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Abstract 

Ecosystem services are highly vulnerable to a number of impacts due to the complex effects of human 
use of natural resources and subsequent land use change. Assessment of the impact of change in land 
use with respect to ecosystem services is necessary in order to implement appropriate land uses that 
enhance ecosystem services. This study assess the changes in vegetation covers from 1986 to 2015 at 
sub-watershed level, and examine its relationship with the perceptions of the resource stakeholders on 
the ecosystem services at landscape level. The dataset include Landsat and Aster imageries, digital 
elevation model (DEM) and perception of landscape characteristic generated through focus group 
discussions (FGDs) and participatory geographic information system (PGIS). Data analysis  include 
change detection analysis, spatial analysis and multivariate statistics. The results of the study show a 
general decrease in vegetation cover and by implication ecosystem services for the study period across 
the sub-watershed. In particular, agriculture was identified as one major activity affecting ecosystem 
services in the forest. The study findings on spatial and temporal distribution of vegetation changes 
and perceived ecosystem services at landscape scale can help guide the development of appropriate 
forest resource use/rehabilitation options to enhance ecosystem services. 
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1.1 Introduction 
Ecosystem services are highly vulnerable to a number of impacts due to the complex effects 
of human use of natural resources and subsequent land use change especially at forest areas. 
Assessment of the impact of change in land use with respect to ecosystem services is 
necessary in order to implement appropriate land uses that enhance ecosystem services 
(Arunyawat and Shrestha, 2016). Two decades ago World Bank (1996) identified that sub-
Saharan Africa (SSA) strongly relies on its environmental resources for its economic 
sustainability which is currently at risk for a number of interdependent reasons. One of such 
reasons is poverty which is either a cause or result of environmental degradation, or both 
(Barbier, 2000; FAO, 2001a). The degradation is due to heavy reliance on natural capital 
(Conroy, 2002). Where such natural capitals are Common Pool Resources (CPRs) such as 
parks and protected areas like the Falgore game reserve in Kano State though with legal 
restriction to access and right, their contributions to the livelihoods of rural people, 
especially small and marginal famers, pastoralists and rural landless labourers are 
substantial (Conroy, 2002; Foley, Ramankutty, Leff  &Gibbs,2005). 
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Human activities affect the dynamics of ecosystems (especially natural vegetation cover) 
and other earth systems. For instance, the modification of vegetation cover, with a 
predominant clearing of natural vegetation may have long term impact on sustainable food 
production, freshwater and forest resources, the climate and human welfare (Mortimore, 
2002; Foley, Ramankutty, Leff  &Gibbs,2005; Mocanachie, 2004; 2007).In particular, tropical 
forest clearing has attracted attention because of the potential effects on erosion, increased 
run-off and flooding, increasing carbon dioxide concentration, climatological changes, loss 
of habitat and biodiversity (Myers, 1988; World Bank, 1996; Mas, 1999). For example, figures 
from the World Conservation Monitoring Centre indicated that out of the 1,417 known 
species of amphibians, birds, mammals and reptiles in Nigeria, 1.2% are endemic and 3.5% 
are threatened (IUCN, 2004).  In terms of plant species, 4.3% of the 4,715 species are 
endemic. At the micro scale, which is the concern of this study, the Falgore Game Reserve 
(FGR) in Kano State is an example of a protected forest within the tropical drylands of 
Nigeria. The reserve serves as a watershed for river Kano and it is currently under some 
level of threat due to human encroachment (Riruwai, 2006; Badamasi & Yelwa, 2010). 
 
Although Badamasi, Yelwa, AbdulRahim and Noma(2012) have estimated the level of 
changes within the FGR, but have not identified the causes. McCall (2007) opined that 
sustainable land use can only be achieved with input from the local people and other 
stakeholders including the researchers. In addition, the importance of indigenous 
knowledge in natural resource management has since been identified (Wells, Brandon & 
Hannah, 1992; Mazzucato & Niemeijer, 2001; Tiffen & Mortimore, 2002; Altieri, 2002; 
AbdulRahim, 2004, 2007a, 2007b; Muchena, Onduru & Gachini, 2005). Authors agree that 
combining perceptional data derived from field-bases researches with spatial change 
information derived from Remote sensing (RS) and GIS techniques is a strategy for 
explaining changes and their likelihood impact on ecosystem services(Kashaigili & 
Majaliwa, 2010; Campos et al., 2012). This study assess the spatial relationship between 
changes in the vegetal cover of FGR from 1986 to 2015 and perceived ecosystem services at 
landscape level using an integrated approach that combined social perception and 
environmental information within the ecosystem service assessment framework(Figure 
1)developed byvan Oudenhoven, Petz, Alkemade, Hein and De Groot(2012) in the context 
the Millennium Ecosystem Assessment (MA, 2003).  
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Figure 1: Framework for assessing links between land management, ecosystem services provision, societal 
response and driving forces of Vegetation cover change in FGR. Modified after van Oudenhoven et al., (2012), 
based on Haines-Young and Potschin (2010), Kienast et al. (2009), De Groot et al. (2010) and Hein (2010). The 
diagram defines the scope of the study. Solid arrows indicate effects; dashed arrows indicate feedbacks. 

 
2. Materials and Methods 
2.1 Study Area 
Falgore Game Reserve (92,000 ha), formerly Kogin Kano Forest Reserve, is located between 
longitudes 8o 30' to 8o 50' E and latitudes 10o 46' to 11o 20' N, some 110 km south of Kano on 
the Jos-Kano road (Figure 2). The northern boundary is formed by the artificial Lake Tiga 
which, when full, submerges the north-western tip of the reserve. To the south-east of 
Falgore lies Lame Burra Game Reserve (205,900 ha) in Bauchi State (BirdLife International, 
2007). 

 
Figure 2. Falgore Game Reserve. 

 
The present climate of the FGR is part of the Kano Region which is tropical wet-and –dry 
type, coded Aw by W. Koppen, although climatic changes are believed to have occurred in 
the past (Iloeje, 1965). The mean annual rainfall in FGR is estimated at 1000mm and this 
value decreases northward to about 800mm around Kano Metropolitan area. 
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The relief is highly influenced by the geology consisting of the highlands and high plain. The 
highland occupy a very small area to the south and southeast of the reserve where they 
constitute part of the foot slopes of the Jos Plateau associated with the younger granite, 
rising more than 1100m above sea level. The elevation of their bases ranges between 700m 
and 800m. The area is rocky in nature forming what is known as ring complexes (Olofin, 
1987). The high plains dominate the relief units with the elevation ranging between 650m to 
800m. They are relatively areas of low relief usually less than 30m.The area is drained by 
two major rivers systems: the Kano and the Basara systems. The vegetation is a gallery forest 
with a high density tree species and high floristic variations found within the open northern 
Guinea Savanna woodland vegetation type, though with elements of the Sudan Savanna in 
the northern tip. Example includes Isoberlinia doka, Khaya senegalensis, Vitex doniana, 
Anogeissus leiocarpus, Tamarindus indica, Detarium microcarpum and Pterocarpus erinaceus 
(BirdLife International, 2007). The wildlife has been dwindling over time. According to 
personal communication with a wildlife officer of the FGR, the animal census conducted in 
1970 shows that the total animal (both wild and domesticated) count was 9,751 and 
increased to 15,223 by the year 1981 (Badamasi, 2014). 
 
 
2.2 Materials 
The data used for this study could be categorized into the following: Remotely sensed data 
and ancillary data. The remotely sensed data include Landsat Thematic Mapper (TM), 
Enhanced Thematic Mapper Plus (ETM+) and Advanced Space-borne Thermal Emission 
and Reflection Radiometer (ASTER) images. Landsat images and the ASTER images provide 
the basis identifying vegetation change. Satellite images and DEM were all sourced from 
https://glovis.usgs.gov/. The ancillary data used for the study include Digital Elevation 
Model (DEM) obtained from Shuttle Radar Terra Mission (SRTM) for delineating sub-
watersheds; free gridded rainfall data from Global Precipitation Climatology Centre was 
used (http://www.dwd.de/research/gpcc); data on perceived ecosystem services were 
generated from fieldwork.Idrisi Selva image processing software was used for the 
processing and spatial analysis, while Multi-Variate Statistical Package (MVSP) 3.22 was 
used for statistical analysis.  
 
2.3 Methods 
2.3.1Identification and mapping of watershed units and slope image 
Based on the DEM image of the study area, 20 sub-watershed units were extracted and 
delineated including the background area (Figure 3a) using the watershed module in Idrisi 
Taiga. The DEM was equally used for generating a slope image using surface analysis 
module in Idrisi Taiga (Figure 3b). 
 

https://glovis.usgs.gov/
http://www.dwd.de/research/gpcc
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a  b  
Figure 3: Watershed delineated from DEM. a) Watershed image b) Slope gradient image generated from DEM  

 
 
2.3.2 Extraction of proportion of vegetation covers change 
The CVA produces two „channels‟ of output change information: (i) change vector direction 
and (ii) multispectral change magnitude. Among the more straightforward measures to 
quantify multidimensional change magnitude in CVA is the Euclidean distance between 
vector end-points in change space (Johnson and Kasischke, 1998). Bands 3 and 4 of the 
Landsat TM and ETM images or band 2 and 3 of the ASTER image were used to calculate 
the Euclidean distance to estimate the magnitude of change.The proportion of area covered 
by “vegetation change” (i.e vegetation recovery/regrowth and vegetation degradation) and 
“no change” were extracted from each of the 20 watershed units. The change proportion 
values per watershed were then used as the dependent variables. 
 
2.3.3 Extraction of spatial mean values from other environmental factors 
The spatial mean statistics of elevation, long-term mean rainfall and mean slope values were 
extracted based on the watershed image as the feature definition image.  This yielded single 
value for each watershed. These three variables defined the environmental variables used 
during detrended correspondence analysis (DCA) and canonical correspondence analysis 
(CCA). 
 
2.3.4 Perceived Ecological Service 
In order to identify the perceived ecosystem services from the local people, three focus 
group discussions (FGDs), a transect walk and a participatory mapping were including a 
session with farmers, pastoralist and forest guards. Except for the FGD with the forest 
guards that have 10 members, the remaining two groups have 13 members each drawn from 
Falgore and Gwamo villages (purposefully selected).The data includes perceptions about 
vegetation cover changes; perception on activities of actors that either derived goods from 
the protected area and surroundings or those involve in protection activities; and perception 
on those essential services provided by the presence of vegetation cover or the landscape 
itself for each watershed. 
To minimize subjectivity in the response from the FGDs which usually reflects perceptions 
studies, Campos et al., (2012) suggest the representation of qualitative attributes as far as 
possible by quantitative surrogate attributes. In this study the responses were decomposed 
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at two stages before translating the qualitative attributes to quantitative values. In the first 
stage group consensus within the focus groups‟ response in respect of perceived changes of 
vegetation cover and dominant activities and environmental services were recorded as “yes” 
or “no” answer, and the responses between the focus groups were then compared in the 
second stage. The affirmative and negative were counted and if the number of groups who 
answered “yes” were either equals to two (2/3) or three (3/3) then a value of 1 was 
assigned, else a value of 0 was returned. Since only three FGDs responses were compared 
there were no conflicting cases or values, so distinguishing between these two categorical 
options was easy. In this way subjectivity within and between groups were highly 
minimized. The attributes derived were used as independent variables during the statistical 
analysis.  
 
Prior to the abstraction of rural peoples‟ perception of vegetation change at watershed level, 
the cognitive knowledge of the spatial arrangement of the major landscape features within 
the study area was observed. They were asked to sketch the reserve and identify major 
landmarks therein; this refreshed their mental map of the study area and facilitated the 
assessment of watershed in respect of the attributes being assessed.  
 
2.4 Statistical analysis 
Multivariate statistics was used to quantify the complex relationships between rural peoples‟ 
perceptions, environmental factors, ecosystem services and vegetation cover change. As a 
first step, Detrended Correspondence Analysis (DCA; Ter Braak, 1986)was performed to 
identify (proximal) attributes governing vegetation changes. In this study 25 attributes 
derived from vegetation cover change and rural peoples‟ perceptions were arranges in a 
contingency table (Table1) containing nominal and ordinal data. Watershed units (20) served 
as the spatial context to link vegetation change (expressed as the proportion of change per 
unit) and rural peoples‟ perceptions. Though DCA undertake correlation analysis of both 
nominal and ordinal data sources, this study transformed nominal to binomial (presence/ 
absence) data sets as adopted by Campos et al., (2012) in similar context.  
 
In the second step,a Canonical Correspondence Analysis (CCA) was conducted to quantify 
the statistical relationship between environmental variation and distribution of vegetation 
changes in relation to proximal causes. CCA is direct gradient analysis technique (Ter Braak 
and Prentice, 1988) that performs well with nonlinear and unimodal species-environmental 
relationships (Ter Braak, 1986) and is relatively insensitive to data transformation protocols 
(Jackson, 1997). In this study, the vegetation change and rural peoples‟ perceptions were 
termed species data, while the environmental variables consists of mean elevation, mean 
slope angle and mean long term rainfall (expressed as log10-transformed values before the 
analysis) for each watershed. 
 
 
3. Results and Discussions 
3.1Vegetation covers change, spatial mean values of environmental variables and rural 
peoples’ perceptions from each watershed 
 
Figure 4 and Table 1show the distribution of vegetation change intensity between 1986 and 
2005 using CVA. There exist a variability in the type of change which dominates the study 
area at almost any particular period studied. For instance, a closer look at the result in Table 
1 shows that the total degraded area in the entire landscape for the short term period is 
about 8% and 29% for change in 1998 to 2000 and 2000 to 2005 respectively. Out of the total 
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degraded area, the percentage that has occurred in the slight range is 79% and 69% for the 
1998-2000 and 2000-2005 respectively. In addition, the greening portion of the entire study 
area rose by 50% and 12% between 1998/2000 and 2000/2005 for the change period; and 
more than 95% of the greening is slight in nature (Table 1). This signifies that the short term 
changes show a very mild symptom of degradation, slight greening and much stability.   
 

 
 
Figure 4: Distribution of vegetation changes using CVA. (a), (b) and (e) represents a long term changes for 13 
years, 15 years and 20 years respectively. While (c) and (d) depicts short term changes for 3 years and 6 years 
respectively 
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Table 1: Proportion of changes in vegetation cover between 1986 and 2005 using CVA 

Degradation 

% Area covered 

1998 – 2000a 2000 – 2005a 1986 – 1998b 1986 - 2000b 1986 - 2005b 

A B A B A B A B A B 

Intense degradation 0.06 0.70 0.07 0.26 6.32 15.93 5.91 12.05 28.89 48.43 

High degradation 0.19 2.34 0.78 2.72 19.94 50.26 27.50 56.08 21.84 36.60 

Moderate degradation 1.42 17.59 8.09 28.29 9.65 24.33 11.96 24.38 6.58 11.04 

Slight degradation 6.40 79.37 19.65 68.73 3.76 9.48 3.67 7.49 2.35 3.93 

Total 8.06 100 28.60 100 39.68 100 49.03 100 59.65 100 

          
 Greening          

 Slight greening 49.33 98.74 11.56 95.72 2.74 97.89 2.97 99.29 2.07 95.61 

Moderate greening 0.59 1.18 0.41 3.36 0.04 1.34 0.01 0.32 0.07 3.33 

High greening 0.04 0.07 0.08 0.67 0.01 0.50 0.00 0.12 0.01 0.68 

Intense greening 0.01 0.02 0.03 0.25 0.01 0.27 0.01 0.27 0.01 0.38 

Total 49.96 100 12.07 100 2.80 100 2.99 100 2.17 100 

          
 *No change 41.98  59.33  57.52  47.98  38.18 

 

           Total 
100 

 
100 

 
100 

 
100 

 
100 

 A = % of Landscape; B= % of Degradation/greening; a = short term change; b = long term change. * The number 
of pixels in this category includes the total number of pixels covering water bodies in each of the classified 
changed images = (613.4ha) 

 
 
Table 2 presents the contingency table for all the dependent and independent variables used 
in DCA ordination analysis. Three dependent variables were identified including proportion 
of vegetation recovery/regrowth, no change in vegetation cover and vegetation 
degradation/vegetation loss. Rural peoples‟ perceptions were categorized into three sub-
groups: perception on landscape assessment, human activities and environmental services 
provided by each watershed. In all, 28 variables were generated inclusive of three 
environmental variables (slope, mean rainfall and elevation) to explain variability and major 
causes of vegetation cover changes (Table 2). 
 
3.2 Statistical relationships between Vegetation Change, Rural Peoples’ Perceptions and 
Watershed Units. 
The DCA analysis ordered the plots along both axes (Figure 5). Axis 1 had a relatively high 
Eigen value (0.348) suggesting significant variation along this axis. The Eigen value for the 
second axis was 0.149. With the 20 watershed include in the analysis, DCA axes 1 through 4 
explained 78% of the variation in watershed units and rural peoples‟ perceptions attributes, 
including 43% and 18% along DCA axes 1 and 2 respectively (Figure 5). 
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Figure 5: DCA ordination plot depicting relationships among watershed units, explanatory and dependent 
variables. Axis 1 resembles watershed unit gradient along with vegetation change intensity and Axis 2 a human 
activity intensity gradient along with and environmental services. Two main clusters (A and B) were identified. 
Cluster A denotes that rural peoples‟ perception of change is closely related to the different degrees of vegetation 
cover modification due largely to land clearance for agriculture; while cluster B shows that rural people 
perceived and recognize that the protected zone are associated with no change in vegetation cover and 
vegetation regrowth; and provide more ecosystem services and are therefore more encroached upon owing to 
poor/weak institutional capacity. 
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Table 2: Contingency table for the dependent and independent variables used in DCA, with their values for 
each watershed unit.  
 

 
Prefix D and I in the acronyms represents dependent and independent variables respectively. 
Source: *NDVI Image analysis; **Modeled rainfall using Gridded rainfall data; ***Digital Elevation Model 
Analysis; and Fieldwork 
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Table 2(Cont.): Contingency table for the dependent and independent variables used in DCA, with their 
values for each watershed unit.  

Prefix D and I in the acronyms represents dependent and independent variables respectively. 
Source: *vegetation change detection; **Modeled rainfall using Gridded rainfall data; ***Digital Elevation Model 
Analysis; and Fieldwork. 

 
Axis 1 resembles watershed units gradient along with forest management and vegetation 
change intensity, starting with watershed 16 placed in the left extreme of the ordination 
diagram (Figure 5) while watershed 6 is placed at the extreme right axis. In addition, most of 
the watershed to the left falls within the reserved area and depict both no change in 
vegetation (DNC) as well as vegetation regrowth (DRR); while those on the right fall outside 
the reserve area and reflect high decrease in vegetation cover (DVD). Axis 2 depicts a human 
activity intensity gradient along with environmental services in which variables denoting 
intense human activities such as IAPS, IALG, IABF, IAMN, IAFE, IADP, IAGZ, IFIP, IFIA, 
IFLC and IFNCare placed at the top; while variables expressing environmental services are 
located at the bottom of the ordination diagram. This translates into a pattern of vegetation 
cover transformation towards anthropogenic activities outside the reserve and relative 
ecological stability within the reserve area. Rural peoples‟ perception also fit into this 
general watershed pattern as shown in Figure 6. This illustrates that vegetation cover 
changes have been strongly driven by land use activities (e.g most land that were not under 
any form State of protection are currently under intensive agriculture). This shows that 
institutional and political factors strong influence vegetation change. 
 
Many of the rural peoples‟ perceptions attributes were highly similar and the chi-square 
distance were less, resulting in two respective distinct clusters of variables. The first group 
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(Cluster A, Figure 5) was composed of variables (IFLC, IFNC and IFIA) clustering around 
DVD (decreased vegetation) which were all positively related to both axes. Cluster A 
denotes that rural peoples‟ perception of change is closely related to the different degrees of 
vegetation cover modification due largely to land clearance for agriculture.  
 

a)   b)  

c)  d)  
Figure 6: Spatial distribution of watershed identified by Detrended Correspondence Analysis (DCA).a) shows the 
distribution of watershed identified to be associated with axis 1; b) shows the distribution of watershed identified 
to be associated with axis 2; c) shows the breakdown of watersheds associated with specific human activities or 
environmental services isolated from each of the quadrants in clockwise direction identified in Figure 5 
ordination analysis; and d) shows the distribution of watersheds linked to clusters identified in Figure 5. 
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The second group (Cluster B, Figure 5) composed of variables clustered around DRR 
(vegetation regrowth/recovery) which were negatively related to axis 2 and positively 
related to axis 2. Such variables include IAPS, IALG, IABF, IAMN, IAFE, IADP, IAGZ, ISCI, 
ISCM, and ISAM; while other variables such as IACF, IAHT, ISMB, ISET and ISES within 
this cluster are negatively related both axes. In contrast IAFS and ISFP were negatively 
related to axis II and positively related to axis 1. in essence, cluster B shows that rural people 
perceived and recognize that the protected zone are associated with no change in vegetation 
cover and vegetation regrowth; and provide more environmental services and are therefore 
more encroached upon given weak institutional capacity.It is important to note that DNC 
(no change) is positively and strongly related to axis 2 and seems not to relate to axis 1.  
 
The spatial distribution of the axes is illustrated in Figure 6. Figure 6a and b illustrates the 
alignment of watersheds to axis 1 and 2 respectively. Vegetation change intensity increases 
northward in a degrading pattern (Figure 6a) and this fit into the long term changes in the 
vegetation cover change as detected by CVA technique, meaning that much of the negative 
changes occur outside reserve due to several types of human activities including clearance 
for agriculture and supported by the provision of water for irrigation (Figure 6b, c). The 
DCA ordination analysis identified two main clusters (Figure 5and 6d) that were associated 
with human activities and environmental services. Cluster A is associated with agricultural 
clearance, while cluster B combined human activities and environmental services. These 
include grazing, mining along river beds, logging of timber products, fuel wood collection, 
biodiversity management and aesthetic value. 
 
3.3 Statistical relationships between vegetation change, rural peoples’ perceptions, 
watershed units and environmental variables. 
When all the variables including the three environmental data: IELR, IEEV and IESAwere 
analyzed together, CCA revealed that the rural peoples‟ perceptions were influenced 
significantly by IELR, IEEV and IESA (Figure 7). Figure 7 also identified similar perception 
groupings and relationships to those identified in the DCA plot (Figure 5). 
 

 
Figure 7: Rural peoples‟ perception-environment relationship for the 20 watersheds as identified by canonical 
correspondence analysis (CCA). 
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CCA axes 1 and 2, respectively, explained 24% and 7% of the variance in perception data. In 
addition, IEEV and IESA were each individually correlated negatively to CCA 
environmental axis 1 and positively to CCA environmental axis 2. The same correlation 
pattern was obtained for CCA species (perceptions) axes. In contrast IELR negatively 
correlates with axis 1 and was uncorrelated with axis 2. This means that IELR (rainfall) 
negatively correlates with vegetation intensity gradient (species Axis 1 in Figure 5 & 7) 
particularly watershed units 13, 16, 18and 19; and not correlated with human activity 
gradient (species axis 2 in Figure 5 & 7). This therefore suggests that anthropogenic factors 
have contributed to the observed changes in vegetation cover despite an increasing rainfall 
pattern especially towards the northern parts of the study area.  
 
It is well known that results from interdisciplinary or integrated studies especially those 
dealing with human-environment interaction are gaining more acceptability. Several studies 
including; Campbell, Lusch, Smucker and Wangui (2005), Pelorosso, Leone and 
Boccia(2009), Smucker, Campbell, Olson, and Wangui (2007), van Eetvelde and Antrop 
(2004), Wagner and Gobster, (2007), Kashaigili and Majaliwa, (2010), and Campos et al., 
(2012) corroborated that by integrating biophysical and cognitive knowledge on social-
economic attributes (perceptual) and changes over time, and taking into account extant 
policy decisions, one can formulate a better understanding of the land transformation 
processes in a particular location.  
 
4. Conclusion  
It can be deduced from the findings of this study that within the FGR and the surrounding 
area – reflecting from human perspective  (Figure 6) - the watershed units that include 0, 1, 
2, 4, 5, 6, 7, 12 and 14 seem to provide immediate short term land for agricultural purposes, 
while watershed units 3, 8, 9, 10, 11, 13, 15, 16, 17, 18 and 19 (Figure 5 & 6) offer most option 
for alternative livelihood and long term ecosystem services. And looking at the spatial 
aggregation of the watersheds in relation to current dominant activities therein and the 
current pressure, the watersheds that serve most of the alternative livelihood options are 
under pressure that if not checked, could lead to the deterioration of the vegetation cover at 
an accelerated rate. It is therefore concluded that integrated approach such as those applied 
in this study is significant for identifying causes of changes in vegetation cover more 
specifically on a spatial context.  It is recommended that livelihood support system that 
incorporate all stakeholders should be devised at local level to truncate the excessive 
dependency of the rural people on natural capital. 
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