia nitidula, Holarrhena pubescens, Julbernardia globijlora, Millettia stuhlmanii, 
Ormocarpum kirkii, Sclerocarya birrea, Tamarindus indica, Uvaria acuminata and 
Xeroderris stuhlmannii dominated seedlings and saplings components while A. 
senegalensis, Brachystegia boehmii, H. pubescens, Khaya anthotheca, S. birrea, T. indica 
dominated the adult trees IVI component in CFS.

Species that had large IVI in seedlings and saplings were: A. mauritianum, A. petersiana, 
Afzelia quanzensis, Brachytergia microphylla, Combretum schumannii, Cynometra 
webberi, Erythrina abyssinica, H. pubescens, J. globijlora, O. kirkii, S. birrea, T. indica 
and X. stuhlmannii, while adult trees were dominated by a few species such as A. 
petersiana, A. quanzensis, C. schumannii, J. globijlora, Pterocarpus rotiindifolius, 
Sorindeia madagascariensis and X. stuhlmannii.
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Figure 4- 9: Importance Value Index in ADS

Figure 4- 10: Important Value Index in DGS

4.5. Tree Stand Parameters and Soil Properties

4.5.1. Tree Stand Parameters and Soil Physical Properties

stand parameters (TSP) across the land uses. The Monte Carlo test of significance of all

canonical axes in CFS was F = 2.400, p < .012 for STP and SPP. In ADS, the F- test was

0.529, p = .938. In DGS, the significance of all canonical axes was F = 1.207, p = .242.
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The species- environment correlation between STP and SPP for individual axis had the

average values in the order of 0.435, 0.248 and 0.338 for CFS, ADS and DGS

respectively. (Table 4-11).

4.5.2. Tree Stand Parameters and Soil Chemical Properties

The canonical multivariate data analysis showed a Monte Carlo test of significance of all

canonical axes between the correlation of soluble bases (Ca, Mg, K and Na) and tree

stand parameters (density, height, basal area and volume (TSP)) as F = 2.448, p = .018 in

CFS, F= 0.687, p = .790 in ADS and F = 0.743, p = .808 in DGS. The average species-

environmental correction was 0.338 in CFS, 0.305 in ADS and 0.288 in DGS (Table 6-

for the correlation

between non-soluble elements (carbon, nitrogen and phosphorus-(CNP)) and TSP were F

= 0.816,/? = .572 in CFS, F = 0.687, p = .790 and F = .070,/? = .020 in DGS. The average

of species- environmental correlations was 0.47 in CFS, 0.223 in ADS and 0.392 in DGS

(Table 4-12)
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Table 4-11: Canonical correlation between Soil Physical Properties and Tree Stand Parameters (TSP) 
across Land Uses

3 
0.00 
0.11 
0.42 

14.90 
0.00

4 
000 
0.19 
0.32 

15.00 
0.00

1 
0.01 
0 19 
0.36 
3.70 

58.60

3 
0 

0.08 
0.18 
420 
0 00

4 
0 

0.08 
0.20 
4.30 
0.00

3 
0.00 
0.15 
0.26 
490 
0.00

4 
0.00 
0.15 
0.28 
5.00 
0.00

1 
001 
0.31 
045 
4.30 

61.90

2 
0.00 
0.19 
0.45 

14 60 
83.60

2). The Monte Carlo test of significance of all the canonical axes
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SPP vs. TSP in CFS
1

0.02
0.36
0.55

13.60
70.90

SPP vs TSP in DGS
2 

0.00 
0.21 
0.36 
4.60

75.20

SPP vs. TSP in ADS
2

0.01
0.14
0.25
4.10

74.50

Axes
EV
LG
SEC
CPVS
CPVSER ______________________________________

Where: SPP = Soil physical properties, TSP = Tree Stand Parameters, CFS = Coastal Forest Sites, ADS = 
Agriculture Disturbed sites, EV = Eigen values, LG = Lengths of gradient, SEC = Species-environment 
correlations, CPVS = Cumulative percentage variance of species data, CPVSER = Cumulative percentage 
variance of species-environment relation.



Table 4- 13: Canonical Correlation between CNP and Tree Stand Parameters

4.6. Diversity Indices and Soil Properties

4.6.1. Diversity Indices and Soil Physical Properties

The multivariate diversity indices had a positive correlation with soil physical properties

(SPP). The canonical Monte Carlo tests of significance of all canonical axes in the

correlation between SPP and Shannon index showed that F - 1.103, p < .388 in CFS, F —

0.520, p = .714 in ADS and F = 0.932, p = .444 in DGS. The average species-

environmental correlation between SPP and Shannon index was 0.248 in CFS, 0.085 in

ADS and 0.170 in DGS (Table 4-14).
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4
0.00
0.15
0.28
5.00
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0.00
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4.40
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1
0.01
0.34
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88.00

1

0.01

0.24
0.42
4.00
71.50
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Table 4- 12: Canonical Correlation between Soluble Base and Tree Stand Parameters

Soluble Bases and TSP
in CFS

3
0.00
0.15
0.26
4.90
0.00

Soluble Bases and TSP 
in ADS 

3 
0.00 
0.17 
0.23 
4.40 
0.00

Soluble Bases and TSP 
in DGS
2

0.00
0.07
0.25
4.40
80.40

CNP vs. TSP in CFS
2

0.00
0.10

0.21
4.20
77.50

Axes
EV
LG
SEC

CPVS
CPVSER_________________________________________________________________________

Where: SPP = Soil physical properties, TSP = Tree Stand Parameters, CFS = Coastal Forest Sites, ADS = 
Agriculture Disturbed sites, EV = Eigen values, LG = Lengths of gradient, SEC = Species-environment 
correlations, CPVS = Cumulative percentage variance of species data, CPVSER = Cumulative percentage 
variance of species-environment relation.

CNP vs. TSP in ADS
2

0.00
0.09
0.26
6.60

89.70

CNP vs. TSP in DGS
2

0.00
0.23
0.49
8.90

94.10

Axes
EV
LG
SEC

CPVS
CPVSER_________________________________________

Where: SPP = Soil physical properties, TSP — Tree Stand Parameters, CFS = Coastal Forest Sites, ADS = 
Agriculture Disturbed sites, EV = Eigen values, LG = Lengths of gradient, SEC = Species-environment 
correlations, CPVS = Cumulative percentage variance of species data, CPVSER = Cumulative percentage 
variance of species-environment relation.



Tabic 4-14: Canonical Correlation between Soil Physical Properties and Shannon Index

The canonical correlation between SPP and equitability showed that F = 0.093, p = .978.

The results showed zero correlation between SPP and equitability in ADS and DGS.

Indeed, the species-environment correlation was almost zero in ADS and DGS (Table 4-

15). Interestingly, the canonical correlation between SPP and IVI showed that F = 0.042,

p = .996 in CFS, F = 0.819, p = .620 in ADS and F = 0.633, p = .724 in DGS. The

average of species-environmental correlation between SPP and IVI was 0.015 in CFS,

0.098 in ADS and 0.065 in DGS (Table 4-16).

Table 4- 15: Canonical Correlation between Soil Physical Properties and Equitability
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1
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0 01
0.22

SPP vs. Shannon in CFS
4

0.00
0.09
0.01

4
0.00 
0.10 
0.00 
95.3 

0
____________________ _______________________________________________0.00 
Where: SPP = Soil physical properties, TSP = Tree Stand Parameters, CFS = Coastal Forest Sites, ADS = 
Agriculture Disturbed sites, EV = Eigen values, LG = Lengths of gradient, SEC = Species-environment 
correlations, CPVS = Cumulative percentage variance of species data, CPVSER = Cumulative percentage 
variance of species-environment relation.

SPP vs. Equitability in DGS 

3 
0.00 
0.00 
0.00 
0.00 
0.00

4
0.00
0.00
0.00
0.00

___________________________________________ 0.00
Where: EV = Eigen values, LG = Lengths of gradient, SEC = Species-environment correlations, CPVS = 
Cumulative percentage variance of species data, CPVSER = Cumulative percentage variance of species
environment relation

SPP vs. Equitability in CFS 
1 

0.00 
0.00 
0.01 
0.90 
99.00

SPP vs. Equitability in ADS 
2 

0.00 
0.00 
0.00 
0.00 
0.00

SPP vs. Shannon in DGS
2

0.00
0.05
0.29



4.6.2. Diversity Indices and Soil Chemical Properties
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1
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1
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7.80
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2
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3
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0.00
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0.00

1
0.00
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1
0.00

0.01
0.28
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0.00 
0.05
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7 able 4- 16: Canonical Correlation between Soil Physical Properties and Independent Value Index

SPP vs rVI in CFS
2

0.00
0.00
0.00
0.40
0.00

SPP vs. IVI in DGS
2

0.00
0.01
0.07
3.60

100.00

Soluble Bases vs. Shannon in 
DGS

3
0.00
0.05
0.00

96.40
0.00

Soluble Bases vs. Shannon in 
ADS

3
0.00
0.05
0.00

96.40
0.00

3
0.00
0.16
0.00
87.90

_______0.00___________________________________________________________  
Where: SPP = Soil physical properties, TSP = Tree Stand Parameters, CFS = Coastal Forest Sites, ADS = 
Agriculture Disturbed sites, IVI= Importance Value Index, EV = Eigen values, LG = Lengths of gradient, 
SEC = Species-environment correlations, CPVS = Cumulative percentage variance of species data, 
CPVSER = Cumulative percentage variance of species-environment relation

SPP vs. IVI in ADS
2

0.00
0.00
0.00
7.10

i 0.00

The canonical results showed that there were weak but positive correlation between soil 
chemical properties and diversity indices. The correlation between soluble bases and 
Shannon showed a correlation as in (Table 4-17) across CFS, ADS and DGS land uses. 
The Monte Carlo test of all the canonical axes showed that F = 0.574, p = .680 in CFS, F 
= 0.410, p = .804 in ADS and F = 0.910, p = .480 in DGS. The results showed a weak 
correlation between soluble bases and equitability across the land uses (Table 4-18).The 
canonical test of significance for all canonical axes between soluble bases and 
equitability showed that F = 0.119, p = .968 in CFS while ADS had F = 0.001, p = .001 
in DGS the results showed that F = 0.011, p = .001. There were positive correlation 
between soluble bases and IVI (Table 4-19). In CFS, F = 0.083, p = .986, in ADS, F = 
0.750, p = .664 while in DGS F = 0.374, p = .956.
Table 4- 17: Canonical Correlation between Soluble Bases and Shannon Index 

Soluble Bases vs. Shannon in 
______ _______________ CFS____  

3 
0.00 
0.09 
0.00 

78.90 
_________________________ 0.00___________________________  
Where: SPP = Soil physical properties, TSP = Tree Stand Parameters, CFS = Coastal Forest Sites, ADS = 
Agriculture Disturbed sites, EV = Eigen values, LG = Lengths of gradient, SEC = Species-environment 
correlations, CPVS = Cumulative percentage variance of species data, CPVSER = Cumulative percentage 
variance of species-environment relation.



The canonical correlation was positive between CNP and Shannon index across CFS,

ADS and DGS (Table 4-20). The correlations were shown by F = 0.127, p = .002 in CFS,

F = 0.254, p = .002 in ADS and F = 0.097, p = .002 in DGS. There were almost no

established correlation between CNP and equitability across CFS, ADS and DGS (Table

4-21). The CNP and IVI had some positive correlation as shown in (Table 4-22). The test

of significance of all the canonical axes were F = 4.246, p = .014 in CFS, F = 2.729, p —

.018 in ADS and F= 2.007, p = .060 in DGS.
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1
0.00
0.00
0.06
0.30

2 
0.00 
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0.00 
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0.00 
0.21 
0.00 

59.60 
0.00
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0.00 
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0.00 

84.40 
0.00
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0.00 
0.03 
0.27 
3.20 

76.90

1
0.00
0.00
0.18
3.20

3 
0.00 
0.21 
0.00 

59.60 
0.00

3 
0.00 
0.01 
0.00 

97.60 
0.00

4 
0.00 
0.01 
0.00 

92.20 
0.00

3 
0.00 
0.06 
0.00 

99.50 
0.00

3 
0.00 
0.00 
0.00 
0.00 
0.00

4 
0.00 
0.06 
0.00 

99.10 
0.00

4 
0.00 
0.00 
0.00 
0.00 
0.00

Axes 
EV 
LG 
SEC 
CPVS 
CPVSER

1
0.00
0.03
0.27
3.20

76.90

4 
0.00 
0.15 
0.00 

79.60 
0.00

1
0.00
0.08
0.99

97.40
97.00

1
0.00
0.00
0.00
0.00
0.00

Axes 
EV 
LG 
SEC 
CPVS 
CPVSER 84.70

4 
0.00 
0.01 
0.00

99.10
0.00 99.00

Soluble Bases vs. IVI in 
ADS 
2 

0.00 
0.02 
0.14 
3.70 

98.00

Soluble Bases vs. IVI in 
DGS  
2 

0.00 
0.08 
0.99 

98.60 
98.00

Table 4-19: Canonical Correlation between Soluble Bases and Independent Value Index 

Soluble Bases vs. IVI in 
CFS 
2 

0.00 
0.02 
0.14 
3.70 

98.00

4
0.00
0.15
0.00

79.60
__________________________________________________0.00______________________
Where: SPP = Soil physical properties, TSP = Tree Stand Parameters, CFS = Coastal Forest Sites, ADS = 
Agriculture Disturbed sites, IVI= Importance Value Index, EV = Eigen values, LG = Lengths of gradient, 
SEC = Species-environment correlations, CPVS = Cumulative percentage variance of species data, 
CPVSER = Cumulative percentage variance of species-environment relation.

Soluble Bases vs. 
Equitability in DGS 

2 
0.00 
0.00 
0.00 
0.00 
0.00

Table 4-18; Canonical Correlation between Soluble Bases and Equitability 
Soluble Bases vs. Soluble Bases vs. Equitability 

_____________ Equitability in CFS inADS 
2 

0.00 
0.00 
0.00 
3.20 

________________________________________ 0.00_______________________________ 
Where: SPP = Soil physical properties, TSP = Tree Stand Parameters, CFS = Coastal Forest Sites, ADS = 
Agriculture Disturbed sites, EV = Eigen values, LG = Lengths of gradient, SEC = Species-environment 
correlations, CPVS = Cumulative percentage variance of species data, CPVSER = Cumulative percentage 
variance of species-environment relation.



Tabic 4- 20: Canonical Correlation between CNP and Shannon Index

Table 4- 22: Canonical Correlation between CNP and IVI
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CNP vs. Shannon in DGS
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0.52
14.20
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0.00

99.10
0.00

Table 4- 21: Canonical Correlation between CNP and Equitability
CNP vs. Equitability in 

ADSCNP vs. Equitability in CFS

2

0.00

0.00

0.00

23.50

0.00

CNP vs. Shannon in CFS

2

0.00

0.08

0.99
98.60

90.00

Axes
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LG
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CPVS

CPVSER________________________________________________________________________________
Where: SPP = Soil physical properties, TSP = Tree Stand Parameters, CFS = Coastal Forest Sites, ADS = 
Agriculture Disturbed sites, EV = Eigen values, LG = Lengths of gradient, SEC = Species-environment 
correlations, CPVS = Cumulative percentage variance of species data, CPVSER = Cumulative percentage 
variance of species-environment relation.

Axes

EV

LG

SEC

CPVS

CPVSER____________________________________________________________
Where: SPP = Soil physical properties, TSP = Tree Stand Parameters, CFS = Coastal Forest Sites, ADS — 
Agriculture Disturbed sites, EV = Eigen values, LG = Lengths of gradient, SEC = Species-environment 
correlations, CPVS = Cumulative percentage variance of species data, CPVSER = Cumulative percentage 
variance of species-environment relation.

Axes
EV
LG
SEC
CPVS
CPVSER_________________________________________

Where: SPP = Soil physical properties, TSP = Tree Stand Parameters, CFS = Coastal Forest Sites, ADS = 
Agriculture Disturbed sites, IVI= Importance Value Index, EV = Eigen values, LG = Lengths of gradient, 
SEC = Species-environment correlations, CPVS = Cumulative percentage variance of species data, 
CPVSER = Cumulative percentage variance of species-environment relation.



4.7. Land Cover and Land Use, and ESV Dynamics

4.7.1. The LCLU Area across 2000,2010 and 2016

38%, farmland 13% and 6% shrub land. Wetland, artificial surface and waterbody were
equal to that in 2010 (Table 4-23).
Table 4- 23: Estimated area and change for each LCLU category

Gain/loss in land area

2016-2000LCLU 2016-20102010-2000

Forest

Fann land

Wetland

767358 767358 767358

Where: Values in percentage indicated in brackets

4.7.2. Gain or Loss of LCLU across 2000, 2010 and 2016

Grazing land decreased from 301 707 in 2000 to 296 680 in 2010 and 295 360 in 2016.

80

In 2000, the study area (ha) had 46% forest coverage with 39% grazing land, while 
farmland use was 9%, shrub land covered 4%, wetland 1%, artificial surface by 0.4% and
waterbody by 0.3%. In 2010, forest area was 42%, grazing land was 39% while farmland 
and shrub land covered 13% and 5% respectively. Wetland had 1% while waterbody and 
artificial surface each had 0.3% coverage. In 2016, forest covered 41%, grazing land

There were some changes on the area for each LCLU category (Figure 4-11). Between 
2000 and 2016, farmland expanded more than other land categories at 43%, followed by
shrub land, which increased by 37%, and waterbody and artificial surface increased by 
14%. Between 2000 and 2016, forest decreased by 10%; grazing land and wetland
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Grazing land

Shrub land

Waterbody 

Artificial 
surface 
Total

353041 (46%) 
301707 (39%) 
31538(4%) 
70495 (9%) 
5825 (1%)

2061 (0.3%)

2691 (0.4%)

322637(42%) 

296680 (39%) 

40342(5%) 

96645 (13%) 

5766 (1%) 

2303 (0.3%) 

2986 (0.4%)

316600(41%)

295360(38%)

43288 (6%)

101001 (13%)

5713 (1%)

2340(0.3%)

3056 (0.4%)

-30404 (-9%) 

-5028 (-2%) 

8804 (28%) 

26150 (37%) 

-59 (-1%) 

242(12%) 

295 (11%)

-6037 (-2%) 

-1320 (0.4%) 

2946 (7%) 

4356 (5%) 

-53 (-1%) 

37 (2%) 

70 (2%)

-36441 (-10%)

-6347 (-2%)

11751 (37%)

30506 (43%)

-112 (-2%)

279 (14%)

365 (14%)

Total area coverage (ha) across the study periods

2000 2010 2016

decreased by 2% each. Although forest coverage dominated the study area across all 
years, this land shrank from 353 041 in 2000 to 322 637 in 2010 and then to 316 600 in 
2016. Wetland size decreased from 5 825 in 2000 to 5 766 in 2010 and 5 713 in 2016.



Figure 4- 11: a = Study area: Land cover and land use changes for 2000 (b), 2010 (c) and 2016 (d)
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The highest relative proportions of decrease in the study area largely recorded in forest, 

grazing land and wetland (Table 4-23).

I Inman Activity Disturbances on the Structure and Impacts on the Service Values of 
the Coastal Ecosystems in Tanzania



the Service Values of

4.7.3. Changes of Ecosystem Service Values

Ecosystem service values (USS) varied across LCLU categories. Forest had 69% of the

total ESV in 2000, which declined to 66% in 2010 and 65% in 2016. Grazing land had

the second higher ESV at 19% in 2000 and 20% in both 2010 and 2016. Shrub land ESV

was 5% in 2000 and 7% in both 2010 and 2016. Farmland ESV was 2% in 2000 and 3%

in both 2010 and 2016. Wetland had 3% while waterbody had 1% across sixteen years.

Between 2000 and 2016, the net ESV gains were in farmland, shrub land, and water

body, while the net losses recorded for forest, grazing land and wetlands.

The annual ESV change was highly affected by loss in forest and gains

Farm land

Welland

-2.8x10*5.6xl07 5.3x10’ 5.3x10’ -2.2x10’ -3 7x10*

Where: Value in percentage indicated in brackets
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across 2000, 2010 and 2016 (Table 4-24). There was perfect positive linear correlation 
between area changes and ESV in forest, shrubs, farmland, wetlands and waterbody (p =
1.00). Additionally, only the grazing land had strong positive correlation (p = .768), and 
the correlation was significant at the 0.01 level (Figure 4-12).

Waterbody

Artificial 
surface 
Total

3.9x|0’(69%)

l.lx!0'(19%)

2.8x10’(5%)

1.2x10’(2%)

1.7x10’ (3%)

6.7x10* (1%)

3.5x10’(66%)

1. lx 10" (20%)

3.6xl0’(7%) 

1.6xl0’(3%) 

1.6x10’(3%) 
7.4xl0*(]%)

3.5x10’ (65%)

1.1x10’ (20%)

3.9x10’(7%) 

1.7xj0’(3%) 

1.6x10’(3%) 

7.5xl06(l%)

-3.3x10’(9%)

-1.8x10’(2%)

7.8xl06 (28) 

4.4x10* (37%) 

-1.7xl05(l%)

7.8x10s (12%)

-6.6x10” (2%) 

-4.7xl0’(l%)

2.6x10* (7%) 

7.4x10s (5%) 

-1.5x10s (1%) 

1.2x10s (2%)

-4.0x10’42%)

-2.3x10* (2%)

1 0x10’ (27%) 

5 lxl0*(30%) 

-3.2x10s (2%) 
9.0x10s (12%)

Grazing 
land 

Shrub land

LCLU 
type 

Forest

Table 4- 24: Ecosystem service value (USS) and their changes across 2000, 2010 and 2016
Total ESV across the study periods Gain/loss in ESV across the study periods

2000 2010 2016 2000-2010 2010-2016 2000-2016
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on shrub land and

farmland. The aggregated loss of forest, wetland and grazing land surpassed the gains 
accrued in shrub land, farmland and waterbody. Hence, the overall ESV was negative
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4.7.4. Human to Ecosystem Service Values

4.7.5. Interviewed Population

The study interviewed 490 (20%) at Mbwewe, 540 (22%) at Kwaluhombo, 522 (21%) in

Kwang’andu and 697 (28%) at Mpaji and 231 (9%) at Changalikwa villages. The village
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Figure 4- 12 : Correlation between LCLU and ESV changes: a. forest and ESV, b. grazing land and ESV, 
c. shrub land and ESV, d. farmland and ESV, e. wetland and ESV and f. water body and ESV
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The assigned monetary values of each LCLU category and their total human to ESV 
varied across 2000, 2010 and 2016. The benefits of human welfare from coastal 
ecosystem services values declined across LCLU categories in the sixteen years. The total 
H-ESV ratio declined from 80 in 2000 to 64 in 2010, and then to 46 in 2016 (Table 4- 
25). Of these changes, forest and grazing land highly contributed on the total H-ESV 
decline. This trend illustrates a negative relationship between ESV and population across 
the study years.
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firewood collectors, crop agriculturists, charcoal business people, and livestock keepers

provided the socioeconomic information. One district and one ward agriculture officer,

two district and regional forest officers, one ward executive officer and eight village

leaders were interviewed during the spoken surveys. The findings from these sample sub

categories were generalized as shown in (Figure 4-13).

80.4 63.8 46.0 -42.9-20.6 -28.0

□ Mbwewe e Kwaluhombo n Kwang’andu Mpaji o Changalikwa

n .i,

Onnilj

Figure 4- 13: Interviewed respondents from the representative study sites
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Forest 
Grazing land 
Shrub land 
Farm land
Wetland

Waterbody 
Artificial surface 

Total

42.1
12.6
4.3
2.0
2.0
0.9

2016
30.0
9.1
34
1.5
1.4
07

2016-2010
3^9
-27.8
-22 2
-24 2
-28.2
-26.3

2016-2000
^463

-41.3
-17.7
-14.1
-41.2
-32.0

Percentage gain/loss in H-ESV 
2010-2000 

-24.5 
-18.7 
5.7 
13.3 

-18.2 
-7.6

Table 4- 25: Human -ESV across LCLU categories and years 

LCLU type Human-ESV across the study periods 
2000 2010
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2016. Indeed, during this time, some major socioeconomic activities increased

tremendously. For example, there were a perfect positive correlation between population

0.9846) (Figure 4.14).

15.0

• Bjoe&RYiKB—li3ar(B«M!yasas)• liwstodpzh—

c.

4.7.6. Factors Causing LCLU Change Community Awareness

A major factor contributing to LCLU change was bioenergy (i.e. woods for cooking and

heating), clearing virgin land for development of crop farming. Other activities identified

uncontrolled livestock grazing, and collection of materials for

construction (e.g. timber, poles and ropes). Interestingly, uncontrolled fire and

urbanization ranked at the lowest than other LCLU change factors across all the study

sites (Figure 3-15).
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Population data show an increase along the coastal zone of 23% of between 2000 and

a.
Figure 4- 14: Correlation across
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Main factors for LCLU changes

Figure 4-15: Respondents’ awareness on socioeconomic that cause LCLU change

4.8. Restoration Interventions on the Disturbed Sites

4.8.1. Households Size and Ages Groups for Restoration data

n Household members 18-36 c Household members 37-55 a Household members >55

n rn

Mpaji

Figure 4- 16: Households average age’s distribution

86

II I ;
Crop fanning

n
I

The household size across all the five villages dominated by age between 37-55 years. 
The second dominating age range was between 18-36 years except in Mpaji village. 
Furthermore, age class of above 55 years was at low percentage across the villages except 
in Changalikwa village where it was equal to that of between 18-36 but less than 37-55 
years. Cumulatively, the age between 18-55 years was higher than above 55 years (Figure 

4-16). The results show that productive members actively participate in tree planting and 
caring for the retained trees dominate the population.
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4.8.2. Trees per Households per Residential Duration

Where bracketed values represent the percentage of tree numbers

4.8.3. Activities for Restoration of Disturbed Sites

Respondents showed their participation for restoration of the disturbed and/or degraded

forest sites in several activities. The average participation rate and activities varied across

villages with some activities being highly practiced

allowing natural trees to grow, reforestation and afforestation were higher than other

activities (i.e. 15-38 %). The involvement of participants on activities such as site

averagely low (i.e. 7 - 22%) across the

surveyed villages (Figure 4-17).
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Planting of trees and retaining natural existing species recorded from each households 
and verifies in the field. Planting trees is a practice done at low pace than retaining 
naturally growing trees in the disturbed sites. On one hand, households had the average of 
1-50 (33%) trees planted during the entire residential duration. On the other hand, there 
were higher number of trees retained as presented between 150 and above 200 per 
households in the disturbed or abandoned farmlands. On average, each household had 

higher number of retained trees than planted ones (Table 4-26).

1-50
51-100
101-150
151-200
>200
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Table 4- 26: Quantities of tree per households per residential duration

Number of trees
Planted trees frequency (percentage)

84 (33)

63 (25)

41 (16)

32(13)

35(14)_______

Retained trees frequency 
(percentage)

41 (16)

47(18)

26(10)

71(28)

71 (28)

preparation for trees planting and plantation were

on each village. For example,
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Figure 4-17: Activities which households are involved for restoration of disturbed sites

4.8.4. Strategies for Controlling Forest Disturbances
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Figure 4-18: Strategies for controlling expansion of forest disturbances

88

1 
I

IL L
Changalikwa Kwaluhombo

□Reforestation
d Enrichment planting
■Fire line constniction
■ Establishment of plantation trees

n Afforestation
Natural trees regrowth 

nSite preparation
£
.E

n Incentives compasation

nI I
I

,g! IJ Hl ;■ ||
Changalikwa

$50 
.E 
-40 V)

10

Kwang'andu

Villages

n 
____ 
Mpaji

The major strategies which were identified for controlling further forest disturbances 

were permitting guided harvesting by issuing licenses, providing incentives to forest 

resource users to forgone exploitation of forests resources and limiting utilization of some 

forest areas for any human activities accompanied by reallocating families (excluding) 

people to permit restoration process to naturally or artificially take place. Across the 

study area, the average values for exclusion was 45%, followed by certification at 38% 

and compensation at 16% (Figure 4-18).
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4.8.5. Drivers for Planting and Retaining of Trees o o

n

|i

Figure 4- 19: Drivers for planting and retaining some categories of trees

overall observation is that household income, climatic factors (citing shortage of rains)

and poor enforcement of national and by-laws significantly hinder tree planting in the

significantly affecting restoration. Other factors such as encroachment of human activities

(crop farming and livestock grazing), land ownerships, residence duration and donor

dependence showed a non-significant effects on tree planting (Table 4-27).
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n Timber production
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o Protection of environment
n Food sources

n Soil improvers
□ Fuel wood

study area. Indeed, poor extension services because of lacking enough forest trained staff 

and inadequate supply of seeds and seedlings hinder trees planting options. Large family 

tree planting.

4.8.6. Factors Influencing Tree Planting Practices

Restoration of disturbed forest site by trees planting challenged by many factors. The

significant opportunity to supply labor force in
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size identified as a

Driving factors for planting and or retaining trees dominated by keeping trees to gain 
volumes for timber harvesting, followed by improving soil health, which aligned with 
controlling soil erosion and fuel wood. Across the villages, protection of the environment, 
for food and medicinal values ranked the lowest (Figure 4-19).

Interestingly, across the villages, lack of incentives for restoration not considered as
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Tabic 4- 27: Tree planting and factors affecting tree planting for disturbed sites restoration
Yi(R2=0, 349) 

t 
1 856 
.566 
4 296 
9.455 
1 814 
1.778 
1.115 
.765 
.378 
2.977 
1.325

T 
.260 
.961 
1.105 
3.733 
4.736 
.081 
.850 

3.235 
.389 

4.044

Beta 
.116 
.033 
.261 
.551 
.109 
.107 
.064 
.047 
.020 
.156 
.078

SE 
.251 
.251 
.260 
.235 
.259 
.242 
.243 
.283 
.239 
.196 
.252

Beta 
.018 
061 
.069 
.234 
.307 
.005 
.051 
.215 
.022 
.229

Sign. Level 
.795NS 
.038* 

.001*** 

.001*** 

.001*** 
.935NS 
.396NS 
.001*** 
.698NS 
.008**

Sign. Level 
.045* 

.572NS 
.001*** 
.001*** 
.001*** 
.007*** 
002*** 
.445NS 
.706NS 
.003*** 
.016**
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Independent variables (factors affecting tree planting)
Beta = Regression coefficients

Dependent variable (number of planted trees)
Coefficient of determination (goodness of fit of the model)
Standard error
Student’s t-test
Statistically significant at 0.05 level of significance
Statistically significant at 0.01 level of significance
Statistically significant at 0.001 level of significance
Statistically non-significant at 0.05,0.01 and 0.001 levels of significance

Xi__________________
Extension services
Incentives support
Household income
Climatic factors
Encroachment
Household size
Land ownerships
Residence duration
Donor dependence syndrome 
Law enforcement

Independent variables (factors affecting tree planting)
Beta = Regression coefficients

Dependent variable (number of planted trees)
Coefficient of determination (goodness of fit of the model)
Standard error
Student’s t-test
Statistically significant at 0.05 level of significance
Statistically significant at 0.01 level of significance
Statistically significant at 0.001 level of significance
Statistically non-significant at 0.05,0.01 and 0.001 levels of significance

Table 4- 28: Factors affecting the retention of the naturally growing trees
Y2(R2= 0.262) 

SE 
.118 
.119 
.116 
.111 
.122 
.115 
.111 
.134 
.112 
.093

______________ Xi
Extension Sendees
Incentives support
Household income
Climatic factors
Encroachment
Household size
Land ownerships
Residence duration
Donor dependence syndrome
Law enforcement
Availability of planting materials
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8.9.10. Restoration and Forest Trend in the Coastal Forests
Although efforts are in place to restore the disturbed forests, yet data show that forest 
gain is less than forest loss per unit time. The loss results into negative net loss for

0.306**
0 001 
0.076

0192**
0.002 

0.355**

-0.002
0.969 

0.218**

4.8.9. Correlation Restoration Trees and Influencing Factors

The results in (Table 4-29) show that there were positive correlation between tree 
planting and household income, household size, land ownerships, support from donor’s 
projects, resident duration and availability of planting materials. In regards to retaining 
trees, lack of incentives support, poor climatic factors, encroachment by human activities 
and poor law enforcements reported to have significant impacts.

-0.089

0.155
0.125*

0.282**

0.001
0.040

0.289**

0.001

Human Activity Disturbances on the Structure and Impacts on the Sendee Values of 
_______________________ the Coastal Ecosystems in Tanzania

4.8.7. Factors Influencing the Retention of Trees

Retaining trees in farms and or restoration sites emphasized as an approach to restore 
disturbed sites. Retaining approach affected significantly by encroachment due to the 
expansion of human activities (crop farming and livestock grazing), over-dependence on 
forests to supplement household income, lack of payment systems to compensate for 
restoration and non-use of forest resources. Also, factors like persistent drought, 
residence duration (in the sense that intruders and invaders affect natural systems) and 
lack of vigorous law enforcements significantly affect retaining of trees. Other factors 
like incentives support, household size, land ownerships and donor dependent syndrome 
have non-significant-effects on retaining trees for restoration (Table 4-28).

ES

0.116

0.063
0.059

HHS

0.257**

0.001
0.081

LO

0^086

0.172
0.077

RD

0.085

0.172
0.171

Table 4- 29: Correlation between trees planted and retained, and factors affecting these two interventions
6____________________________________________Factors____________________________

Trees ES IS HHI CF EN
R________________________________________________
PT PC 0.116 -0.089 0.306** 0.192** -0.149*

S 0.063 0.155 0 001 0.002 0.018
RT PC 0.059 0.125* 0.076 0.355** 0.343**

S 0.351 0,046 0.229 0.001 0.001 0-200 0.220 0.530 0.006 0.001
♦Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed)

Where PT = planted trees, RT = retained trees, R = correlation, PC = Pearson correlation, S = Significance, 
ES = extension services, IS = incentives support, HHI = household income, CF = climatic factors, EN = 
encroachment by human activities, HHS = house hold size, LO = Land ownerships, RD = residence 
duration, DDS = donor dependent syndrome, LE = law enforcement PMA = availability of planting 
materials.
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Figure 4- 20: Forest loss (Area x 106) along the coast areas of Tanzania (2001 to 2017)
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Figure 4- 21: Forest gains (Area x 106) along the coastal zone of Tanzania (2001- 2017)
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CHAPTER FIVE: DISCUSSION

5.1.1. Variation of EC across Land Uses

5.1.2. Correlation of EC within and across Land Uses

93

The positive correlation between CE and CEC within and across LU sites is a good 
indicator that EC is used to gauge the health of soils and thus provides information for 
management of different LU (Doolittle and Brevik 2014; Rabenberg and Kniffen 2014). 
The results shows some correlations, which varied across the LU sites as supported by 
(Bahrami et al. 2010). The trend of EC in CFS > DGS > ADS implies that degraded sites

5.1. Comparisons of Soil Physical Properties across Disturbed 
and Non-disturbed

Human Activity Disturbances on the Structure and Impacts on the Service Values of 
the Coastal Ecosystems in Tanzania

A higher quantity of EC observed in CFS followed by DGS and then ADS. Closed forest 
sites had higher CE but contained less amount of CEC as in DGS. This kind of variation 
can be used to support that intact soil patches (the control) are fertile agreeing (Sudduth et 
al. 2003; De Caires et al. 2014). Electrical conductivity in CFS was higher than that in 
other LU indicating that CFS contain higher amount of organic matter from vegetation 
residuals compared to other LU (Rysan and Safec 2008). The status of EC and CEC in 
ADS and DGS showed variations. These variations are significant to draw a conclusion 
that crop-agriculture largely contributes to disturb soil properties than livestock grazing 
as supported by Kane (2015).
It is possible that soluble bases depleted in cultivated land than intact and grazed sites. 
Cultivation of lands for crop production disturbs organic matter content and water 
holding capacity of the soil because the process involves removal of vegetation cover 
thus exposing soils into evaporation than livestock grazing. The electrical conductivity of 
dry soils is much lower than that of moist soil as in the CFS lands use (Rysan and Sarec 
2008). This variation is a good indicator for optimizing forest management choices if 
focusing on restoring soluble bases. In this view, priorities should be to restore forest 
sites disturbed by crop-cultivation followed by grazed area while protecting the CFS.



5.1.3. Electrical Conductivity and Soil Texture

The results show that EC increases as clays and silt percentage increase except in the sites 
dominated by sandy soils in CFS and ADS. These observations are also supported by 
other scholars Paillet et al. (2010); Doolittle and Brevik (2014). Across all the LU, there 
was a positive correlation between EC and clays followed by silts dominated sites 
agreeing with Sudduth et al. (2003). Sites with a relatively large quantity of clay sized 
minerals had large EC because water acts as colloidal particles, displacing a surface 
charge, and this charge is influenced by the mineralogy of the particles as well as the 
acidity and electrolyte composition of the water as supported by Makineci et al. (2015). 
The variation of EC and ST across LU sites indicates that although livestock grazing is 
pointed out, as among the activities contributing to disturb forest soils, the impacts of this 
activity in sand soils is not equated to those of sand soils in crop-agriculture sites.
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of coastal forests have low amount of soluble salts when compared to intact forest 
patches. A weak positive correlation observed between EC in ADS and DGS, indicating 

that the amount of EC across LU declines from CFS towards ADS. The correlation trend 
in ADS and DGS means that crop-agriculture affect soil properties such as salts than 

livestock grazing in the coastal forests.
Low amount of soluble bases in agriculture sites is supported by the fact that for more 

than fifty years farming activities took place in these sites without the addition of 

fertilizers (Silayo et al. 2006). There is low levels of EC in ADS and DGS as related to 
poor salts accumulation in ADS and DGS because in these land there had been vegetation 

destruction, which affects the complex integration of the primary natural resources: soil, 
water and vegetation (Islam and Weil 2000).
The impacts of human activities in soils of tropical forests is supported by that these 
forests have low ability to buffer especially when affected by human activities mainly 
agricultural practices (Islam and Weil 2000). Another reason for low EC in ADS and 

DGS is associated with low water content in these sites. Crop-agriculture and livestock 
grazing leave the land bare in some seasons of the year, exposing it to evaporation and 

drying (Rysan and Safec 2008). Therefore, agriculture stands a major contributor to affect 
CE and CEC across LU sites.



95

5.1.4. Electrical Conductivity and Elevation

Although not significant, the results in this study showed that there was a negative 

correlation between elevation and EC across all the sites. These findings suggest that 
there are some variations of salts accumulation along the coastal forest ecological 
gradient. High elevations above 417 masl had low salts than the lower bottoms similarly 
to Charan et al. (2013). This condition suggests that regardless of the nature of the LU, 
different sites at lower bottoms have accumulated higher amount of salt ions (Ca2+, 
Mg2+ K+ and Na+ than the higher elevations in the order of CFS > DGS > ADS. The 
main reason to support this trend is that soluble salts are washed down the lower bottoms 

across the LU contrary with Makineci et al. (2015).
The main factor for EC variation against elevation is that higher elevations disturbed by 
crop production and livestock grazing pressure are exposed to excessive evaporation and 
drying. Excessive evaporation lowers the EC across all the LU sites at high elevations. 
With this trend, foresters and ecologists should be aware that management of forest 
ecosystems must address a full range of differences in soil properties across LU, ST and 
elevations because there is positive correlation between EC, CEC and ST in this study 
like in many other ecological gradients as documented in Charan et al. (2013).

Human Activity Disturbances on the Structure and Impacts on the Service Values of 
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One of the reasons is that grazed sites contain some kinds of vegetation left by browsers 
and grazers. These remnant vegetation help to conserve moisture to contribute in 

maintaining some quantities of soluble bases agreeing with Sudduth et al. (2003). This 
observation is generally contradicting with other scholars as soils containing high amount 
of clay have numerous, small water-filled pores that are quite continuous and usually 
conduct electricity better than sandier soils.

The main reasons for this contradiction are not documented and were not tested in this 
study, therefore this contradiction suggest that there might be intrinsic factors, which 
were not discovered in this study. However, in this work, an agreement just drawn from 
Sudduth et al. (2003), that EC is a good way to estimate soil texture of the surface layers.
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5.1.5. Bulk Density Variation across Land Uses

The Bd in CFS was lower than that in ADS and DGS as also reported in Bahrami et al. 

(2010). These variations support that forest sites have high organic matter, compared to 
ADS and DGS. The variation between LU and Bd across the LU sites is associated with 

the collapse of soil aggregates and the clogging of voids and production of dusts in ADS 
and DGS (Certini 2005). It is noticeable that long term cultivation and livestock grazing 
in these areas have contributed to destroy soil organic matter and weakening the natural 

stability of soil aggregates hence making them susceptible to damage caused by water 

and wind (USDA 2008). Across LU sites, the Bd decreased against elevation, the trend 
that indicates that human activities taking place in the elevation above 417 masl affect 
more soil organic matter than in the lower bottoms.

A weak correlation between Bd and elevation in ADS showed that crop-agricultural 

activities increase the Bd, but the impacts of this activity is not significant because in this 
study, sand decreased with the increase in altitude in ADS hence lowering Bd at high 
elevations agreeing the results of Charan et al. (2013).

Indeed, the study found that at the higher elevation there is much compaction of soil 
because of livestock grazing pressure, occurring infrequently in the lower bottoms, 
dominated with crops cover in some seasons of the year. Since Bd is affected by soil 
structure and texture, organic matter, and climatic condition (temperature and rainfall) 
(USDA 2008), it is suggested that another study be conducted to determine how spatial 
and temporal variation of forests disturbances affect soil properties along the ecological 
gradient, and across different LU in tropical coastal forest of Tanzania beyond the scope 
of this study.

The difference in electrical conductivity, soil texture and bulk density across the land 
uses indicates that crop-agriculture and livestock grazing affect soil physical properties. 
The correlations across electrical conductivity, soil texture, cation exchange capacity and 
elevation established in this study can be used to indicate the status of soil fertility under 
different land uses in tropical coastal forest ecosystems. These variations suggest that in 
order to restore the disturbed sites, there must be plans to exclude crop-agriculture and 
livestock grazing. However, in a situation where crop-agriculture and livestock grazing 
are unavoidable for example because of the long terms existing dependence of local 
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5.2.1. Variation of Total Nitrogen across Land Uses

Forests subjected to crop-agriculture and livestock grazing have different TN status. 
Closed forest sites contain a higher amount of TN than that found in ADS or DGS. It is 
explained that both crop-agriculture and livestock grazing contribute to making the soil
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5.2. Carbon, Nitrogen and Phosphorus across Intact Uses

This discussion presented the findings while considering that the study had some 
challenges from lack of baseline data on TN, TC and P status along the coastal zone of 
Tanzania. Hence, the discussion mainly focuses on the existing differences of soil 
nutrients and identifying the possible causes of variation under the hypothesis that 
disturbance type and associated cumulative severity affect the distribution and structure 
of forest vegetation. Disturbances in vegetation in turn affects inputs in soils subjected to 
disturbances (Amato et al. 2011). To establish the variation, this study used CFS as a 
control for comparison. These control sites were selected from maps and from the 
historical background of the experiences of the local people, which these sites have kept 
intact compared to those subjected into crop agriculture and livestock grazing. Indeed, the 
findings suggest that disturbances cause impacts on above ground and underground forest 
ecosystems hence causing differences in nutrients across different land uses (FAO 2009; 
URT2015).
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peoples’ livelihoods with nature (as in this study local communities have been depending 
on this forest a period of more than 50 years), the best option could be integrating these 
activities in management plans.
In such management plans, there must be application of measures to decrease soil 
disturbance and increasing soil organic matter by practices such as introduction of cover 
crops, crop residues incorporations and reduced tillage. Indeed, livestock keepers must 
adopt grazing systems that minimize livestock traffic and adhere to recommended 
minimum grazing pressure to reduce and or prevent soil disturbances. For these measures 
to be practical and successful there must be a further investigation and settings that gives 
limits of crop-agriculture and livestock grazing activities within the carrying capacity of 
coastal tropical forests



5.2.2. Variation of Total Carbon across Land Uses

Grazing within coastal forest ecosystems randomly done and so the current grazing 
system does not provide the redistribution of carbon and rapid increase in soil TC also 
reported by Kane (2015). The low amount of TC in ADS and DGS proves that most 
degraded and depleted soils of agro-ecosystems contain lower soil organic carbon pool
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susceptible to erosion and other processes which results into loss of nutrients. In this 

study, DGS had the lowest amount of TN across all the three LU. The low content of TN 

in DGS concurs with Golhiscio et al. (2009); Xing et al. (2014) and Zhong et al. (2014).

The findings suggest that grazing disturbance reduces nitrogen mineralization, a process 
occurring in most of these lands when there is low moisture content following bare land 

exposure to solar radiation. These findings agree with other researches that low TN 

content in DGS is because livestock grazing decreases the input of organic matter and 
expose litter to photo-degradation (He et al. 2011; Salazar et al. 2000; Qu et al. 2016). 
Photo-degradation cause excessive loss of N from grazed land (Golluscio et al. 2009). 

However, the low content of TN in DGS is contrary to findings by Britton, Pearce, and 

Jones (2005); Bai et al. (2012). This controversial is that, it was expected DGS to contain 

higher amount of TN because of inputs from livestock excreta mainly urine as 
documented in Hoogendoom et al. (2010).

From the results, it seems that the small amount of N inputs from excreta does not make 
up for the amount lost because of disturbed biomass. Low return of N from grazing 
animals explained in part by the fact that that livestock grazing in these forest sites is 
mainly a free-range system, under which animals are randomly grazed and therefore there 
is no guarantee of the return of nutrients from excreta in a particular piece of grazed land. 
The relatively low amount of TN in DGS as compared to that in ADS explained by the 
fact that while excessively grazed sites are left bare, cultivated farms have the advantage 
of harboring plant species in some seasons (crops and weeds) that check soil erosion and 
photo-degradation. In addition, there is partial recycling of nutrients from crop residues 
and weed decomposition on crop lands. Therefore, it is reasonable for DGS to contain 

relatively low amount of TN as compared to ADS and CFS (Zhong et al. 2014).



5.2.3. Variation of Phosphorus across Land Uses

Available phosphorus is among the important nutrients in any ecosystem as it plays roles 
in driving cellular energy cycles and building the molecules of DNA and RNA in plants 
(Buendia, KJeidon, and Porporato 2010). The difference for P across CFS, ADS and DGS 
imply that ecosystem disturbances cause positive or negative impacts on the availability 
of this nutrient (Block, Knoepp, and Fraterrigo 2012). The results showed low content of 
P in ADS and DGS, which is explained by the fact that conversion of forest land into
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than those under natural ecosystems, as is supported in Lal (2012). The low amount of 

TC in ADS as compared to that in any of the other LU practices indicates that farming 

activities are responsible for soil carbon reduction as supported in Syswerda et al. (2011); 
Kane (2015). In this view, farming accelerates soil heterotrophic activity and typically 
leads to between 50% to 70% carbon loss (Syswerda et al. 2011; Kane 2015). Indeed it is 
possible that low amount of carbon in ADS and DGS is limited by nutrients, 
predominantly nitrogen and phosphorus in addition to other environmental constraints 
(Wang et al. 2010).

Carbon depletion in the degraded coastal forest as represented by the Uzigua ecosystem 
contributed by clearing and burning vegetation for farm preparation. It reported that 

farming in this way has been a common practice for over 50 years since independence in 
1960s. During all these years, crop production is characterized by conversion of forest 
into agricultural land without addition of mineral fertilizer or manure, so that the natural 
nutrients pool is depleted (Lal 2012). Although DGS showed a high amount of TC, yet it 
is below that found in CFS. This implies that grazing practices accelerated forest cover 
loss and hence affect the carbon sinks above and below ground (Syswerda et al. 2011).

The effect of livestock grazing in soil TC storage shows that herbivores may facilitate or 
depress TC deposition rates as compared to crop-agriculture and closed forests (He et al. 
2011). The impacts of livestock grazing in TC show that there is a direct relationship 

between animal grazing activities above the ground and underground ecosystems as 
supported by Wardle et al. (2012). This relationship is explained by the difference in 
values of TC between CFS and DGS as supported by Golluscio et al. (2009); Britton, 

Pearce, and Jones (2005); Bai et al. (2012).
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ADS and DGS reduces the amount of P because of the exposure of bare land to processes 

of soil runoff, erosion and percolation (Buendia, Kleidon, and Porporato 2010). However, 

Groppo et al. (2015); Schmitz et al. (2010) and Wardle et al. (2012) challenge the 

establishment of P decline in the livestock disturbed sites. This literature shows that 
livestock grazing supplements P by excretion and egestion processes contrary to the 

results in this work. Therefore, these findings suggest that forest disturbances affect 

above ground biomass and hence lower the amount of P in soils supporting the findings 

of Bai etal. (2012).

5.2.4. Carbon-Nitrogen Ratio across Land Uses

Carbon-nitrogen ratio, as an important factor for determination of the capability of soil 

and storage of carbon varied from CFS to ADS and DGS in the studies of UFR like in a 
study by Swangjang (2015). The variation in CN ratio is important in forest ecosystem 

health because carbon plays an important role in the energy content (carbohydrate) of 
plant species and production of CO2 in soil ecosystem and nitrogen is essential for plant 

growth (Pausch and Kuzyakov 2012). This ratio plays a significant role in regulating soil 
organic matter mineralization (Swangjang 2015). Therefore, this ratio has implications in 
soil fertility.

The findings showed that soil CN ratio in the coastal forest decreased in the order CFS > 
ADS > DGS, possibly reflecting a higher degree of breakdown of humus stored in ADS 
and DGS as compared to CFS (Yang et al. 2010). However, these results contradict the 
trend in the CN ratio discovered by Zhang et al. 2016). The results portray that as 
breakdown of organic matter proceeds, those easily decomposed materials disappear and 
nitrogen immobilized in microbial biomass and decay products supporting (Yang et al. 
2010). The process of breakdown and immobilization leaving behind more recalcitrant 
material characterized by slower decomposition rate because only fungi can break these 
materials (Zhang et al. 2016). These processes lowers the CN ratio in ADS and DGS than 
in CFS. The low CN ratio influences TN dynamics as it causes faster decomposition of 
organic matter and mineralization of nitrogen by microorganisms (Groppo et al. 2015). 
From these findings, the study states that the impacts of converting land from native 
forests to ADS and DGS have contributed to the degradation of microbial activities and
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5.2.5. The Variation of TN, TC and P across Land Uses
The differences in soil TN, TC and P across CFS, ADS and P as presented in this study 

generally indicate that activities such as crop-agriculture and livestock grazing contribute 
to different alteration of nutrients depending on the differences in LU. The lower amount 
of TN and TC found in ADS and DGS as compared to CFS agrees with the findings in 
Groppo et al. (2015). However, the trend of P was contrary to Groppo et al. (2015). In 
this study, these three nutrients declined from CFS to ADS and DGS. From this trend, it 
is evident that human activities have a major contribution to variation in nutrient pools in 
forest ecosystems supporting the findings by Bai et al. (2012). Agriculture and livestock 
grazing activities affect the health status of soils by altering vegetation cover and the 

physical properties of soil (Eff, Eynolds, and Elnap 2005).
Lower content of the three nutrients in ADS and DGS across the study sites is the 
indicator that disturbed soils contained little organic matter because of inadequate 
vegetation life in the past years, which lead to a lack of humus and therefore low nutrient 
content (Abdu et al. 2010; Aubault et al. 2015). The differences in nutrients status 
between ADS and DGS show that, although all disturbances cause impacts in soil 
properties, there are some degrees of variation between the category of disturbances and 
any particular nutrient. For example, across all the nutrient states, DGS has the least 
amount of any of the nutrients except TC, which was higher than that in ADS. The 
differences in nutrients status across used to explain that any conversion of natural forest 
lands to artificial LU results into loss of nutrients such as TN and TC (Zhang et al. 2016).

5.2.6. Correlation of TN, TC and P across Land Uses

It was found a positive correlation between soil TN and TC in this study. Such correlation 
was significant especially in CAS and DGS than in other land uses. This relationship 
shows that TN variation goes hand in hand with TC spatially and quantitatively as 
supported by Groppo et al. (2015). These findings suggest that there are some degrees of 
TN decline in the same direction of TC in disturbed forest sites. These observations agree
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thus forest disturbance considered to degrade the rate of organic matter, which is the main 
source of nutriments in soils (Zhang et al. 2016).
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the existing documentations that loss of vegetation because of human activities such 
agriculture and livestock grazing affect bulk density, hence decomposition organic matter 
and mineralization of soils nutrients (Golluscio et al. 2009; Syswerda et al. 2011; Bai et 
al. 2012).
Such impacts contributed to the nature of variation correlation, which were obtained in 
ADS and DGS in this study. The study observed weak positive correlation between TN 
and TC in CFS, TN and P in CFS, TN and P in ADS, TN and P in DGS and, TC and P in 
DGS. These kinds of relationships show that variations existing between these elements 
in these land uses are partially independent. Weak to negative correlation between either 
TN and P or TC in CFS and ADS shows that TN or TC do not increase or decrease to the 
same direction in agreement with Bai et al. (2012). However, the weak correlation in 
variables is contrary with Block, Knoepp, and Fraterrigo (2012). This controversy could 
emanate from different ecological systems with differing climatic conditions such as 
temperatures and rainfall, which could affect TN, TC and P mineralization differently 
(Block, Knoepp, and Fraterrigo 2012).
In this work it is clearly established that the variation of nutrients across land uses 
provide useful information that clearing vegetation for various human activities 
contributes to physical losses of organic compounds from leaching and other processes 
that may alter the nutrient content of litter and returns to the soil and plants uptakes 
(Anzoni, Rofymow and Ackson 2010). The assumption that loss of vegetation above the 
ground influences soil fertility status supported by studies in Xuluc-Tolosaa, et al. (2003) 
as leaf litter aboveground is the main input of nutrients to the soil. Indeed, the amount of 
plant available nutrients affect natural and managed ecosystems largely (Anzoni et al. 
2010). Therefore, processes that disturbs vegetation can also have a significant effect on 
nutrient cycles and nutrient limitation (Wang, Law and Pak 2010).
The variation of soil nutrients (TN, TC and P) content between closed forests sites 
compared to agriculture and livestock disturbed sites of Uzigua Forest Reserve are 
significant Although these differences not directly defined as caused by forest 
disturbance, the findings used to establish relationships between the nutrient status of 
coastal forests and that of forest sites subjected to different forms of LU.



5.3. Soluble Bases across Disturbed and Intact Forests Sites

5.3.1. Variations of Soluble Bases across Land Uses
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The variation shows that disturbances affect soluble bases differently across land uses. 
The significant differences of Ca and Mg in CFS and, DGS and ADS is a good indicator

The tested hypotheses in this study show that there is significant variation of soluble 
bases, cation exchanges capacity and base saturation across forests sites subjected into 

different management practices. This variation supports the findings by other researchers 
that spatial nutrients variations contributed by land use management (Xia et al. 2015). 
From these findings, the researcher establish that those soluble bases vary because of 

different land uses and management supporting the findings by Yeshaneh (2015).
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The established nutrient status partly suggests the interdependence of above and 

belowground component of forests. Crop-agriculture and livestock grazing affect 

aboveground biomass, which in turn affect the underground storage of nutrients. The 

study suggests that the restoration of aboveground (vegetation) and belowground (soil) 
forest ecosystems requires a holistic approach that requires sufficient knowledge about 
the interplay of these two components for sustainable forest management.

If crop-agriculture and livestock grazing are to be integral part of coastal forest 
management, it is suggested to carry further studies to devise crop-agriculture systems 

and grazing stocking rates that will sustain coastal forests. These activities should take 
place within limits, for example to take advantage of nutrient cycling between grazed 
animals, crop residues and forest ecosystems.

Across the study sites, agriculture and grazed disturbed sites have lost soluble bases, the 
conditions, which is associated with loss of vegetation (Lehmann et al. 2003). The effect 
of land use and management systems on soil fertility and chemical properties presented in 
this study is in agreement with some observations made by Pal et al. (2013) and Xia et al. 
(2015). The evidence that intact soil sites harbor higher bases than disturbed sites has 
been clearly observed in Ca, Mg and CEC where by these bases and CEC were high in 

CFS than in ADS and DGS unlike the K, Na and BS.
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The wooden locked nutrients released into soils and animals where they are temporarily 
stored before getting lost (Moreira and Fageria 2009). Therefore, crop-agriculture and 
grazing disturb vegetation and litter hence soil nutrients in the tropics agreeing the results 
in Xia et al. (2015). Higher quantity of soluble bases in intact sites is a good indicator that 
undisturbed sites maintain nutrients circulation than the disturbed sites agreeing the 
findings of Quesada et al. (2012).
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of impacts of disturbances on these two major soluble bases in the tropical coastal forests. 

The interpretation is that Ca and Mg highly get lost in disturbed than in the intact sites 

(Moreira and Fageria 2009).

Low amount of Ca and Mg in ADS than in DGS shows that converting land into farms 

and grazing use makes soil vulnerable to soil erosion and leaching and uptakes by crops 

(Vourlitis and Lobo, 2015; Johnson et al. 2008; Page and Mitchell 2008). Low amount of 

Ca and Mg in ADS and DGS partially shows that human activities in these land uses 

disturb nutrients through conversion of forests into other land uses. (Heineman et al. 

2016) support low quantities of soluble bases in disturbed soils. Low quantity of soluble 
bases in disturbed sites indicate that cropped and grazed sites have lost nutrients. The loss 

is contributed by vegetation loss, whereby loss of vegetation have influenced soil 

chemical properties by influencing the distribution and concentrations of soluble bases 
unlike in the intact forest sites where trees and other vegetation contribute to increase 

exchangeable bases in the soils (Hobbie et al. 2005; Pal et al. 2013).

The study establish that low base elements in disturbed sites is partially explained by loss 
of vegetation or the removal of soil elements from the soil by crop harvests or livestock 
grazing and leaching (Page and Mitchell 2008). A combination of these three factors (i.e. 

clearing vegetation, crop harvests and grazing) affects the status of nutrients in the coastal 
forests; in turn, these factors affect forests ecosystems because of the interdependence 
between above and below ground forests ecosystem components. For example, variations 
of Ca, Mg, K and Na between CFS and the disturbed sites indicate that conversion of 
forests in other land uses results into release of nutrients locked in vegetation mainly in 
the form of woody (Heineman et al. 2016).



5.3.2. Correlation of Soluble Bases across Land Uses
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These environmental factors when combined with crop-agriculture and livestock grazing 

pressure affect more K and Na in the tropics than other soluble bases (Yawson et al. 
2011). Human activities accelerate the loss of K in the tropics, in turn low K affects 

carbohydrate and protein formation in forests trees. In this view, human activities cause K 

deficiency in forest ecosystems partly threatening the productivity of these forests 

(Gairola et al. 2012; Blanchet et al. 2017).

The interplays of nutrients because of disturbances is used to indicate that certain 
activities accelerated loss of some nutrients. For example, the negative correlation of Ca 
and Mg in ADS than in any other land uses used to show that there are more declines in 
Mg than Ca in the disturbed forests sites supporting the findings in (Johnson et al. 2008). 
The main reason for high loss of Mg than Ca is that, the former base is vulnerable to 
leaching than the latter in disturbed sites (Sim et al. 2013). Because crop-agriculture and 
livestock grazing contribute to disturb forests sites by affecting vegetation and 
accelerating soil erosion and leaching, established that crop agriculture and livestock 
grazing contribute to loss of Mg than Ca through leaching (Hobbie et al. 2005; Kabrick 
and Goyne 2011). The positive and negative correlation findings on soluble bases in the 
intact forests and disturbed sites reported in (Kizza et al. 2013). Therefore, there is no

Calcium had higher correlation with almost all other soluble especially in CFS. This 

correlation indicates that intact forest sites have the capacity to retain nutrients than 
disturbed sites in agreement with Moreira and Fageria (2009). Soluble bases such as Ca 

and Mg showed a positive and strong correlation across all the land uses except in ADS. 
The negatively correlation of Ca and Mg in ADS is in line with (Kabrick and Goyne, 
2011).
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Indeed, the variation across soluble bases in response to disturbances shows that nutrients 

loss is not uniform throughout all soluble bases. For example, across the study, sites K 

and Na were low in all land uses compared to Ca and Mg. Low K and Na is the condition 

reported in the tropical forests because of the origin of the soils, high rainfall and high 
temperatures effects (Yawson et al. 2011).



5.3.4. Soluble Bases, CEC and BS vs. Elevation Levels

5.3.5. Soluble Bases CEC, BS and UFR Sustainability

Although this study lacked baseline quantities of soluble bases, CEC and BS to make a 
comparison of whether the variation and quantities are sufficient or not to sustain UFR, 
still the current variation used to establish soluble bases and coastal forest. The available 
data on Ca and Mg, CEC and BS are useful in predicating sustainability of coastal forests 
relationships because these factors largely control forest ecosystems by affecting the 

distribution of plants in forests (Kabrick and Goyne 2011). Higher amount of Ca and Mg 
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Although DGS had less variation of nutrients across the elevation, it is established that 
low nutrients availability at high elevation (350 to 600 m) contributed to limit vegetation 
growth, which upon grazing pressure; it results into loss of soil nutrients more than the 
lower bottoms. This limited supply of nutrients in-tum promotes nutrients insufficiency 

for wood production and thus livestock grazing continues to be among the factors 
affecting soluble bases in the study area like in other tropical forests (Vourlitis and Lobo 
2015; Yeshaneh 2015).
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uniformity in nutrients trends and dynamics other than variation across forests sites when 

exposed to different land use.

The findings in this study show that base elements varied with elevation. There was 

significant variation for Mg in ADS, Ca, in ADS, CEC in ADS, and Na in CFS and BS in 

DGS. These variations show that Mg and Ca were low at high elevation (350 to 600m) 

across the study area meaning that the agricultural activities carried out at high elevations 
pose some potential risk for soluble bases depletion (Kabrick and Goyne 2011). There 

were more less variations of nutrients in CFS against elevation. A trend that can be 

associated with less leaching on nutrients in the CFS across different elevations. The 

variation of nutrients in DGS against elevation compared to other land uses was not 
significant. This little variation partially explained by that, grazed land contains some 

vegetation especially woods, which contribute to recycle soil nutrients, and partially 
returning these nutrients through animal feces (Lehmann et al. 2003; Khan et al. 2006; 
Heineman et al. 2016).



Improvements in forest ecosystems should not necessarily need addition of base 
elements, rather than avoiding further disturbances, protecting the intact sites and 
restoring disturbed sites by taking the advantage of natural forest capacities to recycle 
nutrients. It is suggested for further studies to identify soils, correlation of soil elements 
in the tropics in different land uses to establish a trend of nutrients at risk because of 
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(for example) in CFS is a good indication that the uptake and recycling of these nutrients 

by trees and other vegetation is not in excess than the amount lost by leaching in 

disturbed soils (Kabrick and Goyne 2011). High amount of Ca and Mg in CFS is a good 

indicator that CFS health is promising because these two soluble bases are important in 

natural sustainability of forest ecosystems. In order that coastal forests maintain the forest 
capacity to retain nutrients, protection of forests and leaving trees regenerations must be 
in place.

It is important to protect vegetation in intact forests sites and restore disturbed sites to 

rejuvenate the lost nutrients and prevent further degradation of forests ecosystems. 
Protection and restoration must aim in improving the amount of soluble because these 

bases largely govern soil acidity and, consequently, plant species composition (Kabrick 
and Goyne 2011). Improvement on the composition of species in turn affects forest soils 
nutrients (Kabrick and Goyne 2011). These efforts will contribute into providing the 
function of runoff, soil and nutrient loss reduction and improve circulation of nutrients in 
coastal tropical forest (Kizza et al. 2013). A limitation in this study was that the interplays 

of nutrients variation on each not explored. Therefore, an understanding of how and 
reasons certain patterns of nutrients correlations opens another area for further research.

This study came up with a significant spatial chemical attributes variation of calcium, 
magnesium potassium as well as sodium, cation exchange capacity and base saturation 
across closed forest, crop agriculture and livestock grazing disturbances. These elements 
were significantly different among sites. From chemical variations of soluble bases as 
representative of soil chemical properties, it shows that disturbed forest sites have low 

nutrients than intact sites. These variations indicate that soils in the disturbed sites at high 
elevation ranging between 350 to 600m conserved for essential nutrients to maximize 
forest vegetation growth and development along the ecological gradient.



5.4. Structure of Natural Forests in the Coastal Areas of

Tanzania

The average number of trees recorded in this study was below that measured by Mligo 
(2015b). This difference is possible because many of the existing studies did not consider 
tree stand parameters and diversity values particularly from ADS and DGS seedlings and 

saplings. The variation plant density recorded in this study area shows that forests 
subjected to different disturbances regenerate differently as supported by Wekesa (2016). 
A larger number of seedlings and saplings in ADS than in CFS shows that disturbances 
have some beneficial effects, though in small spatial scales (Duah-gyamfi et al. 2014). 

Hessenmoller et al. (2013); Kalaba et al. (2013); Wekesa et al. (2016) and Lu et al. (2017) 
also support the beneficial effects of disturbances.
Also, it is possible to suggest that habitats modified by fanning promote regeneration, 
and are measurable after some years of human activities exclusion (Kijazi et al. 2014; 
Navroodi 2015). The beneficial effects of disturbances observed in this study are contrary 

to other findings (Carnevale and Montagnini 2002; Hooper 2002; Kijazi et al. 2014). The 
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human activities mainly crop-agriculture and livestock grazing. Studies on forest nutrient 

mapping need continuous surveys to contribute into exploration of the above and below 

ground forest ecosystem nutrients pools and suggest possible remedies for sustainable 

coastal forests across different regions and landscapes in Tanzania.

5.4.1. Species Density across Land Uses
Like many other forests in the tropics, coastal forests are among the richest ecosystems in 

plant species (Devi and Yadava 2006). From the findings, there were significant 

differences in numbers and species composition across LU sites. These results confirmed 

the hypothesis that there are significant variations in stand parameters and diversity 

indices of regenerating trees between CFS and disturbed sites (ADS and DGS) at 5% 

level of significance. The variation of trees stand parameters and diversity indices across 

the plots indicates that tropical forests have a different natural ability to regenerate after 
disturbances and the exclusion of human activities (Sundarapandian and Swamy 2013).
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dissimilarities in regeneration responses partially explained by the fact that different 

ecosystems respond differently to disturbances. Indeed, the recorded high population 

density of seedlings and saplings in ADS provides potential stock for future adult trees in 

these sites (Sundarapandian and Swamy 2013). Nevertheless, it is important to consider 

that not all regenerating trees will reach adult stages because they affected by multiple 
stresses (e.g. pest pressure, light, water and nutrient limitation).

In many cases, these stresses cause the gradual disappearance of some species in the 

process of growth and development (Majumdar and Datta 2014; Comita 2014; Amlin et 
al. 2014). The variations in this study across LU sites show that impacts of stresses in 

regeneration are neither equal, nor at the same rate (Golluscio et al. 2009; Cierjacks et al. 
2008).

Livestock grazing sites had poorer seedlings and saplings density in comparison to ADS. 
This is explained by the fact that livestock grazing does not provide conducive microsites 

for regeneration. Poor regeneration in DGS is caused by livestock (e.g. cattle) compacting 

the soil, and consuming and trampling the regenerating trees (Cieijacks et al. 2008; 

Navroodi 2015). Livestock grazing sites incorporate seeds into deeper depths, which 
possibly hinders some seeds from germinating. On the other hand, cultivated sites allow 
the soil loosened and minimize the removal of seeds. Low seedling and sapling density in 

CFS indicates these sites have shifted from pioneer to non-pioneer communities (Duah- 

gyamfi et al. 2014).
The structure of forests in ADS and DGS are still under the former stage of succession, 
with the danger of losing many species because of further disturbance stresses (Comita 
2014). Farming activities in ADS created microsites, which resulted in the rapid growth 
of seedlings. Thus, there was a more rapid recruitment and fast growth of pioneers in 
these sites than in DGS and CFS (Duah-gyamfi et al. 2014). Eludoyin (2016) supports 

high tree population density in ADS and DGS. It shows that seedlings and saplings 
contribute in larger proportions in many tropical forests than adult trees (Eludoyin 2016). 
However, there were some adult trees in ADS and DGS, which survived as remnants.
The main trees in these sites were Afzelia quanzensis, Brachystergia spiciformis, 
Cynometra webberi, and Pterocarpus angolensis. Interestingly, these trees passed into 

protected status by chance because their existence was not merely for protection or 
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5.4.3. Tree Basal Areas across Land Uses

no

The mean values of the basal areas showed a progressive increase from seedlings, to 
saplings, to adult trees similar in diameters across all the sites, as also noted by Shankar 

(2001). Therefore, BA was significantly different across LU sites. The BA in CFS was 
significantly greater as compared to ADS and DGS. The BA across all plots affected by 
differences in tree diameters. Tree species with large diameters contributed to the 
significant large BA especially in adult trees sub-category. The larger diameters of
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conservation values. Instead, they were kept to attain certain diameters and heights for 

timber production. Therefore, exclusion saved their lives, and thus they resumed their 

protected status and facilitated the parental stock roles (e.g. seed production) helping 

regeneration in ADS and DGS.
It is possible to find that the structure of forest developed from ADS and DGS after 

exclusion is dissimilar to the previously protected sites because human activities and 

natural disturbances affect the direction of forest structures (Bargali et al. 2013; 

Hessenmoller et al. 2013). The variation in forest stand structures and compositional 

settings for seedlings, saplings and adult trees reveled across LU sites indicates that 

human activities have either positive or negative impacts on the coastal forest ecosystems.

5.4.2. Species Diameter across Land Uses

The mean diameter of seedlings and saplings in ADS and DGS was below that found in 

CFS. In both LU sites, the average diameter was below that recorded in many tropical 

forests (Mligo 2015b). This variation in mean diameters between different studies can 

partially be justified by differing sample sizes, species compositions, and the age and 

degree of disturbances (Sundarapandian and Swamy 2013). In addition, a higher 

population density of seedlings and saplings than in CFS possibly causes the small 
diameters in ADS. It is mostly likely that a higher population creates a higher competition 
for the available resources, hence affecting the size of seedlings and saplings more than 

adult trees (Sundarapandian and Swamy 2013). The competition seems to be severe, 
especially when soil organic matter is a limiting factor as in the case of crop-agriculture 

and livestock grazing disturbed sites (Amlin et al. 2014).



5.4.5. Species Volume across Land Uses

in

Volume variation between CFS and ADS indicates that, although ADS had a large 

number of young trees, their contribution to volume was less significant compared with a 

few adult trees in CFS. The large volume in DGS increased from seedlings to adult trees 
because this LU site contained the second largest number of adult trees. Across all LU 

sites, BA and heights at large affected the volume. That is why adult trees in CFS had a 

larger volume than seedlings and saplings (Mligo et al. (2009). The mean volume of adult 

trees obtained in this study is within the range reported by Mligo et al. (2009); Mligo 
(2015b). The mean volume for comparison with the existing studies mainly contributed 

by Acacia brevispica, Combretum mole, Ficus stuhlmanii, Sclerocarya birrea, Sterculia 

abbreviate and Terminalia sambesiaca, which were available across all LU sites more 

frequently than other species.
There were fewer contributions of species such as Cynometra webberi, Dalbergia 

melanoxylone, Dalbergia nitidula, Dialium holtizii, Ficus sur, Hymenea verrucosa, 

Khaya anthotheca, Millicia excelsa, Millettia stuhlmannii, Pteleopsis myrtifolia, 
Pterocarpus angolensis and Pterocarpus rotundifolius because these species are among 
the most overharvested for timber and construction poles.
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species within CFS, unlike in ADS and DGS, contributed to a greater mean value of BA 

in CFS. The BA variation in turn affected the volume of trees in all LU sites. The mean 

volume of trees increased from seedlings to adults in CFS unlike in ADS.

5.4.6. Species Diversity across Land Uses

There were differences in species diversity across LU sites because species regenerate 
and exist depending on their differing abilities to survive in different environmental 
conditions (Bargali et al. 2013). The ADS and DGS showed a significantly lower 
variation in diversity indices, which is contrary to Hessenmoller et al. (2013). Low 

diversity in disturbed sites agrees with Guerrero and Bustamante (2007). The findings 
indicate that post-human disturbance regeneration differ from one LU site to another. It 

also shows that not all species have an equal capacity to regenerate (Jones et al. 2004).
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These results confirm that human activities have modified UFR habitats, and thus the 

crop-agriculture and livestock grazing have imposed forest structural and diversity 

changes (Guerrero and Bustamante 2007). Low diversity in ADS and DGS partly 

explained by recognizing that some plants have a slower capacity to regenerate; hence, it 

is not possible to quantify their regeneration values three years after exclusion. However, 

my findings set a diversity baseline to describe regeneration potential in disturbed coastal 

forests (Devi and Yadava 2006; Duah-gyamfi et al. 2014). The findings also provide 

input for mapping future spatial and temporal coastal forest structures and diversity 

dynamics after exclusion. They also set forth the challenge that exclusion increases 

population density and/or trees diversity (Jones et al. 2004).

In regards to species richness, ADS and DGS had lower values compared with CFS sites 
contrary to Bargali et al. (2013). This contradiction possibly explained by the varying 

degrees of disturbance and kinds of species between different studies affecting the 
occurrence of certain species in a given location. However, low species richness used as a 

criterion to judge that Uzigua forest reserve should be counted among the degraded 

ecosystems along the coastal zone of Tanzania. This observation falls within the existing 

documentation that Tanzania coastal forests have lost at least 70 percent of their species 
(Howell etal. 2012).

The similarity index was below that in earlier studies (i.e. 5.06 and 5.40) for tropical 
forests (Devi and Yadava 2006). These differences are probably caused by variations in 
sampling methods, sample size, and measurements taken in the field, which in many 

cases have effects on results and comparisons (Jayakumar et al. 2011). Indeed, the 
deviation in similarity index obtained in this study is among the best confirmation that the 
Uzigua forest had been disturbed and degraded for the past 50 years. Human activity 
pressure has affected the biodiversity of coastal forests, even though some species have 
good potential to regenerate and thrive. For example, across all LU sites, Fabaceae 

(Cordyla africana, Cynometra webberi, Dichrostachys cinerea, Erythrina abyssinica and 
Hymenea verrucosa) affected similarity. These few species appeared more frequently 
than other species across LU sites. Therefore, disturbances seem to limit some species’ 
ability to regenerate in different lands (Eales et al. 2016).
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5.4.7. Important Values Index across Land Uses

The IVI was below that reported in Devi and Yadava (2006). The possible reasons for 

differences are that disturbance levels, geographical locations, and basal areas are 

different from one ecological system to another. However, some individual trees in CFS 

had high FVI just as in other tropical forests (Mligo 2015b). The IVI in the study sites 

show that disturbances have substantial impacts on different species. That is why trees 

such as Tamarindus indica in CFS had a value up to 20 %, while in ADS the highest 
value was only up to 14% for Brachystegia boehmii, Combretum schumannii and 

Mimusops zeyheri. In addition, DGS had up to 10% for Combretum schumannii and 

Tamarindus indica.
The IVI in the disturbed sites was below CFS possibly because of poor seed dispersal, 

competition, and low soil nutrient availability (Hooper et al. 2005). The IVI indicated that 
the impacts of disturbances affect individual species at different degrees, which in turn 

affect coastal forest structural settings and possibly affect some functions and services, 

agreeing with Bargali et al. (2013). However, the impacts of disturbances in services not 

covered in this study, thus opening another area for further investigation.
Crop-agriculture and livestock disturbed sites contributed to variability in numbers, basal 

area, volume, and species diversity and richness in the Uzigua Forest Reserve. Disturbed 
sites had differential successional regeneration consequences in trees parameters and 

diversity. The differences in regeneration between and across land uses show that human 
disturbances in the coastal forests have positive or negative impacts. High population 

density of seedlings and saplings in the disturbed sites shows that the exclusion of human 
activities (agriculture and livestock grazing) enhances regeneration in quantity, but to a 
lesser extent in diversity. It shows that exclusion is a good management option as it 

permits natural and quick coastal forest recovery.
However, species diversity variances across land uses applied to comment that exclusion 

should take place even where the forest is already degraded. It is important that 
environmentalists, ecologists, foresters, livestock and agriculture practitioners are aware 
that there is a better regeneration response in crop-agriculture disturbed sites than in 
grazing lands. Therefore, attention be paid to the current overgrazing practices occurring



5.5. Canonical Correlation between Vegetation and Soil

Properties
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in the coastal forests; otherwise, the ongoing pace of livestock grazing will continue to 

negatively affect forest ecosystems.
That said, it is possible that conclusions on species variations in crop-agriculture and 

livestock disturbed against closed forests sites three years after human activities exclusion 

provided only partial information. Therefore, further studies are required in the future to 

map coastal forest regeneration and dynamics for sustainable forest management.

5.5.1. Correlation between Stand and Soil Properties
The canonical correlation between sets of variables studied in this work reveals various 

outcomes. The significant canonical variation between above ground forest structure and 

soil properties across the study sites shows that tropical forests vary because of the 

floristic and environmental properties interactions (Nizam et al. 2013; Ichikogu 2014). 

The heterogeneity in correlation indicates that not all forest structures and diversity 
indices respond equally to soil parameters.

These results indicate that there are some direct and indirect relation between above and 
below ground forest ecosystems as documented in Wagg et al. (2014). From these 
findings, it is obvious that any disturbances on environment affect stand and soil physical 
properties. Indeed, these findings in this view supports Mbwambo et al. (2008) and 
Delang and Li (2013).

The ecological interpretation of the gradients represented by the canonical axes show that 
majority of plants positively correlated with soil properties supporting the findings in 
Ichikogu (2014). These results can be used to suggest that any alternation of soil physical 
properties in the tropical coastal forests affects species welfare, which in turn have 

influence on soil properties (i.e. bulk density, electric conductivity and soil texture in this 
work) in agreement with Joyi et al. (2015). From these findings, it can be predicted that 
any land use change, which affect the tree stand parameters has some impacts on soil 
nutrients (Martin et al. 2016; Guilherme et al. 2012). It is from this predicted and 
established reciprocal relations, the results revealed strong correlation of stand 
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parameters in closed forest site than in the disturbed ones. Therefore, for proper 

management of coastal tropical forests, programs must consider the both below and 
above ground must consider ecosystems concurrently.

5.5.2. Correlation between Diversity and Soil Properties

There was positive correlation between diversity indices with soil chemical properties 
(soil nutrients) and soil physical properties as well as equitability and nutrients across 

land uses. These correlation values show that soil and above ground forest properties are 

characterized by the same dynamics directions in the coastal forests like in many other 

forest ecosystems (Gairola et al. 2012; Ichikogu 2014).
The positive correlation in Shannon index and soluble bases, Shannon and soil physical 

properties, equitability and soil physical properties, independent value index and soil 
physical properties are important in showing that each kind of forest diversity is affected 

by soil factors contrary to observations made in Nadeau and Sullivan (2015). This 
controversy is possibly resulting from variations in geographical locations and nature of 

vegetation. Regardless of this controversy, in this study, an establishment is that the 
relationships across soil properties and diversity indices can be used to indicate the 
direction of vegetation and soil interplays because vegetation influence the chemical and 

soil physical properties (Gairola et al. 2012).
The low correlations between trees stand parameters and soluble bases unlike that 
observed across carbon, nitrogen and phosphorus might be useful to predict that loss of 
vegetation affect more the non-soluble nutrients than soluble bases. For this prediction to 

qualify, it requires more studies because soil factors and or vegetation have some impacts 
on each other as documented in many tropical forests (Guilherme et al. 2012).
Interestingly, these variations can contribute into interpreting soil and diversity dynamics 
and complexity in agreement with Nizam et al. (2013) and Wagg et al. (2014). 
Conversely, the observation trees stand parameters had no significant correlation with 
soluble bases agree the results of Nadeau and Sullivan (2015). The implication of these 
findings in forest management is that some nutrients affected more than others did after 
disturbances. Moreover, it shows that different nutrients in different locale affected 
differently hence, production the variation of nutrients during and post disturbances
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requires temporally and spatially set assessments. Therefore it is hard to permanently 

establish nutrients status as supported in Huang et al. (2003) and Merganic et al. (2012). 

However, lack of correlation across tree density, heights, basal area and volume, and 

soluble bases should be considered with some precautions because tree growth in forests 

is highly influenced by elements such as Ca, Mg, K, Na concentration (Pal, Panwar and 

Bhardwaj 2013). Meaning that, any impacts on vegetation have impacts on soil soluble 

bases supporting Maynard et al. (2014).

Therefore, this study come up with the observation that more work needed to investigate 

the reasons for lack of correlation between tress stand parameters and some diversity 

indices (more specifically the equitability and independent value index) with soluble 

bases as were not discovered in this study. In this case, this studu fail to suggeetc the use 

of correlation between equaitability and simposns to explain and predict the interpplays 

between tropical coastal forests in relations to soluble bases status.

Generally, the correlations between vegetation and soil proerties established in this study 

indicate that disturbances cause changes on above ground species, which in turn have 

impacts on soil properties. The magsnitude of impacts nostly likely differe across a set of 

nutrients and prevailinglocale charactersitics. Therefore, the use the information on the 
relationship between above ground and soil properties to suggest management operations 

in forest is important but some precautions, which address a full range of above and 
below ground forests ecosystems welfare, are required. With this suggested remarks, 
certain parameters such higher Shannon-Weiner could be used as a good indicator of 

abundant regenerating vegetation in the disturbed sites after exclusion agreeing the results 
in (Gairola et al. 2012) unlike equitability or Simpsons index.

The canonical multivariate data analysis between forest structure (species variables) and 
soil properties (environmental variables) showed significant positive correlation across 

land uses The mean average shows that there is higher positive relationships in non
disturbed sites than the disturbed ones. The established correlations are the results of 
variations in forests ecosystem management, which bring forest disturbances emanating 

from crop-agriculture and livestock grazing. The correlations across tree stand parameters, 
diversity indices and soil properties established in this study set a ground, which are 
useful to make some predictions of forest structures and soil status dynamics in the 
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tropical forest ecosystems. In addition, these correlations can also be used to inform 

foresters, environmentalists, agriculturists, livestock keepers and police makers that 

management efforts and plans of coastal forests must focus to address the below and 

above ground forests structures.

5.6.1. Farming Activities and Changes in Shrub Land

The findings indicate that along the coastal zone of Tanzania, land cover and land use 
categories have changed over the past sixteen years. Significant gains in areas observed 
on farmland and shrub land as well as water body implies that the major driver of land 
LCLU change along the coastal zone is crop-agriculture. Obviously, crop farming that 

has increased in sixteen years is threatening the health status of the coastal zone, like 
many other Sub-Saharan African ecosystems, as supported by Scull et al. (2017) and 

Temesgen et al. (2018). The net increase in farmland indicates a substantial expansion of 
cultivated land for crop production. This expansion is supported by Ryan et al. (2016)

This section narrates drivers for land cover and land use changes along the coastal 

ecosystems of Tanzania in consideration that human activities play a major role in 

altering the natural settings of biodiversity and ecosystems locally and globally (FRA 

2018). Socioeconomic and demographic trends function as the major influencing factors 

on consumption patterns of the coastal zone in Tanzania. The socioeconomic activities 

influence land-use change and natural resource use, which in turn the changes affect the 

status of ecosystem services. More specifically, the drivers include lack of alternative 

sources of energy, population growth and lack of alternative livelihood activities. Other 

factors include overdcpendence on forest as the major income source of households, 

overdependence on agriculture and poor land use planning and implementation of the 

existing plans. Although the computed land use change did not show that each category 
has been depleted, yet there were significant land use changes. Drivers bring land cover 
and land use changes in turn these processes affect ecosystems and ecosystems service 

values as discussed in the following subsections.
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and Sonneveld, Keyzer and Ndiaye (2016), implying that farming is the persistent driver 

of land cover change globally.
Farmland expansion characterized mainly by small land holdings and commercial 
agriculture. Farmers produce paddy (Orryza sativum), maize (Zea mays), sesame 
(Sesanium indicum), cassava (Mannihot esculentum) and pineapples (Ananas comosus). 
Large-scale commercial agriculture is mainly for production of cashews (Anacardium 

occidental), Sisal (Agave sp.), oranges (Citrus sp.) and mangoes (Mangifera indica). 
Peri-urban agriculture is the emerging practice mainly characterized by vegetable 
production. Production of these crops contribute to the conversion of natural vegetation 
into cultivated land and then into shrub land when the farms are abandoned.
Although the researcher did not compute the matrix of LCLU dynamics in order to locate 
areas of gains and losses (i.e. not indicated which LCLU category converted to which 
category and vice versa), the study can establish the interplay between farmland and 
shrub land expansion by using the existing literature (Foley et al. 2005). Thus, expansion 
of farmland related to shrub land development in agreement with Foley et al. (2005); 
Nkonya et al. (2013) and Rautiainen et al. (2016). Shrubs develop on the abandoned 
farmland because farmers practice shifting cultivation, especially with production of 
annual crops. The major reason for abandoning farms is that cropped land nutrients 
depleted since crop farmers across the coastal zone usually do not apply additional 
fertilizer. Shrubs development in disturbed sites supports the findings in Fetene et al. 
(2016).
As farms become infertile, they left for two, three or four years to regain fertility 
naturally. It is during the time of fallow that shrubs first overgrow on old farms before 
other vegetation as supported in Warinwa, Mwaura and Kiringe (2016). This succession 
stage implies that, it is possible to allow natural regeneration to take place on the 
degraded systems supporting findings in Rautiainen et al. (2016). Remarkably, shrubs are 
among the early successors of the disturbed farmland because they can survive in the 
degraded and nutrient poor soils (Kuenzer et al. 2011).
However, the correlating increase of shrubs with farmland expansion is contrary to the 
findings in Madrinan et al. (2012) and Wu et al. (2013). This controversial relationship 
implies that different geographical locations and climatic conditions permit different 
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5.6.2. Farming and Impacts on Wetlands and Waterbodies

Clearing land for crop cultivation affects vegetation and infiltration of water into the soil 
and ground water systems (Ryan et al. 2016). Expanded farming has impacts on wetlands 
and on increasing of water in open areas (mainly characterized as seasonal dams or 
floods) (Madrinan et al. 2012; Smith et al. 2014). However, the increase of waterbody in 
open or bare lands across the coastal zone is contrary to arguments of Blumstein and 
Thompson (2015). Yet, the study can establish that clearing land for any human purpose 
accelerates flooding in open areas as supported by Smail and Lewis (2009) and Ryan et 
al. (2016). This observation pronounced on the produced images and as well as supported 
by local communities and key informants that there is higher occurrence of floods on 

residential and farm area in the recent years.
Although there is no established matrix to map the direction of wetlands and waterbodies, 
the researcher used the existing literature to support the interplays between these two 
lands uses (Aighewi, Ishaque and Nosakhare 2014). For example, the shrinkage of 
wetland aggravates waterbodies accumulation (flooding in the open areas) because 
disturbances on wetlands reduces the capacity of wetlands to regulate flooding as 
supported by Chaudhary et al. (2017) and Temesgen et al. (2018). Coastal ecosystem 
management to protect wetlands and avoid further flooding along the coastal zone 
management should reexamine the danger of compromising the interplays between 

farming, loss of vegetation, wetlands and waterbody.
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vegetation responses post land disturbances. Interestingly, it is possible that the 
abandoned farms are microsites to promote rejuvenation of forest species as supported by 
Rautiainen et al. (2016). The potential to rejuvenate is an important factor promoting 
many tropical ecosystems to succeed in regeneration (Bharathi and Prasad 2015).

5.6.3. Population and Commercial Activities Dynamics

Gains or losses in LCLU categories such as farmland usage correlate well with human 
population changes along the coastal zone in agreement with Fetene et al. (2015) and 
Guerry et al. (2015). Population growth triggers changes on land cover whereby these 
changes occur parallel with higher conversion of large areas into housing and commercial
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agriculture, there is direct interplay between population growth and farmland expansion,

which finally affects land cover.
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activities (Blumstein and Thompson 2015). As in many tropical countries (Tanzania 

inclusive), population growth is also related to intensive and extensive clearing of land 
for crop agriculture as the major contributor to the households’ income and economy 
(Foley et al. 2005; URT 2014; Sloan and Sayer 2015). Therefore, the findings confirm 
that there is a large-scale decline in forestland cover across the coastal zone of Tanzania 
like in many Sub-Saharan African areas. This decline indicates that population growth is 

significantly related to expansion of farming activities. In this view, the coastal zone is 
affected because there is a progressive transformation of land into cropland and built 
areas annually (Sonneveld, Keyzer and Ndiaye 2016; Scull et al. 2017).
Technically, expansion of some investments and human activities, for example, farmland 
does not necessarily mean increase in yield per unit area (Sonneveld, Keyzer and Ndiaye 
2016). In some cases, land degradation is associated with declining yields in agreement 
with Sonneveld, Keyzer and Ndiaye (2016) and Borrelli et al. (2017). To compensate for 
the farmland nutrition deprivation, farmers opt to open new farms, consequently 
triggering further land degradation; this view is in agreement with Otsuka and Place 
(2014) findings. However, some findings do not support that population growth and 
urbanization promote the expansion of cultivated land (Madrinan et al. 2012; Quintas- 
Soriano etal. 2016).

This contradiction is useful to narrate that differences on the primary socioeconomic 
activities determine LCLU changes in a particular area. For example, the coastal zone of 
Tanzania influenced mainly by agricultural activities, while in highly developed coastal 
zones industrial activities or tourism dominates. Under these alternative livelihood 
activities, overdependence on farming activities to influence LCLU change is reduced 
(Quintas-Soriano et al. 2016). Therefore, identifying and promoting livelihood activities, 
which have minimum LCLU transformation, should be encouraged as a solution to 
protect and manage coastal ecosystems.
The reality is that, in a country or a zone where the major livelihood activity is crop



5.6.5. Grazing Land Use Change

Grazing land declined during the sixteen years. This land category was highly affected by 
livestock grazing pressure as also reported in other studies (Scull et al. 2017; and 
Temesgen et al. 2018). Records show an increase in the number of livestock mainly from 
Tanzania’s inland towards the coastal zone (URT 2014). The major factors for the inland 
to coastal livestock movement include inadequate pasture and scarcity of water in other 
ecological zones emanating from land degradation and prolonged dry seasons in the 
inland areas of the country than the coastal zone. Indeed, the coastal zone is a livestock 
immigrant area because it harbors livestock fodder and has promising weather conditions, 
unlike many other inland zones (Maitima et al. 2009; UNEP 2015).
Moreover, livestock pressure on the coastal zone increased by the promising livestock 
market in Dar es Salaam city. This city is the major international market and is the 
prominent outlet of live animals and by-products. In addition, livestock keepers and 
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5.6.4. Urbanization and LCLU Change

The urban environment has increased tremendously across the studied periods. Such an 
increase contributes in altering vegetation cover along the coastal ecosystems (Schmidt, 
Moore and Alber 2014; Blumstein and Thompson 2015; Yirsaw et al. 2017). The growth, 
expansion of urban, and exurban areas along the coastal zone of Tanzania are among the 
factors contributing to LCLU changes. Also, in these areas included are establishments of 
transportation systems and many other dispersed built-up sites supporting the findings in 
Maitima et al. (2009) and Temesgen et al. (2018).

The expansion of towns and other infrastructure correlates well with increased 
investments and developmental activities (Otsuka and Place 2014; Sloan and Sayer 2015). 
The major impacts of rapid expansion in urban settlements and commercial activities is 
the decline of forest areas and wetland shrinkage (Zhao et al. 2004; Zhang et al. 2015b; 
Warinwa, Mwaura and Kiringe 2016). Therefore, these findings are within the existing 
documentation that many tropical ecosystems suffer from urbanization supporting the 
conclusions of Wu et al. (2013), Xu et al. (2017) and Zhou et al. (2017). Some findings 
that support each other imply that locally and globally unplanned urbanization is a threat 

to coastal ecosystems (Zhou et al. 2017).



5.6.6. Wetland Change

5.6.7. Forestland Change
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livestock business people prefer either to keep domestic animals (mainly cattle) along the 
coastal zone permanently or temporally to capture market opportunities. Therefore, 
livestock-grazing pressure contributes to the decline of grazing land and deforestation in 
the coastal zone of Tanzania as reported in Fetene et al. (2016) and Maitima et al. (2009).

Human Activity Disturbances on the Structure and Impacts on the Service Values of 
the Coastal Ecosystems in Tanzania

Deforestation along the coastal zone produced by clearing land for farming activities, as 
well as developing settlements and infrastructure (Warinwa, Mwaura and Kiringe 2016). 
Activities such as collection of poles and timber for construction and harvesting of trees 
for fuel wood and charcoal prevail in the coastal zone and highly affect coastal forests

Water draining activities contribute to the wetland decline along the coastal zone. These 
activities are mainly due to crop farming, commercial and residential development, and 
livestock grazing (Raburu and Kwena 2012). Modification of terrestrial ecosystems alters 
the ecohydrological processes as stated in Reeves and Champion (2004) and Duku et al. 
(2015). There is a clear relationship between shrinkage of wetland and farming activities 
(Duku et al. 2015). For example, crop production and livestock grazing take place within 
wetlands, hence creating the interference of the drainage systems (Duku et al. 2015). 
Farming activities and overgrazing in riparian areas reduce streamside vegetation and 
prevention of runoff while also lessening the wetlands filtration and recharge of water 
(Reeves and Champion 2004; Warinwa, Mwaura and Kiringe 2016).
Expansion of farms for crop production and livestock grazing in wetlands have 
intensified along the coastal zone in recent years because of rapid commercial 
investments (URT 2016; Zhang et al. 2015b). Moreover, some wetlands located in urban 
areas converted into built land and urban-agriculture contrary to observations made by 
Temesgen et al. (2018). This contradiction shows that the direction of wetland spatially 
and temporally change in the tropics. However, the findings suggest that wetlands in the 
coastal zone are on high pressure of degradation as reported in Aighewi, Ishaque and 
Nosakhare (2014). These wetlands need attention; otherwise, this land category will 
continue to shrink like other similar wetlands in the tropics (Chapungu and Hove 2013).



5.6.8. Changes on H-ESV
Changes on LCLU have impacts on the total human welfare obtained from the ecosystem 
services. These changes have affected the total H-ESV too. Across sixteen years, H-ESV 
declined subject to population growth. This decline implies that as human population 
grow, human activities increase and aggravate some changes on LCLU categories, ESV 
and finally lead to the decline of the H-ESV supporting the findings in Fujita et al. 

(2013).
The loss in ESV and decline on H-ESV reported in this evaluation shows that if land use 
managements and the associated problems are not addressed properly, Tanzania will
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like many forests globally (Keenan et al. 2015; Fetcne et al. 2015; Chaudhary et al. 
2017).

Indeed, clearing land for salt extraction and sand mining identified by local community 
and key informants as other significant contributor to coastal forest loss. In addition, 
coastal aquaculture and livestock pressure threaten the coastal forests (Bryceson 2002; 
Luc van Hoof and Kraan 2017). In addition, there is higher community dependence on 
bioenergy at the expense of forest disturbances and degradation. Likewise, bioenergy 
dependence is prominent along the coastal zone because different households cannot 
afford to use gas or electricity for domestic cooking, heating and lighting (Temesgen and 
Wei 2018).
Furthermore, encroachment for crop cultivation into forests replaces natural vegetation 
with crops, consequently contributing to shrub invasion (Nkonya et al. 2013; Borrelli et 
al. 2017). All these factors are worsening the forest ecosystem’s health along the coastal 
zone because of the net loss per unit time similar to many areas of Sub-Saharan Africa 
(Keenan et al. 2015; Temesgen et al. 2018).
In this view, farming activities affect forestland dynamics than other factors (Warinwa, 
Mwaura and Kiringe 2016). To overcome the ongoing forest loss, alternative livelihood 
activities to replace crop-agriculture needed. Otherwise, research on how agriculture can 
take place along the coastal zones without harming forests needed. These efforts will help 
to overcome the impacts of crop agriculture on the already disturbed ecosystem like many 
other tropical ecosystems (Temesgen et al. 2018).



5.6.9. Community Awareness on LCLU Changes

continue to lose benefits from ecosystem services, meaning that the current LCLU 
changes along the coastal zone need urgent attention. To address the current status of 
LCLU changes, ESV and H-ESV, efforts are required to slow down all processes which 
cause loss of each LCLU category, especially forest loss (Dale and Polasky 2007; Jantz 
and Manuel 2009; Han et al. 2016). Indeed, the advice is to allow natural regeneration 
processes to take place along the coastal zone because ecosystems have the resilient 
capacity largely recover after disturbances (Rautiainen, Virtanen and Kauppi 2016).
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Across the study sites, local community and leaders showed that they are aware about the 
transformation of LCLU classes in the coastal zone. This observation supports the work 
by Chaudhary et al. (2017) that local communities are aware about changes occurring in 
their environments and drivers for changes. While agricultural activities frequently 
identified as the major drivers for LCLU changes, exploitation of forests resources for 
domestic bioenergy use is growing fast. This growth implies that overdependence on 
bioenergy is functioning as the current contributor of coastal forest loss, also globally 
reported in Jew et al. (2016) and Smith et al. (2014).
In recent years, urbanization related to higher demand of land for settlements and 
establishments of local investments in the expenses of harvesting of woods/trees for 
construction materials. Moreover, livestock grazing is becoming the threat to the coastal 
zone and is increasing at alarming pace. This trend automatically compromises the 
capacity of coastal ecosystems to offer ecological services for human wellbeing. 
Therefore, the decline of land cover because of land use changes along the coastal zone 
threatens the life of local communities because the livelihoods of the people depend 
directly on ecosystems ‘services (Chaudhary et al. 2017).
Interestingly, uncontrolled fire is not significantly affecting coastal ecosystems in recent 
years. This implies that efforts have been in place to address fire problems in this zone as 
supported by group discussions and individual interviews. In this case, there are some 
improvements on some drivers of the coastal zone disturbances. Thus, efforts are needed 
to address the remaining disconcerting factors such as human population pressure, 
overdependence on natural coastal resources (because of lacking the alternative 
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Restoration Interventions of the Disturbed Sites5.7.

5.7.1. Methods for Restoration of Disturbed Sites
The findings confirm that socioeconomic and environmental factors have significant 
contribution to determine the status of the artificially planted and naturally regenerating 
trees across the study areas. In investments to restore coastal forests, efforts have been to 
promote artificial planting, which characterized by the use of a single species, or single
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livelihood activities for income generation), and lack or poor implementation of land use 
plans supporting the findings of Luc van Hoof and Kraan (2017).
Indeed, it is important to consider that much work needed to manage and address at large 
the interplays between socioeconomic activities and ecosystems welfare along the coastal 
zone. Therefore, this study advises that there must be mechanisms that guide and give 
alternative livelihood activities as well as application of land use plans that safeguard 
coastal ecosystems as supported by Quintas-Soriano et al. (2016) and Chaudhary et al. 
(2017).
This study has highlighted the important links between LCLU change and impacts on 
ESV and H-ESV in the tropical coastal forests. The study conclude that land use changes 
in the coastal zone of Tanzania have transformed land cover to cultivated land, grazing 
lands, human settlements and other built area at the expense of natural vegetation mainly 
forest and grassland. The socioeconomic activities mainly crop farming, livestock grazing 
and harvesting of wood/trees as bioenergy sources all contribute to threaten the coastal 
ecosystems. These threats aggravated by a rapid population growth and expansion of 
socioeconomic activities along the coastal zone. Moreover, changes on LCLU have 
resulted into net loss of ESV and H-ESV.
Given the ongoing population pressure and socioeconomic activities in the coastal zone, 
it is likely that an increasing demand for land use will place heavy pressure on these 
ecosystems. Consequently, the capacity of coastal ecosystems to offer ecological 
functions and services to sustain life of human beings will be further impaired. Therefore, 
it is important to regulate and balance population and socioeconomic activities so that all 
changes that give net loss on LCLU, ESV and H-ESV circumvented.



5.7.2. Factors Affecting Restoration

The investigation shows that there are limited tree breeding projects to produce a lot of

tree seeds and seedlings. This lack is affecting restoration programs as the consequences

of using genetically improved forest plant material in most cases is important in

improving the stand level because improved breeds grow faster with minimum impacts

on the environmental health (Haapane et al. 2015). Lack of seedlings and seeds contribute

into growing a few of tree species such as Bambusa bambos, Dendrocalamus sp. for

conservation, construction and domestic utensils. Acacia mangium, Melia azadirachta,

Gmelina arborea and Khaya anthotheca for production of timber, building poles and fuel
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While efforts are in place to promote artificial tree planting, yet this intervention hindered 
by factors such as poor extension services, lack of free and improved seedlings and seeds 
as well as inadequate land for planting trees. Local community emphasized that even if 
they are willing to plant trees; lack of improved materials is a challenge as supported by 
supported by Erickson et al. (2012).

It obvious that tree planting as a restoration techniques have ecological limitations as 
supported by Rayfield, Anand and Laurence (2005). In this view, ecological restoration is 
challenged because reforestation is done to restore the degraded areas to facilitate forests’ 
provisions of only some goods and services contrary to the entire set of services that are 
expected from the naturally established systems (Lamb and Gilmour 2005).
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applications. In supporting the tendency of a single species practice, local community and 
forest experts, proved that they are aware that many of the restoration methods focus on 
fast-growing tree species mainly for timber production and not biodiversity 
considerations agreeing the findings in Hjalten et al. (2017). These methods imply that 
restoration in this area put more focus to provide alternatives to forest resources but not 
addressing the entire ecological settings (Jacob et al. 2017).



Mangifera indica, Citruc sp. and Cocos nucifera grown for production of fruits.

5.7.2.I. Climate Change and Restoration

5.1.2.2. Restoration and Enforcement

The best alternative could be harnessing the strength of natural species to succumb 
drought and produce species, which have the capacity to climatic adaptation (drought 
tolerant) (Haapane et al. 2015). Availability of genetically diverse and adapted seed and 
planting stock would help to overcome drought challenges and provide the foundation for 
healthy forests and ecosystems in the future as suggested in Erickson et al. (2012) and 
Haapane et al. (2015). Such trees could adapt to the changing climate by natural selection 
and in response to the current conditions (Erickson et al. 2012). Unfortunately, these 
materials are unavailable. Therefore, understanding the adaptive response of forest tree 
species to their local climates related to key adaptive traits such as survival, growth, and 
drought tolerance is opening a new area for further research. However, in this study it 
suggested that meeting forest restoration challenges relies on successful establishment of 
plant materials mainly seeds or seedlings (Dumroese et al. 2016).

Furthermore, inadequate enforcement of laws and by-laws, and regulations hinders the 
process of planting trees in the study areas. Across the villages, the issues of legal 
compliance and punishments reported to be poorly implemented thus affecting restoration 
negatively. Thus local community gauge that law enforcements failed to encourage better
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woods. Leucaena leucocephala and Senna siamea for improving soil fertility while

Indeed, in line with the lack of improved breeds, is the issue of climatic condition 
(rainfall shortage). Persistent drought sets back the local community to plant trees 
because there is no possibilities for irrigation. Prolonged dry periods reported to 
characterize the coastal zone in recent years with pronounced effects on artificially 
planted trees than natural regenerating species. The restoration process challenged from 
the fact that not all species are capable to survive in the restoration process. This is 
because in the modified environmental attributes, only some species are capable of 
surviving and resisting to barriers as documented in (Cortines and Valcarcel 2009).



S.7.2.3. Inadequate Knowledge on Restoration

5.7.I.4. Exclusion as a Restoration Technique
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practices, resulting in low involvement and lack of participation of local community in 
restoration practices as supported by Pinto et al. (2014). The findings in this work 
supports the observation made by Kaimowitz et al. (2003) that even though illegal 
forestry activities can be bad for rural livelihoods, so can enforcing the existing forestry 
laws, and doing it more effectively may make the problem even worse. In this case, 
forests activities such as tree planting and retention of natural trees based on households’ 

willingness and not as abidance to the laws, by-laws or regulations.

ft? Human Activity Disturbances on the Structure and Impacts on the Service Values of
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In other cases, local community have no ideas on the types of restoration that can be 
implemented by defined laws that have been passed to support the conservation of 
biodiversity or to limit the spread of invasive species contrary to suggestion made in 
Beatty, Cox and Kuzee (2018). This controversy supported by the fact that the study area 
is characterized by weak forest extension systems as reported in (Kissinger, Herold and 
De Sy 2002; Durst 2009). Therefore, training and extension for smallholders, farmers, 
communities, small and medium-scale enterprises and forest officers improved in line 
with suggestion made in FAO (2010; 2015) and Franks et al. (2017). In addition, there 
must be efforts to strengthen the working-ship between local community and forest 
experts in activities such as forest species selection and planting (Beatty et al. 2018).

In respect to conservation of the remaining trees and promotion of natural regeneration, 
the common practice has been exclusion of human activities. Exclusion used as a reactive 
measure in areas where disturbances and degradation have occurred. Exclusion of human 
activities are reported along the coastal zone as regeneration approach (passive 
restoration or natural recovery) where the only human intervention is to cease ongoing 
land uses such as grazing, agriculture or logging (Corbin and Holl (2012). Proactively, 
exclusion used to limit access and encroachments to forests ecosystems to promote 
natural regrowth or regeneration after ceasing the human activities (Lee et al. 2017; 

Virapongse 2017).



129

In addition, exclusion affects the livelihood activities because people are supposed to 
terminate the long-term established life dependence on forests ecosystems, which is equal 
to loss of employment opportunities (Kaimowitz et al. 2003). The impact of exclusion 
might be large than the usually reported ones, because local communities are largely 
connected to forests even if the exactly number is unknown especially in the informal 
forestry activities (Kaimowitz et al. 2003). In addition, vulnerability is a result of the fact
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Interestingly, exclusion promotes local communities’ adoption mechanisms to establish 
tree plantations on their farms. This adoption sets a non-natural forest dependence in 
some households although land ownerships continue to be a limiting factor. In this case, 
exclusion facilitates private forest ownership in line with the recommendation made by 
Lamb and Gilmour (2005). However, there has been variation in species response after 
exclusion across intact forest sites, agriculture disturbed and livestock grazed sites. This 
variation indicates that using only exclusion measures does not guarantee the 
sustainability of restoration. Thus, the variation show that disturbances create microsites, 
which determine the structure of new established forests consistently supported by 
previous findings in Kuuluvainen (2002) that all forest ecosystems characterized by 
disturbances.

Remarkably, the process of exclusion given time considerations to tolerate poor families 
living in forestlands claimed by the governments as clearly stated in Kaimowitz et al. 
(2003). Remarkably, some warning signs reported by local community that exclusion if 
not planned well, considered lethal. Because it contributes to transformation of 
disturbances and degradation to other forestlands. For example, the study found that 
farmers opted to open new farms elsewhere for crop production and livestock keeping. 
Excluded families had to find new sites for construction of infrastructure such as houses, 
schools, local roads etc. These new establishments resulted into the so-called “reallocated 
disturbances” to new areas. These transformations might have caused loss of forestland 
cover at the newly established settlements and farms. However, this study did not map 
the impacts of exclusion at the sites where the excluded community re-settled. Therefore, 
the anticipated impacts need investigation by another study beyond the coverage of this 

presented work.



5.7.2.5. Awareness on the Aim of Restorations

that different household socioeconomic characteristics, total household income, in 
particular found to be important determinants of the level of household reliance on forest 
resources (Widianingsih, Theilade and Pouliot 2016).
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Therefore, is important to implement exclusion practices under good management setup 
because inadequate resource management capacity and poor governance are some of the 
problems that negatively affect natural resources. These impacts and the rural poor who 
depend on them (World Wildlife Fund (WWF) 2014). Notably, whether tree planting or 
retention of the naturally existing species, the purpose for restoration seems not well 
understood at local community level. Clearly, local community investments on 
restoration target on fuel wood and construction materials such as timber and for non
timber forest products. That is why the number of trees planted and/or reserved on the 
individual household land ownerships during the entire residential duration is very low. 
The ecological value of restoration left under the central or local government authorities 
and donor organizations. That means to achieve dual goals of restoration is ambiguous 
and fraught with contradictions (VonHedemann and Osborne 2016). Lacking a fully 
understanding of socioecological horizons of restoration is jeopardizing forest 
management efforts because increased understanding of forest disturbance and restoration 
is important in ensuring biodiversity conservation (Kuuluvainen 2002).

Poor awareness about the aim of restoration and expected ecological value of forest, 
contribute the local community to get involved into destructive activities of forests 
ecosystems. This observation is contrary to the emphasize that forest management should 
be a local community-centered activity to ensures that biological resources are positively 
employed to help secure sustainable and desirable livelihoods (Lamb and Gilmour 2005). 
Village environmental committees used to improve community integration in community 
based forest restoration programs. These committees were useful in promoting restoration 
and ensuring community by-laws compliance as reported across the five surveys villages. 
The use of representative environmental committees in planning for restoration programs 
reported across the villages. However, these committees have no incentives (in kind or 
monetary) and facilities (e.g. transport) to perform their duties at fully capacity. As a 
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S.7.2.8. Motivation for Restoration

131

Excitingly, overdependence on forest resources shows that local communities define 
access to forest for timber and fuel woods as some kinds of incentives. Thus, access to 
benefits accrued from forests provide motivation for restoration in agreement with 
VonHedemann and Osborne (2016). In most cases local community continue to regard

5.7.2.7. Overdependence on Forest Resources

Another hindrance is that restoration interventions coincide with poor rural populations 
whose livelihoods depend on forests (Jacob et al. 2017). In these rural settings, people 
depend directly or indirectly on forest ecosystem services (e.g. for water, timber, and 
non-timber forest products) agreeing with the findings in Widiamngsih, Theilade and 
Pouliot (2016).This dependence continue to create pressure rather than solutions to forest 

disturbances.
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result, they work under voluntary systems, which sometimes undermine their 
performance. The only promising incentives was a dividend from harvesting licenses 
levy, which is not covering the whole year. Therefore, it is important to devise 

mechanisms to improve working conditions of the committee members such as providing 
incentives and transport facilities.

5.7.2.6. Restoration Responsibilities

Nevertheless, majority of the locals consider that restoration responsibility is mainly 
resting on the hands of the committees, government or non-governmental authorities. As 
a result, village committees in some cases receives inadequate cooperation from majority 
of the local community. This poor cooperation across local communities undermines the 
advancements towards general community-based resource governance reported 
successful in many other ecological zones. Locals’ participation in restoration programs 
is somewhat low agreeing the findings in Lee et al. (2017). Thus, to achieve a promising 
restoration and management of forests, there is a need to strengthen new communication 
strategies on restoration roles across different stakeholders as stated in Pinto et al. (2014) 

and Virapongse (2017).



5.7.3. Suggestions to Improve Restoration Mechanisms
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In ecological perspectives, the study discovered that there is no mechanisms to address 
factors, which hinder natural forest recovery and site requirements. There no processes 
for identifying and removing factors that inhibit dispersal and or establishments. Thus 
factors such as harsh microclimates, high seed predation, and competition with aggressive 
shrubs or grasses. Neglecting to consider these factors hinders the artificially and natural 
forest to regeneration and recovery of the disturbed sites. In addition, across the villages, 
restoration programs are not in the position to address the challenge related to invasions 
of alien species in the regenerating disturbed sites.

permitted harvesting of trees (for timber of charcoal) by licensing, motivates the 
participation in restoration programs. Even if these benefits are unquantified to present 
payments for ecosystem services, indirectly, they increase forest protection in agreement 
with VonHedemann and Osborne (2016). In this case, restoration interventions should not 
only focus on ecological roles but also the importance for human livelihoods and well
being (Widianingsih, Theilade and Pouliot 2016).

Human Activity Disturbances on the Structure and Impacts on the Service Values of 
the Coastal Ecosystems in Tanzania

The issue of ecological considerations to fear invasion of non-native trees is often 
neglected (Jacob et al. 2017). Invasive species in response to forest disturbances and 
restoration is the area that demand further studies along the coastal zone of Tanzania as 
supported by Prach et al. (2014). Thus, this study strongly concur with Hartter et al. 
(2011) that an understanding of the structure and function of restoration interventions of 
tropical forest should be a routine. Since direct field observation found localized and non- 
uniform disturbed sites within and outside Uzigua Forest Reserve, it would be an

This study gives a general suggestion that there must mechanisms to ensure integrated 
social, environmental and economic landscapes, and emphasize on the production of 
multiple benefits from forests and participatory engagement of stakeholders in restoration 

as suggested by Virapongse (2017). Any compromise across livelihood, human-wellbeing 
and ecological restoration might hinder the entire process of restoration because people 
intensively depend on natural resources (Karvemo et al. 2017) for their survival and 
economic purpose.
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ecological insight to plan for restoration of coastal forest by addressing not only large 
ecosystems but also the small fragments. These small fragments be under considerations 
because they might constitute a large fraction of seed banks and remnant forest species 
(Ribeiro ct al. 2009). Therefore, the ecological response and functions of trees in the 

restored areas need further surveys.
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The general evaluation of the restoration interventions in this study shows that restoration 
is complex and require a complex designs with multidimensional reestablishments that 
employ a combination of methods such as improving extension services, seed and 

seedlings availability, site preparation and control of non-native species to provide a more 
rapid and effective intervention strategies. In this view, it is important to gauge the 

interplays of restoration and efficacy of ecosystems in providing functions and services 
after restoration interventions. Therefore, holistic planning needed to address the social- 

ecological interplays along the coastal zones.



CHAPTER SIX.THESIS CONCLUSIONS AND
RECOMMENDATIONS

6.1. Overview of Findings and Future Directions

6.1.1. Soil Chemical and Physical Properties in the coastal areas
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Human activities especially those involving clearance of forests vegetation pose soil to 
erosion, loss of organic matter and other necessary elements useful for vegetation growth. 
For example, a study by Chen and Li (2003) shows that soil nitrogen of different 
ecosystems is concentrated mostly at the top 10 cm depth hence any effects on this layer 
would affect soil nutrients in these ecosystems.
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This effect supported in Chen and Li (2003) that soil nutrients such as phosphorus 
differences in different soil horizons may result from change of biological and 
geochemical processes at different depths after disturbances. However, in the same study, 
soil potassium was slightly higher in the disturbed than primary intact forest sites. 
Therefore, the findings in this work supports many existing literatures that disturbances 
on vegetation component of the ecosystems affects soil fertility.

Soil disturbances as defined in this study means any physical, biological, or chemical 
alteration of the soil caused by forestry operations (Curran et al. 2003). Human 
disturbance by activities such as plowing and logging greatly affect soil properties (Chen 
and Li 2003). Forest disturbance for example, strongly affects soil characteristics mainly 
soil volume, chemistry and texture. Impacts consequences are soil degradation, soil 
erosion and the destruction of species, biomass and biodiversity loss (Chu and Guo 
2013). Forest disturbances start to affect species composition, which in turns affects soils 
nutrients (FAO, 2009). The impacts of vegetation destruction in soils nutrients pools is 
that, different plant species have different nutrient requirements and returns to soils (Chen 
and Li 2003). Disturbance in forest affects the ecological relationship between forest 
vegetation and forest soils (Caveliere et al. 1999; Brosofske, Chen and Crow, 2001; Eni, 
Iwara and Offiong 2012).



6.1.3. Correlation between Vegetation and Soil Properties

In this piece of work, the relationships between forest disturbances and soil properties 
established. The section show that disturbances contribute to affect taxonomic, structural
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In regards to the structure of the natural forests along the coastal zone of Tanzania, the 
examined tree structure and regeneration in the disturbed sites and intact forest sites is 
important in informing forest managers and land users that human induced disturbances 
bring forests structures and biodiversity dynamics (Averill et al. 1994; Kimaro and 
Lulandala 2013). The directions of forests in disturbed sites is not uniform because some 
disturbances are ecologically proved to be essential processes, necessary at some level of 
intensity and periodicity for the long-term sustainability and productivity of most, if not 
all forestry ecosystems (Averill et al. 1994). In this chapter, it shows that farming 
activities and livestock grazing disturbances have modified the coastal habitats. These 
modifications in turn provided favorable germinating conditions of some species 
especially in crop-agriculture disturbed sites than grazed sites (Kalaba et al. 2013). In this 
case, crop-agricultural disturbance is beneficial to vegetation regeneration. Indeed, the 
remarkable negative effects of disturbances as recorded in grazed sites suggest that 
human-related activities cause or exacerbate loss of capacity for species to regenerate 
(Averill et al. 1994).
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6.1.2. Forest Structure under the Disturbed Coastal Forests Areas

The information on the structural attributes of forest stand presented in this work are 
important to foresters, ecologists and environmental mangers of coastal ecosystems. The 
information on forest disturbance and soil health expected to contribute in understanding 
and managing coastal ecosystems, more specifically forest ecosystems (Kijazi et al. 
2014). This information is important in predicting the function of forest ecosystems 
because forest functioning is determined by taxonomic attributes of the vegetation and 
structural attributes and by the direct and indirect effects of environmental drivers 
including human disturbances (Poorter et al. 2015). Any activity whether natural or 
artificial, if it affects forest structural components, it results into affecting forests 

ecosystems functions and services.



6.1.4. Socioeconomic Activities and Ecosystems Services
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The escalating demand from nature to meet rapid human population needs, have resulted 
into transformation on the patterns of interaction between ecosystems services and 

humans (Devisscher 2010). Indeed, in many cases disturbances cause disruption of

In this section, I examined land cover and land use change across the coastal zone of 
Tanzania. This work also identified the major activities contributing to disturb and 
degrade coastal forest ecosystem and other ecosystems as well as the impacts of land 
cover and land use changes on ecosystem services. The information on the interplays 
between land cover and land uses are important in informing ecosystems users and 
managers that the ongoing use of land along the coastal zone have impacts on the coastal 
ecosystems health (Luc van Hoof and Kraan 2017).
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The results in this study show that human activities mainly crop- agriculture, livestock 
grazing, settlements, and urbanization cause impacts on the environment. What is 
happening along the coastal zone of Tanzania is an evidence that coastal ecosystems 
mainly forests are highly threatened locally and globally (Bryceson 2002). The 
degradation of coastal ecosystems mainly brought by rapid population pressure along the 
coastal zone (Szuster, Chen and Borger 2011).

and soil attributes in forests ecosystems. Some variations recorded and expected to 

changes because the effects of disturbance can be short or long-term occurring over 
decades or centuries (Poorter et al. 2015). The variation across forests sites shows that 
forest disturbance affects an integral relationship between vegetation and soils (Eni, 

Iwara and Offiong 2012). This relationship is vital because soil gives vital support such 
as provision of moisture, nutrient and anchorage to vegetation while vegetation provides 
protective cover and nutrient maintenance. Disturbance can cause the elimination of 
species and result into major changes in species composition (Averill et al. 1994). In this 
study, it established that some disturbances bring changes in succession pathways, which 
are beneficial to maintain energy flow, nutrient cycling, species, genetic and structural 
diversity.



6.1.5. Restoration Interventions of the Disturbed Coastal Areas

6.2. Conclusions
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In this section, I have presented that tree planting and retaining some naturally growing 

species focus to obtain forest resources to meet socioeconomic and livelihood activities 
and demands. Production of trees for construction materials and fuel woods supply drive 
the two restoration practices. Indirectly, these two interventions supports to protect 
maintain and restore the disturbed coastal areas (Waite et al. 2014).

This study gives a conclusion that forest disturbances in the tropical coastal forests are 
real. The impacts of these disturbances have a wide spread from soil, to forest stand and 
biodiversity structure and ecosystem services. The interplays across these components 
requires a well understood in planning for conservation and protection of coastal 
ecosystems. Any conservation measure must consider positive and negative impacts of 
socioeconomic drivers including population changes, land cover and land use dynamics,

The identified restoration approaches emulates human forest disturbances and land use 
drivers to enhance coastal forest ecosystems function and services as pointed out in 
(Turner, Donato and Romme 2013; Martinuzzi et al. 2015). However, restorations 
interventions face multiple factors, which range from socioeconomic to environmental 
bases. Because of multiple restoration set-backings, coastal ecosystem restoration as 
alternatives to protect coastal communities is in jeopardy. Therefore, the overall strategy 
should be to sustainably manage, conserve and restore coastal forest ecosystems to 
provide services to the people while maintaining the ecological integrity. To meet the 
socioeconomic and ecological demand, restorations approaches should be supported by 
making seed and seedlings available for establishment of tree distribution and woodlot 
planting programs, and subsequent use of the wood, or facilitation (under licensing 
schemes) of access to fuel wood stocks in protected areas in line with suggestion made in 

Shackleton et al. (2008).
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ecosystem services, interruption of socioeconomic expectations (goods, services) and 
species replacement (Cork and Shelton 2000).



6.3. Study Limitations and Areas for Further Studies

6.3.1. Study Limitations
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The estimation of temporal and spatial scale of land cover, land use changes and forest 
disturbances to establish a strong foundation for comparison across years was difficult to 
get and hence this study established a baseline in tropical coastal forests for future 

comparisons.

ecosystem service values, socioeconomic pressure mainly crop-agriculture and livestock 
grazing in the coastal forests. It is important that the positive roles of disturbances on 
species diversity and regeneration of tropical forests harnessed, promoted and considered 
in management plans and actions. Conservation efforts should focus on taking the 
advantage of disturbances mainly those emanating from crop-agriculture and livestock 
grazing in the coastal ecosystems especially where total exclusion of these two activities 

is not possible.

Moreover, to control the ongoing loss of coastal forests ecosystems, it is important to 
establish well-coordinated management approaches, which involves different sectors and 
socioeconomic activities along the coastal zone. Awareness raising and involvement of 
the public, and especially the communities of people living in the surrounding coastal 
forests areas, is of the utmost importance for the conservation and restoration of coastal 
forests. Initiatives such as education and campaigns on adjusting human activities and 
alternative livelihood activities promoted and demonstrated to reduce total forests 
dependence life. Further, education needed to encourage the local population to 
contribute into protection and restoration of tropical coastal forests.
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The environmental conditions of the study sites at the beginning of disturbances and 
history of land cover and land use category changes were usually difficult to know with 
accuracy. This resulted in a risk of attributing wrongly to an effect of impacts of crop- 
agriculture and livestock grazing differences that are simply due to current variations 
amongst sites.



6.3.2. Areas for Further Studies

It suggested assessing the relative carrying capacity of tropical coastal forest ecosystems 
to accommodate crop-agriculture and livestock keeping activities if these two activities 
cannot get a total exclusion in the management of tropical coastal forests. There must be 
efforts to discover and set the stocking rate to the management of grazed ecosystems. The
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There is a general need to increase research on the soil and plant ecology of tropical 
coastal forests to get a better understanding on how tropical coastal forests’ soils and 
forest structure differ from other tropical forests in response to different disturbances and 

management.

Besides the research plans mentioned in the previous chapters, this PhD research supports 
the need for further studies on several topics:

Finally yet importantly, time constraints have imposed some trade-off in methodological 
choices. For example, the study would have collected panel data to improve statistical 
power. However, the necessity to sample a large number of samples for difference 
seasons and years from each land cover and land use prevented by time factor. However, 
these limitations did not affect the overall work as the researcher maximized the use of 
available resources and limited time by conducting intensive field surveys.

As mentioned earlier, several factors are likely to affect the interplays across the 
disturbed forests sites and the structure, functions and services of tropical coastal forests. 
The disturbance factors need further testing. Included in these tests should be studies on 
landscape changes and impacts on ecosystem services to establish the past, present, 
predict the future land cover, and land use changes.
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Moreover, there are some possible confusion between site conditions and time of 
exclusion. For example, agricultural activities are likely to be abandoned in less fertile 
sites earlier than in more fertile ones, livestock grazing is not uniformly distributed in a 
defined spatial and temporal design. Therefore, it is possible that this study has not 
provided the real situation in habitat variability in the initial stages of trees and shrubs 
regenerations especially after human activities exclusion.
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research must produce the basic relationships between stocking rate and trees production, 
animal production, and species composition of vegetation communities.

Further studies are required to identify the mechanisms through which established trees 
influence regeneration in the tropical coastal forests. To identify the establishment of land 

cover and land use strategies, which promote species (in terms of the potential trade-off 
between growth and survival) and to understand the link between lands uses and function 
of coastal forests by considering variation between and within species and land uses.

Again, studies are suggested be conducted to explore the relationships between soil 
factors and spatial distribution of vegetation along the tropical coastal forest ecological 
gradient and establish the differences in their effects of soil heterogeneity on the structure 
of coastal forests and functional values.
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In areas where the natural regeneration potential is poor, it is important to facilitate 
artificial regeneration. For successful artificial regeneration potential, this study suggest 
to conduct research, which aim to identify fast- growing, aggressive trees and shrubs, 
which will be appropriate for agro-forests in areas experiencing severe trees/shrub 
shortage. Such research developments must take into consideration that some species 

under some environmental conditions have the potential to be invasive and to spread to 
areas where they are not wanted. Therefore, any research findings need the introduction 
with care and the performance call for carefully monitoring.
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Annex 1: Households Questionnaire

ligateelly@yahoo.com

Section 1: Demographic Information

4.2.1.

7.6.5.

a.
b.

c.

c.

d.
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Introduction

My Name is Elly J. Ligate, a Tanzanian PhD student (Reg. # 2151930001) at Fujian Agriculture and 
Forestry University, Fuzhou, Fujian- China. I would like to invite you for this interview, which will take 
about 30 to 90 minutes. This survey aim to collect data, which will contribute to produce a PhD thesis for 
partial fulfilment of completion of a PhD in Ecology as offered by Fujian Agriculture and Forestry 
University- China.
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b.
c.
d.
e.

1-5 
members 
6-10 
members 
More 
thatnlO 
members

a.
b.
c.
d.
e. e.

f.

Livelihoods and 
income

Forests 
resources 
Agriculture 
Livestock 
Business 
Food security

Food grown on land 
owned and cultivated by 
household

b. Food grown on land but 
not owned by household 
Food purchased from 
market
Food from forests 
(mushroom, fruits, bush 
meat)

Household size 
a.

3. Age of respondents
18 to 36
37 to 54 
54 to 72
73 to 90 
Above 90

Source of food per house 
hold 
a.

Sex of 
respondent
a. Male
b. Female

Head of the 
household
a. Male
b. Female

8.How long have 
you lived in this 
area
a. < 5yrs
b. 5-10 yrs
c. 11-15 yrs
d. 16-20 yrs
e. 21-25 yrs
f. 26-30 yrs

Level of Education
a. None
b. Primary
c. Secondary education
d. College education

University education
Any other training

Consent section
In this interview, I would like to learn from your experience about land uses, coastal forests resources use 
and management, household’s socioeconomic activities, which influence the structure and services of 
coastal forests and restoration interventions of coastal forest ecosystems. This interview is neither 
examination nor test and thus there is no wrong answer (s) for any question. Feel free to answer the 
questions and in some cases where you are not feeling okay, be free to skip or suspend the interview. The 
information collected through this interview will be kept confidential. Indeed, the results from all the 
interviews will be generalized in the report where there will be no any name of identity of the respondents. 
Before we proceed I would like to ask if you are willing to participate: Are you willing or 
not?For further contacts use: Phone: +8617720805052; Email address:

mailto:ligateelly@yahoo.com


Section 2: Information about availability of forest resources and utilization

a.

a.

f.

b.

c.

Section 3: Forest management and restoration practices

Changed largely

3. Largely affect

No at all

Highly vulnerableNothing

HighlyNever
186

_1_______
Not at all
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The use of 
land
The use of 
water 
Use of 
forests 
resources

There is small 
changes

Changed 
somehow

There is high 
impacts

b.
c.
d.

a.
b.

a.
b.

c.
d.
e.

c.
d.
e.

a.
b.
c.
d.
e.
f.

8. Have you come 
across any 
problems related 
to> 
a.

a.
b.
c.
d.
e.
f.

a.
b.
c.
d.
e.
f.

a.
b.
c.
d.

c.
d.
e.
f.
g

A little 
vulnerable
A little

5. How would you find yourself
. without forests?_____________

6. Have you participated in forest

How human activities influence 
forest changes?______________

4. Are there any impacts of forest 
disturbances on your life?

1. How your life depends on forest
resources?___________________

2. In your opinion what is the 
trend of forest your area?

Not 
changed at 
all_______
Not at all Very little 

effect
Very little 
impacts

2____
A little

Somehow 
affect 
There are 
somehow 
impacts 
Somehow 
venerable 
Somehow

4______________
Highly dependent

3________
Somehow

9. Impacts of forests 
degradation

Climate change 
Loss of water 
sources
Loss of windbreak 
Soil erosion 
Loss of natural 
beauty for 
ecotourism

5. Energy source for 
Cooking 

Firewood 
Charcoal 
Gas 
Kerosene 
Electricity 
Other...

1 .Forests resources 
Forests food 
sources 
Herbs 
Spices 
Traditional 
medicinal 
plants

6. Energy source for Lighting 
Firewood 
Charcoal 
Gas 
Kerosene 
Electricity 
Other...

2. Forests resources 
Fire woods 
Construction 
material
Plant medicines 
Charcoal 
Honey 
Fodder 
Bush meat 

h. Wood carving

7. Energy source 
for Heating 

Firewood 
Charcoal 
Gas 
Kerosene 
Electricity 
Other...

4.Types of energy sources 
Firewood
Charcoal
Gas
Kerosene
Electricity 
Other

8. Where are users of 
forests resources come 
from?

From within the 
village

b. From other villages
c. From other districts

3. User Rights
a. Open access
b. No right

Customary right 
Rent
Product lease



participated

Not at all A little Somehow

Very low

Lightly know Highly know

Not at all A little aware Highly aware

Not at all Lightly aware Highly aware

High incentivesSomehowNot at all A little

Highly availableSomehowA littleNot at all

Highly influenceSomehowNot at all A little

Section 4: Guiding questions to discuss about forest management
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Involved 
somehow

Somehow 
aware

Somehow 
know 
Somehow 
aware

Highly 
rejuvenates 
Involved fully

restoration activities in any 
way?____________

7. Do you consider that restoration
rejuvenates forests?_________

8. How do you rank your
involvement in forest 
management?______________

9. Does local community know 
forest restoration responsibility?

10. Are you aware about any land
use plan for human activities 
and forest conservation in your 
village?__________________

11. Are you aware with laws and
regulations enforcements on 
forest management?_________

12. Is there any incentives for
participating in forest 
restoration activities________

13. Are the tree planting materials
available__________________

14. Does ownership of land 
influence forest restoration 
efforts?

Not 
involved at 
all______
Not at all

1. What is the trend of forest in your area?
2. What activities contribute to deforestation in your area?
3. How are you involved in restoration of the disturbed sites of forests?
4. Why there is continuous deforestation in your area?
5. What efforts should be in place to overcome forest disturbance and deforestation?
6. What livelihood activities should be promoted besides those forestry resources based ones?
7. What is the management plan is in place for managing forests in these villages?
8. Who should be involved in forests management to control deforestation?
9. What tree species are mostly harvested?
10. What are the major reasons behind number 9 above?
11. What kind of tree species are useful in restoration of disturbed sites?
12. What should be the alternatives to tree use from forest?
13. How land ownerships and tree planting experienced in your village?
14. Are there any rules and regulations that govern harvesting and restoration of forests resources at the 

village?
15. What are the penalties?
16. How human exclusion affects forests and livelihood of the locals?
____________________________________ The End-----------------------------------------------------



Annex 2: Check List for Key Informants and FGD

5.

----- The End----
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1. How local community, leaders and experts gauge the trend of land cover and land use change, 
and ecosystems disturbances along the coastal zone of Tanzania?

2. How sets of socioeconomic activities have taken place and what sets have changed over the 
past sixteen years to affect coastal ecosystems in Tanzania?

3. Why the degradation of coastal ecosystems increased in the past sixteen years?
4. What strategies are in place to address forest disturbances along the coastal zone of 

Tanzania?
What factors affect coastal forest restoration interventions in Tanzania?
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Annex 3: Field Photo
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Annex 3: Continue

V* :

j-Bum area at Changalikwa village

v
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Tree cut down for farm preparation at 
Changalikwa

NB. These Photos were taken during data collection in 2016-2017.
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