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Abstract Despite the harsh climate in the semi-arid areas of Uganda, anthropogenic activities continue to increase in
many wetlands due to increasing human populations, causing incidences of degradation that require urgent restoration
interventions. This study assessed wetland degradation and restoration in four wetland sites. To do this, the spatial- temporal
extent and drivers of wetland use/cover changes and wetland degradation were determined, and the best steps, lessons, and
principles of conducting wetland restoration were established. We used Sentinel-2 (2016-2019) and MODIS (2019) sensor
images to estimate wetland changes and degradation status. Furthermore, focus group discussion, disaggregated by gender,
was also conducted with representatives of the wetland user groups. The results revealed a reduction in the area under natural
vegetation types compared to small-scale farming and built-up areas, between 2016 and 2019. This pattern was intensively
driven by wetland cultivation, deforestation, occurrence of flash floods, and poor market linkages / price of yields. The
consequential spatial extent of wetland degradation was generally high. To counteract this degradation, the best steps that
ensued an effective wetland ecological restoration included conducting a baseline survey, stakeholder consultation,
identification of reference sites, planning for future changes, implementation of restoration action plans, self-sustainability,
and monitoring. During this exercise, the key lessons learned were to encourage equal participation of men and women, raise
awareness, encourage restoration through income generation, and promote sustainability of restoration interventions.
Therefore, if these practices are well implemented, they could increase the resilience of communities to climate change,
enhance livelihood diversity and inform the processes of developing wetland management plans.
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1. Introduction

The appearance of most wetlands in Africa can be
described as lacustrine, riverine, coastal, palustrine, and
valley wetlands, whether permanent or seasonal. The
distinction is often based on vegetation type, morphology,
and presence of fauna [14,27]. Wetlands provide valuable
ecosystem goods and services that are vital for human
existence, for example, regulation of flood waters, water
purification, and habitat for fish and wildlife [9]. However,
in most communities surrounding wetland ecosystems in
the developing world, there is a general perception of
wetlands as ‘wastelands’ that can often be put to more
productive use, overlooking their ecological value [2,3]. As
such, wetlands have been extensively exploited for paddy
rice, sand mining, brick making, and establishment of
industrial parks, all of which provide more economic
benefits, but with impacts on natural resource protection

necessary for ecosystem services provision to society. The
result has been reduction in the area and integrity of the
system, thus degradation [11]. Degradation here refers to
the degeneration of wetland structure, area, and function
[17]. Crop cultivation around wetland systems coupled with
altered hydrology is a major driver of species invasion,
leading to altered structure of wetlands. This calls for a
trade-off in the provision of ecosystem services between the
different land use scenarios.

Wetland degradation has also been blamed largely on
anthropogenic factors like high population growth,
reduction in arable land productivity, civil unrest, ignorance,
poverty, political interference/pronouncements, and lack
and/or weak wetland monitoring mechanisms [9,11,18].
For instance, in the Mekong delta of Vietnam, wetland
degradation was attributed to government policies on
resettlement and economic development throughout the
cc ) _ course of the country’s history [22]. However, wetland
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between 1984 and 2010 when lake recession exposed
approximately 752 ha of new land at a rate of 29 ha/year
[15].

In Uganda, wetland degradation has largely been blamed
on rampant encroachment and unregulated activities such as
soil dumping, burning, agricultural intensification, water
syphoning, and over harvesting of wetland vegetation,
[11,25]. The status of wetlands calls for urgent interventions
directed towards restoration efforts, which demand that
accurate assessments are undertaken to gather baseline
information for mainstreaming into wetland restoration and
management planning. Our literature search based on
empirical studies conducted on wetlands from online
databases revealed no standard methodology to assess
wetland degradation despite the recent developments in
spatial data acquisition, availability, and improvement in
processing tools [31]. Wetland research in Uganda has
focused more on quantifying wetland loss [11], wetland
policy [12,28], wetland ecosystem functions and services
[19], but little research has focused on the drivers of
wetland use and cover changes and studied the principles of
conducting wetland restoration in semi-arid lands. However,
with the increasing threats of climate change and the
associated medium to high emission scenarios, there is a
likelihood of continued change in structure, function, and
composition of wetlands in semi-arid areas [16,24]. Further,
the continued growth in population, and expanding
demands for waste disposal, industrial activities, and
recreation, further impose pressures on wetlands [22,25].
This calls for continuous monitoring to assess functionality
of remaining wetlands and restoration of degraded ones to
recover critical ecosystem services [29].

Most wetland restoration interventions in Africa are
either government-led with support of development partners
or spearheaded by Non-Governmental Organizations and
Civil Society Groups [26,29]. The restoration programs
implemented by these are in most cases not guided by
suitability studies with reference to specific interventions
and sections of wetlands [29]. Moreover, an overlap exists
due to inadequate coordination and consultation between
the wetland user community and the implementing
organizations [18]. Since wetlands are viewed as public
good and the results from the restoration programs are
realised only in the long run, the efforts fail to attract
support from the community [12,29] Any restoration
intervention therefore needs to consider the views and
opinions of the user community to guarantee acceptance,
ownership of the restoration program, mobilisation, and
active participation. The purpose of this study, therefore,
was to assess degradation in selected wetlands systems and
document appropriate practices to consider in wetland
restoration. The specific objectives were to:(i) assess the
spatial-temporal extent and drivers of wetland use/cover
changes, (ii) determine the status and scale of wetland
degradation, and (iii) ascertain the best practices and

lessons learned in conducting wetland ecological restoration
in semi-arid areas. It is envisaged that this study will inform
government and wetland managers of better wetland
degradation assessment methods and wetland restoration
practices. It will also guide in developing wetland user
guidelines in the country, such as those for paddy rice
cultivation, sand mining, and grazing to diversify
community livelihood options without compromising the
sustainability of the wetland ecosystem.

2. Methods

2.1. Study Area

Four wetlands within the Aswa Catchment of
North-eastern corridor of Uganda were selected as study
sites for this assessment (Fig. 1). These included Karenga
wetland (579028E; 393760N), in Karenga District with a
total area of 760.4 ha, Kapeeta (583809E; 352635N) in
Kotido District, measuring 4,889.5 ha, Unyama (554715E;
310770N) in Agago District with an area of 3,578.5 ha and
Ogwette wetland (567345E; 264757N) in Otuke District
measuring 5,612.3 ha. Despite the differences in location,
the wetlands were remarkably similar in both vegetation
community and biochemistry. Generally, the area
experiences a mean annual uni-modal rainfall with averages
of 750 mm. Average temperature ranges in the area are
between 32.5°C and 17.7°C. Topographically, the studied
wetland sites are in the flat and low-lying areas of Karamoja
region. The wetlands are seasonal and riverine in nature and
characterized by savannah grasslands and scattered bushes.
The main forms of land use in the area include crop
cultivation, settlement, and cattle rearing. The wetland sites
were selected based on reported high rates of encroachment
and degradation by the key informants at the catchment
management level. Wetland degradation in the study sites
could be in the form of structure, area, and function, however,
in this study, only changes in area were assessed and not
function or structure. The study area was deemed feasible to
offer lessons on how to assess wetland degradation and
ensure appropriate  wetland ecological restoration is
conducted appropriately.

2.2. Spatial Temporal Extent and Drivers of Wetland
Use/Cover Changes

A catchment-based approach (Aswa catchment) was used
to assess the status of wetland degradation and ecological
restoration. Two sets of Ortho-rectified and cloud-free
Sentinel-2A satellite images of 20 m spatial resolution of
2016 and 2019 were downloaded (path 171, r 57/58) from
the Earth Explorer geoportal captured in the long dry season
month (December-January) and analysed (Table 1).
Sentinel-2 images provide four 10m bands, six 20 m bands,
and 60 m bands [10,33].
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Table 1. Sentinel-2A images, date of acquisition, wetland name, and cloud cover

Sentinel-2 imagery Date of capture Path/Row Wetland name Cloud cover (%)
L1C_T36NWK_A018765_20190125T081612 2019/01/25 171/57 Karenga 0.077
S2A_OPER_MSI_L1C_TL_MPS_ 20160828
T082329_20160828T114816_A006181_T36N 2016/08/28 171/57 Karenga 0.074
WK_NO02_04 01
L1C_T36NWJ_A019051 20190214T081443 2019/02/14 171/58 K?Jp:;;"’r‘nznd 0.0
S2A_OPER_MSI_L1C_TL_MPS_ 20160828 Kaeeta and
T082329_20160828T114816_A006181_T36N 2016/08/28 171/58 L?n ama 0.0
WJ_N02_04 01 Y
L1C_T36NWH_A019051_20190214T081443 2019/02/14 171/58 Ogwette 0.0
S2A_OPER_MSI_L1C_TL_MTI__20160311T
082116_20160311T114814 A003750_T36NW 2016/03/11 171/58 Ogwette 0.234
H_N02_01_01

N
L, Albert
B Kyoga
L. Wamala
L. George Legend
L. Edward E Aswa catchment
/ L. Victoria Open water
1 Ogwette
2 Unyama
0 35 70 140 3 Kapeeta
Kilometers 4 Karenga

Figure 1. Location of the Study Area

The downloads were added in Quantum Geographical
Information System (QGIS) software 3.14.1 for visualization,
pre-processing, and analysis. The images were
atmospherically corrected using Dark Object Subtraction
technique (haze based) and geometrically corrected using
a Shuttle Radar Topography Mission Digital Elevation
Model (30 m). The corrected images were converted into
composites and analyzed using object-based image
(mean shift) classification procedure [6]. The Mean-Shift
segmentation algorithm is a nonparametric and iterative
clustering which enables the performance of tile-wise
segmentation, and the result is an artifact-free vector file [10].
The wetland cover types were described using National
Wetland shapefile of 2015 obtained from the Ministry of
Water and Environment and validated in the field using a

calibrated Garmin handheld Global Positioning System
(eTrex 20X). In the field, 40 coordinates were recorded for
the representative wetland cover types and observable causes
of wetland encroachment and degradation. The points were
used to validate the classified wetland cover classes. Table 2
shows the description of wetland use/cover classes. The
kappa coefficient was estimated from the error matrix [7].
The highest overall image classification accuracies were
obtained from Ogwette and Unyama wetland systems (Table
2). A multi-site design was adopted to assess changes in
wetland use/cover types and status of degradation based on
reported level of encroachment by key informants (5 natural
resources officials) at the district level who were consulted
for guidance before study. A reconnaissance study was
conducted to confirm the degradation status of the identified
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4 wetland systems (Ogwette, Kapeeta, Karenga, and
Unyama) and the extent of spatial wetland assessment of
each site. Figure 2 shows a snapshot of wetland use/cover
types in the studied wetland systems.

Table 2. Image classification accuracy
2016 2019

Wetland Overall Ka[_)p_a Overall Kappfi

Accuracy | Coefficient | Accuracy Coefficient
Karenga 0.831 0.825 0.874 0.869
Kapeeta 0.854 0.851 0.811 0.804
Ogwette 0.931 0.927 0.905 0.896
Unyama 0.917 0.903 0.876 0.865

Table 3. Description of wetland use/cover

Wetland Use/Cover Types Description

Open water Dams (developed valley dams)
Grasslands Savannah grasslands

Small scale farmlands with mixed
Farmlands

crops

These were human settlements

Built up areas (homesteads)

Plantations were mainly composed of

Tree plantations Eucalyptus

These are composed of scattered

Shrubs thickets and bushes

Spatial data (Sentinel-2 images), wetland attributes,
and socio-economic data were collected. Further, 5 key
informants (District and subcounty environment officials)
were purposively selected and interviewed in each of the
selected wetlands, to gain insight on the status of wetland
degradation and restoration. The discussions informed the
next activity of conducting focus group discussions such as
where they could be held, number of respondents, and who to
invite. These were chosen based on their knowledge and use
of different wetlands overtime. Focus group discussions
comprising of 14-28 members, and disaggregated by gender,
were also held with community members (including
agro-pastoralists and members from civil society-based
organisations representing each village where wetland
degradation was pronounced), that live adjacent to the
wetlands, and these provided the benefit of understanding
the perception of the community in addition to offering
opportunities for clarity and re-evaluation of individual
responses. The disaggregation by gender was intended to
encourage equal participation by both gender but also
because men and women face different challenges and thus
have different opinions. The participants in the focus group
discussion were drawn from those who were readily
available, but also willing to participate in the discussions. A
focus group discussion question guide was used for probing
and the responses captured on flipcharts during the sessions.
The group members also developed community resource
maps of 2016 and 2019 that informed the wetland use/cover
classification process. Pairwise ranking procedure was used

to define the drivers of wetland degradation. Field visits were
made in each wetland site to capture wetland attributes such
as vegetation type, water availability, wetland use, among
others. Social-economic data was qualitatively analysed to
understand the causes of wetland encroachment and
degradation in the studied systems.

2.3. Status and Scale of Wetlands and Degradation

Wetland degradation in this study referred to the activities
that undermined the ecological functioning of wetlands to
offer their usual goods and services. Wetland degradation
was quantified using data on classified wetland use/cover
loss and fires. Burning incidents are common due to the
torrid conditions that underlie the studied sites. Image
differencing method was used to extract areas that lost
wetland coverage to other forms of land use types that could
not be recovered, while the fire data was obtained from the
Moderate Resolution Imaging Spectroradiometer (MODIS)
Sensor to track its occurrence and intensity in the selected
wetland systems [8]. The already processed fire data on
natural fire outbreaks was obtained from the Fire
Information for Resource Management System (FIRMS)
(https://earthdata.nasa.gov/earth-observation-data/near-real-
time/firms). This point data of 2019 was interpolated using
the kriging technique based on the fire radiative power (FRP)
into three classes (“low”, “moderate”, and “high”) using the
natural break classification system. This was related to
Sentinel-2 imagery. Wetland use/cover changes and fire
datasets were used to determine wetland degradation.
Changes in built-up areas and farmland were selected,
reclassified into three classes, and overlaid with fire data to
determine areas highly degraded. The datasets were analysed
using weighted overlay methodology where wetland loss
data was allocated a weight of 70% and fire 30%. The result
was classified into three classes (“low”, “moderate”, and
“high”) to define the intensity of wetland degradation in the
studied sites. For each studied site, the levels of wetland
degradation were aggregated to the parish level for easier
estimation of required restoration needs and materials
(Bamboo tree seedlings and pillars) and monitoring of the
interventions. The study utilising procedure is not data
intensive and suitable for assessing wetland degradation in
developing countries where the resources available for data
collection are relatively limited.

2.4. Best Practices and Lessons Learned in Conducting
Wetland Ecological Restoration

Out of the four studied wetland sites, the first ones to
be restored were determined based on field assessment
of wetlands (functions, condition, and value), stakeholder
engagement, level of community awareness on wetland
conservation and spatial analysis results (wetland loss and
levels of encroachment) (Figure 2). In ascending order, the
proposed wetland sites to be restored first were Kapeeta,
Unyama, Ogwette, and Karenga. The data used to document
the best practices of wetland restoration was out of taking a
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record of the steps undertaken to conduct wetland restoration
intervention, from formation of wetland management
committees, sensitisation of local communities, launching
of wetland restoration activities to wetland boundary
demarcation (100m interval) using concrete pillars (Figure 2)
and planting of bamboo tree seedlings (200,000) at 5m
interval. However, this process excludes the steps taken
to identify the suppliers and acquisition of materials
(procurement process). To develop the best practices of
wetland restoration, this study took a holistic understanding
of wetland attributes (morphology and status), wetland
changes, wetland degradation, and restoration interventions
that can enhance agropastoral livelihood diversity.

Data on wetland restoration activities was collected
through forming focus group discussion meetings,
interviews of 5 members of wetland management
committees, and interview of local (2) and district leadership
(3) and audio recordings. Face to face interviews were
conducted during and after the implementation of wetland
restoration interventions. These steps helped to collect data
on the perception of respondents on the restoration processes
implemented and lessons learned out of these activities. The
data collected from the five wetland sites was synthesised
into practises and lessons learned that could be of help in
restoring degraded wetlands in semi-arid regions.

3. Results

3.1. Spatial Temporal Extent and Drivers of Wetland
Use/Cover Changes

In the studied wetland systems (Ogwette, Kapeeta,
Karenga, and Unyama), small-scale farming and built-up
(settlement) patches gained more land than those under
natural vegetation types between 2016 and 2019 (Table 3
and Figures 2 and 3). A significant relative positive change
in areas under built-up (settlement) occurred in Kapeeta and
Karenga wetland systems, while in Ogwette (10.3%) and
Karenga (8.7%) this change only happened in small-scale
farming wetland use. Of the areas under natural wetland
vegetation, savannah grasslands and those dotted with small
and scattered bushland patches were the most degraded or

lost mostly in Kapeeta and Unyama wetland systems.
However, it is only the open water wetland system (valley
dams) that did not experience relative changes in the
assessed period in Karenga and Unyama. Secondly, the
wetland system that has seen propagation and growth in the
spatial coverage of exotic tree plantations (Eucalyptus) is
Karenga (Figure 2). This simple process provides useful
information on the types and distribution of past and current
elements of wetland degradation and which effective
restoration interventions could timely counteract the rates of
encroachment. The transitions in wetland use/cover changes
revealed that the gains in built-up areas were mainly because
of loss of land in areas covered by grassland, wetland cover
type in Kapeeta and Unyama; while the gains in farmland
were attributed to grasslands, bushlands, and shrubs (Table
4).
The second milestone to attain in this process is the
identification and prioritisation of the underlying main
drivers of wetland use/cover changes in the system to restore
using pairwise ranking during discussions with the local
communities. The results in Table 5 reveal that in the
mapped and surveyed wetland systems, wetland cultivation,
deforestation, occurrence of flash floods, and poor market
linkages/prices of produce were remarkably ranked first as
the focal proximate drivers of wetland degradation and loss
in the 3 wetlands assessed. The second category of drivers of
wetlands were climate change, siltation of the riverbed and
valley dams, invasion of invasive weeds species colonizing
wet | a n ds/farming lands and introduction of new pests and
diseases. In the third category, the causes of wetland
use/cover changes included wetland burning, over grazing,
poor agronomic practices, soil infertility, and widening of
the riverbank; while in the fourth place, these included
diversions of water flow channel in the wetlands, poor crop
harvest, pests and diseases in livestock, loss of vegetation
cover, reduced water levels in the wetlands and over grazing.
The firth state of drivers of wetland loss were destruction of
crops by wildlife, theft of animals by cattle rustlers, loss of
aquatic life, and crop pests and diseases. Overall, in terms of
the numbers of wetland drivers identified, Unyama wetland
system had the highest number of elements that influenced
wetland changes in the study area.

Wetland function

-Y.
. 4 v

. v K 4
Field assessment Stakeholders
involvement Wetland loss Encroachment
'y A
. 4 A 4
Disturbance levels » Benefits/ programmes Wetland degradation
v
Priority for restoration <

Figure 2.

Criteria used to select priority wetland systems for restoration
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Table 4. Ogwette, Kapeeta, Unyama, and Karenga Wetland use/Cover changes between 2016 and 2019

2016 2019 Change (2016-2019)
Wetland use/cover type Area (ha) % Area (ha) % Avrea (ha) %
Ogwette Wetland System
Built-up 7.4 0.1 13.6 0.2 6.2 0.11
Bushlands 1,685.80 30 1548.8 27.6 -137 -2.4
Farmlands 662 11.8 1240.8 221 578.9 10.3
Open Water 20.7 0.4 20.7 0.4 0 0
Savannah Grasslands 2,684.30 47.8 2281.6 40.7 -402.7 -7.18
Shrubs and thickets 552.1 9.8 506.7 9 -45.4 -0.8
Kapeeta Wetland System
Built-up 419 0.8 109.1 2 67.1 1.24
Bushland 984 18.2 582.2 10.8 -401.9 74
Farmlands 855.1 15.8 1,327.40 24.6 472.2 8.7
Savannah grassland 2,608.50 48.3 2,522.70 46.67 -86 -2
Shrubs and thickets 915.9 16.9 864.3 16 -51.6 -0.95
Karenga Wetland System
Built-up 18.9 25 25.1 3.3 6.2 0.82
Farmlands 129.1 17 2015 26.5 723 95
Savannah grassland 544.5 71.6 482.5 63.5 -62 -8.2
Open Water 0.5 0.1 0.4 0.05 0 0
Shrubs and thickets 56.3 7.4 32.8 4.3 -23.5 -3.09
Tree Plantation 11.3 15 18.3 2.4 7 0.9
Unyama Wetland System
Built-up 4.6 0.1 5.7 0.2 1.1 0.03
Bushlands 980 27.4 941.5 26.3 -38.6 -1.1
Farmlands 827 23.1 1058.9 29.6 231.9 6.5
Savannah grassland 1,583.00 44.2 1432.2 40 -150.8 -4.2
Open water 55 0.2 5.3 0.1 -0.2 -0.01
Shrubs and thickets 180.3 5 138.1 3.9 -42.2 -1.2

Table 5. Transitions in wetland use/ cover types between 2016 and 2019

Transitions by Area (ha) in Karenga Wetland between 2016 and 2019

Wetland Use/Cover Type
Built-up
Farmlands
Grasslands
2016
Open Water
Tree Plantations

Shrubs

Transitions by Area (ha) in Ogwette Wetland between 2016 and 2019

Wetland Use/Cover Type
Built-up
Bushlands
Farmlands
2016
Grasslands
Open Water

Shrubs

Built-up
3.08
5.49

13.31
0
0.11
0.71

Built-up
5.1
2.1

0
3.4
0
1.0

Farmlands
6.58
58.91
117.93
0
0.89
14.28

Bushlands
0
1,501.0
0.3
19.6
0
0.7

Grasslands
7.84
56.03
384.92
0.05
6.48
33.03

Farmlands
0
144.2
659.5
398.4
0
39.5

Open Water

0
0
0.0529
0.37
0
0

Grasslands

0
13.6
1.0
2,289.7
0
31

Tree Plantations ~ Shrubs
0.11 0.18
1.92 6.84
10.98 22.16
0.05 0
2.25 0.25
1.95 2.84

Open Water Shrubs
0 0
0 0
0 0
0 0.7
20.0 0
0 501.3
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Transitions by Area (ha) in Unyama Wetland between 2016 and 2019
Wetland Use/Cover Type  Built-up  Bushlands  Farmlands  Grasslands Open Water Shrubs

Built-up 2.9 0 0 0 15 0
Bushlands 0.0 797.7 153.7 28.6 0 0
2016 Farmlands 0 12.6 7385 68.6 0 11
Grasslands 0.2 102.3 157.4 1,325.0 0 11
Open Water 0 0.4 0.3 0.6 3.8 0
Shrubs 0.0 19.0 13.4 12.6 0 125.9
Transitions by Area (ha) in Kapeeta Wetland between 2016 and 2019
Wetland Use/Cover Type  Built-up  Bushlands  Farmlands  Grasslands Shrubs
Built-up 33 0.6 16.9 19.2 4.0
Bushlands 13.1 170.6 162.5 392.8 154.2
2016 Farmlands 16.7 485 195.3 379.4 128.1
Grasslands 63.8 108.7 696.2 1,110.8 352.5
Shrubs 13.3 745 187.2 410.1 157.6

Table 6. Drivers of wetland use/cover changes in Ogwette, Kapeeta, Unyama, and Karenga wetland systems between 2016 and 2019

Drivers Codes Counts Ranking

Kapeeta wetland system

1) Deforestation 1 0 6
2) Floods washing destroying crops 2 9 1
3) Back flow of water due to flooding at tributary points 3 8 2
4) Destruction of crops by wildlife 4 1 5
5) Diversion of flow channel 5 4 4
6) Infested with pest and diseases 6 3 0
7) Widening of the Riverbank 7 6 3
8) All Water flows to Aswa river 8 6 3
9) Siltation of Riverbed 9 8 2
10) Wetland cultivation 10 9 1
Unyama wetland system

1) Poor market linkages/prices of produce 20 18 1
2) Invasive weeds species colonizing wetlands/farming lands 18 17 2
3) New pests and diseases 19 17 2
4) Poor Agronomic practices 16 15 3
5) Soil infertility 17 15 3
6) Poor crop harvest 11 13 4
7) Pest and diseases of animals 13 13 4
8) Theft of animals by Karamojong warriors 14 12 5
9) Wetland degradation 9 10 6
10) Habitation of guinea warms and other parasites 7 10 6
11) Poor animal pastures 15 10 6
12) Drying up of Unyama tributaries 3 9 7
12) Bush burning 10 6 8
14) Water diversion/blockage 8 5 9
15) Stagnant Dirty water in wetland 1 1 10
16) Extinction of certain fish species 2 1 10
17) Extinction of birds (e.g. Crested crane) 12 1 10
Ogwette wetland system

1) Siltation of dams 1 9

2) Loss of vegetation cover 2

3) Insufficient water in wetlands 3
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Drivers Codes Counts Ranking
4) Frequent flash floods 4 7 3
5) Climate change 5 9 2
6) Loss of aquatic life 6 2 5
7) Loss of cultural values for wetland 7 0 0
8) Bush burning 8 7 3
9) Over grazing 9 7 3
10) Wetland cultivation 10 10 1
11) Sand mining 11 0 7
12) Brick making 12 1 6
Karenga wetland system

1) Deforestation 1 8 1
2) Wetland cultivation 2 8 1
3) Over grazing 3 5 4
4) Bush burning 4 3 6
5) Increased rate of human settlement 5 3 6
6) Soil erosion 6 5 0
7) Unreliable rainfall 7 7 2
8) Infestation of crops with pest and diseases 8 4 5
9) Lo§s of biomass (Massive harvest of grass as thatching 9 2 7
material

10) Floods 10

11) Awareness gap 11

Figure 3. Burning in Ogwette wetland system

3.2. Status and Scale of Wetland Degradation

Prior to effective wetland ecological restoration, it
was also important to historically understand the local
community’s perceptions on the status and trend of events in
the wetlands for at least the past 30 years. The results from
the focus group discussions revealed that in the 1980s the
wetland systems were well endowed with good hydrological
regimes and properties (high water levels, water quality,
water availability, wider streamflow channels), healthier
wetland vegetation and a variety of wild animals (Table 6).
However, by 2010, the respondents reported that the extent
of wetland vegetation cover had declined, the wetland stream

channels narrowed, and the waterflow rates reduced. This
implies that changes in water and vegetation status were the
most observable indicators of wetland degradation. Whereas,
in the year 2019, the wetland flora and fauna had been lost
while the water levels and quality in the prevalent water
sources (rivers, springs) had deteriorated. One of the key
informants explained that “Despite the harsh semi-arid
conditions of the wetlands, the unregulated anthropogenic
activities were more lethal to the existence of wetlands”.

The spatial extents of wetland degradation are presented
in Table 7 at both wetland and parish levels. The results
revealed that the number of parishes that cover the wetland
systems did not translate into the magnitude of wetland
degradation. The wetland degradation rates were highly
skewed towards high and low intensities compared to the
moderate class. Kapeeta, Ogwette, and Unyama had the
highest spatial estimations of wetland degradation, followed
by Karenga. Wetland degradation in the studied wetland
systems has reached extreme levels. At the administrative
level, the parishes with the highest levels of degradation
in Ogwette wetland included Alir, Ajur, Acan Pii, and
Ogwette. In Kapeeta wetland system, these parishes are
Lotanyat and Lolelia while in Unyama wetland system the
most susceptible parishes were Lira-Kato, Lapew and
Lapono-Omuk. Therefore, to reinforce the importance of
understanding the sizes of wetland degradation at parish
level. One of the respondents in the focus group discussion
reported that “the smallest unit of administration (parishes)
offers high mobilisation of communities, implementation
and monitoring of wetland restoration interventions”.
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Table 7. Perceived status and trend of wetland systems between1980 and 2019

Year Karenga Unyama Ogwette Kapeeta
1980 | e Deep water levels o Deep water levels ;/:avrater flowing though out the o Deep water levels
. o Clean flowing o Wetland was intact with no -
o Clean flowing water A - L o Clean flowing water
water cultivation/degrading activities
e Many grazing wild o Thick vegetation | e Heavy vegetation on both e Many grazing wild
animals along the wetland sides of the wetland animals
« Heavy vegetation on both . Frequent . Heayy vegetation on
. experience of fog both sides of the
sides of the wetland .
and mist wetland
o Availability of water « No siltation o Availability of water
throughout the year throughout the year
 Plenty of pasture for o Plenty of pasture for
animals animals
o Limited vegetation cover . e Limited vegetation
2010 | on both sides of the o Narrow stream * Water flowing though out the on both sides of the
year
wetland wetland
o Availability of water
. (plenty in the rain
o Fast water flow ;vjtlé);N flowing o Water quality was very good season, little in the dry
season with dry
patches)
o Reduced water level in o Dirty water in the | e Limited vegetation on both o Enough pastures for
the streams stream sides of the wetland animals
e Dirty water in the rain season -
2019 | e No vegetation cover * Very shallow and no water completely in the * Wider wetland

water level

dry season

stream banks

o Water flows fast

* No vegetation
cover

e Biodiversity loss (extinction
of certain animal and plant
species)

 No vegetation cover

o Siltation of wetland

o Water flows
faster

o Water flows fast

o Muddy water

Table 8. Spatial extent of wetland degradation in Ogwette, Karenga, Unyama, and Kapeeta wetland system

Intensity of Degradation
Low Moderate High
Ogwette Wetland System
Parishes Avrea (ha) % Avrea (ha) % Avrea (ha) %
Acan Pii 438.7 10.1 0.6 0.2 213 17
Adea 23 01 0 0 11 0.1
Ajur 662 15.2 148.6 48.2 226 18
Alir 1,733.10 39.8 42.7 13.8 432.2 345
Alito 39 01 0 0 05 0.04
Amunga 9.7 0.2 0 0 0.1 0.01
Aridai 93.1 21 0 0 38.7 3.1
Atira 733.4 16.8 0 0 149.8 11.9
Ogwette 681.6 15.6 116.4 37.8 193.1 154
Total 4,357.90 100 308.2 100 1,254.50 100
Kapeeta Wetland System
Kulodwong 9.2 0.2 0 0 2.15 0.15
Lolelia 94.1 24 0 0 26.3 1.8
Lotanyat 3,865.90 97.4 2,057.50 100 1,408.00 98
Total 3,969.20 100 2,057.50 100 1,436.40 100
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LEGEND
Level of degradation

Intensity of Degradation
Low Moderate High
Karenga Wetland System
Kakwanga 34 0.6 3.3 2 0.003 0.001
Kangole 367.9 68.9 159.3494 98 76.5 33.8
Karenga 133.2 24.9 0 0 125.8 55.5
Loyoro 295 5.5 0 0 243 10.7
Total 533.9 100 162.6697 100 226.5 100
Unyama Wetland System
Lapew 747.9 29.7 183.9 51.2 388.7 36.6
Lapono-Omuk 232 9.2 60.4 16.8 106.3 10
Lira-Kato 1,071.50 42.6 68.5 19.1 505.8 47.6
Ngekidi 360.4 143 35.3 9.8 56.1 5.3
Orina 16.1 0.6 0 0 29 0.3
Otumpili 89.1 35 10.9 3 3.6 0.3
Total 2,517.00 100 359 100 1,063.40 100
OGWETTE WETLAND N | KARENGA WETLAND N

I 1 Km

B o
Moderate
i
3 6 0 1.5 3
Km S Km
UNYAMA WETLAND B KAPEETA WETLAND A
0 4 8 0 a5 9

L ee— 4

Figure 4. Degradation status in the study wetlands

3.3. Ascertaining the Best Practices and Lessons in
Conducting Wetland Ecological Restoration

Based on the aforementioned information in assessing
wetland changes and degradation, this study presents the
practices that were followed in conducting wetland

restoration activities and the lessons learned in this process.
Much as these processes were followed to restore these
wetlands in semi-arid areas, they could also be useful for
permanent wetlands ones too and in the tropics and other

places of the world. The steps are as follows:
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Step 1: Baseline assessment

Baseline assessments are crucial in understanding the
ecosystem functions and importance of the catchment to the
communities. Setting up restoration goals for any catchment
requires knowledge of the past range of conditions that
existed prior to its degradation, and what the future
conditions might be. In this case study, the baseline
assessments helped to identify priority catchments within
the water management zone (basin) for restoration. The
information in addition was used in defining the specific
goals for the restoration, considering any possible changes
that could affect the system being restored, and focusing on
restoring possible ecosystem functions.

Step 2: Situation analysis

In the case study, this was undertaken as an independent
step, much as it may be done concurrently with the baseline
assessments that outline benchmarks. The situation analysis
helped to identify key stakeholders and the causal agents of
degradation for redress. Persistence of these causal effects
may lead to failure in the restoration process. It is therefore
imperative to identify these causal factors of degradation and
eliminate or amend them. Much as degradation may be
caused by one direct impact such as wetland filling, it may
also be caused by the cumulative effect of numerous indirect
impacts, such as changes in surface flow caused by gradual
increases, said in the number of permanent houses, and
even the number of different categories of access roads
in the catchment. While identifying probable sources of
degradation, it was worthy looking at upstream activities, as
well as at direct impacts on the immediate hotspot site.

Step 3: Mobilization of stakeholders

Awareness raising and sensitization of stakeholders is
crucial to build a common understanding and appreciation
of the degradation challenges in the catchment. With a
consensus built amongst the stakeholders, necessary
institutional arrangements need to be established to develop
restoration strategies to address the degradation challenges.
The situation analysis in the previous step defined the key
stakeholders to engage in the process of restoration. Equally
important were the absent landlords, who may be
temporarily hiring out would-be undisturbed pieces of land
adjacent or within the identified hotspots. Failure to bring
on-board such landowners may downplay the restoration
processes, since those who hire them are timely and their
objectives may be contrary or not in line with those of
restoration as such. Through a participatory process, the lead
agency together with the key stakeholders must develop a
theory of change, and subsequently clear, achievable, and
measurable goals for restoration to succeed. With the goals
set, restoration action plans that define implementation
framework were developed with clear milestones/indicators
for measuring success. In addition, all stakeholders affected
by the restoration need to understand and own up the set
restoration goals to avoid concomitant misunderstandings.
This would ensure the much-needed community support for

the long-term viability of the restoration process. One of the
outputs of the mobilisation exercise was putting in place
appropriate restoration institutional arrangements such as the
formation of parish wetland management committees, to
oversee the implementation of restoration activities. Such
arrangements aided in the review as to whether the proposed
restoration activity was feasible, considering scientific,
resource envelope, social, and other considerations.

Step 4: Identification of model sites as reference sites

Ideal reference catchments or wetland systems ought to
exhibit undisturbed natural settings within the same
landscape where restoration is targeted. It may at times not
be possible to easily identify such undisturbed ecosystems
within the landscape and a related restored landscape can
serve the same purpose. In this case study, Adollo wetland in
Otuke district was identified as a model site comparable in
structure and function to the proposed restoration sites before
degradation. The reference site was used as model for
catchment/ecosystem restoration and as yardsticks for
measuring the progress of the restoration process. Much as it
was possible to use historic information on sites that have
been degraded, information on historic conditions were
largely scanty, making it more useful to identify an existing,
relatively healthy, similar site as a guide for restoration
processes.

Step 5: Planning to anticipating future changes.

Identification of probable risks and respective mitigation
actions cannot be underrated in catchment restoration
processes for smooth implementation of planned activities
since the environment and communities of focus are not
static. The foreseeable ecological changes such as
successional processes and societal swifts should always be
incorporated into the restoration planning process.

Step 6: Implementation of restoration action plans

Figure 5. Demarcation of Wetland boundary

Given the diversity and multi-functional nature of
ecosystems, restoration is a complex process requiring the
integration of a wide range of disciplines including ecology,
aquatic biology, hydrology, planning, communications,
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and social science, among others. The planning and
implementation of restoration action plans therefore should
involve people with experience in the disciplines needed
for the activities (multi-disciplinary team). Different
government and non-government institutions including
private organizations may be able to provide useful
information and expertise in the restoration process.
Effective leadership is a requirement to bring various
disciplines together to work as a team.

Step 7: Design for self-sustainability

To ensure long-term viability of a restored area,
biophysical techniques that minimize  continuous
maintenance of degraded hotspots are used. This involves
the use of live and dead plants or inorganic materials,
related soil, and water conservation structures to produce
functioning systems to prevent erosion, control sediments
and other pollutants. Biophysical techniques can
successfully be used for erosion control and bank
stabilization, flood mitigation, and even water treatment.
In common use are vegetative cover crops and deep-rooted
grasses, appropriate tree species, bamboo, and physical
structures like soak pits, trenches, terraces, contour
ploughing.

Step 8: Monitor and adapt where changes are necessary.

Monitoring and evaluation are an essential and continuous
activity in the restoration process as it helps in guiding the
implementation of planned activities and tracking progress to
ensure the achievement of set restoration goals. In addition,
monitoring reports inform the implementation processes of
probable viable adaptive changes or any new information for
restoration efforts to proceed exactly as planned. Monitoring
before and during the project is crucial for finding if midterm
adjustments in the restoration processes and activities should
be undertaken. Post-project monitoring will help determine
whether additional actions or adjustments are needed and can
provide useful information for future restoration efforts.
Monitoring plans should be feasible in terms of costs and
technology and should always provide information relevant
to meeting the project goals.

Lessons learned and principles of wetland ecological
restoration.

Encourage equal participation of men and women: Right
from the planning stage, an understanding and appreciation
of the complex social-economic and cultural factors
affecting the use of wetlands in different cultural practices is
paramount to the success of the restoration work. Different
tribes have different ways of using wetlands in a gender
sensitive manner. Incorporating the cultural and gender use
of wetlands has highlighted the different need capacities that
will be addressed during the training sessions.

Raise awareness and provide education: social practices,
cultural values, and economic status of the community
determines the acceptance rate of any restoration work.
Awareness raising and education should aim at attitude
change and cultural shift towards wetland restoration and
management.

Encourage restoration through income generation:
allocating credit facilities to wetland restoration and
management is one of the best ways to encourage women
and men to actively participate in the restoration exercise.
This will address their income concerns identified as a
negative impact on the restoration work above, as well as
moral boosting the communities to restore the wetlands.
Irrigation farming should be popularized on dry land to
replace vegetable growing in the wetlands during the dry
season for income generation.

Promote sustainability: it is very essential to promote both
empowerment and cultural traits that lead to sustainability.
However, focusing on traditional roles to improve the
sustainability of wetland restoration and management is a
built-in danger of reinforcing gender gaps, already identified
as a negative impact on the men (women being empowered
and disrespecting their husbands). Both men and women will
have to work hard at developing values and fostering
attitudes and behaviour patterns that respect the different
traditional roles of men and women without compromising
cultural values at the same time, enhancing wetland
restoration and management.

For successful implementation of wetland ecological
restoration, the following principles should be considered:

Provide alternative sources of livelihood: The intended
sources of livelihood should be redirected towards the
beneficiary farmer or enterprise groups, considering that the
proposed restoration mechanisms are in tandem or superior
to previous livelihood options.

Conduct intensive awareness campaigns among the
stakeholders: Changing beneficiary attitudes and mindsets
through education and training ensures that everyone is not
left behind and leaves no room for further excuses to degrade
wetlands. Knowledge of wetland degrader land ownership
status is crucial for the implementation of restoration

options.

Ensure effective coordination of planning and
coordinating  stakeholders:  Unselective  stakeholder
coordination is important for successful planning,

implementation, and monitoring of wetland ecological
restoration measures and livelihood options. Local
stakeholders from grassroot districts, regional and national,
mandated to implement these options should be consulted
and involved in this process. This increases ownership of
interventions, community engagement, and leaves no gap for
duplication and conflicts.

Avoid misinformation: Planning and coordinating
stakeholders involved in wetland restoration should
communicate the same message from day one, especially on
the types of livelihood options and restoration process and
mechanisms to be implemented to avoid creating doubts in
the minds of wetland beneficiaries.

Ensure equity in the implementation of wetland
restoration and livelihood options: Wetlands are among
the key physical features that are used as natural boundaries
to differentiate administrative units such as villages,
subcounties and districts. Therefore, the proposed measures
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and livelihood options should be implemented on both sides
of the administrative units where the wetland is shared.

4. Discussion

In this study, we assessed changes in wetland use/cover
and profiled the best practices to follow while conducting
wetland restoration in seasonal wetlands. We observed that
both natural and anthropogenic activities unidirectionally
piled more pressure on the components of the wetland and
services that have ultimately resulted in wetland degradation
and loss. The most significant direct and underlying drivers
of wetland use/cover changes were wetland cultivation,
deforestation, invasion of invasive weeds, occurrences of
flash floods and poor market linkages. For example, wetland
cultivation is highly associated with unsustainable activities
such as bush/residue burning, degradation of riverbanks and
dam embarkments due to use of rudimentary tools, poverty,
and ignorance. As a result, these factors have caused
deterioration of water quality and quantity, reduction in
wetland size and distribution, and loss of biodiversity.
This finding is in coincidence with those of [1,2,5,8],
who reported that wetland threats such as cultivation,
deforestation and siltation undermine the hydrology and
vegetation status of wetlands. However, [12,21] argued that
wetland cultivation, for instance is associated with some
ecological benefits like provision of food and shelter for
birds, recharging groundwater, and enhancing ecosystem
development. The study area is situated in a drought-prone
region that is highly characterised with high food insecurity
and poverty. Therefore, this result was highly expected due
to the high demand to increase domestic food supplies and
uncoordinated supply chains of wetland agricultural produce
[26].

Examining wetland use/cover changes can give an insight
into the degradation status of the wetland. This research
clearly shows that the wetlands investigated were highly
degraded. The communities interviewed reported a reduction
of wetland ecosystem services provided over time. This was
attributed to loss of wetland vegetation, diversion of wetland
stream channels, and burning activities. These were caused
by increased demand for agricultural land, diversification of
livelihood (harvesting of art and craft materials), and uptake
of paddy rice cultivation, among others, which in turn have
led to the loss of wetland flora and fauna and deterioration of
water quality than what the wetlands used to provide since
1980s as perceived by the households. similarly agrees
that the intensification of anthropogenic activities infers
information on wetland degradation levels. It is worthy to
note that in the studied region, areas with lower levels of
wetland degradation were attributable to the remoteness of
the areas comparing with those that were closer to the urban
or settlement areas. This result was expected because these
seasonal wetlands are highly under immense pressure from
overgrazing, charcoal burning, and intensive agricultural
practices by the adjacent communities. However, wetland

management interventions planned or implemented to
conserve these wetlands are highly affected, lack of
personnel, funds, tribal and land conflicts, and poor
accessibility, among others.

Wetland restoration procedures may differ from region to
another. This study provides steps undertaken to restore
degraded areas identified during the wetland use/cover
change analytical initial process. The activities implemented
included conducting baseline and situational assessment,
mobilisation of stakeholders, identification of model sites as
reference sites, planning for future changes, implementation
of restoration action plans, sustainability, and monitoring
and evaluation. Preliminary assessments were conducted to
set restoration goals, identification of stakeholders with high
interests and influence, and collecting data on the state of the
wetlands. [30] argued that conducting wetland baselines can
help to understand or quantify the trends of ecosystem
services. Stakeholder awareness activities about the benefits
provided by wetlands gathered public support by the
community for wetland restoration [34]. In the restoration
process, model sites were identified with the help of
stakeholders that were ought to exhibit more or less
undisturbed natural settings within the same landscape where
the restoration was targeted. These sites were identified for
the purpose of monitoring restoration interventions, and
learning. This activity significantly helped to identify
wetland biodiversity hotspots for conservation.

Another significant step undertaken in the restoration
process was the identification of probable risks and their
associated mitigation measures. This activity helped to
promote activities that aimed to mitigate the ecological risks
and identify the potential of the wetland system to supply
ecosystem services. In the process, habitats that were more
likely to persist or become vulnerable to future changes were
prioritised for restoration and in the end could result in a
reduction of flooding risks. [30,31] supports this notion
that restoring wetlands can mitigate climate change. While in
the planning and implementation of restoration activities,
this study found out that it is a holistic process that
requires effective project coordination from procurement
of restoration materials, communication, mobilisation of
stakeholders and monitoring. For sustainability purposes,
available government structures (technocrats and political
wings) should be at the forefront of mobilising communities
and implementation of the restoration measures. These can
allocate final resources and integrate wetlands restoration
into planning frameworks. Finally, this study recommends
building a monitoring and evaluation system to facilitate data
collection and tracking of restoration activities implemented.
The purpose of monitoring these activities is for comparison
purposes of restoration measures with the different sites to
share lessons and experiences. Restoration monitoring aims
at ensuring that the activities are fully implemented and well
designed. Similar observations were also made by [30] that
found that monitoring can help evaluate the effectiveness
of the implemented restoration activities and improve
restoration design.
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Much as this study was conducted at a regional level in an
area faced with frequent and severe droughts and food
insecurity, the results offer lessons to many practitioners to
borrow worldwide in undertaking wetland restoration
activities. This study recommends equal participation of men
and women which helps to prevent conflicts on land and
approval of restoration activities in their neighbourhoods.
Women undertook most agricultural activities in the
wetlands, though men contributed the most income. It also
recommends encouraging wetland restoration through
income generation. Restoration interventions that aim to
increase the diversity of livelihood options should be
promoted upon conducting thorough research, training, and
sharing of experiences with beneficiaries. Above all, ensure
effective coordination of planning and stakeholders to induce
large owners of land adjacent wetlands to participate in
wetland restoration activities.

5. Conclusions

In the studied wetland systems (Ogwette, Kapeeta,
Karenga, and Unyama), small-scale farming and built-up
(settlement) patches gained more land than those under
natural vegetation types between 2016 and 2019. The major
drivers of wetland use/cover changes were wetland
cultivation, deforestation, occurrence of flash floods, and
poor market linkages/prices of produce. The second category
of drivers of wetlands were climate change, siltation of the
riverbed and valley dams, invasion of invasive weeds,
species colonizing wetlands/farming lands, and introduction
of new pests and diseases. In 1980s, the wetland systems
were well endowed with good hydrological regimes
and properties (high water levels, water quality, water
availability, wider streamflow channels), healthier wetland
vegetation and a variety of wild animals. However, by 2010,
the respondents reported that the wetland vegetation cover
had relatively reduced in size, the wetland stream channels
narrowed, and the waterflow rates reduced.

To counteract wetland degradation, the best steps that
ensued an effective wetland ecological restoration included
conducting baseline surveys, stakeholder consultations,
identification of reference sites, planning for future
changes, implementation of restoration action plans,
self-sustainability, and monitoring. What stood out of the
restoration process was the need to encourage equal
participation of men and women, raise awareness and
provide education, encourage restoration through income
generation, and promote the sustainability of restoration
interventions. For successful restoration interventions there
is need to improve women’s and men’s access to and control
over productive resources such as land, agricultural support
services and markets, which contributes to empowerment
and equips them to deal with extreme conditions, rather than
degrade and deplete certain resources like the wetland
systems because of lack of alternatives. Develop informal
sector enterprises and alternative livelihood possibilities

through making credit available to both women and men and
to ensure that structures are in place to continue providing
facilities in the post-project phase, through training and
continued on-site technical assistance.
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