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There is a growing awareness on the importance of indigenous technical knowledge and the necessity 
of its integration into modern knowledge in order to address problems related to natural resource 
conservation. However, there is a lack of study that demonstrates clearly how the two types of 
knowledge systems could be successfully integrated together. This paper presents such a framework 
that has been developed through a participatory geographical information systems (GIS) approach with 
the Teso Community in Kenya. Data were collected using a variety of research instruments such as 
structured questionnaires, in-depth and face-to-face interviews, focussed group discussions, content 
analysis of literature, environmental check lists, and using the GIS techniques for assessing the status 
of the bio-physical environment. The process of developing such a framework comprises five key 
building blocks including stakeholder engagement, establishment of resources targeted for 
rehabilitation, establishment of community and scientific points of convergence and divergence, a 
decision on community and expert resolutions and the adoption of community-based project 
implementation, and monitoring and evaluation. The study recommends that the developed framework 
could be easily replicated with other rural communities that have similar bio-physical environmental 
conditions if found successful in sustainably managing natural resource management. 
 
Key words:  Indigenous technical knowledge, geographical information systems (GIS), natural resource 
management. 

 
 
INTRODUCTION 
 
Theobald et al. (2015) and Tallis and  Lubchenco (2014) 
submit that the long term success of conservation 
initiatives  aimed   at   halting   the  accelerating  losses of 

biodiversity habitats hinges on a pluralistic and 
interdisciplinary cause of action where both indigenous 
technical   knowledge    and    conventional  conservation  
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systems are considered alongside each other. Indigenous 
technical knowledge, according to Ceballos et al. (2015) 
and Rogers and Campbell (2015) if integrated with the 
conventional conservation knowledge systems, can 
greatly contribute to sustainable natural resource 
management among local communities.  

Sousa (2013) and Winkel et al. (2015) have echoed the 
above by noting that sustainable natural resource 
management may be well served by a system that 
incorporates both indigenous and scientific knowledge 
systems. Furthermore, Hiwasaki et al. (2014) have 
argued that the indigenous and scientific knowledge 
systems do complement each other on their strengths 
and weaknesses and their integration would achieve 
more in natural resource conservation than neither in 
their separation.   

Loh and Harmon (2014) and Lwoga (2011) say that 
indigenous/ local people often possess detailed 
indigenous technical knowledge of natural resources and 
the ecological value of individual plants that can assist 
policymakers in designing suitable natural resource 
management policies and frameworks. They argue that 
members of such communities have also acquired a 
comprehensive knowledge of how different plants and 
animals adapt to changing environments within the 
landscapes they inhibit.  

However, Chepkosgey and Jerotich (2016) and 
Nabhan (2016) submit that in most developing countries 
indigenous technical knowledge has long been ignored 
and much criticized as having no role in enhancing 
modern science related to biodiversity conservation. This 
argument corresponds with the views by Lwoga (2011) 
and Gaillard and Mercer (2012) who have pointed out 
that indigenous technical knowledge among local 
communities is getting marginalized and thus it is 
disappearing and may soon become extinct due to poor 
incorporation or non-incorporation into scientific related 
knowledge through appropriate approaches such as 
participatory geographical information systems (GIS). 

One major factor contributing to the above 
dissatisfaction is the lack of a key model involving the 
creation of a core boundary-spanning team, community 
facilitators, a policy facilitator, and  trans-disciplinary 
researchers  responsible for linking with a wide range of 
actors ranging from local to global scales (Weis and 
colleagues, 2013). According to the Republic of Kenya 
(2013-2017), Ayaa (2013) and Kangalawe et al. (2014) 
such communities including the Teso community have a 
wealth of indigenous technical knowledge with regards to: 
i) identification of issues affecting natural resources, and 
ii) suggesting practical solutions to overcome them. 
Indigenous Technical Knowledgem which according to 
Kangalawe et al. (2014) consists of the beliefs and 
understandings of non-western people acquired through 
long term association with a particular place, is thus 
critical in sustainable natural resource conservation. Ayaa 
and Waswa (2016) have already demonstrated the 
critical role played by indigenous technical knowledge 

 
 
 
 
systems in the conservation of the biophysical 
environment in Kenya in general and among the Teso 
community of Busia County in particular. The result of the 
study above showed the importance of involving local 
community members in the process of designing an 
integrated framework through participatory GIS mapping 
and environmental issues solving. In view of the 
foregoing the above study recommended a need for a 
new integration framework that would more successfully 
incorporate scientific and local knowledge for 
sustainability in natural resource conservation in different 
agro-ecosystems. This study attempted to establish a 
relationship between trends in the use of indigenous 
technical knowledge for environmental conservation 
among members of the Teso community and the land 
use-land cover status overs a period of 37 years 
spanning from pre-independence to the 2000s. 

It is in light of the above that the study sought to: i) 
highlight the importance of indigenous technical 
knowledge and ii) draw a key procedural approach to 
successfully combine indigenous technical knowledge 
and scientific knowledge for sustainable natural resource 
management using the Teso community as a case study 
area in Kenya. 
 
 
Literature review 
 
Hiwasaki et al. (2014)-say that today, the literature on 
traditional technical knowledge has gained rapid currency 
as researchers and natural resource managers have 
increasingly considered it as a valuable contributor to 
natural resource management and biodiversity 
conservation. Popova (2014) notes that, this form of 
knowledge also goes by other names such as Traditional 
Ecological Knowledge (TEK) Indigenous People‘s 
Knowledge (IPK) and even ‗folk knowledge‘. Camara-
Leret et al. (2014) observe that the iterations and 
mechanisms of indigenous technical knowledge are 
unique to each community even where it shares certain 
features across groups by virtue of it being embedded in 
a wider common culture. In all locations, indigenous 
technical knowledge is the foundation of indigenous 
governance, ecological stewardship, social, ethical, 
linguistic, spiritual, medicine, food and economic 
systems.  

Accordingly, such knowledge is contained in and 
expressed through dance, songs, stories including those 
referred to as myths or legends, proverbs,  foods, 
institutions,  skill sets, practices, beliefs, ceremonies, 
innovations and adaptations, languages, codes of ethics, 
protocols, art forms and laws as argued by Egeru (2011). 
 
 

Knowledge integration process 
 
Theobald et al. (2015) and Shrestha and Medley (2016) 
have noted that the importance of combining indigenous  



 

 
 
 
 
technical knowledge and scientific knowledge systems for 
natural resource management is reflected in the 
widespread adoption of international strategies that 
establish a link between poverty alleviation, sustainable 
development and biodiversity conservation including the 
Convention on Biological Diversity and the Ramsar 
Convention on Wetlands among others. In view of the 
above, the recent Global Strategic Plan for Biodiversity 
(2011-2020) declared in the COP 10 (Strategic Goal E, 
target 18) recommended that by 2020, traditional 
technical knowledge, innovations and practices of 
indigenous and local communities relevant for the 
conservation and sustainable use of biodiversity, and 
their customary use of their biological resources should 
be respected, subject to national legislation and relevant 
international obligations, and fully integrated and 
reflected in the implementation of the convention with the 
full and effective participation of the indigenous and local 
communities, at all relevant levels.  

McShane et al. (2011) and Sandker et al. (2012) have 
recommended that an appropriate model for effective 
knowledge integration should enable the achievement of 
the following objectives: i) promote collaborative 
research-facilitator community teams, ii) integrate local 
and scientific knowledge, iii) help community and policy 
makers improve their living standards, iv) expand 
biodiversity payment schemes, v) develop multiple land-
use plans, and vi) engage fully the stakeholders together 
in multiple land use policies. Besides, several integration 
frameworks have been developed in the past by scholars 
such as Gaillard and Mercer (2012), Sousa (2013), 
Spiller et al. (2012) all aimed at integrating indigenous 
technical knowledge and universal conservation 
knowledge. Despite the existing frameworks being 
participatory in nature and adopting the use of 
conventional methods of data collection including 
interviews, observation and review of documented 
information relating to a chosen local community, 
Shrestha and Medley (2016) submit that such models 
have not been very successful in achieving sustainability 
in natural resources management since they have tended 
to remain Westernized-Scientific in nature with 
inadequate local community participation.  

Sousa (2013) notes that rather than treating the two 
knowledge systems as complementary to each other, the 
available integration models have often dealt with these 
knowledge systems as separate approaches rather than 
a hybrid thereby rendering the model less effective in 
sustainable natural resource conservation. Furthermore, 
Fleischmann et al. (2014) have identified a major 
weakness of the existing frameworks as being lack of 
detailed understanding of the epistemology resulting in 
only superficial interactions between indigenous and 
scientific knowledge holders. They found out that the 
existing frameworks have been developed based on the 
patterns of superficial engagement between local 
community members and the  scientific  researchers  has  
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often perpetuated power struggles thereby leading to 
stunt collaborative efforts. 

According to Weiss et al. (2013) the process of 
designing an integrated framework must not only attempt 
to understand basic needs of local stakeholders but 
should seek to empower local community members. This 
is through providing local stakeholders an active voice in 
the conception, design, implementation and the 
management of the entire process. Inclusive consultation 
will assist in aligning the often multi-scale objectives of 
external and internal land users. Further, a successful 
integration framework for sustainable natural resources 
management demands that its design process should 
include participatory land use planning (PLUP) (Castella 
et al., 2014) participatory geographic information systems 
(PGIS) mapping, Boedhihartono and Sayer (2012) forum 
groups (Colfer and Pfund, 2012 and semi-structured 
interviews (Watts and Colfer, 2011). Brown and Kyttä 
(2014) submit that participatory GIS is useful in extracting 
lay (indigenous) knowledge and people‘s views and 
perceptions regarding natural resources as well as 
presenting the same  to environmental scientists and 
authorities.  

Boedhihartono and Sayer (2012) note that PGIS as a 
technique has been used in understanding the factors 
that determine the level of  change in a target natural 
resources, obtain detailed and current information locally 
on the resource characterization (size and dynamics) as 
well as understanding the value communities attach to 
their resources. Also, PGIS enables the reconstruction of 
information that can possibly account for the noted 
changes in certain resources within a given community or 
geographic region. In this regard PGIS is an important 
tool for incorporating local knowledge through active 
community participation in needs assessment, problem 
analysis and design of integrated approaches to 
implementing development since it facilitates feed-back 
from the local people (Shrestha et al., 2016). Henry and 
Dietz (2011) submit that sustainable natural resource 
conservation requires that biodiversity concerns be 
mainstreamed into the behaviour of individuals and 
communities that interact with these resources. They 
argue that the social issues and contexts (values, norms, 
institutions, organizations and human wellbeing) which 
underpin almost all conservation opportunities and 
constraints for implementation must be accorded much 
priority if sustainable natural resource conservation is to 
be achieved. 
It is in this regard that Berkes (2012) says that the 
knowledge of local people has increasingly become 
indispensible in understanding the long term changes in 
natural resources. In view of the above, Weiss et al. 
(2013) and Fleischmann et al. (2014) argue that the 
current challenge is therefore to develop ‗a user-inspired‘ 
and ‗user useful‘ management approaches where local/ 
indigenous technical knowledge is considered alongside 
scientific knowledge. The  above agrees  with  the  earlier  
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findings of a study by Bohensky and Maru (2011) who 
recommend that for sustainability in natural resource 
management to be achieved, the incorporation of 
indigenous knowledge into the mainstream approaches 
that enables the establishment of the causes and 
consequences of natural resource degradation through 
participation of local community members is critical. 

A study by Bohensky and Maru (2011) has revealed 
that the integration of indigenous technical knowledge 
with scientific knowledge through active involvement of 
local communities provides a description of the current 
interactions between the human society and its natural 
habitat as well as the estimate of future developments.  
Furthermore, Inwood et al. (2015) posit that an 
understanding of how humans interact with and value 
their natural environment enables the identification of 
those behaviours that need to be reinforced or changed 
to safeguard biodiversity. It is in this regard that Wiseman 
and Bardsey (2013) have observed that just as scientific 
and biological assessments represent a defensible 
approach for identifying strategic conservation (the 
―where‖ problem), social assessment provides the kind of 
insights required to do the actual conservation (the ‗how‘ 
problem). 
Today, thus, given the actual and potential conflicts 
between biodiversity and the imperatives of socio-
economic developments in most parts of the world, the 
need to incorporate the social assessment into 
conservation projects is all the more urgent. The above 
concurs with the sentiments by Ziembicki et al. (2013) 
who note that evidence abounds which suggests that 
sustainability in natural resource management can only 
be attained by developing a science based on priorities of 
local people by creating a technological base that 
includes both indigenous and modern approaches to 
conservation.  
 
 
PGIS and knowledge integration 
 
Brown and Fagerholm (2015) submit that practitioners 
and researchers around the world all of whom share the 
goal of empowering the under-privileged have adopted a 
variety of GIT and S techniques to integrate multiple 
realities and diverse forms of information to foster social 
learning, support two-way communication and broaden 
public participation across socio-economic contexts, 
locations and sectors. The above has spurred a rapid 
development in community-based management of spatial 
information through what is generally termed participatory 
GIS (PGIS) which evolved as a result of the merger of 
participatory learning and Action (PLA) methods with GIT 
and S techniques. PGIS practice is usually geared 
towards community empowerment through demand 
driven, user-friendly and integrated applications of geo-
information and GIT in which maps and map products 
become primary conduits.  

 
 
 
 

GIS as a technology is useful both in addressing the 
problems associated with the storage, analysis and 
processing of this knowledge as well as in the process of 
integrating indigenous and scientific information. Besides, 
Brown and Kytta (2014) argue that GIS mapping software 
is critical in linking information about where things are 
with information about what things are like. Thus, unlike a 
paper map where ―what one sees is what one gets‖ a GIS 
map can combine many layers of information because it 
is a specialized set of ICT that helps manage and 
interpret data about an area‘s resources and infrastructure 
including digital maps or images of a village, watersheds, 
or an entire country. 

However, Weiss et al. (2013) have noted that despite 
the over-emphasized integration of the two knowledge 
systems for the conservation of biodiversity, such 
integration contains very few examples of the process 
and very little evidence of how these knowledge systems 
can actually be integrated. Correspondingly, Bohensky 
and Maru (2011) have noted that although the integration 
and use of Indigenous knowledge to inform contemporary 
environmental policy decisions and management 
solutions is a growing global phenomenon, there is little 
critical inquiry about how the interactions between 
scientific and Indigenous knowledge (IK) systems can be 
effectively negotiated for the joint management of social-
ecological systems.  

On the basis of the above, the designed integration 
framework for the Teso agro-ecosystem offers a potential 
solution to the gaps identified in the previously developed 
models that hitherto excluded or only minimally involved 
local communities in all its stages leading to community 
members not owning the process. The designed 
framework has ensured a common concern entry point 
where all stakeholders agree to seek solutions to 
problem/needs and which is built on shared negotiation 
process based on trust as recommended by Pfund et al. 
(2011).   
The current framework also recognizes the aspect of 
multi-functionality which appreciates the fact that 
landscapes and their components have multiple uses and 
purposes each of which is valued in different ways by 
different stakeholders which has been emphasized by 
scholars such as Smith (2011). The designed framework 
has also ensured active participation by all stakeholders 
throughout the design circle in an equitable manner 
which is a pre-requisite to the attainment of optimal and 
ethical outcomes of the initiative. The current framework 
has also been developed taking cognizant of a 
participatory and user friendly monitoring systems that 
facilitates sharing of information that need to be widely 
accessible as recommends Salafsky  (2011). More 
important is the fact that the framework ensures 
strengthening of stakeholder capacity which a rises from 
equal stakeholder engagement through PGIS that 
enables each stakeholder improve their capacity to judge 
and respond in platforms where experiences  are  shared  



 

 
 
 
 

 
 

Figure 1. Teso District Location by grids.  
Source: Kenya Survey Maps. 

 
 
 

within or among cites.  
 
 
MATERIALS AND METHODS 

 
Study site  

 
The study taking place around the Teso community in Kenya lies 
between latitude 0° 20 North and 0°  32 North and longitudes 34° 
01 and 34° 07 East (Figure 1). Teso District is divided into four 
administrative divisions, namely Amagoro, Angurai, Chakol and 
Amukura, and covers a total land area of 558.5 km2. The district 
borders Bungoma County to the North and East, Busia District to 
the south and the Republic of Uganda to the West. It is a rural 
district where subsistence agriculture represents one of the main 
livelihood sources for the majority of the inhabitants of the region 
(Republic of Kenya, 2013-2017). 

 
 
Research design 

 
Target population/respondents 

 
The respondents for this study were drawn from selected members 
of the Teso community, top government representatives of different 
relevant departments in the Teso District and top representatives of 
Non-Governmental and Private sector organizations. A total sample 
size of 384 respondents was selected based on Fischer‘s formula 
(Creswell, 2014; Kothari and Garg, 2014). This consisted of a total 
of 289 household heads that were randomly selected from the two 
administrative Divisions within the Teso community of Busia 
County. Besides, 15 top government representatives from 
departments that operate on aspects related to environment and 
natural resources were also purposively  selected  to  participate  in 
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the study. There was a special category of 80 respondents 
consisting of the elderly (Sages) aged seventy years and above 
who were purposely included in the study sample to help the 
researcher track the socio-economic and environmental trends in 
Teso District during the pre-independence and post-independence 
of Kenya. Both male and female respondents were included in the 
study sample.  
 
 
Data collection methods 
 

This research used several methods to collect data that included 
the following research administered questionnaires that were used 
to collect data from 249 household heads that were randomly 
selected in order to establish the Teso community indigenous 
technical knowledge systems and assess effects of changes in 
indigenous technical knowledge systems on the bio-physical 
environment through time. 
 
 

Key informant interviews 
 

Changes in the level of adherence to Teso community indigenous 
technical natural resource management knowledge systems 
through time were investigated by use of in-depth interviews with 
the representatives of related NGOs and private sector 
organizations.  
 
 
PRA and focus group discussions 
 

Focus group discussions and follow-up discussions in a workshop 
based set-up were carried out in order to cross-check the validity of 
the responses from the questionnaires and key informant 
interviews. Focus group discussion as a tool was particularly useful 
since it enabled brainstorming on emerging issues regarding trend 
in use of indigenous technical knowledge systems and perceived 
effects on the state of the bio-physical environment.  
 
 
GIS spatial analysis and mapping 
 

Spatial analysis based on remote sensing data was collected from 
LANDSAT TM and MSS from 1973 and 1986 for MSS and 2000 
and 2010 for thematic mapper (TM) was used to map the land use 
and surface cover changes in the bio-physical environmental 
outlook. The use of remote sensing tools, software in this project 
such as ERDAS IMAGINE and ArcGIS toolkit facilitated the 
automation of the entire process which was run on unsupervised 
mode of classification in remote sensing. 

The overall objective was to establish the changes in the Land 
Use/Land Cover in Teso District that may have been caused by 
changes in use of indigenous technical knowledge related to 
environmental conservation from 1973 to 2010. Participatory GIS 
was useful in extracting lay (indigenous) knowledge and people‘s 
perceptions regarding natural resources and land degradation with 
a view of presenting it to the conservation scientists and authorities. 

The PGIS was useful in establishing and understanding the 
factors that determine the nature and level of change in the natural 
resources as well as enabling the researcher obtain information 
locally on resources characterization (size and dynamics) as well as 
in understanding the value the community attaches to their 
resources.  
 
 

Secondary data 
 

Extra data were obtained from secondary sources such as 
textbooks, newspapers,  relevant  journals  and  electronic  sources 
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Table 1. Trend in the use of indigenous knowledge systems. 
 

 Percentage 

IKS Pre-independence  1963-2013 Trend 

Totems 85.3 44 -41.3 

Protection of sacred places 91.1 23 -68.1 

Prohibitions 56 14.2 -41.8 

Age and gender restraints 47.1 8.9 -38.2 
 

Source: Ayaa (2013). 

 
 
 
such as the internet. 

 
 
Data analysis methods 

 
All questionnaire-based data were cleaned, coded and entered into 
SPSS for analysis. Analysis centred on cross-tabulation and 
correlation in order to ascertain the perceived relationship between 
the level of adherence to indigenous environmental knowledge 
systems and the land use-land cover  status  within the study area. 
Interview-based data were analysed qualitatively with narrative 
correlation being used in corroborating the results with questionnaire 
data in order to assess the relationship between trends in the use of 
indigenous knowledge, bio-physical environment.  PRA and FGD 
data were transcribed and typed into word with themes and sub-
themes based on the study objectives created.  

Analysis of GIS data involved acquisition of satellite images for 
Teso District and processing them using GIS standard procedure. 
Geographic information system and mapping techniques were used 
to track and obtain accurate, current and detailed information on 
how the status of the bio-physical environment has changed over 
the 37 years span in Teso District. The final output was maps and a 
table of quantities of changes in the amount of land under rain-fed 
agriculture, seasonal swamps, wetland vegetation, shrub land and 
settlement. This covered the years 1973, 1986, 2000, and 2010 
(the only years for which satellite images for Teso were found/ 
available). The tools used were Erdas 9.1 Arcview GIS 3.2 and Arc 
Map software. 
 
 
RESULTS 

 
Table 1 shows the declining trends in the level of use of 
ITKs by the Teso community over a period of 37 years 
spanning from pre-independence period to post 
independence period. Interviews conducted with the 
target respondents in general and Teso community 
elders in particular revealed that level of adherence to the 
previously highly respected indigenous technical 
knowledge systems has declined over time. For instance 
most of the elders lamented that today, explosive 
population growth, modern education, modern religion 
and the break-down of traditional social system of 
leadership, indigenous knowledge and practices have 
come to be regarded as primitive and are associated with 
the dark past. Such attitudes especially by the youths and 
the educated have led to a decline in the adoption and 
use of indigenous knowledge systems from the 1960s to 
the 2000s era. 

Spatial analysis results 
 

The spatial analysis results are shown in Figure 2, Tables 
2 and 3. 
 

 

DISCUSSION 
 

Prior to the arrival of the Missionaries, scientific 
discoveries, influence from foreign religions, modern 
education and industrialization, the Teso community 
spiritualism (the belief in the supernatural) created 
respect for animals, reverence for forests, rivers and 
mountains among others other natural resources. The 
beliefs gave some explanation as to why certain places 
were revered and certain activities tabooed. The 
community‘s spirituality opined that natural phenomena 
have spirits that define the relationship between humans 
and nature that is inter-linked and independent. The clans 
had the responsibility to take care of and protect their 
land, sacred sites and their members‘. These sites which 
were found in dense forests, wetlands, shrub lands, 
caves, river confluences among others were considered 
for special rites such as worship, naming of new borne 
babies, hunting, appeasing of ancestors, casting out of 
demons and evil spirits, uniting family members who had 
previously been separated due to certain cultural issues 
among other significance. This restricted certain forms of 
human initiated activities including farming, grazing and 
human settlement. Besides, there was belief in 
sacredness (things, situations and places that are 
deliberately set apart) which was highly upheld by 
members of the respective clans. This referred to 
respected places which are considered to be connected 
with supernatural and thus considered ‗super ordinary‘. 
An important aspect of sacredness was the setting aside 
of patches of forests, ponds, parts of shrub lands among 
other designated sites by the traditional authorities for 
sustainable resource use and the preservation of  vital 
biodiversity. In most cases the intention was to protect 
watersheds, fragile ecosystems as well as animals and 
plants that were considered to have cultural significance 
to the community. Arising from the above all community 
members irrespective of age, gender and religious 
affiliation highly observed indigenous beliefs and 
practices prior to Kenya‘s independence  as  indicated  in 
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Figure 2. Changes in in land use /land cover over 37 years. 

Source: GIS data. 
 
 

Table 2. Changes in land use quantities in ha (000). 
 

Land use/Year 1973 1986 2000 2010 

Rain-fed Agriculture 35,283 36,583 38,794 39,217 

Seasonal Swamps 16,645 15,149 13,208 13,194 

Settlement 14 64 84 295 

Shrub-Land 3,384 3,614 3,467 2,768 

Wetland Vegetation 706 619 476 555 
 

Source: GIS data. 

 
 
 

Table 1. From the year 1963-todate however, the 
exploding population growth and more importantly 
secularization of Teso culture have influenced most 
community members in general and the youth in 
particular not to take their culture as a yardstick in their 
lives. This has led to a continued decline in the level of 
adherence to indigenous beliefs and practices that 
hitherto greatly contributed natural resource conservation. 

In this regard, traditional beliefs and practices that once  

facilitated the conservation of natural resources have 
come to be viewed as primitive, savage, archaic, 
animistic and backward paving way to a carefree attitude 
that has led to uncontrolled utilization of these resources. 
This has resulted to the current situation where 
community member of different genders, age, religion 
and socio-economic status engaging in uncontrolled 
farming, settlement, encroachment in forests and 
wetlands  thereby  affecting  their  quantities  and  quality.
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Table 3. LULC status trends. 
  

Spatial parameter 1973-1986 1986-2000 2000-2010 

Rain-fed agriculture +3.7 +6.04 +1.1 

Seasonal swamps -8.9 -12.8 -0.11 

Settlement +357 +31.25 +251 

shrub land +6.8 -4.06 -20.2 

Wetland vegetation -12.3 -23.1 +16.6 
 

Source: GIS data. 

 
 
 

However, it should be noted that since the later part of 
the 1990s, the government of Kenya upon noticing 
runaway destruction forests leading accelerated soil 
erosion commissioned tree plant activities around water 
towers among other designated sites resulting to 
increased size of land under wetland vegetation. This 
could have the implication that indigenous knowledge 
systems at level they are currently being used can no 
longer be used to effectively manage natural resources. It 
is in view of the foregoing that there is an urgent need to 
design an integration framework for mainstreaming these 
knowledge systems into scientific conservation systems 
for sustainable natural resource management. 

 
 
Designing an appropriate integrated framework for 
combining IK and SK in natural resources 
management 
 
In order to design an appropriate framework for 
integrated management of natural resources in the Teso 
community five ideal building blocks are presented below: 
 
(i) Identification of conservation stakeholders/ partners for 
common understanding, trust and consensus building. 
(ii) Establishment of changes in the status of the bio-
physical environment 
(iii) Scientific and Community points of convergence and 
divergence 
(iv) Community and expert based resolutions 
(v) Community based project implementation, monitoring 
and evaluation 
 
The above ideals can be presented as indicated below in 
which a conceptual model is reconstructed based on the 
main findings of the study. 

 
 
Integration framework designing process 

 
The designing of an integrated natural resource 
management frame-work for the Teso agro-ecosystem 
has been done with a participatory process in mind with 
the following key steps considered being critical. In all the 
steps    consultation,     deliberations,     negotiation    and 

consensus building between all the participating 
stakeholders were assumed to be inbuilt (Figure 3). 
 
 
Step 1: Engagement for mutual Understanding and 
consensus building 
 
Stakeholder engagement for identification of the 
community goal, mutual trust, establishment of rapport 
and building of common understanding on the impacts, 
and related effects driven by the land resources  changes 
that requires rehabilitation. 
 
 

Step 2: Establishment of changes in the status of the 
bio-physical environment 
 
Step 2a: Community methodology: Community resource 
mapping was done to gain detailed and accurate current, 
past and projected trends regarding the status of natural 
resources purposely to identify land cover changes and 
consequent restoration areas. This was facilitated 
through participatory GIS where the community was 
engaged in drawing the maps based on their knowledge 
of the existence of the resources and changes and 
supplemented by structured in-depth questionnaires, key 
informant interviews follow up interviews and focus group 
discussions that focussed on the past, current and 
projected area of land under the five bio-physical 
environmental components identified, that is, wetlands, 
shrub lands, agricultural land, seasonal swamps and 
settlements. 
 

Step 2b: Scientific methods: GIS/Remote Sensing time 
series analysis were done to track Land Use/Land Cover 
changes for the years 1973, 1986, 2000 and 2010. 
 

Step 2c: Outcomes of Land use/cover changes: The 
GIS/Remote sensing time series analysis results in the 
maps as in Figure 3 and table of quantities (Table 2) 
above was then presented and discussed between all the 
participating stakeholders. The community outcomes on 
the resource mapping based on the structured in-depth 
questionnaires, key informant interviews, follow-up 
interviews and focus group discussions were presented 
in the graphical analysis in Figure 2.  
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Figure 3. Conceptual integrated natural resource management frame work. 
Source: Author (2018). 

 
 
 
Step 3: Scientific and community points of 
convergence and divergence 
 
Through the use of PGIS techniques, both scientific and 
community outcomes were then jointly presented and 
thoroughly discussed to identify areas of similarities and 
differences with regard to what environmental elements 
that needed urgent rehabilitation. The community 
provided indigenous methods of conservation that have 
been used traditionally, as use of totems, prohibitions, 
protection of sacred places, age and gender restrains 
whereas the scientific methods agreed on prohibitions 
and protection. Alternative scientific or exotic methods for 
conservation were also presented and the community 
agreed on integration of these two methods to yield a 
hybrid solution with what is indigenously known but 
blended to yield more acceptable and productive results 
in conservation. The GIS arc maps, table of quantities 
and resultant figures showing changes in the identified 
features above were compared with the results from 
community mapping exercise bearing similar features 
with their relative sizes in the past and present. 

Step 4: Community and expert based integration 
solutions 
 
This involved identifying both indigenous and scientific 
strategies that have been used in the past and present to 
cope with associated natural resource degradation. The 
participating community members through the sages 
guided by the researcher anticipatorily listed all the 
indigenous environmental knowledge systems (IEKS) 
and Scientific knowledge systems (SKS) they had used in 
the past and those they are currently using in protecting 
the various components of the environment including:-
Land management knowledge, vegetation conservation 
knowledge, water and wetlands management methods 
and knowledge for the protection of birds and wildlife. 
With regard to the members of the Teso community, 
indigenous knowledge systems such as use of totems, 
protection of sacred places, prohibitions as well as age 
and gender restraints were identified. The conventional 
methods suggested by the scientific community included 
the buffering of swampy areas through use of fences to 
discourage    encroachment,     rotational     grazing   and  
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quarantine, protection of wetlands and wetland resources 
through legislative enactment, use of perimeter fence and 
community policing. The convergence of these methods 
was agreed upon to be the use of prohibition and 
protection in the conservation. The divergent methods 
identified were use of totems, age and gender restraints 
which were viewed as important pillars that can be used 
to reinforce the protection and prohibitions in many areas 
of interest. 
 
 

Step 5: Community based project implementation, 
monitoring and evaluation  
 
Detailed analysis of information in steps 2 and 3 above 
was done in order to negotiate and develop an integrated 
strategy for sustainable natural resource management. 
All participants engaged in an elaborate negotiation 
process regarding the mode/strategy of rehabilitation/ 
restoration of targeted resources as well as the designing 
of the monitoring and evaluation indicators for future 
tracking of the project progress. 

The individual merit of each model/strategy was 
carefully evaluated in order to determine its future viability 
in restoring environmental status. Factors that guided 
discussions and negotiations of the viability of the 
integrated strategy include its sustainability, cost 
effectiveness, equity and stability among other 
considerations. The community representatives guided 
by the researcher then scored each of the selected 
strategies so as to arrive at a consensus regarding the 
most viable one. Once an agreement was reached, 
mobilization of the necessary resources was then 
undertaken and the actual implementation was jointly 
carried out. The above process resulted in the integration 
of the most successful indigenous and scientific 
strategies for sustainable environmental conservation 
and enhanced community livelihoods. It is therefore 
hoped that the implementation of this integrated strategy 
will lead to the restoration of the degraded components of 
the biophysical environment in a community such as the 
Teso. 
 
 
Conclusion 
 

In order to sustainably manage the scope, complexity 
and uncertainty of global natural resources, it is important 
to consider different types and sources of knowledge. 
Studies on the interface between social and ecological 
systems argue that Western paradigms and systems of 
knowledge are currently not able to deal with the full 
complexity of natural resource management nor 
sufficiently able to integrate local stakeholder perspectives 
in the development of natural resource management 
strategies. The challenge to most researchers has been 
to develop a ‗community-inspired and community-useful 
integrated    management    approaches    whereby   local  

 
 
 
 
knowledge is considered alongside scientific knowledge. 

In order to design and implement an integrated 
environmental management framework, it is critical that 
all the participating stakeholders be made to have a 
common understanding regarding the targeted natural 
resource and the need to conserve it. The local 
community members will through the guidance of the 
elders use their indigenous knowledge to map out and 
analyze the natural resources targeted for conservation 
to ascertain the extent of degradation. The extent of 
damage is determined by the status trend size of land 
occurred by a specific environmental element of the 
status trend in the actual population of the elements 
targeted. An analysis to ascertain the points of 
convergence and divergence regarding the targeted 
natural resources are carried which is followed by the 
identification of appropriate indigenous and scientific 
conservation methods. The implementation of the two 
identified knowledge systems alongside one another 
therefore leads to an integrated environmental 
management framework. 
 
 
RECOMMENDATIONS 
 
(i) There is need for research to establish and document 
factors that inhibit successfully development of 
sustainable partnerships between local communities and 
the scientific community on issues of co-management of 
natural resources. 
(ii) Policies and strategies to facilitate establishment of 
relationships based on mutual trust between various 
stakeholders in environmental conservation should be 
developed and implemented. 
(iii) The design of a sustainable natural resource co-
management framework should be developed with active 
participation of all primary stakeholders, among others so 
as to catch views, cultural contexts, needs, interests and 
strategies on management and use of biodiversity by the 
indigenous people. 
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