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Wetlands are ecosystems in which water covers the land. They provide economical, ecological, societal 
and recreational benefits to humans. Although complete documentation is lacking, wetlands make a 
significant part of Ethiopia covering an area of 13,700 km

2
. Wetlands with a great potential for 

ecotourism development in the country include the rift valley lakes, the floodplains in Gambella, the 
Awash River Gorge with spectacular waterfalls, the Lake Tana and the Lake Ashenge, the Wenchi Crater 
Lake and the Wetlands in Sheko district are among others. Similarly, the Wetlands of Ethiopia are home 
to various aquatic biodiversity. Some of the biodiversity potential areas are the Cheffa Wetland and 
Lake Tana basin in the North, the rift valley lakes namely, Lake Zeway, Abaya and Chamo, and the Baro 
River and the Dabus Wetland in the Western Ethiopia. However, the wetlands in the country are 
impacted by a combination of social, economic, development related and climatic factors that lead to 
their destruction. Correspondingly, the wetlands holding a considerable biodiversity potential in the 
country lack adequate management. To address the challenges and enhance the wetland’s role in 
ecotourism and biodiversity, a sustainable form of wetland resource use should be developed. As a 
result, integrating wetlands with ecotourism and developing as livelihood option for local communities 
is important for sustainable conservation of wetlands. Awareness rising, empowering stakeholders 
involved in wetland resource conservation, enhancing stakeholders’ participation, undertaking the 
restoration of degraded wetlands and promoting scientific studies on wetlands of the country are 
crucial to conserve wetlands and at the same time promote their ecotourism and biodiversity 
importance. Moreover, implementing the integrated wetland resource management approach and 
addressing policy, management and coordination issues that arise on wetland resource conservation 
aids to promote the significance of wetlands in ecotourism and biodiversity conservation in Ethiopia.    
 
Key words: Wetlands, ecotourism, biodiversity conservation, implication, Ethiopia. 

 
 
INTRODUCTION 
  
Wetlands and their roles  
 
Wetlands are “areas of marsh, fen, peat land or water, 
whether natural or artificial, permanent or temporary, with 
water that is static  or  flowing,  fresh,   brackish   or   salt, 

including areas of marine water the depth of which at low 
tide does not exceed six meters” (Secretariat of the 
Ramsar Convention, 2013). They are ecosystems found 
bordering land and water (Abebe, 2003). In wetland 
ecosystems, water covers the  land,  or  is  at  or near the



 

 

 
 
 
 
surface of land (Abebe, 2003; Abunie, 2003). As wetlands 
are characterized by the feature whereby water plays a 
dominant role in regulating the environment, they have 
numerous roles in the livelihood of communities 
(Chakravarty, 2016; World Bank, 2013).  

Wetlands are commonly used as areas of agricultural 
and grazing lands, in addition to their various benefits 
(Tulu and Desta, 2015). They support human wellbeing 
by offering food, fodder, fiber, fuel wood, timber and non-
timber forest products (Amsalu and Addisu, 2014). They 
provide construction materials, energy resources such as 
peat and plant matter, transport services, herbal 
medicines and renewable freshwater for human use 
(Secretariat of the Ramsar Convention, 2013). Fish 
obtained from wetlands is an important source of animal 
protein for many developing economies (World Bank, 
2013). These tangible and intangible diverse resources 
and products of wetlands historically provided a source of 
income and livelihood opportunities for human beings 
(Lamsal et al., 2015). Wetlands also play an essential 
role in the ecological condition of the environment (IWMI, 
2006). They are important in maintaining natural cycles, 
water purification, climate regulation, flood regulation and 
coastal protection (World Bank, 2013; Lamsal et al., 
2015). They provide the water and primary productivity 
upon which innumerable plant and animal species 
depend for their survival (Chakravarty, 2016; Secretariat 
of the Ramsar Convention, 2013). Where wetlands have 
healthy biodiversity, they provide essential services to our 
communities and to the environment providing 
recreational, cultural and spiritual benefits, acting as 
spawning and nursery grounds for fish and providing a 
refuge for animals in times of drought (Commonwealth of 
Australia, 2016).  

Wetlands are considered one of the most productive 
environments in the world (Dubeau et al., 2017). They 
are places for wide range of biodiversity including 
concentrations of birds, mammals, reptiles, amphibians, 
fish and invertebrate species (Commonwealth of 
Australia, 2016; Babu, 2015; Johnson, 2013). They are 
also crucial storehouses of plant genetic material 
(Blumenfeld et al., 2009; World Bank, 2013). Due to their 
vast biological diversity and ecosystem features, 
wetlands are destinations for recreational and ecotourism 
opportunities (Chance, 2006; IWMI, 2006; Jafari, 2009; 
Brooks et al., 2011). Where wetlands are developed as 
ecotourism sites, they provide enormous advantages for 
Lamsal et al., 2015). The potentiality of the wetlands to 
rural communities by creating employment (Secretariat of 
the Ramsar Convention, 2013; World Bank, 2013; 
become    an   active   recreation   facility    such    as   an 
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ecotourism park also brings necessary benefits for the 
wetland itself (Chakravarty, 2016). 
 
 
Wetland ecosystems of Ethiopia 
 
No complete documentation and studies of wetlands 
have been made in Ethiopia. It is estimated that there are 
77 wetlands in Ethiopia including lakes that cover an area 
of 13,700 km

2
, which is about 1.14 percent of the 

country‟s landmass (Karlsson, 2015). Different estimates 
also indicate that the total area of wetlands in Ethiopia 
may exceed 2% of the country‟s surface area (22,500 
km

2
) (Mengistou, 2006). Variation in the geological 

formation and climatic conditions has endowed Ethiopia 
with different types of water resources and wetland 
ecosystems, including twelve river basins, eight major 
lakes and many swamps and floodplains (Tulu and 
Desta, 2015; USAID, 2008). The total annual volume of 
runoff water is about 110 billion cubic meters (USAID, 
2008). The wetlands of Ethiopia vary in attributes such as 
size, type and location, and they represent a substantial 
micro-environment in many parts of the country 
(Endalew, 2015). Various forms of wetlands are found to 
exist in Ethiopia except the coastal and marine-related 
wetlands and extensive swamp-forest complexes (Dixon 
and Wood, 2001). They include alpine formations, 
riverine, lacustrine, palustrine and floodplain wetlands 
(Abebe, 2003). 

Wetlands in Ethiopia are also usually determined as 
land covered by shallow water encompassing lakes, 
rivers, swamps, marshes, floodplains, natural or artificial 
ponds, high mountain lakes and human made wetlands 
(Tulu and Desta, 2015; Abunie, 2003). The wetland 
resources of Ethiopia are distributed in the central 
highlands, rift valley areas and mainly in the southwest 
borders of the country (Figure 1). They provide with 
various benefits to local communities. These include, of 
food crops through agriculture by draining and recession, 
important sites for dry season grazing, resource 
extraction, raw materials, papyrus supply, fish harvesting, 
source of medicinal plants and sites for tourist attraction 
and various traditional ceremonies (Mengesha, 2017; 
Tessema et al., 2015). Since they provide fresh water for 
drinking and household use, for livestock and for 
irrigation purpose, they are crucial in the life of rural 
peoples (Young, 2012; Chance, 2006). These wetlands 
also function as flood and erosion control and water 
purifiers, which are among the ecological values of 
wetlands and are affected when wetlands are 
unsustainably used (Karlsson, 2015; Ali, 2007). Wetlands  
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Figure 1. Map of Ethiopia showing lakes, rivers and associated wetlands (Tulu 
and Desta, 2015). 

 
 
 
in Ethiopia have important ecological processes that link 
the highlands with lowlands. The major river basins 
comprise the Takeze, Baro-Akobo and Abbai (Young, 
2012). They are found in the highlands of Ethiopia and 
provide water for people, livestock, wildlife and riparian 
vegetation in the lowlands (United Nations Development 
Program Global Environment Facility, 2008). As a result, 
the people, livestock, wildlife and riparian vegetation in 
the lowlands are dependent on the good management 
and protection of the watersheds in the highlands 
(Young, 2012).  

The wetlands of Ethiopia support high population of 
mammals, birds (including transcontinental migratory 
species), reptiles, amphibians, fishes and invertebrate 
species. They also ameliorate climatic changes and 
global warming through carbon sequestration (Babu, 
2015; Endalew, 2015). In Ethiopia, wetland ecosystems 
have a great potential in ecotourism and biodiversity 
conservation activities (Mengesha, 2017). Conversely, 
there are increasing challenges that affect the 
contribution of these wetlands to ecotourism development 
and biodiversity conservation (Gebresllassie et al., 2014; 
Abebe et al., 2014). However, the role of wetland 
resources in ecotourism and biodiversity conservation 
and the different challenges that  affect  their  contribution 

have not been discussed in detail due to the scarcity of 
adequate information and studies related to them 
(Bezabih and Mosissa, 2017). Some wetlands with many 
sources of attractions and recreation values are impacted 
due to conversion of the natural ecosystem into other 
land uses and illegal over-exploitation (Mesfin, 2011). 
Moreover, there are information gaps in relating wetland 
ecosystems with ecotourism and biodiversity conservation 
than relating with socioeconomic values and development 
(IWMI, 2006; Mesfin, 2011; Shewit, et al., 2017). This 
inadequate information affects the overall decision in 
utilizing and managing wetland ecosystems (Bezabih and 
Mosissa, 2017). Hence, the main objective of this paper 
is to review the ecotourism and biodiversity importance of 
Ethiopian wetlands, challenges affecting these wetlands 
and their values, and to provide solutions in relation to 
wetland based ecotourism and biodiversity conservation 
activities in Ethiopia. 
 
 
Why wetland ecotourism should be encouraged in 
Ethiopia?  
 
Wetland ecosystems have importance in conservation 
and  sustainable  development  of  the country (Lamsal et  



 

 

 
 
 
 
al., 2015; Secretariat of the Nile Basin Initiative, 2013). 
This is due to their possession of enormous biological 
diversity, contribution to the socioeconomic aspect of 
communities and provision of various ecosystem services 
(Nikolić et al., 2009; Bezabih and Mosissa, 2017; Brooks 
et al., 2011). Wetland resources play an indispensable 
role in the livelihood of the poor particularly in developing 
countries like Ethiopia (Lamsal et al., 2015). Different 
natural resources and services are obtained from 
wetlands to meet the human needs.  

The major advantages obtained from wetlands include 
food and cultural resources while the minor benefits 
include establishing coffee and tree nurseries on wetland 
fringes, clay collection for pottery and use of wetland tree 
bark for making ropes (Bezabih and Mosissa, 2017; 
Mengesha, 2017). In addition, flood control, improved 
water quality and tourism are services commonly 
obtained from wetlands in Ethiopia (Bezabih and 
Mosissa, 2017). However, the wetland ecosystems in 
Ethiopia are being affected in variety of ways because of 
the unregulated and unlimited human encroachments for 
activities such as farming, grazing and deforestation 
(Abunie, 2003; Kumsa, 2015; Bezabih and Mosissa, 
2017). This unsustainable form of wetland resources use 
is leading to disappearance of biodiversity, dried up of 
wetland resources and destruction of wetland 
ecosystems in Ethiopia (Tewabe, 2014). Moreover, 
pressures of extensive fishery, deforestation and the 
related flow of sediments to wetlands are challenging the 
proper ecological functioning of the lake based wetland 
ecosystems. This has been evidenced in Lake Chamo 
wherein the lake has shrunk by 14.42% (50.12 sq. km) of 
the lake surface area in the last 45 years (Hailemicael 
and Raju, 2011). Currently, with rapid population growth 
and economic development, degradation of wetland 
ecosystems in the country increases with time (Babu and 
Teferi, 2015). The main threat to wetlands, particularly for 
those close to or in urban settlements, is development. 
Development affects the wetland resources through the 
filling in and building over of the wetland area or whereby 
development and industry nearby use wetlands so much 
that the wetland water table dries out (Chance, 2006).  

Similarly, the rift valley lakes and wetlands of Ethiopia 
which are centers for socio-economic development suffer 
from excessive extractions and intractable human 
interactions with nature. As a result, these extensive 
development activities in the wetlands led to significant 
changes in their states (Abera, 2016; Akele, 2011). Many 
wetlands in Ethiopia are being affected due to over-
extraction of wetland resources beyond their rejuvenating 
capacity by the surrounding societies. This ongoing 
process to meet the livelihood and development needs 
affects the wetland ecosystems and their function in 
many parts of the country (Tessema et al., 2015). 
Wetlands ecosystems entertain multiple natural functions 
and   processes.  The   functions   performed   in  wetland  
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ecosystems vary in degree, time and ways. Similar to 
other ecosystems, their functions are fulfilled in an 
interactive way (Sfougaris et al., 2009). To promote the 
functions of wetlands, a sustainable way to maintain the 
physio-chemical condition of wetlands is required. 
Monitoring and giving due care to the physico-chemical 
conditions of wetlands is crucial as it contributes to 
address the gaps in wetland assessment, the problems 
associated with wetlands and to promote sustainable 
wetland management (Yimer and Mengistou, 2009). 
Similarly, to increase the value of wetlands to local 
community and to preserve the wetland based 
environment in adequate manner, a more sustainable 
form of wetland resource use, such as ecotourism, 
should be developed (Temesgen, 2015; Lemenih et al., 
2009). 

Ecotourism development enhances the maintenance of 
the physico-chemical conditions of the wetland 
resources, and this leads to the wetland based 
ecotourism attraction remain attractive to tourists (Regis, 
2004). Ecotourism also promotes the conservation of 
natural areas (wetland resources) at the same time 
improves the livelihood of communities when 
conscientiously followed, and therefore ecotourism that 
gives a due emphasis to the conservation of wetlands in 
Ethiopia should be launched to enhance their values 
(Temesgen, 2015; Lemenih et al., 2009). The sustainable 
existence of wetlands can be affirmed when they cope 
with stresses and shocks, and recover from strains, 
which enables them to improve their capabilities in the 
future. The involvement of local communities with their 
traditional knowledge, skills and practices can help 
wetland resource conservation while meeting their daily 
requirements (Lamsal et al., 2015). This indicates the 
necessity of community based wetland conservation 
through the active participation of local peoples. As a 
result, ecotourism which is a responsible and participatory 
form of tourism is valuable to enhance the preservation of 
wetlands and contribute to the welfare of local 
communities (Menbere and Menbere, 2017).  
 
 
ECO-TOURISM OF WETLANDS  
 
Wetlands as ecotourism potential sites in Ethiopia 
 
The importance of wetland resources in Ethiopia goes 
beyond their relevance as a shelter for several 
endangered fauna and flora species, but they are vital 
components in the national and global ecosystems and 
economies. Wetlands are exceptional habitats favored by 
endemic birds and are endowed with variety of natural 
attractions offering immense potential for ecotourism 
development in Ethiopia (Abera, 2016; Amsalu and 
Addisu, 2014). In Ethiopia, the wetland resources based 
ecotourism  opportunities  are  dispersed  throughout  the  
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Figure 2. Tis Abay (McCartney et al., 2010). 

 
 
 
country. Important places with ecotourism potentials 
include the rift valley lakes for resort-like 
accommodations, water-based ecotourism activities and 
bird watching, the wetlands and floodplains found in 
Gambella National Park, the waterfalls, springs and dam 
in Sheko district and the hot springs and the Awash River 
Gorge with spectacular waterfalls in the Awash National 
Park are among others (Dejene et al, 2014; Shale et al., 
2014; Ministry of Culture and Tourism, 2012; Yilma et al., 
2016). The lakes in the Afar Depression such as Lake 
Afrera, Lake Asale and Dallol Depression are also 
essential ecotourism potentials that should be preserved 
in proper manner (Michael, 2012).  

The central rift valley region comprises different 
wetland resources akin to the Lake Zeway and Lake 
Hawassa, both of which have a huge potential for 
ecotourism development. Lake Zeway is characterized by 
hot weathered climate and is an ideal place of fishing, 
boating, bird watching, water transportation for island and 
monastery tours. The lake is also known by several 
islands of which Tullu Guddo, with its historical 
monastery of Debre-Tsiyon Mariam and Zayé ethnic 
group is the main and the popular one. Tullu Guddo is 
accessible by boat both from Eastern shore and Western 
shore (Zeway town) (Bayou and Bedane, 2014). Lake 
Hawassa also provides an ideal spot for ecotourism 
activities such as fishing, bird watching and boating 
(Suryabhagavan, et al., 2015). The Lake Tana and the 
Lake Ashenge, are important ecotourism destinations 
with various tourist attractions in Northern Ethiopia. The 
majority of attractions in the Lake Tana Region are 
related to cultural resources including churches and 
monasteries on the islands and peninsulas on the Lake.        
The area also holds Tis Isat falls (Figure 2), natural 
(church) forest with indigenous tree species (including 
shade-growing   organic   coffee),   wildlife   such   as  the  

hippopotamus, papyrus bed wetlands, important bird 
areas of key global species and the Bahir Dar Blue Nile 
River Millennium Park (BDBNRMP) (Heide, 2012). 

Due to its importance as nesting, breeding, roosting 
and feeding sites for globally threatened and migratory 
birds, the Lake Tana area provides a crucial economical, 
ecological and recreational opportunities (Goshu and 
Aynalem, 2017; Environmental protection Authority, 
2003). Similarly, the Lake Ashenge has also unique 
features vital for ecotourism development. The area 
includes the globally threatened and congregatory bird 
species which are supported at a regular base 
(Thryambakam and Saini, 2014). As an important bird 
attraction site, the lake holds Afrotropical highland biome 
species including the endemic Serinus nigriceps, 
Columba albitorques, Onychognathus albirostris and 
Corvus crassirostris. Other species include Bubo 
capensis, and the Sudan–Guinea savanna biome species 
such as Turdoides tenebrosus (EWNHS, 1996a).   
 
 
Evidences of wetland based ecotourism practices in 
Ethiopia  
 
In Ethiopia, though not adequate, there is a practice of 
using wetlands for ecotourism activities. The astonishing 
Wenchi Crater Lake is a major wetland based ecotourism 
site; managed, governed and conserved by local peoples 
(Figure 3). The communities also obtain income through 
involvement in different ecotourism based activities. The 
potential attractions commonly visited in this wetland 
resource includes the fauna and flora around the lake, 
the stunning landscape, the Cherkos Ortohdox church in 
the middle of the lake and the hot springs in the area 
(Shale et al., 2014; Ketema, 2015a). Although not 
community  based, the Wondo Genet wetland ecosystem  
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Figure 3. Wenchi Crater Lake and community based ecotourism site (Photo by authors, 
2017). 

 
 
 
and associated forest provides nature-based recreation 
service to different users from local visitors to 
international tourists (Ali, 2007).  

Ecotourism facilities that are in practice in the country 
also include the Bishangari and Weney Lodges which are 
pioneers of eco-tourism facilities in Ethiopia, and are 
settled in the tranquil enclave of pristine forest of Eastern 
Shore of Langano (Bayou and Bedane, 2014). Due to its 
importance for swimming, availability of accommodation 
services and existence of hotels like (Bekele Molla, Wabe 
Shebele and Abule Basuma Resort), the Lake Langano is 
such a big ecotourism center in the rift valley area that 
needs to be developed in a sustainable manner. Visitors 
can camp, water ski, sail and swim or bask in the blazing 
sun on the sandy beaches of the lake (Bayou and 
Bedane, 2014). Developing community based ecotourism 
in and around wetland resources enhances the 
conservation attitude of communities, improves the 
community‟s livelihood, strengthens their sense of 
ownership and leads to community empowerment as 
observed in Wenchi Crater Lake in Ethiopia (Ketema, 
2015b). Although there are other wetland based 
ecotourism practices known to occur in the country, they 
lack adequate studies to compile their potentials, values 
and challenges in sufficient manner.  
 
 
BIODIVERSITY IMPORTANCE OF ETHOPIAN 
WETLANDS 
 
Wetlands as biodiversity conservation devices in 
Ethiopia 
 
Wetlands are characterized by a life support system and 
immense biodiversity due to their hydrological and 
ecological functions (Bezabih  and  Mosissa,  2017).  The  

wetlands of Ethiopia are prominent shelters of aquatic 
and terrestrial biodiversity such as endemic fishes, birds 
and lower invertebrates (Babu, 2015). Nationally, there 
are 73 Important Bird Areas (IBAs) of which 30 of these 
sites comprise wetlands, while the rest represent other 
forms of ecosystems. These wetlands are habitats for 
innumerable organisms including birds. The wetlands and 
flood plains of west Ethiopia serve as the second largest 
mammal migration zone on the continent between 
Ethiopia and South Sudan. Almost one million white-
eared kobs migrate between the two countries to take 
advantage of the vast grassland areas and flood plains 
(Ministry of Culture and Tourism, 2012). 

However, the change and threat to the wetlands has 
created numerous problems including decline and 
extinction of wild flora and fauna, loss of natural soil 
nutrients, shrinking of water level and the associated 
reduction of their benefits in the country (Bezabih and 
Mosissa, 2017). The lake based wetlands which are 
covered with water earlier are now converted to grazing 
ground, farm land, salt lick places and sites to dig a 
special type of clay in some lakes (Hailemicael and Raju, 
2011). There have also been indications wherein some 
indispensible species were disappeared and others are 
reduced in number due to the degradation of wetlands in 
Ethiopia. The loss of wetlands is devastating to several 
endemic species particularly to wetland dependent 
species (Babu, 2015). Generally, the consequences of 
wetland loss and degradation in Ethiopia are enormous 
and directly affecting the livelihood base of rural 
communities, the wetlands themselves and biodiversity 
they support and their sustainable existence. The 
following wetlands from the northern, central, southern 
and western Ethiopia incorporated here are mainly based  
on their involvement in legal conservation system and 
their role in supporting high biodiversity in Ethiopia.   
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Northern wetlands 
 

Cheffa, Geray, and other Wetlands and hot springs in 
Eastern Amhara Region 
 

Among the northern wetlands, the Cheffa wetland is 
known to possess high amount of biodiversity including 
the two fish families (Cyprinidea and Chlaridea), 
comprising four genera (Gara, Clarias, Labeo and 
Labeobarbus) and five fish species (Gara dembecha, 
Clarias gariepinus, Labeobarbus intermedius, 
Labeobarbus nedgia and Labeo horie). Though the fish 
diversity in Cheffa is lower compared to other studied 
wetlands in Ethiopia, its significance in fish diversity is still 
relatively higher. Beside the fish resources, other 
vertebrates are also found to exist in and around Cheffa 
wetland. These include the Nile monitor (Varanus 
niloticus), snakes and various bird species. The different 
bird species that are commonly observed in the area 
include cattle egrets (Bulbulcus ibis), Egyptian goose 
(Alopochen aegyptiacus), grey heron (Ardea cinerea), 
hadada ibis (Bostrychia hagedash), sacred ibis 
(Threskiornis aethiopicus), yellow-billed duck (Anas 
undulata), African jacana (Actophilornis africana) and 
great white pelican (Pelecanus onocrotalus) (Tessema et 
al., 2015). Similarly, the wetland of Geray also holds 
significant forms of biodiversity. But, problems such as 
floating of macrophytes and wetland shrinkage reduce 
the biofiltering role of its wetland habitat. In addition, poor 
land use, intensive agricultural activities, deforestation, 
habitat degradation and the resulted soil erosion in and 
around the wetland basin induce sedimentation that 
results in reduction of the water storage capacity of this 
wetland (Endalew, 2015).  

The other wetland ecosystems in this part of the 
country include the wetlands and the hot springs in the 
Eastern Amhara Region. These areas have high 
potentials for avian diversity. According to Derso et al. 
(2015), a total of 2484 birds belonging to 56 species have 
been recorded at different sites in the area. The 
frequently recorded and abundant bird species of the 
area are black-headed oriole (Oriolus larvatus), spur-
winged lapwing (Vanellus spinosus), spectacled weaver 
(Places ocularis) and yellow wagtail (Motacilla flava). 
Despite the values of the area in biodiversity, human 
activities undertaken on the water body as well as in the 
surrounding area are creating serious challenges to the 
diversity of birds, wetland habitats and quality of wetland 
water as a whole (Derso et al., 2015). Hence, appropriate 
and immediate action should be put in place. 
 
 

Lake Tana Basin 
 

Lake Tana Basin is one of the 73 Important Bird Areas in 
Ethiopia that possesses globally threatened species such  
as wattled crane (Bugeranus carunculatus), lesser 
flamingo (Phoeniconaias minor), rouget‟s  rail  (Rougetius 

 
 
 
 
rougetti), pallid harrier (Circus macrourus) and greater 
spotted eagle (Aquila clanga) (Aynalem and Bekele, 
2008). It is the largest lake of Ethiopia with a surface area 
of 3156 km² and with a maximum depth of 14 m. As 
located at an elevation of 1840 masl, it is also the highest 
lake in Africa. Lake Tana Basin is the main source of the 
Blue Nile that drains a long way through Khartoum in 
Sudan to the Mediterranean Sea. The wetlands around 
the Lake have significant values for conservation of 
endemic fish diversity and various waterbird species.  

The Lake Tana Region is an important roosting site for 
migratory bird species such as the common crane (Grus 
grus), northern shoveller (Anas clypeata), northern pintail 
(Anas acuta), black-tailed godwit (Limosa limosa) and ruff 
(Philomachus pugnax). It also provides favorable habitats 
for various endangered and endemic bird species 
including, the wattled ibis (Bostrychia carunculata), white-
collared pigeon (Columba albitorques), black-winged 
lovebird (Agapornis taranta), white-cheeked turaco 
(Tauraco leucotis), pallid harrier (Circus macrourus) and 
black-crowned crane (Balearica pavonina) (Aynalem, and 
Bekele, 2009). The Lake Tana Region provides various 
benefits from local and national to international levels. It 
is a place of rich biodiversity with endemic fauna and 
flora; a place of extensive and pristine wetlands; a site to 
cultural and archaeological resources and is a potential 
for ecotourism attractions. However, the interacting 
environmental problems notably deforestation, erosion, 
sedimentation, water level reduction, erratic rainfall, 
excessive flooding of the wetlands, competition of water 
resources, pollution and the introduction of alien species 
are affecting the area (Dejen, 2003).  
 
 

Central Wetlands and Rift Valley Lakes 
 

The Ethiopian rift valley runs from Eritrea in the northeast 
to Lake Turkana on the Kenya border in the southwest. 
The Central Ethiopian rift valley is characterized by a 
chain of lakes and wetlands with unique hydrological and 
ecological features. The wetlands and lakes of this area 
serve as wintering and stopover sites for many bird 
species of the Sub-Saharan and Palearctic origin 
(Ethiopian Wildlife and Natural History Society, 1996b). 
The lakes and surrounding wetlands are also well-known 
for biodiversity including different endemic birds and wild 
animals. Congruent to this, about 50% of the bird species 
in Ethiopia have been recorded in this rift valley area. 
However, the human intervention and intensive use of the 
wetlands for various purposes are provoking the 
deterioration of these wetland resources (Alemayehu et 
al., 2006). 
 
 

Abijatta-Shalla Lakes 
  
The   role   of    Abijatta-Shalla    Lakes    in     biodiversity  



 

 

 
 
 
 
conservation is so great due to the productivity of their 
wetlands, and evidences from well documented 
taxonomic groups of bird species in the area. The lakes 
were also serving as fishing places in the past, but 
currently this activity is rarely reported. Abijatta-Shalla 
Lakes and associated wetlands are among the highest 
wetland bird diversity sites in Ethiopia (Getaneh et al., 
2015). Various studies of bird species specifically in the 
Abijatta-Shalla Lakes and on their associated wetlands 
indicated the presence of 136 (30%) wetland bird species 
(of which 106 species are wetland specialist and 30 
species are wetland generalist) including migrant groups. 
These lakes are also home for the nearly threatened bird 
species such as lesser flamingo (Phoeniconaios minor), 
and for the vulnerable bird species such as wattled crane 
(Grus carunculatus) and ferruginous duck (Aythya 
nyroca) (Almaw, 2012).   

The great relevance of Abijatta and Shalla Lakes and 
their wetlands for bird diversity particularly, for great white 
pelicans and greater and lesser flamingoes has been 
related to the existence of islands within these lakes that 
are used as reproduction sites by various birds including 
pelicans. Correspondingly, the parts of the lakes in 
particular to the Lake Abijata which is more productive 
are used as their feeding places. As a result, these lakes 
serve as the major feeding ground for aquatic and 
terrestrial birds including both migratory and resident 
ones. Flamingos and white pelicans are among the 
commonly observed waterbirds that depend on these 
lakes and on their wetlands (Getaneh et al., 2015).  
 
 
Lake Zeway and Lake Langano 
   
The wetlands of Lake Zeway are sites for biodiversity 
conservation while the wetlands of Lake Langano are 
tourist attraction places (Unbushe, 2013). Lake Zeway 
supports a considerable aquatic and terrestrial 
biodiversity including birds and fishes. Its ecosystem 
serves as a breeding and wintering ground and as a 
migration stopover habitat for several resident and 
migratory waterbird species (EWNHS, 1996b). The 
shores of the Lake Zeway are marshy, shaded by 
bulrush, sycamores and reeds that provide a feeding 
ground for aquatic birds. Some of the waterbirds 
frequently observed in the lake are marabou stork 
(Leptoptilos crumenifer), great white pelican (Pelecanus 
onocrotalus), striated heron (Butorides striata), grey 
heron (Ardea cinerea), African darter (Anhinga rufa) and 
reed cormorant (Microcarbo africanus). Apart from 
aquatic birds, the lake is also a site for a large quantity of 
fish, amphibians and hippos (Bayou and Bedane, 2014). 
Unlike Lake Zeway, Lake Langano is less productive. 
The western side of the lake is covered with a thin acacia 
tree while the eastern shore is covered by pristine dense 
forest patches. Usually Lake  Langano  is  considered  as  
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an important place for big potential tourism development 
than biodiversity conservation (Bayou and Bedane, 
2014).  
 
 
Lake Hawassa  
 
Diversity of endemic birds is observed in and around 
Lake Hawassa. The main groups of avian biodiversity in 
the areas include marabou stork (Leptoptilos crumenifer), 
great white pelican (Pelecanus onocrotalus), Egyptian 
goose (Alopochen aegyptiaca), wattled ibis (Bostrychia 
carunculata) and white stork (Ciconia ciconia). The lake 
and its associated wetlands are also habitats for 
mammals like hippopotamus and for fishes such as barbs 
(Barbus intermedius), the African catfish (Clarias 
gariepinus) and tilapia (Oreochromis niloticus) (IBC, 
2005; Suryabhagavan et al., 2015). The wetland of Lake 
Hawassa is extensive possessing abundant aquatic 
vegetation. As the lake is highly endowed with the views 
of birds, mammals, fishes, invertebrates and plants, it 
serves as an important destination for biodiversity 
conservation (Suryabhagavan et al., 2015).   
 
 
Southern Wetlands 
 
Southern Rift Valley Lakes: Abaya and Chamo  
 
Wetlands of the southern rift valley lakes support a great 
deal of flora and fauna including endemic bird species 
(Figure 4). They also hold useful non-cultivated plant 
species such as Discorea, Erythrocarpus, Celtis tokka, 
Tamarindus indica, Ficus sur, Carissa spinarum, Cordia 
africana, Gardenia ternifolia, Citrus auriantifolia and 
Ipomoea aquatic. The wetlands of Abaya and Chamo 
Lakes provide a range of ecological and economic 
importance to people in the surrounding area. The 
wetland vegetation support wildlife being an important 
nesting and feeding areas for hundreds of wetland birds 
and hippopotamus, and serving as a spawning areas for 
crocodiles (Unbushe, 2013).  
 
 
Lake Chew Bahir 
 
Lake Chew Bahir is located at the end of the Ethiopian 
section of the Great Rift Valley. Due to its water level 
fluctuation, Lake Chew Bahir has a variable feature from 
swamp to shallow open water with a maximum depth of 
7.5 m and with an area of 2,000 km². The water of Chew 
Bahir is also highly saline as a result, there is a variation 
in supporting life in different parts of the lake. The flora 
diversity of the area includes Sporobolus consimilis, 
Sporobolus spicatu and Cyperus species of grasses, and 
Echinochloa,  Cyperus   and   Nymphaea  species  of  tall  
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Figure 4. Faunal resources of Lake Chamo (Hailemicael and Raju, 2011). 

 
 
 
plants (EWNHS, 1996a). The area also commonly 
possesses diverse fauna species such as birds, 
mammals, amphibians and snails.  

Among the birds, African open bill (Anastomus 
lamelligerus), gull-billed tern (Sterna nilotica), 
fulvous whistling duck (Dendrocygna bicolor), allen's 
gallinule (Porphyrio alleni), kittlitz's plover (Charadrius 
pecuarius), pink-breasted lark (Mirafra poecilosterna), 
scaly chatterer (Turdoides aylmeri), pygmy batis (Batis 
perkeo), hunter's sunbird (Nectarinia hunter), Donaldson-
Smith's sparrow-weaver (Plocepasser donaldsoni), 
shelley's starling (Lamprotornis shelleyi), magpie starling 
(Speculipastor bicolor), Somali bee-eater (Merops revoilii), 
parrot-billed sparrow (Passer gongonensis) and grey-
headed silverbill (Lonchura griseicapilla) are included 
from Afrotopical, Palearctic and Somali-Masai biome. The 
surrounding plains of the lake support different 
mammalian species including the endangered grévy's 
zebra (Equus grevyi) while the marshes support high 
population of amphibians and snails. The Chew Bahir 
basin is an important type of locality for a number of 
species endemic to the arid and semi-arid conditions of 
the Ethiopian-Kenyan border area (EWNHS, 1996a).  
 
 
Western Wetlands 
 
Baro River and Dabus Wetland 
 

The western Ethiopia is characterized by different types 
of wetlands that are crucial for multiple purposes. Among 
these, Baro River and Dabus wetland have an 
importance in biodiversity conservation. Baro River is one 
of the important bird areas of Ethiopia. It holds huge 
numbers of waterbirds such  as  storks,  pelicans,  herons  

and egrets (EWNHS, 1996a). In addition to its avian 
diversity, Baro River is represented by a great diversity of 
Nilo-Sudanic and East African forms of fish species 
(Michael, 2012). The wetland of Dabus in western 
Ethiopia also supports hundreds of hippos with different 
life features (Unbushe, 2013). Although there are various 
wetlands with biodiversity conservation values in the 
country, they are insufficiently studied to describe their 
role in a great manner. 
 
   
CHALLENGES FACED BY WETLAND ECOSYSTEMS 
IN ETHIOPIA 
  
Population growth and anthropogenic challenges  
 

In Ethiopia, anthropogenic activities that affect the quality 
and safety of wetlands and surface waters are increasing 
because of the growing human population number. 
Similarly, the wetland ecosystems and biological 
resources are being impacted by population growth due 
to the increasing pressure of resource uses. 
Anthropogenic activities such as industry, urban complex, 
expansion of human settlements, farmland expansion, 
overgrazing, massive vegetation removal for food, 
construction materials and fuel wood, and open burning 
in an attempt to convert to farmlands are causing sever 
deterioration to wetlands and their surroundings in 
Ethiopia (Dejen, 2003; Derso et al., 2015; Gebretsadik 
and Mereke, 2017). These impacts are widely prevalent 
in wetlands around Lake Tana and in the rift system in 
the country (Dejen, 2003). Increased human activities in 
the rift valley area of Ethiopia have also resulted in open 
vegetation which is floristically poor and uniform. 
Conversion of  natural  vegetation,  overgrazing of natural  

 

 



 

 

 
 
 
 
grasslands and clearing of forests for fire wood and 
construction purpose are the consequences of population 
pressure and related impacts in the rifts systems in 
Ethiopia (Abera, 2016).  
 
 
Managerial, coordination and policy problems in 
wetland resource utilization  
 
Lack of policy support, overlapping responsibilities of 
different government institutions and conflict of interests 
among various stakeholders are the features of wetland 
resource management in Ethiopia (Goshu and Aynalem, 
2017). In addition, the different stakeholders such as 
local communities, governmental and non-governmental 
organizations use wetlands in an uncoordinated manner. 
As a result, the wetland ecosystems and water resources 
confront problem of overexploitation and decline in water 
capacity that accelerate the wetland loss (Babu and 
Teferi, 2015). Lack of a comprehensive wetland policy 
and absence of an institution empowered to issue and 
implement wetland laws and coordinate management 
activities are affecting wetlands in different manner 
(Tiega, 2002). These are considered as the underlying 
causes of the wetland destruction in Ethiopia. 
Furthermore, capacity limitations due to lack of skilled 
manpower, finance and technology have their impacts on 
the sustainable management of wetlands (Unbushe, 
2013; Babu and Teferi, 2015). 
 
 
Inadequate documentation and research work on 
wetland resources  
 
Wetland resources in Ethiopia are not fully documented 
(Babu, 2015). Wetlands in the north-eastern, eastern, 
southern (in the Bale, Arsi, Kafa, Maji line), western (in 
Ben Shangule line) and border areas were not assessed 
(Shewaye, 2008). The limited research work on wetland 
resources has weakened the wetland management in the 
country (Teferi et al., 2010). Although wetlands in the 
country possess immense biodiversity (including 
migratory and endangered bird species) that have a great 
ecological importance, their ecological function is poorly 
studied and recorded in Ethiopia. As a result, there is 
scant information on their biodiversity and richness 
(Yimer and Mengistou, 2009).  
 
 
Unsustainable fishing  
 
The different problems on wetlands are making the 
fishery resource to decline in Ethiopia. This is mainly due 
to the intensive fishing pressure with narrow mesh size 
(Mequanent and Sisay, 2015). Correspondingly, over-
fishing of selected species is one of the main concerns  in  
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the Ethiopian lakes (Bezabih and Mosissa, 2017). The 
problem of using appropriate gears and nets, complete 
female fish catching practice and extended fishery are 
causing loss of wetland biodiversity, and affecting the 
sustainability of fishery resources in some lakes such as 
Lake Chamo (Gebretsadik and Mereke, 2017; 
Hailemicael and Raju, 2011). Moreover, desertification of 
lake side zones which are former fertilization sites, loss of 
breeding grounds, and fragmentation of fish grazing, 
basking and nesting grounds are resulting in the 
destruction of the fishery resources (Hailemicael and 
Raju, 2011). 
 
 
Improper land use and related changes in the land 
use land cover pattern 
 
Inappropriate land use in and around wetlands leads to 
declining of the wetland ecosystems and their associated 
biodiversity (Mequanent and Sisay, 2015). The changes 
in the land use land cover pattern of wetlands, such as 
deforestation and subsequent cultivation reduce wetland 
water while overgrazing causes loss of biodiversity and 
compaction during wet periods, which also lead to 
reduced infiltration rates. For these reasons, the volume 
of available surface water has decreased, and many 
springs and streams have dried out as observed in Kasso 
catchment of Bale Mountains, in Ethiopia indicating LULC 
dynamic affects the availability of water resources and 
associated wetlands (Warra et al., 2013).  

Currently, there are expansions of new land use 
systems through the displacement of the original forests 
and pastureland in different wetlands of Ethiopia. This is 
becoming a common phenomenon in the rift system 
including Lake Hawassa and Cheleleka wetland (Wolka 
et al., 2015). Inappropriate land use is creating many 
challenges for the wetland ecosystems in Ethiopia like 
sedimentation, problem of water quality and quantity, 
destruction of birds‟ habitats, problem of grazing fields for 
hippopotamus, and affects reproduction sites of fish, 
other vertebrates and invertebrates. Inappropriate land 
use is also reducing the ecological function, service and 
importance of wetlands in Ethiopia (Hailemicael and 
Raju, 2011; Mequanent and Sisay, 2015).  
  
 
Problem of pollution and sewage  
 
Anthropogenic pollution on water bodies is severe 
because it leads to decline of the water quality and 
biodiversity in wetlands (Porte and Gupta, 2017). 
Introduction of pollution and sewage are among the 
biggest threats to the Ethiopian wetland ecosystems 
(Bezabih and Mosissa, 2017). Pollution from animal 
excrements and sewage discharges from towns, villages 
and  temporary   residence  tents,  which  practiced  open  
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Figure 5.  Drying Water and Wetland resource: Abijata Lake (UNEP, 2009). 
 
 
 

defecation lead to high turbidity, chloride concentration in 
wetlands and low dissolved oxygen contents (Derso et 
al., 2015). Vehicle washing practices along rivers have 
significant pollution potential to the wetlands and rivers as 
seen from Kulfo River, in Ethiopia. In the same manner, 
lake side filleting is another problem by fishermen 
complicating lakeside waste management in and around 
lakes such as Abaya and Chamo (Hailemicael and Raju, 
2011). As there are little control mechanisms for industrial 
emissions in developing countries, the threats to 
wetlands from industry and development are growing. 
Increased pollution in the form of heavy metals and 
chemicals affects the wetland‟s capacity to filter out such 
pollutants and causes a serious damage to biodiversity in 
the wetland. The chemical release into the lakes and 
wetlands, from the floriculture and horticulture enterprises 
results in destruction of fish resources and contributes to 
the decline of piscivorous bird populations (Mengesha et 
al., 2014). Moreover, when sewage input exceeds 
wetland‟s capacity to filter it, such pollution results in 
eutrophication of water bodies and increases problems to 
wetlands (Chance, 2006). 
 
 

Irrigation and extraction of industrial raw materials 
 

Expansion of irrigation in and around wetlands by 
diverting rivers depletes the dissolved oxygen and 
causes toxic gas secretion mainly by decomposition 
(Hailemicael and Raju, 2011). Increased conversion of 
wood and wetlands to irrigated agriculture reduces the 
waterbird species diversity as observed in and around 
Lake Zeway. Similarly, fragmentation of Lake Zeway 
wetland habitats by small scaled irrigated agricultures is 
identified as one of the drivers of waterbird species 
diversity and abundance decline (Mengesha et al., 2014). 
The human intervention and intensive use of wetlands for 
multiple purposes such as irrigation and extraction of 
industrial raw materials (that is, salt from Soda-Ash 
factory located at Abijata Lake) in unsustainable manner 
resulted in the deterioration and shrinking of many 
wetlands including Abijata Lake (Figure 5) (Alemayehu et 
al., 2006).   

Awareness problem and inadequate community 
participation 
 
A major factor contributing to the international trend of 
destroying wetlands is the fact that their value is poorly 
understood (Turpie et al., 2010). Lack of adequate 
knowledge and awareness about wetlands results in 
wetland deterioration from overexploitation, and thereby 
affects their sustainable existence (Tewabe, 2014). The 
low level community awareness concerning wetlands and 
their benefits also accelerates the loss of wetlands in the 
country (Unbushe, 2013). This is the case in some 
wetlands in Ethiopia such as the Tekuma wetland, which 
is in Lake Tana Sub-basin, and is a sub-basin of Abay 
River basin, which remained little understood by the 
surrounding communities, but facing enormous threats 
(Kassa and Teshome, 2015). In the same way, absence 
of adequate local people participation in the sustainable 
wetland resource conservation is one of the factors 
affecting wetlands and their different values in Ethiopia. 
This deters the effective wetland resource management 
practice in the country (Goshu and Aynalem, 2017).  
 
 

Invasive species  
 

Invasive species are one of the major threats to 
biodiversity in the world due to their effect in the 
homogenization of the ecosystems (Enserink, 1999). 
Invasive species, particularly the exotic species are the 
main challenges to the wetlands of Ethiopia. Some of the 
invasive species affecting Ethiopia‟s wetlands include 
prosopis or mesquite (Prosopis juliflora) in Awash River 
basin, giant sensitive tree or catclaw mimosa (Mimosa 
pigra) in the Baro-Akobo basin and common water 
hyacinth (Eichhornia crassipes) in Lake Tana and Koka 
reservoirs (Tikssa et al., 2010; Tamene et al., 2000). 
 
 
Overexploitation, climate change and poor watershed 
management  
 
Although  the  wetlands  of  Ethiopia  have  various global  



 

 

 
 
 
 
importance, they experience many problems due to 
overharvesting of wetland resources (Zerihun and 
Kumlachew, 2003; Mequanent and Sisay, 2015). This is 
particularly the case in the main Ethiopian rift valley lakes 
(Zeway, Shala, Hawassa, Abaya, Chamo and Chew 
Bahir basins). Excessive exploitation of wetland 
resources in some cases leads to a direct collapse of the 
wetland itself (Babu, 2015). This in turn affects the 
infiltration capacity of the wetland soil as well as the 
wetland biodiversity (Unbushe, 2013).  

The wetlands of Ethiopia are also affected by climate 
change. Climatic factors aggravate the threats of 
wetlands in the country by increasing pressure on the 
wetland resources to meet the ever-increasing human 
needs (Bezabih and Mosissa, 2017). Moreover, climate 
change causes significant impacts on water and wetland 
resources by changing the hydrological cycle (Goshu and 
Aynalem, 2017). Poor watershed management in the 
uplands leads to accumulation of silt eroded from 
degraded uplands, and aggravates siltation of wetlands 
(Tulu and Desta, 2015). This occurs due to the intensive 
cultivation and grazing that result from population 
pressure in the highlands and threatening the wetlands in 
the lowland areas (Babu, 2015). Likewise, the 
introduction of perennial crops such as eucalyptus in the 
uplands poses a danger to some wetland ecosystems in 
Ethiopia (Zerihun and Kumlachew, 2003; Mequanent and 
Sisay, 2015).  
 
 
Loss of wetland biodiversity  
 
Biodiversity involves the variability among living 
organisms in different wetland ecosystems including their 
ecological complexes. Wetland biodiversity has a vital 
role in the maintenance of a healthy environment and 
provides direct human benefits such as food, medicine, 
energy and construction materials. Biodiversity also 
provides different services free of charge such as 
providing clean air and water, soil formation and 
protection, protection of watersheds, controlling of 
excessive climatic variations, pollination and pest control 
(Kasso and Balakrishnan, 2013). However, the different 
wetland based biodiversity and wildlife populations are 
declining and various species are going to extinct due to 
the degradation of natural habitats and related problems 
(Convention on Biological Diversity, 2010). Although the 
wetland biodiversity contributes to the local peoples‟ 
livelihood and local culture, they are often affected due to 
human threats such as wetland fragmentation, direct 
exploitation and failure in mitigating threats that result in 
very small, fragmented and isolated remnant populations 
(Kasso and Balakrishnan, 2013; Thomas, 2011). 

In Ethiopia, the wetland dependent biodiversity and 
wildlife populations are declining due to degradation of 
wetland ecosystems. According  to  (Babu,  2015),  some  
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wild animal species that exist in wetland areas such as 
aardvark (Orycteropus afer), African civet (Civettictis 
civetta), bushbuck (Tragelaphus scriptus), common 
duiker (Sylvicapra grimmia), African rabbit (Poelagus 
marjorita), bush pig (Potamochoerus larvatus) and 
crested porcupine (Hystirix Cristata) are locally extinct 
due to the wetland ecosystems degradation in Bule Hora 
Woreda of Borena Zone in Southern Ethiopia. In the 
same way, there is a decrease in the waterbird species 
diversity, abundance and distribution in wetlands of Lake 
Zeway and in the surrounding environs. Deforestation in 
the lake‟s catchments and overgrazing by livestock in the 
areas surrounding the lake are identified as the drivers of 
waterbird species diversity and abundance decline in that 
they reduce vegetation cover, nesting sites, birds‟ food 
and birds‟ habitats (Mengesha et al., 2014).   

Generally, the threats to Ethiopian wetlands result from 
a combination of social, economic, development related 
and climatic factors (Bezabih and Mosissa, 2017). These 
threats are categorized as onsite that originate within the 
wetlands and offsite that originate outside the wetlands 
(Tulu and Desta, 2015). The different onsite and offsite 
challenges namely, excessive drainage, water diversion, 
pollution, accumulation of silt from degraded uplands, 
prevalence of invasive plant species, over harvesting of 
wetland resources, urban expansion, mining and the 
introduction of perennial crops such as eucalyptus into 
the wetland ecosystems pose a danger to the country‟s 
wetlands (Zerihun and Kumlachew, 2003; Mequanent 
and Sisay, 2015). The degradation and loss of these 
wetlands result in increased flooding, soil erosion, 
degradation of water quality, reduced dry season flows 
and lower groundwater tables (Teferi et al., 2010). 
According to (Babu, 2015), the degradation of wetland 
ecosystems impacts the ecological, ecotourism and 
biodiversity importance of wetlands. Hence, appropriate 
action is required to address the impacts and conserve 
the wetland resources in sustainable manner.  
 
 
SOLUTIONS TO ADDRESS THE IMPACTS AND 
ENHANCE THE ECOTOURISM AND BIODIVERSITY 
IMPORTANCE OF ETHIOPIAN WETLANDS 
  
Integrating wetland resources with ecotourism and 
developing them as an alternative livelihood option 
for communities  
 
The Ethiopian economy is largely dependent on 
agriculture which is dominated by smallholders farming 
under rain-fed condition. However, as agriculture alone 
could not transform the Ethiopian economy in its 
endeavor in the past years, the country has now 
recognized the importance of diversifying its economic 
activities. Tourism industry is identified as one of the 
economic sector which is given a great  attention recently  
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(Shale et al., 2014). Protecting wetlands from several 
human imposed activities is crucial to properly use by 
designing interventions such as ecotourism activities 
(Tewabe, 2014). Wetland ecosystems provide recreational 
opportunities and tourism to human well-being (IWMI, 
2008; Fernando and Shariff, 2013; Ramsar, UNWTO, 
2012). Ecotourism is one of the tourism forms which 
involve providing education for landowners and 
enterprises regarding the functions and values of 
wetlands (Sfougaris et al., 2009). In contrast to 
consumptive land use forms such as agriculture and 
grazing, ecotourism is basically a non-consumptive form 
of wetland resource utilization that is environmentally 
friendly, economically viable and a socially acceptable 
form of tourism (Nyakana, 2008). As ecotourism 
initiatives are based on sustainability, their development 
around the wetland ecosystems has a significant 
advantage (Baker, 2008). Ecotourism activities that can 
be developed around wetlands include but not limited to 
bird watching, boat riding, fishing, biking, camping, jungle 
trekking, cultural tourism, hiking, nature walks and 
photography (Bintoora et al., 2015; Do et al., 2015; 
Saruman et al., 2017). Utilizing wetlands for ecotourism 
enhances the conservation of wetlands, promotes the 
maintenance of biodiversity and boosts the socio-
economic and cultural benefits to local communities 
(Sfougaris et al., 2009). However, many countries 
including Ethiopia have yet to make full use of ecotourism 
at their wetland resources, and it is here that the 
development of ecotourism should be promoted 
(Wetlands International, 2002). The appearance of 
ecotourism as an alternative option of wetland resources 
management is important in that the community can own, 
manage and take care of their natural resources to get 
income and use that income to improve their lives. 
Wetland and ecotourism planning should involve key 
stakeholders such as local business owners, private 
landowners, governmental bodies and non-profit entities 
to help promote wetland conservation with the money 
spent by tourists (Sfougaris et al., 2009). When different 
stakeholders involve in community based ecotourism, it is 
vital to promote conservation, to facilitate the prevalence 
of business enterprises and to enhance community 
development. Consequently, wetland resources can have 
a great potential in which ecotourism venture develops 
and are visited and loved by ecotourists to get the first-
hand experience about the destinations (Thryambakam

 

and Saini, 2014).  
 
 

Implementing the integrated wetland resource 
management approach 
 

Implementation of the integrated wetland resource 
management which includes all aspects of wetland 
benefits for people, wildlife, ecosystem and industrial and 
commercial development  is  crucial  to  sustain  wetlands  

 
 
 
 
and the biodiversity they support. Integrated land and 
water development and management involving all 
stakeholders is also imperative to ensure the sustainable 
development of the wetland resources (Jansen et al., 
2007). The implementation of an integrated landscape 
approach to manage wetlands enables to reduce the 
trend of desertification in wetlands, improves the 
livelihood and wellbeing of the communities (Tewabe, 
2014; Tiega, 2002). 
 
 

Awareness creation on the importance, threats and 
conservation values of wetlands  
 

Wetland management is poorly addressed in Ethiopia 
mainly due to the little or no awareness of the status, 
threats or values of wetlands, or even the need for their 
conservation and sustainable utilization (Mengistu 2003; 
Shewit et al., 2017). Lack of awareness is also one of the 
main factors that result in wetland reduction in Ethiopia 
(Shewit et al., 2017). Hence, awareness raising and 
education is required to reveal the different values of 
wetlands for communities and different stakeholders. 
Awareness creation activity also helps to reduce the 
various threats facing the wetland resources (Babu and 
Teferi, 2015).  
 
 

Empowering stakeholders involved in wetland 
resource conservation  
 

Conducive conditions for wetland resource conservation 
are mainly achieved by enhancing the ability of the local 
communities to detect, measure, and reverse wetland 
based ecological changes (Lamsal et al., 2015). 
Empowering the wetland resource use groups, managers 
and policy makers facilitates the effective management of 
vital and vulnerable wetlands by addressing human 
induced threats to the wetland ecosystems. Enhancing 
cooperative work, promoting capacity building for 
stakeholders and providing training for communities in 
relation to proper land use system in and around 
wetlands ecosystems is highly required (Warra et al., 
2013). Promoting the role of existing local institutions is 
also equally important for the sustainable wetland 
resource management. This is due to local conservation 
organizations which are more effective in conservation 
activities compared to those of outside designed and 
induced projects (Lamsal et al., 2015). When the existing 
local conservation institutions that manage wetlands are 
strengthened, they promote community role in various 
aspects (Jansen et al., 2007). 
 
 

Promoting the participation of all relevant 
stakeholders  
 

Wetlands  need  more attention, effort and commitment at  



 

 

 
 
 
 
all levels, from grass roots to decision and policy makers, 
in order to minimize and reverse the threats and to bring 
a sustainable solution to the problem (Shewit et al., 
2017). The key to wetland survival is engagement of local 
communities in their sustainable management, with 
accessible technical support from the scientific community 
particularly in baseline assessment of the resource, 
monitoring and rehabilitation where required (Jafari, 
2009). The involvement of communities in planning and 
decision making including on ecotourism development 
and management is an essential part of successful 
conservation and wise use at wetland sites (Ramsar, 
UNWTO, 2012). Thus, it is vital for the management 
bodies to enhance the active participation of stakeholders 
in the restoration and conservation of the wetlands and 
the related adjacent landscapes (Bintoora et al., 2015).   
 
 
Promoting scientific studies on wetlands of the 
country 
 
To ensure the sustainability of wetland environment in 
Ethiopia, promoting studies on the identification of 
wetlands, assessing their economic and ecological 
values as well as developing ecological indicator systems 
that support surface water managers are crucial to 
analyze the status of wetlands and watercourses and to 
select critical restoration actions (Derso et al., 2015; Tulu 
and Desta, 2015). Undertaking a comprehensive wetland 
study is necessary to have a complete information or 
database of the different wetlands and their values and 
identify the impact of human induced threats such as 
agriculture and urbanization on Ethiopia‟s wetlands 
(Karlsson, 2015; Tulu and Desta, 2015). When the 
knowledge of wetlands and the associated threats 
prevails, it helps to promote collaborative work on threats 
such as eutrophication which leads to the colonization 
(homogenization) of the habitat by single species, which 
are usually invasive (Enserink, 1999).  
 
 

Addressing policy, management and coordination 
issues that arise on wetland conservation 
 
In Ethiopia, the management of wetlands is impaired by 
the general public and decision makers (Teferi et al., 
2010). Problems associated with management and policy 
issues are among the main factors for the ineffective 
management of wetland resources in the country. The 
efficient conservation of these wetland resources requires 
the integrated policy of water, forestry and land-use, 
involving indigenous knowledge of wetland conservation 
(Michael, 2012). Ratification of the international wetland 
agreements is also crucial as it enables to gain technical 
support and development assistance from international 
groups   in   relation   to   sustainable   wetland   resource  

Menbere and Menbere         93 
 
 
 
utilization in Ethiopia (Michael, 2012).  

 
 
Undertaking the restoration of degraded wetlands 
and watersheds 
 
Strategies and projects to restore the degraded wetlands 
and watersheds should be developed and carried out in 
the country. In addition, making adequate study on the 
overall aspects of wetlands and on their surrounding 
ecosystems is crucial for successful implantation of the 
programs (Gebretsadik and Mereke, 2017). 

 
 
CONCLUSION  
 
The wetland resources of Ethiopia have a great potential 
for ecotourism development and biodiversity conservation. 
However, the threats resulting from social, economic, 
climatic and development related factors affect wetlands 
and their ecotourism and biodiversity values. To address 
the threats and enhance the role of wetlands in 
ecotourism and biodiversity, a sustainable form of 
wetland resource use is required. One of such mechanism 
for sustainable use of wetlands is integrating wetland 
resources with ecotourism and developing them as an 
alternative livelihood option for communities. Similarly, 
awareness creation on the importance, threats and 
conservation values of wetlands, empowering 
stakeholders particularly existing local institutions 
involved in wetland resource conservation, enhancing the 
participation of all stakeholders, undertaking the 
restoration of degraded wetlands and promoting scientific 
studies on wetland resources are compulsory for 
sustainable existence of wetlands and promoting their 
benefit in ecotourism and biodiversity conservation in 
Ethiopia. In addition, implementing the integrated wetland 
resource management approach and addressing the 
policy, management and coordination issues related to 
wetlands enhance the ecotourism and biodiversity 
importance of wetlands in the country.     
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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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Management of the honey bee (Apis mellifera L.) colony for honey production and pollination of crops 
includes the manipulation of its internal environment. It is not yet understood how the colony might 
respond to such manipulations in the short- (within four or five days post-treatment) and long-term 
(after 21 days post-treatment) and whether the once generated short-term response persists into the 
long-term. Five internal parameters (unsealed and sealed brood, pollen and honey area and colony 
strength) of the honey bee colony were manipulated and the patterns of resulting short- and long-term 
colony responses were studied. In the short-term, the honey bee colony showed a significant increase 
in pollen foraging and a decrease in nectar foraging following an increase in unsealed brood and honey 
stores; a significant decrease in pollen foraging and an increase in nectar foraging following an 
increase in pollen stores; and a significant increase in nectar foraging and no change in pollen foraging 
following an increase in colony strength. However, an increase in sealed brood did not cause any 
change in the colony foraging patterns. Majority of the short-term responses did not persist for long 
and wore off with the passage of time. Therefore, the patterns of the long-term responses were different 
from the short-term responses. In the long-term, only some responses were ‘expected and similar to the 
short-term responses'; some were ‘unexpected and different from short-term responses'; many were 
‘new (previously not reported) and expected'; and some others were ‘new and unexpected'. The study 
reveals that knowledge of short-term responses would be helpful in devising management strategies to 
urgently stimulate a colony for nectar or pollen foraging. However, the results show that the short-term 
responses may or may not persist for long and the colony may need a fresh stimulus to sustain the 
desired response into long-term.  
 
Key words:  Apis mellifera, brood, colony, foraging, honey, honey bee, nectar, pollen, pollination. 

 
 
INTRODUCTION 
 
Foraging in the honey bee colony is a social activity; the 
foraging bees work in response to  a  stimulus  generated 

by the specific need of the colony. The honey bees 
primarily forage for collecting  nectar and pollen; the latter  
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are two unique and essential food types needed to meet 
the nutritional demand of the adult bees and the young 
brood (Seeley, 1989; Abou-Shaara, 2014). Five major 
parameters influence the foraging and other activities of 
the colony; these include colony brood (uncapped/ 
unsealed and capped/sealed), colony reserves (pollen 
and honey) and the number of adult bees (colony 
strength). Colony management for honey production and 
pollination of crops requires frequent manipulation of 
these parameters. This study was conducted to 
investigate the short- and long-term effects of such 
manipulations on the foraging and some other activities 
of the honey bee (Apis mellifera L.) colony.  

Earlier studies show that changes in the internal 
environment of the honey bee colony influence its 
foraging response. With an increase in the unsealed 
brood in the colonies, pollen foraging increases (Free, 
1967; Cale, 1968; Al-Tikrity et al., 1972; Calderone, 1993; 
Dreller et al., 1999). Likewise, with an increase in the 
pollen in the colony, the latter shifts to nectar foraging; or 
the pollen foragers stop to forage (Camazine, 1993); or 
the pollen foraging activity decreases until it depletes the 
excess pollen and the amount of stored pollen returns to 
the pre-addition level (Barker, 1971; Free and Williams, 
1971; Moeller, 1972; Fewell and Winston, 1992, de Lima 
et al., 2016). When the pollen is removed from a colony 
there is a concomitant increase in the number of pollen 
foragers (Free and Williams, 1971; Fewell and Winston, 
1992), and their pollen load size also increases until the 
colony restores the amount of stored pollen to the earlier 
original level (Fewell and Winston, 1992; Eckert et al., 
1994). Earlier reports also show that pollen collection 
varies with the stage of the brood; its collection and 
usage is maximal at larval stage (Hellmich and 
Rothenbuhler, 1986). An increase in the uncapped 
(unsealed) brood in the colonies results in a decrease in 
the nectar foraging (Hoopinger and Taber, 1979). A 
feedback mechanism seems to regulate the overall 
foraging activity and a positive or a negative feedback 
governs the switch-on mechanism (Cale, 1968; 
Antonsenko and Ermoleava, 1979). These researchers 
argued that incoming of plenty of one type of food in the 
colony inhibits its own supply by a negative feedback and 
stimulates foraging for the other food type. Likewise, the 
scarcity of anyone food stimulates its own storage. 
Further, reports also suggest that the pollen stores in the 
colony act as the main stimulus for the nectar foraging 
(Free, 1967; Cale, 1968; Barker, 1971; Fewell and 
Winston, 1992; Hoopinger and Taber, 1979). But a 
shortage in the pollen reserves of the colony decreases 
the brood rearing activity and the strength of the colony 
(Barker and Jay, 1974; Antonsenko and Ermoleava, 
1979). This happens due to the lesser availability of food 
for brood rearing. However, the converse is true for 
honey stores; an increase in the latter parameter 
stimulates pollen foraging in the colony (Free, 1967; 
Cale,  1968;  Barker,  1971;  Fewell  and  Winston,  1992;  
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Hoopinger and Taber, 1979). Likewise, the colony 
strength also influences the colony foraging (Barker and 
Jay, 1974). The stronger colonies (with 20 thousand 
bees) produce three times more honey, pollen, and brood 
than the weaker colonies (with 10 thousand bees) 
(Bhusal et al., 2011; EL-Kazafy and Al-Kahtani, 2013). 
Thus, with any shortage or excess of an internal 
parameter, the honey bee colony changes its foraging 
response according to its emergent need.            

But, there can be two types of colony responses viz. 
the short-term (within a few days post-treatment) and the 
long-term (after completion of one developmental cycle of 
21 days post-treatment). All the aforementioned reports 
depict the short-term responses occurring due to 
changes in the colony parameters. However, we do not 
know about the patterns of responses the colony would 
show in the long-term due to changes in its internal 
environment. Do the short-term responses sustain for an 
unlimited period or do they wear off after some time? 
Revelation to these questions was the aim of this study. 
Insights into these revelations would be helpful in 
devising the strategies for the management and use of 
honey bee (A. mellifera) colonies for honey production 
and pollination of crops. 
 
 
MATERIALS AND METHODS 
 

Honey bee forage and conditions of the colonies 
 

This study was carried out in the apiary of European honey bee (A. 
mellifera L. ligustica) at the Department of Zoology, CCS Haryana 
Agricultural University, Hisar (India). Honey bee colonies in this part 
of India rear new brood with the onset of flowering on pearl millet 
(Pennysetum typhoides (Burm. f.) Stapf & C. E. Hubb.). The brood 
rearing activity continues in September when pigeon pea (Cajanus 
cajan (L.) Millsp.) is in blooms. However, the leafy edible mustard 
(Brassica juncea (L.) Czern & Coss.) is the major source of pollen 
and nectar from early December to mid-February (Sihag, 1990). 
The inclement weather resulting from torrential rains or fog in the 
winter (December/January) interrupts normal foraging for seven to 
ten days when day temperature drops below 15°C. On all other 
days, availability of plenty of bee forage and favorable day 
temperature (>20°C) ensures normal foraging flights in the colonies. 
During this period, the colonies show brisk foraging and 
reproduction activities and need none supplementary feed. The 
growing colonies have full frames of unsealed and sealed brood 
and sealed honey frames in early December. 
 
 

Layout plan of the experiments 
 
To record the short- and the long-term colony responses, the 
colonies were manipulated in the first week of December to use 
them for different tests. Two series of experiments were performed.  
 
 

Experiments on the short-term responses of the honey bee 
colony to changes in its internal environment 
 
Honey bees visit flowers for two important food types viz. pollen and 
nectar (Figures 1 to 3), bring these to the colony (Figure 4) and 
store  in  the  wax combs (Figures 5 to 7). Five experiments (one for  
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Figure 1. A forager bee of Apis mellifera foraging only for pollen on the flower of Althaea 
rosea. (Photo: Maria Isabel). 

 
 
 

 
 

Figure 2. A forager bee of Apis mellifera foraging for pollen as well as nectar from the 
flower of a cruciferous plant (Photo:  Dorin Gheorghe). 

 
  
 
each parameter) were performed to record the short-term response 
of the honey bee colony to changes in its five internal parameters 
(viz. unsealed brood, sealed brood, honey stores, pollen stores and 
colony strength; Figures 5 to 11). Table 1 shows the layout  plan  of 

these experiments (showing colony parameters, their treatments, 
and fixed values). 

The quantity of the colony parameters were selected according to 
the  recommended   management   practices   for  beekeeping  with  
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Figure 3. A forager bee of Apis mellifera foraging only for nectar from the 
flower of rose (Rosa sp.) (Photo:  Dorin Gheorghe). 

 
 
 

 
 

Figure 4. Forager bees of Apis mellifera at the hive entrance; here 6 bees 
are with pollen loads (pollen foragers) and 4 are without pollen loads (nectar 
foragers) (Photo: Apiculture Hamou). 

 
 
 
European honey bee (A. mellifera) in this region (Sihag, 1990a, b). 
In each experiment, four parameters were kept at fixed levels and 
the  remaining   one   parameter   was   changed   to    make   three 

treatments. Each treatment had four replications (in four colonies), 
thus each experiment was performed on 12 colonies. The foraging 
response of the  colonies  was  recorded  by  counting  the  number 
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Figure 5. A part of the comb frame of Apis mellifera showing stored pollen (Photo: Bees, 
Life and Harmony). 

 
 
 

 
 

Figure 6. A part of the comb of the honey bee (Apis mellifera) showing the 
house bees storing nectar/honey in the comb (Photo: Apiculteur Miel). 
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Figure 7. A comb frame of the honey bee (Apis mellifera) showing the sealed 
honey (Photo: Oreiní  Mélissa or Mountain Bee). 

 
 
 

 
 

Figure 8. A part of the comb frame of the honey bee (Apis mellifera) showing the 
unsealed brood (Photo: Corona Apicoltores). 

 
 
 
of incoming bees at the hive entrance (Figure 4) on the post-
treatment four consecutive days. 
 
 
Experiment on the long-term responses of the honey bee 
colony to changes in its internal parameters 
 
Table 2 shows the layout plan of the experiment on the long-term 
responses. This experiment was performed on the three types of 
colonies (viz. 5-frames,  7-frames  and  9-frames). For  each  colony 

strength (representing a treatment), the quantities of four internal 
parameters (viz. unsealed brood, sealed brood, honey stores and 
pollen stores) were selected as shown in Table 2, and data on the 
seven colony parameters (Table 2 and Figures 5 to 11) were 
recorded at 21 days interval on five observational days (that is, on 
0, 21, 42, 63 and 84 days). Each treatment had four replication; 
thus, using four colonies for one treatment and twelve colonies for 
the experiment.   

If a short-term response was sustained in the long-term too, it is 
designated as an ‘expected  response’; while a short-term response  
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Figure 9. A comb frame of the honey bee(Apis mellifera) showing the sealed brood (Photo: Oreiní 
Mélissa or Mountain Bee). 

 
 
 

 
 

Figure 10. A comb frames of the honey bee (Apis mellifera) fully covered with bees 
(Photo: Apicultor Adrian Stefanoli). This frame carries about 2800 bees on its two 
surfaces (Burgett et al. 1984). 

 
 
 
turned different in the long-term was designated as an ‘unexpected 
response’. Likewise, a response is designated as ‘novel and 
expected’ if it was new to science and seemed to be logical, and as 
‘novel and unexpected’ if it was new to science and seemed to be 
illogical.   

Manipulations and measurement of the colony parameters 
 
Colonies were segregated in the apiary in two groups viz. the 
‘general pool colonies' and the ‘experimental colonies'. This 
condition  facilitated  an  easy  manipulation  of  parameters   in  the 
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Figure 11. A 10-frames colony of the honey bee (Apis mellifera); frames are 
fully covered with bees (Photo:  ashat  oghaim ). This colony has about 28000 
bees (Burgett et al., 1984). 

 
 
 

Table 1. Layout plan of experiments on the short-term responses of the honey bee (Apis mellifera) colony to changes in its 
internal parameters. 

 

Experiment No. Colony parameter Treatments Fixed values of other colony  parameters 

I Unsealed brood 

1. 775 cm
2 
 1. Sealed  brood 775 cm

2
 

2. 1250 cm
2
 2. Pollen area 150  cm

2
 

3. 1725 cm
2
 3. Honey area 300  cm

2
 

- 4. Colony strength 5 frames 

    

II Sealed brood  

1. 775 cm
2
 1. Unsealed  brood 775  cm

2
 

2. 1250 cm
2
 2. Pollen area 150  cm

2
 

3. 1725 cm
2
 3. Honey area 300  cm

2
 

- 4. Colony strength 5 frames 

    

III Pollen area 

1. 150 cm
2
 1. Unsealed  brood 775  cm

2
 

2. 300 cm
2
 2. Sealed brood 775  cm

2
 

3. 450 cm
2
 3. Honey area 300  cm

2
 

- 4. Colony strength 5 frames 

    

IV Honey area 

1. 1200 cm
2
 1. Unsealed  brood 775  cm

2
 

2. 1800 cm
2
 2. Sealed brood 775  cm

2
 

3. 2400 cm
2
 3. Pollen area 150  cm

2
 

- 4. Colony strength 5 frames 

    

V Colony strength 

1. 5-frames 1. Unsealed  brood 775  cm
2
 

2. 7-frames 2. Sealed brood 775  cm
2
 

3. 9-frames 3. Pollen area 150  cm
2
 

- 4. Honey area 300  cm
2
 

 

Number of observations=48 (3 treatments × 4 replications × 4 observation days, each day having one mean observation of 4 daily 
observations). 
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Table 2. Layout plan of the experiment on the long-term responses of the honey bee (Apis mellifera) colony to changes in its internal 
parameters. 
 

Experiment 
No. 

Colony  strength (Number of frames fully covered with 
bees) 

Initial fixed values of other colony  
parameters 

I 5-frames (Approximately 14,000 bees) 

1. Unsealed  brood 775  cm
2
 

2. Sealed brood 775  cm
2
 

3. Pollen area 150  cm
2
 

4. Honey area 1200  cm
2
 

   

II 7-frames (Approximately 20,000 bees) 

1. Unsealed  brood 1250  cm
2
 

2. Sealed brood 1250  cm
2
 

3. Pollen area 300  cm
2
 

4. Honey area 1800  cm
2
 

   

III 9-frames (Approximately 25,000 bees) 

1. Unsealed  brood 1725  cm
2
 

2. Sealed brood 1725  cm
2
 

3. Pollen area 450  cm
2
 

4. Honey area 2400  cm
2
 

 
 
 
experimental colonies. 
 
 

Manipulations of the colony parameters 
 
The initial levels of the parameters in the experimental colonies of 
two series of experiments (as given in Tables 1 and 2) were 
completed by manually adding or removing the comb frames. The 
colonies of the general pool acted as the reservoirs to accept or 
donate the required parameter. For example, to overcome any 
deficiency in the unsealed brood of the experimental colonies, the 
frames with the desired level of unsealed brood (without adult bees) 
were brought from the general pool colonies and added to the 
experimental colonies. However, to manipulate the colony strength, 
the frames covered with bees were added to or taken out from the 
experimental colonies as the need was. General management 
practices recommended for the maintenance of the honey bee (A.  
mellifera) colonies in this region were followed (Sihag, 1990a, b). 
 
 

Measurement of the colony parameters  
 

In the two series of experiments (short and long-term), observations 
on the numbers of incoming nectar and pollen carrying bees at the 
hive entrance for 5 min at 2-h intervals with the help of a tally 
counter and a stopwatch were recorded (thus six observations per 
day). The bees carrying pollen were considered as pollen foragers 
and those without pollen as nectar foragers (Figure 4), and the 
mean of six observations of a parameter on a single day was 
derived.   

The unsealed brood, sealed brood, pollen and honey stores were 
measured in terms of area (cm2) following Sihag and Gupta (2011, 
2013) (Figures 6 to 9). Total honey stores in the test colonies were 
measured at the end of the experiment. The bee strength was 
measured in terms of the number of frames fully covered by bees 
following Burgett et al. (1984); one fully covered frame carried 
about 2800 bees (Figures 9 and 10). 
 

 

Randomization, statistical design, and analysis 
 

In the short-term experiments, three  treatments  were  selected  for  

each parameter (Table 1) and four replications for each treatment 
(thus 12 colonies for one experiment and 60 colonies for the five 
short-term experiments). In the long-term experiment, the values of 
parameters of three treatments on five observational days were 
compared; here too there were four replications of each treatment 
(thus 12 colonies for an experiment). The randomization process of 
treatments was completed by the draw of lots. The experiments 
were laid down in a ‘Completely Randomized  esign' for one factor 
‘Analysis of Variance' for the short-term experiments and two-factor 
‘Analysis of Variance' for the long-term experiment. The treatments 
were compared at 5 and 1% levels of significance with the help of 
derived ‘least significant difference' (LS ) values (Snedecor and 
Cochran, 1967). The degree of relatedness between any two 
parameters was also determined by deriving correlation coefficient 
‘r' and testing at 5 and 1% levels of significance with n-2 degrees of 
freedom (n = number of observations) using ‘Independent Sample t-
Test' (Snedecor and Cochran, 1967; SPSS Tutorials, 2014).  

 
 
RESULTS 

 
Short-term responses of the honey bee colony to 
changes in its internal environment 

 
The patterns of short-term responses of the honey bee 
colony to changes in its internal environment are as 
shown in Figures 12 to 16 and Tables 3 and 4. 

When the unsealed brood in the colony was increased, 
there was a significant increase in the numbers of pollen 
foragers and a decrease in the nectar foragers (P<0.05; 
F2, 45 = 5.301; ANOVA; Figure 12, Table 3). Presence of a 
positive and highly significant correlation of unsealed 
brood with the pollen foragers and a negative with the 
nectar foragers (P<0.01, df=46, t-test, Table 4) supported 
these results. This shows that if the unsealed brood is 
added in the colony, the latter would need more pollen for 
the rearing of  developing larvae. To fulfill this need, more  
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Figure 12. Short-term effect of variation in the unsealed brood on the foraging activity of honey bee (Apis 
mellifera) colony.  

 
 
 

 
 

Figure 13. Short-term effect of variation in the sealed brood on the foraging activity of honey bee (Apis 
mellifera) colony. 

 
 
 

and more foragers would shift to the pollen foraging; 
thus the proportion of pollen foragers increases and that 
of nectar foragers decreases. 

However, the addition of sealed brood in the colony did 
not influence the pollen or nectar foraging (P>0.05, F2, 

45=2.326; ANOVA; Figure 13 and Table 3), as both 
categories of foragers had non-significant correlations 
with the sealed brood (p>0.05, df=46, t-test, Table 4). 
This indicates that keeping all other colony parameters at 
a constant level when the sealed brood  in  the  colony  is 

increased, the pollen and nectar foraging remains 
unaffected. This is because the addition of sealed brood 
in the colony does not need more pollen or nectar as food 
types; hence, the colony is not stimulated for more pollen 
or nectar foraging. 

On the other hand, with an increase in the pollen stores 
in the colony, the number of pollen foragers decreased 
and the nectar foragers increased significantly (P<0.05, 
F2, 45=5.402; ANOVA; Figure 14 and Table 3); presence 
of a negative and  highly  significant  correlation  of pollen  
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Figure 14. Short-term effect of variation in the pollen store on the foraging activity of honey bee (Apis 
mellifera) colony. 

 
 
 

 
 

Figure 15. Short-term effect of variation in the honey store on the foraging activity of honeybee (Apis 
mellifera) colony. 

 
 
 
reserves with the number of pollen foragers, and a 
positive and significant correlation with the nectar 
foragers strongly supported these finding (P<0.01, df=46, 

t-test, Table 4).  Likewise, the addition of more honey to 
the colony significantly increased the pollen foraging and 
decreased  the  nectar   foraging   (P<0.05,   F2, 45=5.314,  
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Figure 16. Short-term effect of variation in the colony strength on the foraging activity of honey bee (Apis mellifera) colony.  

 
 
 
ANOVA; Figure 15 and Table 3). These results were 
supported by the presence of a positive and highly 
significant correlation of honey reserves with the number 
of pollen foragers and a negative and significant 
correlation with the nectar foragers (P<0.01, df = 46, t-
test, Table 4). This indicates that the addition of pollen in 
the honey bee colony decreases the pollen foraging and 
increases the nectar foraging (Figure 14 and Table 3). 
However, the addition of honey in the colony increases 
the pollen foraging and decreases the nectar foraging 
(Figure 15 and Table 3). 

With an increase in the colony strength, the nectar 
foraging increased significantly (P<0.05, F2,45=5.413; 
ANOVA; Figure 16 and Table 3), but the pollen foraging 
remained unaffected as this activity did not increase 
significantly (P>0.05, F2,45=2.286; ANOVA; Figures 16 
and Table 3); presence of a positive and significant 
correlation of the colony strength with the number of 
nectar foragers (P<0.01, df=46, t-test, Table 4) and a 
positive and non-significant correlation with the pollen 
foragers (P>0.05, df=46, t-test, Table 4) strongly 
endorsed these results. This indicates that keeping all 
other parameters at fixed levels, when the colony 
strength is increased, honey  bee  colony  shifts  to  more 

and more nectar foraging, while the pollen foraging 
activity is not affected and remains unchanged (Figure 16 
and Table 3). 
 
 
Long-term responses of the honey bee colony to 
changes in its internal environment 
 
The patterns of long-term responses of the honey bee 
colony to changes in its internal environment are as 
shown in Figures 17 to 19 and Tables 5 to 10. The 
following four types of long-term responses were 
observed. 
 
 
Expected responses   
 
There were only two such short-term responses of the 
honey bee colony that sustained in the long- term too. 
For example, with an increase in the unsealed brood and 
the honey area, the number of pollen foragers increased 
significantly (p<0.05 and p<0.01, respectively, ANOVA, 
Figures 17 to 19 and Tables 5 to 7); and with an increase 
in   the  colony  strength,  the  nectar  foragers  increased  
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Table 3. Short-term effects of variations in the internal parameters of honey bee (Apis mellifera) colony on its foraging activity. 
 

Colony parameter 
Value of colony 

parameter
a
 

Kind of foragers 

Pollen foragers
b
  Nectar foragers

b
 

Mean ± s.d. LSD value
c
  Mean ± s.d. LSD value

c
 

Unsealed brood (cm
2
) 

775 40.2±2.8 

1.8** 

 118.8±5.3 

4.5** 1250 62.5±3.9  101.2±4.7 

1725 82.8±4.7  80.1±3.7 
       

Sealed brood (cm
2
) 

775 42.5±2.6 

NS 

 72.7±3.1 

NS 1250 42.6±2.8  72.5±2.8 

1725 43.1±2.6  73.1±2.7 
       

Pollen area (cm
2
) 

150 50.4±2.7 

2.5** 

 95.8±4.1 

2.7** 300 36.7±2.3  167.2±7.3 

450 20.2±1.7  250.1±12.4 
       

Honey area (cm
2
) 

1200 34.2±2.5 

1.5** 

 65.9±2.4 

4.9** 1800 48.8±3.7  52.1±2.6 

2400 63.1±3.7  38.7±1.3 
       

Colony strength
d
  

5-frames 32.8±2.4 

NS 

 112.5±8.4 

3.9** 7-frames 33.5±2.6  155.8±5.8 

9-frames 34.0±2.9  205.6±6.3 
 
a
Other colony parameters were changed as shown in Table 1. 

b
Each value represents mean ± s.d. of 16 observations (4 colonies × 4 days). 

c
(**p (<0.01, 45 d.f., Completely Randomized Design, ANOVA)=significant. 

d
Number of frames fully covered with bees. 

 
 
 

Table 4. Correlations between internal parameters of the honeybee (Apis mellifera) colony and 
its foragers (short-term response). 
 

Colony parameter 
Value of correlation coefficient (r) 

Pollen foragers Nectar foragers 

Unsealed brood 0.89** -0.88** 

Sealed brood 0.05 0.13 

Pollen area -0.95** 0.99** 

Honey area 0.79** -0.92** 

Colony strength 0.35 0.90** 
 
**p<0.01 = significant,  *p<0.05 = significant (n=48, d.f.=46, Independent Sample t-test). 

 
 
 

significantly (p<0.01, ANOVA; Figures 17 to 19 and 
Tables 5 to 7). Presence of a positive and significant 
correlation between each stimulus and its response 
confirmed these results (P<0.05 and p< 0.01, 
respectively, df=18, t-test; Tables 8 to 10, digits in green 
color). These responses existed in the short-term and 
sustained in the long-term too; hence, these were the 
expected responses. All other colony responses did not 
sustain in the long-term.  
 
 
Unexpected responses  
 
In the long-term, the number of pollen  foragers increased  

significantly with an increase in the number of nectar 
foragers, the colony strength (p<0.01, ANOVA; Figures 
17 to 19 and Tables 5 to 10), and the sealed brood 
(p<0.05, ANOVA; Figures 17 to 19 and Tables 5 to 7). In 
the short-term, the number of pollen foragers has 
decreased with an increase in the number of nectar 
foragers and vice versa (Figures 12, 14 and 15), 
remained unaffected with an increase in the colony 
strength (P>0.05, F2,45=2.286, ANOVA; Figure 16 and 
Table 3) and the sealed brood (P>0.05, F2, 45=2.326, 
ANOVA; Figure 13 and Table 3). These responses in the 
long-term appeared contrary to the expectations; hence, 
were designated as unexpected responses. Some other 
such responses  included:  a  significant  increase  in  the
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Figure 17. Long-term variations in the internal parameters of honey bee (Apis mellifera) colony with initial 5-
frames strength; PF= Number of pollen foragers × 10; NF= Number of nectar foragers × 10; USB= Unsealed 
brood (cm2) × 102; SB= Sealed brood (cm2) × 102; PA= Pollen area (cm2) × 102; HA= Honey area (cm2) × 102; 
CS= Colony strength (number of frames fully covered with bees). 

 
 
 

 
 

Figure 18. Long-term variations in the internal parameters of honey bee (Apis mellifera) colony with initial 7-
frames strength (Abbreviations are same as in Figure 17). 
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Figure 19. Long-term variations in the internal parameters of honey bee (Apis mellifera) colony with initial 9-
frames strength (Abbreviations are same as in Figure 17). 

 
 
 

Table 5. Long-term responses of the honey bee (Apis mellifera) colony to changes in its internal parameters (with an initial 5-frames 
strength). 
 

Colony parameter 
Values of various colony parameters after fixed interval of days *LSD 

Values 0 day 21 days 42 days 63 days 84 days 

Pollen foragers
a
 32.2±2.3 38.1±3.6 47.1±4.6 60.3±5.8 95.4±6.4 2.13 

Nectar foragers
b
 112.2±4.4 142.4±8.2 191.3±10.7 241.2±13.4 313.2±14.6 2.16 

Unsealed brood (cm
2
)
c 
 775.0±0.0 823.25±18.6 901.5±21.4 1003.5±25.8 1126.25±31.4 26.3 

Sealed brood (cm
2
)
d
 775.0±0.0 771.25±17.2 815.5±20.5 892.25±23.8 1001.25±26.1 22.7 

Pollen area (cm
2
)
e
 150.0±0.0 156.5±5.3 165.25±6.8 181.25±8.7 203.25±9.2 4.03 

Honey area (cm
2
)
f
 1200.0±0.0 1407.5±32.7 1713.5±43.3 2122.25±58.6 3234.5±62.2 54.2 

Colony strength
g 
 5.0±0.0 6.5±0.2 8.5±0.4 11.25±0.5 14.5±0.8 0.37 

 

a-g: Mean± s.d. of 4 observations; g: Number of frames fully covered with bees; *p<0.05 (15 degrees of freedom, Completely Randomized 
Design, ANOVA). 

 
 
 
nectar foragers with an increase in the honey stores 
(p<0.01, ANOVA; Figures 17 to 19 and Tables 5 to 7); 
and the unsealed brood and the sealed brood (p<0.05, 
ANOVA; Figures 17 to 19 and Tables 5 to 7). Likewise, 
with an increase in the pollen area, the nectar foraging 
did not increase significantly (p>0.05, ANOVA; Figures 17 
to 19 and Tables 5 to 7). These results were further 
supported by the respective correlations (Tables 8 to 10).  

Novel and expected responses  
 
In the long-term, with an increase in the colony strength, 
the unsealed brood, the sealed brood, and the honey 
area increased significantly (p<0.01, ANOVA; Figures 17 
to 19 and Tables 5 to 7). Likewise, with an increase in the 
pollen area, the unsealed brood increased significantly 
(p<0.01,  ANOVA;  Figures  17  to  19  and Tables 5 to 7). 
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Table 6. Long-term responses of the honey bee (Apis mellifera) colony to changes in its internal parameters (with an initial 7-frames 
strength). 
 

Colony parameter 
Values of various colony parameters after fixed interval of days *LSD 

Values 0 day 21 days 42 days 63 days 84 days 

Pollen foragers (cm
2
)
a
 44.7±2.6 52.2±3.4 67.6±4.3 84.8±5.9 121.5±6.2 2.3 

Nectar foragers (cm
2
)
b
 155.3±6.8 212.9±8.6 274.7±13.2 352.2±18.3 458.4±26.4 9.2 

Unsealed brood (cm
2
)
c
 1250.0±0.0 1324.25±37.4 1426.5±42.7 1551.5±52.6 1703.25±63.9 34.4 

Sealed brood (cm
2
)
d
 1250.0±0.0 1236.5±33.3 1311.5±37.7 1415.25±43.2 1532.5±48.5 30.3 

Pollen area (cm
2
)
e
 300.0±0.0 312.25±12.8 334.25±14.6 356.5±15.4 383.5±18.9 7.6 

Honey area (cm
2
)
 f
 1800.0±0.0 2107.25±61.7 2712.5±74.3 3618.25±95.6 4823.25±118.2 96.6 

Colony strength
g
 7.0±0.0 9.25±0.2 12.5±0.4 16.25±0.7 21.5±1.2 0.8 

 

a-g: Mean± s.d. of 4 observations; g: Number of frames fully covered with bees; *p<0.05 (15 degrees of freedom, Completely Randomized Design, 
ANOVA).   

 
 
 

Table 7. Long-term responses of the honey bee (Apis mellifera) colony to changes in its internal parameters (with an initial 9-frames 
strength). 
 

Colony parameter 
Values of various colony parameters after fixed interval of days *LSD 

values 0 day 21 days 42 days 63 days 84 days 

Pollen foragers
a
 52.1±2.5 77.3±3.6 103.6±4.8 128.8±5.7 175.7±8.3 7.4 

Nectar foragers
b
 205.4±8.6 280.4±11,3 354.7±13.8 472.9±18.7 650.3±24.6 13.6 

Unsealed brood (cm
2
)
c
 1725.0±0.0 1827.25±42.6 1948.25±44.8 2103.5±48.9 2511.5±52.7 50.3 

Sealed brood (cm
2
)
d
 1725.0±0.0 1710.25±36.8 1812.25±42.5 1931.25±45.7 2083.5±47.9 42.43 

Pollen area (cm
2
)
e
 450.0±0.0 464.5±13.6 486.5±15.1 507.25±16.8 533.5±18.9 11.7 

Honey area (cm
2
)
f
 2400.0±0.0 2812.5±68.8 3627.5±82.4 4839.25±93.8 6451.25±126.7 131.6 

Colony strength
g
 9.0±0.0 12.5±0.8 16.25±1.2 22.5±1.6 30.0±1.8 0.7 

 

a-g: Mean± s.d. of 4 observations; g: Number of frames fully covered with bees; *p<0.05 (15 degrees of freedom, Completely Randomized Design, 
ANOVA). 
 
 
 

Table 8. Correlations between different parameters of the honeybee (Apis mellifera) colony with an initial 5-frames strength (long-
term response). 
 

Colony 
parameter 

Value of correlation coefficient (r) 

Pollen 

foragers 

Nectar 
foragers 

Unsealed 
brood 

Sealed 
brood 

Pollen 
area 

Honey 
area 

Colony 
strength 

Pollen foragers 1.00       

Nectar foragers 0.98** 1.00      

Unsealed brood 0.55* 0.54* 1.00     

Sealed brood 0.63* 0.65* 0.73* 1.00    

Pollen area 0.41 0.42 0.81** 0.92** 1.00   

Honey  area 0.88** 0.84** 0.37 0.43 0.35 1.00  

Colony strength 0.98** 0.98** 0.64* 0.56* 0.44 0.83** 1.00 
 

N=20 (4 colonies × 5 days); *p<0.05, **p<0.01 (18 degrees of freedom, Independent Sample t-test). Numbers in simple and green letters 
represent ‘expected’ responses (already reported by the earlier researchers); bold, italic, underlined and red represent ‘unexpected’ 
responses (contrary to the earlier reports); bold and blue as ‘novel and expected’ responses (new to Science) and bold, italic and pink  as 
‘novel and unexpected’ responses. 

 
 
Presence of a positive and significant correlation between 
each stimulus and the respective response further 
supported these results (Tables 8 to 10). Also, an 
increase in the honey area did not increase the unsealed 
and  the   sealed   broods,   as  the  correlations  between 

respective parameters were non-significant (Tables 8 to 
10). All these responses are novel (new to science) and 
seemed to be behaviorally logical. For example, under 
the persistent pollen and nectar supply, with an increase 
in the colony  strength,  there  is an increase in the pollen 
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Table 9. Correlations between different parameters of honeybee (Apis mellifera) colony with an initial 7-frames strength (long-term response). 
 

Colony 
parameter 

Value of correlation coefficient (r) 

Pollen 

foragers 

Nectar 
foragers 

Unsealed 
brood 

Sealed 
brood 

Pollen 
area 

Honey 
area 

Colony 
strength 

Pollen foragers 1.00       

Nectar foragers 0.99** 1.00      

Unsealed brood 0.56* 0.57* 1.00     

Sealed brood 0.67* 0.65* 0.74* 1.00    

Pollen area 0.41 0.44 0.80** 0.93** 1.00   

Honey area 0.87** 0.85** 0.49 0.44 0.33 1.00  

Colony strength 0.99** 0.97** 0.61* 0.55* 0.42 0.85* 1.00 
 

N=20 (4 colonies × 5 days); * p<0.05 , ** p<0.01 (18 degrees of freedom, Independent Sample t-test). Numbers in simple and green letters represent 
‘expected’ responses (already reported by the earlier researchers); bold, italic, underlined and red represent ‘unexpected’ responses (contrary to the 
earlier reports); bold and blue as ‘novel and expected’ responses (new to Science) and bold, italic and pink  as ‘novel and unexpected’ responses.  

 

 

Table 10.  Correlations between different parameters of honeybee (Apis mellifera) colony with an initial 9-frames strength (long-term 
response). 
 

Colony  
parameter 

Value of correlation coefficient (r) 

Pollen 

foragers 

Nectar 
foragers 

Unsealed 
brood 

Sealed 
brood 

Pollen 
area 

Honey 
area 

Colony 
strength 

Pollen foragers 1.00       

Nectar foragers 0.98** 1.00      

Unsealed brood 0.54* 0.57* 1.00     

Sealed brood 0.65* 0.66* 0.73* 1.00    

Pollen area 0.43 0.46 0.92** 0.82** 1.00   

Honey area 0.87** 0.84** 0.48 0.44 0.35 1.00  

Colony strength 0.99** 0.99** 0.63* 0.58* 0.43 0.84* 1.00 
 

N=20 (4 colonies × 5 days); *p<0.05, **p<0.01 (18 degrees of freedom, Independent Sample t-test). Numbers in simple and green letters represent 
‘expected’ responses (already reported by the earlier researchers); bold, italic, underlined and red represent ‘unexpected’ responses (contrary to 
the earlier reports); bold and blue as ‘novel and expected’ responses (new to Science) and bold, italic and pink  as ‘novel and unexpected’ 
responses. 

 
 
 

and nectar foraging activity. The latter situation causes 
an increase in the pollen as well as nectar storage in the 
colony, and consequently an increase in the brood 
rearing activity too (Figures 17 to 19 and Tables 5 to 7). 
Hence, these responses are new and logical, and were 
designated as the ‘novel and expected responses’. 
 
 
Novel and unexpected responses  
 
In the long-term, still some other responses were novel 
but these were contrary to our expectations. For 
example, with an increase in the sealed brood, the 
unsealed brood increased significantly. Similarly, with an 
increase in the honey area and the colony strength, 
pollen area did not increase significantly (Figures 17 to 
19 and Tables 5 to 7). These responses are new to 
science but the relatedness of the stimulus and the 
respective response is illogical;  hence,  these  are  novel  

and unexpected responses. 
The colony parameters in the long-term grow and 

interact with each other in a complex way to generate 
some new and unexpected responses (Figures 17 to 19 
and Tables 5 to 10). However, due to the persistent 
brood rearing activity, the colony simultaneously keep on 
utilizing the stored pollen. Thus pollen area does not 
increase much but nectar storage area increases 
significantly.  
 
 
Effect of initial colony strength on the colony buildup 
 
Irrespective of the initial colony strength, general patterns 
of the long-term responses in the honey bee colony were 
same. There was about 1.5 times increase in the 
unsealed brood, 1.25 times in the sealed brood, 1.33 
times in the pollen stores, 2.66 times in the honey stores, 
3 times in the  colony  strength  and  about  3 times in the  



 
 
 
 
nectar and pollen foragers in the three types of colonies; 
there was significant increase in each parameter (p < 
0.05, F4, 15=5.375 for pollen foragers, 5.387 for nectar 
foragers, 5.462 for unsealed brood, 5.384 for sealed 
brood, 5.384 for pollen store and 6.124 for honey stores, 
ANOVA; Figures 15 to 18 and Tables 5 to 7).  

However, the initial colony strength and colony stores 
had direct effects on the colony buildup and resources 
collection. A five frame colony (with the initial resources 
presented in Table 2) could collect 203.25±9.2 cm

2
 of 

pollen, 3234.5±62.2 cm
2
 of honey, and the final colony 

strength reached 14.5±0.8 frames. The corresponding 
figures for a 7-frames and a 9-frames colony were 
383.5±18.9 and 533.5±18.9 cm

2
 pollen, 4823.25±118.2 

and 6451.25±126.7 cm
2
 honey and 21.5±1.2 and 

30.0±1.8 frame strength, respectively; the differences in 
the respective parameters were significant (p<0.05; F2, 

12=6.235 for pollen stores, 5.821 for honey stores and 
5.917 for colony strength, respectively) (Figures 17 to 19 
and Tables 5 to 7). In terms of honey weight, a 9-frames 
colony stored maximal honey (8.06 kg) followed by a 7-
frames (6.03 kg) and a 5-frames colony (4.04 kg). 
Therefore, a strong colony is expected to be the better 
pollinator and honey gatherer than a weak colony. 
 
 

DISCUSSION 
 
A honey bee colony is a social entity exhibiting a high 
degree of division of labor (Michener, 1974). In the 
colony, the food is collected by the foragers and stored 
by the hive bees. The latter keep a watch on the food 
stores of the colony and exchange of food among the 
hive bees is a common practice in the colony (Free, 
1957). Any change in the colony condition is sensed by 
the hive bees, which pass this information to the foragers. 
The latter immediately respond to the changed condition 
in the colony and adjust their foraging behavior. In other 
words, the needs of the colony generate the foraging 
stimulus and the colony witnesses the resultant foraging 
response. However, this study was to know what patterns 
of responses the colony would depict in the short- and 
long-term to changes in its internal environment.  
 
 
Short-term responses of the honey bee colony to 
changes in its internal environment 
 
Keeping all other parameters at a constant level, if one 
parameter of the colony is changed, then the colony 
shows an immediate short-term response.   
 
 
Short-term response of the honey bee colony to 
changes in the unsealed brood  
 
If unsealed brood in the colony is increased, the pollen 
foraging increases and nectar foraging decreases (Figure  
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12 and Table 3). When more unsealed brood is added in 
the colony, more and more foragers would shift to the 
pollen foraging to fulfill the needs of the colony, thus the 
nectar foragers in the colony are proportionately reduced. 
Therefore, the building colonies with more unsealed 
brood show lesser honey storage (Sihag, 1990b). Some 
earlier researchers also reported that with an increase in 
the unsealed brood in the colony, the pollen foraging 
increased (Free, 1967; Cale, 1968; Al-Tikrity et al., 1972; 
Calderone, 1993; Dreller et al., 1999) and the nectar 
foraging decreased (Hoopinger and Taber, 1979).   
 
 
Short-term response of the honey bee colony to 
changes in the sealed brood  
 
Contrary to the aforementioned results, increase in the 
sealed brood did not cause any significant change in the 
foraging activity of the honey bee colony (Figure 13 and 
Table 3). This is because, in the building colonies, 
addition or subtraction of sealed brood does not influence 
the colony need for a particular food type. Hellmich and 
Rothenbuhler (1986) too reported that pollen collection in 
the honey bee colony varied with the stage of the brood; 
its collection and usage were maximal at the larval stage, 
and when the brood became capped (sealed) pollen 
need in the colony decreased. 
 
 
Short-term response of the honey bee colony to 
changes in the colony stores  
 

The results of this study further revealed that the addition 
of pollen reserve immediately discourages the pollen 
foraging and encourages the nectar foraging in the 
colony (Figure 14 and Table 3). However, the converse 
happens when the honey reserve is added in the colony 
(Figure 15 and Table 3). Earlier reports revealed that 
increase in pollen stores in the colony acts as the main 
stimulus for nectar foraging (Free, 1967; Cale, 1968; 
Barker, 1971; Fewell and Winston, 1992; Hoopinger and 
Taber, 1979). However, an increase in the honey stores 
of the colony stimulates its pollen foraging (Free, 1967; 
Cale, 1968; Barker, 1971; Fewell and Winston, 1992; 
Hoopinger and Taber, 1979).  

From the different results on the short-term responses 
of this study, it became amply clear that presence of 
plenty of one type of food in the colony inhibits its own 
supply by a negative feedback and stimulates foraging for 
the other food type. Likewise, the scarcity of any type of 
food stimulates its own storage. Therefore, as suggested 
earlier (Cale, 1968; Antonsenko and Ermoleava, 1979), a 
switch on/off mechanism of a positive or negative 
feedback seemed to work in the honey bee colony to 
regulate its foraging and other activities. The colony, 
therefore, can be stimulated for nectar or pollen collection 
by simple manipulation of its unsealed brood or pollen 
and  nectar   stores  and  thus  can  be  used   for   honey  
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production or pollination of crops. 
 
 
Short-term response of the honey bee colony to 
changes in the colony strength  
 
When the colony strength was increased (keeping all 
other parameters at fixed levels), foraging activity of the 
colony (both nectar and pollen) increased significantly 
(Figure 16 and Table 3). The number of nectar foragers 
increased more than the pollen foragers (Figure 16 and 
Table 3). These results are in agreement with those of 
Barker and Jay (1974), EL-Kazafy and Al-Kahtani (2013) 
and Bhusal et al. (2011). The latter researchers observed 
that strong colonies with 20 thousand bees produced 
three times more honey, pollen, and brood than the weak 
colonies with 10 thousand bees. Hence, employing 
stronger colonies would be more beneficial than the weak 
colonies for honey production as well as pollination of 
crops.  
 
 
Long-term responses of the honey bee colony to 
changes in its internal environment 
 
Majority of the short-term responses of the honey bee 
colony to changes in its internal environment do not 
sustain for long and wear off in the long-term and the 
colony readjusts itself in such a way that several new 
patterns of relationships originate under the ongoing 
status of the colony. That is why the honey bee colony 
exhibits many expected and unexpected responses; the 
patterns of these responses are different from those 
reported under the short-term responses. For example, 
under the persistent pollen and nectar supply, with an 
increase in the colony strength, there is an increase in 
the pollen and nectar foraging. The latter situation results 
in an increase in the pollen and nectar storage in the 
colony; consequently, there is an increase in the brood 
rearing activity too (Figures 17 to 19, Table 5 to 7). 
However, due to the persistent brood rearing activity, the 
stored pollen is utilized simultaneously. Thus, the pollen 
area does not increase significantly but nectar storage 
area does so. That is why the colony parameters in the 
long-term grow and interact with each other in complex 
manners to generate ‘novel expected and unexpected’ 
responses (Tables 5 to 10). 
 

 
Importance of knowledge on the short- and long-term 
colony responses in the management and use of 
honey bees for honey production and pollination of 
crops  
 
Honey bees are the important pollinators of several 
cultivated crops and help increase their seed/fruit yield 
(Sihag 1986; Breeze et al., 2011). Due to the massive 
loss of wild bee pollinators (Kremen et al., 2002;  Klein  et  

 
 
 
  
al., 2007; Potts et al., 2010) or when wild bees do not 
visit agricultural fields  (Garibaldi et al., 2011), managed 
honey bee colonies are often the only source for farmers 
to do pollination in the crops (Goodwin et al., 2011; 
Rucker et al., 2012). In recent times, beekeeping has 
been identified as one of the essential inputs in 
agriculture (Sihag, 2001). For this purpose, providing the 
sufficient number of pollen foraging bee force to a given 
crop is important. Then, it becomes important to know the 
ways to stimulate the colonies for pollen or nectar 
collection. Likewise, effect of such manipulations on the 
pollination of a reference crop should also become 
known. This study provides solutions to these problems. 
For example, for the quick buildup of the colonies, the 
latter would need a stimulus for pollen collection by 
providing them honey stores and unsealed brood. This 
manipulation will also help enhancing the pollination in 
the reference crop(s). Likewise, the colonies engaged in 
the persistent buildup activity can be stimulated for nectar 
collection (honey production) by providing them more 
pollen stores or pollen supplement. But the latter practice 
would discourage the bees to collect pollen; thus, 
inflicting a pollination loss to the reference crop. Thus, the 
knowledge of short-term responses would be helpful in 
devising the management strategy for urgent stimulation 
of the colony for nectar or pollen foraging. However, once 
generated short-term response is likely to wear off in the 
long-term. In that situation, to sustain the ongoing 
response, the colony would need a fresh stimulus after 
each brood cycle (21 days). For example, if the colony is 
in the nectar collection (honey production) mode, this will 
need a fresh stimulus after 21 days to stay in this mode. 
Similarly, a colony will need a fresh stimulus after 21 
days to stay in the pollination mode. Therefore, insights 
into the short and long-term responses of the honey bee 
colony would be helpful in devising their management 
strategies for honey production and pollination of crops.  

The colony strength plays an important role in honey 
production and pollination of crops (Figures 17 to 19 and 
Tables 5 to 7). When plenty of bee forage is available, 
colonies with larger bee strengths attained significantly 
higher strengths and collected significantly more pollen 
and nectar (honey) than those colonies with smaller bee 
strengths. The stronger colonies, therefore, seemed to 
bring more pollination (as these collected more pollen) 
and gathered more honey too. Some previous 
researchers also highlighted the importance of strong 
colonies in honey production and pollination of crops 
(Bhusal et al., 2011; El-Kazafy and Al-Kahtani, 2013). 
Therefore, this study recommends keeping strong 
colonies for honey production and pollination of crops.  
 
 

Conclusion 
 
If the internal parameters of the honey bee (Apis 
mellifera) colony are altered, the colony immediately 
changes its  foraging  activity  according  to  its  emergent  



 
 
 
 
need, and a negative or positive feedback mechanism 
works to regulate the needed parameter. For example, if 
there is an emergent need for pollen, the colony shifts in 
favor of pollen foraging till the colony need is fully 
overcome. Likewise, if there is an oversupply of pollen, 
the status of the latter parameter discourages the colony 
for pollen foraging. However, in the long-term colony 
adjusts its foraging activity according to the ongoing 
status of the colony and its instinctive hoarding behavior. 
Even if the pollen or nectar is in plenty, the colony 
continues to forage for pollen and nectar, and the 
mechanism of negative or positive feedback does not 
work here. The short-term response wears off in the long-
term (after some time) and the colony needs a fresh 
stimulus to stay in a particular foraging mode. 
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