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FOREWORD 
 

Environmental Flow Assessment (EFA) is a new concept in Tanzania, but the role it 
plays in enabling integrated management of water resources is vital and should not be 
underestimated. The overall objective of an EFA is to develop quantitative guidelines for 
management of flows in rivers. 
 
An EFA is a tool used to draw the line between the amount of water that can be 
withdrawn from a river for human uses and the amount of water that the river needs to 
sufficiently maintain ecosystems.  The emergent product is a quantitative estimate of the 
flow needs of the river and, in some cases, a consideration of the different human uses 
of water. 
 
Tanzania’s new water policy, by according the environment second priority as a user of 
water, provides the necessary legal backing for the EFA process. However, to date few 
rivers in Tanzania have been subjected to this detailed assessment.  
 
As described in this document, the Wami project is a pioneering EFA effort as a 
Tanzanian-led project and a proactive approach to management. It falls alongside other 
notable EFA efforts in the country, such as those in the Pangani, Mara, and Rufiji 
(Ruaha) river basins. With this initiative the Country has substantively benefited in terms 
of the findings that have accrued out of this project and the experience gained by our 
staff who were involved in the study.   
 
It is recommended therefore that water resources experts should spend some time 
exploring this report and make use of the findings to establish a study similar to this one 
for river systems in the entire country. 
 
I also urge the policy makers to make use of EFA findings as a decision-making tool for 
sustainable development of the society which depends on water resources as a source 
of livelihood.  
 
We should not wait until when all rivers have gone dry and the ecosystem collapse, 
since it is difficult, costly and time consuming to reverse the process, even if we would 
wish doing it.  
 

Julius D. Sarmett 
Wami/Ruvu Basin Water Officer 

4 June 2008 
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EXECUTIVE SUMMARY 
 
The National Water Policy of Tanzania, as revised in 2002, recognizes the flow needs of 
the environment as second priority in allocation of water resources, following water 
requirements for basic human needs and domestic activities. Water managers in 
Tanzania are now engaged in the process of assessing the environmental flow needs of 
rivers throughout the country in order to have the information necessary for water 
resources management. Toward this end, the Wami River Initial Environmental Flow 
Assessment (Wami IEFA) was a first attempt to quantitatively estimate the flows 
required to sustain ecosystems and geomorphologic processes in the Wami River Sub-
Basin, Tanzania. The project was carried out during 2007 and was led by the Wami 
River Basin Water Office (WRBWO) and a scientist from Florida International University. 
The Wami IEFA formed part of the larger Tanzania Water and Development Alliance 
project.  
 
The Wami River Sub-Basin is one of the most important river systems in Tanzania, 
draining a centrally-located area of >40,000 km2. With its headwaters in the Eastern Arc 
Mountains and its estuary within the newly created Saadani National Park, the Wami 
Sub-Basin harbors important terrestrial and aquatic ecosystems. The lives and 
livelihoods of human residents of the region are also intimately linked to freshwater 
resources. At present, the Wami River Sub-Basin remains in a relatively intact state, as it 
has not been extensively degraded by human activities. Nevertheless proactive 
measures are needed to prevent unnecessary impact to ecosystems and balance the 
needs of humans and nature for water. 
 
This report discusses the approach used for estimating flows, summarizes information 
and data compiled during desktop and field research activities, and presents quantitative 
information on the recommended environmental flows for five representative sites in the 
Wami River Sub-Basin: (1) Kinyasungwe River at Kongwa; (2) Mkondoa River at Kilosa; 
(3) Wami River downstream from Mtibwa; (4) Wami River at Mandera; and (5) Wami 
River at Matipwili.  
 
The value of this project was multifold. First, it has resulted in quantitative estimates of 
environmental flow needs and simple tools that can be used in decision-making about 
water allocations in the Wami River Sub-Basin. Second, the capacity of the Wami-Ruvu 
Basin Water Office in assessing environmental flow needs has been increased over the 
course of the project and a team of Tanzanian experts on environmental flow 
assessment has been formed. And third, the process undergone in the Wami River Sub-
Basin IEFA project is one that can be replicated with relative ease by other basin water 
offices in Tanzania. It is the intention of the team that the process of information 
gathering and synthesis that has been started here will continue, and that the estimates 
of environmental flow requirements be refined as more is learned about the Wami River 
Sub-Basin.  
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CHAPTER 1: INTRODUCTION 
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1.1 BACKGROUND 
 
Freshwater resources are essential to human life and livelihoods, as well as important 
components of natural landscapes, sustaining both aquatic and terrestrial ecosystems. 
The challenging task facing those charged with management of freshwater resources is 
balancing human needs for water with those of nature to ensure adequate access to 
water resources without undue environmental degradation. This equilibrium approach to 
management requires sound understanding of freshwater systems and human uses of 
water; clear policies and strong legislation that recognize the environment as a user of 
fresh water; and capable institutions to guide the management process. 
 
 
1.1.1 Institutional and legal frameworks for water management in Tanzania 
 
In a very forward thinking move, Tanzania has undertaken various water sector reforms 
in order to address emerging challenges in water resources development and 
management. Major reforms included: the National Rural Water Supply Programme 
(1985), the First National Water Policy (1991), the Water Sector Review (1993), the 
Rapid Water Resources Assessment (1994), and the River Basin Management and 
Small Holder Irrigation Improvement Project, which amongst others revised the 1991 
policy to a new National Water Policy (NAWAPO) as approved by the cabinet in July 
2002. 
 
The thrust of the NAWAPO 2002 is: 

• To develop a comprehensive framework for sustainable development and 
management of the nation’s water resources, putting in place an effective legal 
and institutional framework for its implementation. 

• To ensure that beneficiaries participate fully in planning, construction, operation, 
maintenance and management of community-based domestic water supply 
schemes.  

• To address cross-sectoral interests in water, watershed management and 
integrated and participatory approaches for water resources planning, 
development and management. 

• To lay a foundation for sustainable development and management of water 
resources in the changing role of the government from service provider to that of 
coordination, policy and guideline formulation and regulation.  

 
The priorities in water allocation as guided by NAWAPO 2002 are also noteworthy here. 
In allocating water for different uses, water for basic human needs in adequate quantity 
and acceptable quality receives highest priority. Sufficient water to protect the 
ecosystems that underpin Tanzania’s water resources now and in the future will attain 
second priority; this water will be reserved for the environment. Other uses will be 
subject to social and economic criteria, which will be reviewed from time to time. 
 
In general, water resources management in Tanzania is governed by the Water 
Utilization (Control and Regulation) Act No. 42 of 1974. The subsequent amendment Act 
No 10 of 1981 devolved the management of water resources into Lake/River Basins. 
Tanzania is divided into nine basins managed by the Basin Water Offices (BWO) which 
are under Basin Water Boards (BWB).  These BWOs and BWBs were established as 
follows: Pangani (1991), Rufiji (1993), Lake Victoria (2000), Wami/Ruvu (2002), Lake 
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Nyasa (2002), Lake Rukwa (2003), Internal Drainage (2003), Lake Tanganyika (2004) 
and Ruvuma and Southern Coast Rivers (2004).   
 
 
1.1.2 The Wami/Ruvu Basin and the Wami/Ruvu Basin Water Office 
 
Within Tanzania, the Wami/Ruvu Basin, with an estimated population of 5.4 million 
people (2002 census), is one of the most important areas of the country from both 
environmental and socioeconomic standpoints. The Wami/Ruvu Basin Water Office 
(WRBWO) was established in July 2002 with its headquarters in Morogoro town and the 
two sub-basin offices located in Dodoma Municipality and Dar es Salaam City. The basin 
covers parts of administrative regions of Dodoma, Manyara, Morogoro, Coast, Tanga 
and the whole of Dar es Salaam. The Wami/Ruvu Basin, as defined administratively, 
consists of the two main rivers of Wami and Ruvu, and the minor coastal rivers (Mpiji, 
Sinza, Mlalakuwa, Msimbazi, Mzinga, Kizinga and Mbezi) that all drain into the Indian 
Ocean, encompassing with a total area of 66,820 km2 (Wami-43,046 km2, Ruvu-18,078 
km2 and the Coastal-4,796 km2). The water resources in the basin are both surface and 
underground.  
 
The headwaters of the Wami/Ruvu Basin drain part of the Eastern Arc chain of 
mountains, a world-renowned hotspot for biological diversity and endemism. The estuary 
of the Wami River falls within the boundaries of Saadani National Park, the latest 
addition to the vast network of protected areas in Tanzania, and the country’s only park 
to bridge terrestrial and marine environments. The central part of the basin covers an 
agricultural region that includes the Mtibwa Sugar Plantation, Dakawa Rice Fields and 
Ruvu Paddy Irrigation, three of Tanzania’s most significant commercial agricultural 
operations. Water from the Wami and Ruvu Rivers is used to irrigate these large-scale 
agricultural operations as well as other smaller farms in the region. The lower parts of 
the basin have large water supply schemes, namely the two Ruvu River water supply 
schemes that supply water for domestic and industrial needs for the city of Dar es 
Salaam and its peri-urban areas, and the Chalinze Water supply scheme on Wami River 
which provides water for about 60 villages in Bagamoyo and Morogoro Rural districts.  
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Table 1.1. The Wami/Ruvu Basin Water Office: Vision, Mission, Core Values, and Main 
Responsibilities 
Vision: Basin water resources sustainably managed for the socio-economic and environmental 

needs, interests and priorities of the basin population. 

Mission: To facilitate integrated water resources management efficiently and effectively in order 
to address the resource needs, interests and priorities of the Basin population while 
protecting and conserving the water resources. 

Core values of the WRBWO reflect a strong commitment to: 

• Equitable and fair allocation of water that is socially desirable, economically 
viable and environmentally sustainable. 

• Transparent and accountable service provision to all people in the Wami/Ruvu 
Basin.   

• Promotion of integrated water resources management (IWRM) in the basin.  
• Efficient and effective delivery of quality services to basin stakeholders.  
• Being responsive to the basin stakeholders’ needs and queries. 

Main responsibilities of the WRBWO: 
• To issue water use permits 
• To monitor and regulate water use according to natural availability 
• To control and take legal measures against water resource polluters 
• To resolve water use conflicts 
• To collect different water user fees and use them for office operation 
• To sensitize stakeholders on the sustainable use of water resources 
• To facilitate the formation of Water User Entities. 
• To facilitate the formation of catchment/sub-catchment committees  
• To conduct operation and maintenance of water resource monitoring 

stations 
• To assess and monitor the quantity and quality of water in the basin 
• To coordinate the Integrated Water Resources Management plans 
• To participate in water resources protection programs 

 

 
1.1.3 Challenges in water resources management 
 
The Wami/Ruvu Basin Water Office (WRBWO), responsible for management of water 
resources in the region, faces various challenges in the task of making informed and 
coordinated decisions regarding the allocation and planning of resource use in the basin.  
These include: having an appropriate institutional framework in place; ensuring adequate 
data monitoring and data quality control; ensuring compliance in water use and 
wastewater disposal; financing of water resource development and management; 
facilitating stakeholder participation; and conducting environmental flow assessments for 
rivers in the basin. 
 
Environmental flow assessment (EFA) is a management tool that can assist the 
WRBWO to meet the challenges of balancing the diverse needs for water in a rapidly 
changing landscape. Specifically, EFAs are often used to draw the line between the 
amount of water that can be withdrawn from a river for human uses and the amount of 
water that the river needs to sufficiently maintain ecosystems. The process of conducting 
an EFA brings together specialists from different disciplines as well as stakeholders in 
the basin, and the emergent product is a quantitative estimate of the flow needs of the 
environment. Tanzania’s new water policy, by according the environment second priority 
as a user of water, provides the necessary legal backing for the EFA process. However, 
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EFA remains a relatively new concept and to date few rivers in Tanzania have been 
subjected to this detailed assessment. 
 
The materials presented in this report detail the process and outcomes of an initial 
environmental flow assessment conducted in the Wami River Sub-Basin during 2007. 
The Wami River was chosen as a test case for the EFA process in Tanzania because of 
its national environmental and socioeconomic importance, as well as its role in the 
projected future growth of the country. The Wami River Sub-Basin also remains 
relatively intact from an ecological perspective, with fewer water withdrawals and 
infrastructural developments than its neighbor, the Ruvu River Sub-Basin. This 
characteristic made the Wami River Sub-Basin an easier target for an initial EFA project, 
designed both to estimate the requirements of the environment for freshwater and serve 
as a capacity building exercise for WRBWO staff. It is envisioned that the EFA process 
will be conducted in the Ruvu River Sub-Basin in the future. 
 
With its new water policy, Tanzania has set a new standard for water resources 
management in East Africa. The Wami Initial Environmental Flow Assessment (Wami 
IEFA), as described in this document, is also a pioneering effort in its own right as a 
Tanzanian-led project and a proactive approach to management. It falls alongside other 
notable EFA efforts in the country in the Pangani, Mara, and Ruaha river basins1. 
 
 
1.2 OBJECTIVES OF THE WAMI INITIAL ENVIRONMENTAL FLOW 
ASSESSMENT (WAMI IEFA) 
  
The overall objective of the Wami IEFA was to develop quantitative guidelines for 
management of flows in the Wami River Sub-Basin. Specifically, meeting this objective 
included the following tasks:  

1. Review hydro-meteorological data for the Wami River Sub-Basin and fill gaps in 
the hydrologic record. 

2. Collect and synthesize existing information on hydraulics, geomorphology, 
ecology, and socioeconomic conditions in the Wami River Sub-Basin. 

3. Conduct targeted data collection at representative, strategically-identified sites in 
the Wami River Sub-Basin. 

4. Estimate the flow requirements at five selected sites, each located in a different 
part of the Wami River Sub-Basin. 

5. Develop guidelines for water allocation and flow management in the Wami River 
Sub-Basin. 

 
Additional goals of the Wami IEFA were to form a strong team of Tanzanian experts that 
specialize in environmental flow assessment and to build the knowledge and capacity of 
the WRBWO staff by introducing them to new approaches and tools. 
 
 
1.3 PROJECT APPROACH AND METHODOLOGY  
 
The timeline for the Wami IEFA was April – December 2007 and the entire project was 
conducted with an approximate budget of US$45,000 for activities in Tanzania. Relative 

                                                
1
 For more information on these initiatives, please see www.globalwaters.net (Mara), 

www.panganibasin.com (Pangani), and www.wwf.org.uk (Ruaha). 
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to other EFAs conducted in progress in Tanzania and elsewhere in the world, this is a 
short timeline and a small budget. Further, as is the case for river basins in many 
developing countries, prior to the Wami IEFA few scientific studies have been completed 
in the Wami River Sub-Basin and limited baseline data were available for this type of 
initiative. 
  
Accordingly, the Wami IEFA project adopted an approach appropriate to the time, 
finances and data available. There was also a question of capacity building amongst the 
WRBWO staff, since EFA is a science that requires a multi-disciplinary team of experts. 
As such, a local team of experts was assembled and coordinated by the WRBWO staff. 
However, due to time and financial limitations the exercise of getting the local experts 
could not be done in a normal procurement process which would have reduced time 
available for the project. This led to selecting experts from only two institutions but 
ensured hydrology, hydraulics, geomorphology, ecology and social science experts were 
recruited.  Further, it should be noted that some of these experts had already undergone 
similar training in EFA and had previously participated in river studies in the East Africa 
region. 
 
Several methodologies for conducting EFAs were reviewed, including the Building Block 
Methodology (King et al. 1998); Downstream Response to Imposed Flow Transformation 
(King et al. 2003); Ecological Limits of Hydrologic Alteration (Poff et al., unpublished); 
and the ‘Savannah Method’ (Richter et al. 2006). During the scoping phase of the Wami 
IEFA it was determined by project leaders that none of these methodologies were 
feasible in their entirety, but that they each contained ideas and tools that could be 
useful to the Wami initiative. Thus, the approach employed in the Wami IEFA 
represented an adaptation of select parts of these established EFA methodologies to the 
local context. The Wami IEFA approach can be summarized as a series of steps (Table 
1.3). 
 
Table 1.2. The Steps Process for the Wami Initial Environmental Flows Assessment 
 

STEP 1: Convene for initial team meeting and capacity building workshop 
1a. Overview of environmental flows in the new Tanzania water policy 
1b. Overview of Wami River Sub-Basin and state of present knowledge 
1c. Review of concept of environmental flows and existing methodologies 
1d. Discussion of application of environmental flow assessments in Tanzania 

(needs for customization, etc.) and overall project goals 
1e. Discussion of responsibilities of team members for Wami project 
1f.  Field visit to Wami River 
1g. Development of project plan and timeline for activities 

Deliverable: Final project plan and timeline for activities 
Timeline: April 2007 
 
STEP 2: Identify present state and important issues in the Wami Sub-Basin  

2a. Characterize historical trends in flows of Wami River and identify and fill gaps 
in record (hydrologist). 

2b. Compile information on major water withdrawals and developments in the 
sub-basin, both existing and proposed for near future (hydrologist) 

2c. Identify stakeholders in the sub-basin, their current uses of water, and their 
management concerns (social scientist) 

2d. Compile information on aquatic and riparian ecosystems in the sub-basin, 
valued ecosystem components, and ecologically-important areas (ecologist) 

2e. Collect and synthesize information on land use and land cover in the Wami 
River Sub-Basin (geomorphologist) 



 8 

Table 1.2. The Steps Process (continued) 

 
 
 
 

2f. Delineate geomorphological zones of the Wami River and selection of potential 
study reaches and sites (geomorphologist and hydraulic engineer) 

2g. Identify potentially degraded areas of the Wami River where the river channel 
might need restoration (geomorphologist with input from project team) 

2h. Delineate the Wami River Sub-Basin and its drainage network using GIS  
Deliverable: Short reports from each of the team members that together form a summary 

document of the present ecological state and issues in the Wami River 
Timeline: May-July 2007 
 
STEP 3: Determine the scope and focus of the initial environmental flow assessment 
 3a. Review of present ecological state and important issues (project team) 

3b  Presentation of project and achievements to date 
3c. Conduct reconnaissance survey for identifying potential sampling sites (Hydraulic 

engineer, geomorphologist, and ecologist) 
3d. Identification of representative reaches and sites (project team) 

Deliverable: List of sites and schedule for field visits 
Timeline: August-September 2007 
 
STEP 4: Conduct targeted data collection at representative sites to determine flow 

dependence of ecosystems 
4a. Determination of ecological importance of study areas (ecologist) 
4b. Completion of a social survey of study areas (social scientist) 
4c. Description of present flow regime at study areas based on existing data, as 

available (hydrologist) 
4d. Survey of river channel, determination of discharge as a function of water level 

(hydraulic engineer) 
4e. Assessment of flow dependence of geomorphological characteristics of study 

areas (geomorphologist) 
4f. Assessment of flow dependence of water quality at study areas (ecologist) 
4g. Assessment of flow dependence of biological characteristics (aquatic and riparian 

biota) at study areas (ecologist) 
Deliverable: Data from each of the study areas 
Timeline: September-November 2007 
 
STEP 5: Convene project team for data analysis and definition of initial environmental 

flow recommendation 
5a. Exchange of information from data collection at study areas  
5b. Determination of the management class for the river in the study areas (team) 
5c. Definition of the initial environmental flow recommendations (EFR) 
5d. Identification of future steps  

Deliverable: Initial environmental flow recommendation for the Wami River 
Timeline: November-December 2007 
 
STEP 6: Presentation of results of project and EFR to the Wami River Water Board and 

stakeholders 
 6a. Convene formal meeting of board 
 6b. Convene forum for discussion of EFA among stakeholders 

6c. Discuss implementation of recommendations. 
Timeline: December 2007-onwards 
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1.4 GENERAL STRENGTHS AND LIMITATIONS OF THIS PROJECT  
 
The Wami IEFA was one of the first projects of its kind to be facilitated by a basin water 
office in Tanzania, and represented a realistic, proactive approach to water resources 
management. One of the Wami IEFA’s greatest strengths is that the project can be 
replicated relatively easily by other basin water offices, assuming that some budget for 
EFA is available. Further, through the Wami IEFA process, a Tanzanian team of experts 
was assembled; most of these experts are lecturers at the University of Dar es Salaam 
or employees of the Tanzanian Ministry of Water and Irrigation who have expressed 
willingness to lend support to future EFA efforts in the country. The capacity that has 
been built through Wami IEFA at the WRBWO may also be transferable to other basin 
water offices through staff exchanges or sharing of lessons learned. 
 
There were several limitations to the Wami IEFA project that deserve mention here and 
are discussed in more detail later in the report. Overall, the 8-month timeframe for 
planning, executing and completing the project was extremely tight; an initiative of this 
size normally would call for at least a year timeline. The limited information currently 
available for the Wami River Sub-Basin presented another substantial challenge, and 
means that scientific uncertainty is inherent in the results and conclusions of the project. 
A larger budget would have allowed for the hire of more experts and more field data 
collection, including a wet-season sampling event. Nevertheless, the process of the 
Wami IEFA has been a valuable learning and team-building experience, and the 
products of this initiative provide important initial guidelines for flow management in the 
Wami River Sub-Basin. 
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CHAPTER 2: THE WAMI RIVER SUB-BASIN: 
PAST AND PRESENT 
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2.1 GEOGRAPHY, LOCATION AND OVERVIEW  
 
From its source in the Eastern Arc Mountain ranges of Tanzania, the Wami River flows 
in a south-eastwardly direction from dense forests, across fertile agricultural plains, and 
through grassland savannahs along its course to the Indian Ocean. Located between 
5°S-7°S and 36°E-39°E, the Wami River Sub-Basin (as it is commonly referred to by the 
Tanzanian Ministry of Water) extends from the semi-arid Dodoma region to the humid 
inland swamps in Morogoro region to Saadani Village in the coastal Bagamoyo district. It 
encompasses an area of approximately 43,000 km2 and spans an altitudinal gradient of 
approximately 2,260 meters (Figure 2.1). The Wami Sub-Basin is home to 1.8 million 
people in twelve districts: Kondoa, Dodoma-urban, Bahi, Chamwino, Kongwa, 
Mpwapwa, (Dodoma region) Kiteto, Simanjiro (Manyara region), Mvomero, Kilosa 
(Morogoro region), Handeni, Kilindi, (Tanga region) and Bagamoyo (Coast region), 
according to a 2002 census. It also comprises one of the world’s most important 
hotspots of biological diversity: the Eastern Arc Mountains and coastal forests (Burgess 
et al. 2005). 

. 
 

 
Figure 2.1. The Wami River Sub-Basin in central Tanzania, East Africa. 

 
 
2.2 CLIMATE AND HYDROLOGY  

 
Climatic conditions in the Wami Sub-Basin are both spatially and seasonally variable. 
Average annual rainfall across the Wami Sub-Basin is estimated at 550-750 mm in the 
highlands near Dodoma, at 900-1000 mm in the middle parts of the sub-basin near 
Dakawa, and at 900-1000 mm at the river’s estuary. Most parts of the Wami Sub-Basin 
experience marked differences in rainfall between wet and dry seasons. Although there 
is some inter-annual variation in timing of rainfall, dry periods typically occur during July-
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October and wet periods occur during November-December (vuli rains) and March-June 
(masika rains). 
 
     Table 2.1. Major rivers of the Wami River Sub-Basin. 

RIVER 
NAME 

SOURCE / CATCHMENT FLOW 

Kinyasungwe Arid areas of Dodoma; 
upper parts of Wami Sub-
Basin 

Seasonal 

Mkondoa Ukaguru mountains Perennial 
Lumuma Rubeho mountains  

Mdukwe Rubeho mountains  
Mkata Eastern Rubeho mountains; 

Tendigo swamps 
Perennial 

Tami Eastern Ukaguru mountains  
Kisangata Eastern Ukaguru mountains  
Diwale Nguru mountains; Dakawa 

swamps 
Perennial 

Lukigura Nguu mountains Seasonal 

Wami Various Perennial 

 
The hydrology of the Wami River Sub-Basin reflects seasonal variations in rainfall. Many 
rivers are intermittent and ephemeral during the dry season and experience high flows 
during periods of heavy rainfall. Seasonal flows, like rainfall, are non-uniform across the 
sub-basin. Long term average monthly flows from select sites suggest that the Wami 
River Sub-Basin experiences a transition pattern of intra-annual flow variation between 
the bimodal (two peak periods) regime in the north and the unimodal (single peak 
period) regime in the south (Figure 2.2). All sites have a defined peak during the long 
rains, and a second smaller peak is apparent in larger catchments during the short rains 
(Figure 2.2). The lowest flow periods of the year are typically in October for all sites; low 
or no flow periods extend longer for seasonal rivers like the Kinyasungwe and Lukigura. 
 



 13 

 
Figure 2.2. Flow season identification across the Wami River Sub-Basin, with 
hydrographs from 1 October to 30 September. 
 
 
Based on seasonality and flows, the Wami River Sub-Basin can be divided into six 
hydrologic zones: Kinyasungwe, Mkondoa, Mkata, Diwale, Lukigura and Wami (Fig 2.3). 
Rivers in the Kinyasungwe zone, regardless of size, are predominantly seasonal and 
typically only flow between November and May. The Mkondoa zone contributes the 
highest volume of flows in the sub-basin, and rivers in this hydrological zone are mostly 
perennial. The Mkata zone covers mostly inland plains and the Tendigo swamps. Rivers 
of the Diwale zone are mainly perennial and drain parts of the Turiani plans and 
wetlands; it is hypothesized that the Diwale River and its tributary the Divue have 
continuous interactions with the Turiani wetlands and swamps in the zone. Rivers of the 
Lukiguara zone drain relatively small catchments and consequently are predominantly 
seasonal. The main Wami zone, which includes the Wami River and its tributaries the 
Tami and Kisangata rivers, comprises mostly perennial systems. The Wami zone also 
includes the Wami River estuary. 
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Figure 2.3. Hydrological zones of the Wami River Sub-Basin. 

 
Wetlands are an important component of surface-water resources in the Wami Sub-
Basin, and four different kinds of wetland systems are present: palustrine, riverine, 
lacustrine and estuarine. Riverine wetlands are the dominant kinds in the sub-basin, and 
are found along many large rivers, such as the Wami, Mkata and Mkondoa, and a few 
smaller rivers. The Tendingo and Dakawa swamps are the major palustrine (vegetated) 
wetlands in the Wami Sub-Basin, extending almost the whole length of the inland plain 
zone. Estuarine wetlands are found near the Indian Ocean coastline amidst mangroves. 
A few small natural lakes (Nzuhe, Gombo) as well as several manmade lakes (Hombolo, 
Ikowa, Dabalo) constitute the lacustrine wetlands of Wami Sub-Basin.  
 

 
Figure 2.4. Wetlands of the Wami River Sub-Basin 
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2.3 HYDRAULIC CHARACTERISTICS AND RIVER GEOMORPHOLOGY 

 
The Wami River Sub-Basin comprises mountainous areas in headwater regions and 
vast plains in its middle sections and near the Indian Ocean coast. On the basis of 
topographical characteristics, the rivers of the basin drain zones that can be classified as 
(1) upland plains; (2) mountain torrents; (3) inland plains; (4) rejuvenated cascades; and 
(5) coastal plains. Rivers in upland and mountainous areas are relatively straight, 
confined channels. In the inland and coastal plains, the Wami River becomes a 
meandering system, broken in a few places by small cascades at gradient breaks. One 
such cascade is located near Wami at Mandera, just upstream from the bridge crossing 
on the Chalinze-Arusha highway. 
 

Mkata Wami Channel Morphology
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Figure 2.5. The longitudinal profile of Mkata-Wami River from headwaters to mouth at 
the Indian Ocean. 
 
 
Local hydraulics and channel morphology are primary determinants of physical habitat in 
a river, which in turn influences ecosystem function and biotic assemblages. In the 
mountainous areas of the Wami Sub-Basin, headwater streams are high-gradient 
systems with high hydraulic energy and low water retention time. Conversely, the 
mainstem Wami River is primarily a system of low hydraulic energy through its middle 
and lower reaches, characterized by low water velocities and the frequent presence of 
sandbars and pools. 
 

Mountain torrent 

Swamp 

Lower River 

Rejuvenated 
Cascade 

Lowland 
River 



 16 

2.4 ECOLOGY OF THE WAMI RIVER SUB-BASIN 
 
The headwaters of the Wami River and its major tributaries drain the central part of the 
Eastern Arc Mountain range, which consists of separate mountain blocks running from 
the Taita hills in Kenya to the south-west Udzungwa Mountains in Tanzania, together 
forming a crescent or arc shape (Figure 2.6). These ancient mountains are regarded as 
one of the world’s biodiversity hotspots on the basis of their high degree of endemism 
and critical need for conservation (Stuart et al. 1993; Burgess et al. 2007).  
 

 
 

Figure 2.6. The Eastern Arc Mountains and their main rivers 
 
Four of the mountain blocks are located within the Wami River Sub-Basin: Ukaguru, 
Nguru, Nguu and Rubeho. Of these, the Nguru Mountains are particularly distinctive, as 
they harbor an elevated number of endemic vertebrates and trees when compared with 
other Eastern Arc mountain blocks (Table 2.2) 
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Table 2.2. Number of endemic vertebrate and tree species in Eastern Arc Forests in the 
Wami River Sub-Basin (Source: Burgess, 2005) 

Mountain 
Block 

Approximate 
forest area 
remaining 
(hectares) 

Number of single 
block endemic 

vertebrates 

Number of 
Eastern Arc 

endemic 
vertebrates 

Number of 
Eastern Arc 

endemic trees 

Nguu 24,900 0 9 6 

Nguru 34,000 0 20 25 

Ukaguru 17,400 1 10 4 

Rubeho 47,400 2 12 0 

 
 
Although the Eastern Arc mountain blocks contain the areas of highest plant diversity in 
the Wami Sub-Basin, coastal forests and riparian ecosystems encompass diverse and 
important communities that deserve mention here as well.  Riparian vegetation 
communities vary throughout the sub-basin. Upstream swamps are dominated by 
papyrus, and include other species like Miscanthidiurn violaceum, Phragmites 
mauritianum and Typha capensis.  Levees or higher lands in swamps are dominated by 
Phoenix reclinata and include Borassus aethiopunt, Hyphaene coriacea, as well as Ficus 
sur and Ficus cycomorus. Milicia excelsa is known from floodplain areas in the middle 
basin. In the estuary, mangrove species line the banks of the Wami River; eight of the 
nine mangrove species found in Tanzania are represented in the Wami estuary. Other 
noteworthy species found along the freshwater to saltwater transition area include 
Barringtonia racernosa, Heritiera littoralis and Hibiscus tiliaceus.  
 
Rivers of the Wami Sub-Basin are a combination of ephemeral, intermittent and 
perennial systems, and the seasonality, quantity, and quality of river flow influences their 
ecology. Several riverine habitat types for aquatic biota are represented; select 
examples are summarized here. Mountain torrent streams are often clear and cool, with 
rocky bottoms that provide habitat for aquatic invertebrates. The Wami River mainstem 
along much of its meandering course through the plains and lower parts of the sub-basin 
is a warm, turbid system, as are its main tributaries in these regions. Submerged 
vegetation along meanders increases habitat heterogeneity in the Wami channel, and 
provides areas of feeding, nursery, and refuge for fish and other aquatic biota. In the 
estuary, aquatic habitat is influenced by the spatial and temporal variability of freshwater 
and saltwater inflows. The estuary is mixing area and meeting ground for both saltwater 
and freshwater aquatic species. 
 
The fish fauna of the Wami River Sub-Basin is one of the least known among the eastern 
flowing rivers of Tanzania. To date, 49 species have been recorded from the Wami River 
and its tributaries (Table 2.3); these numbers are however based on few and limited 
sampling events (Bernacsek 1980; Eccles 1992; Tamatamah 2007).  Fish species known 
from the Wami Sub-Basin can be categorized into three major groups (after Welcomme et 
al. 2006): main channel communities inhabiting rivers and pools (rhithronic); communities 
inhabiting floodplain and low dissolved oxygen environments and longitudinal migrants 
(potamonic); and communities inhabiting estuarine and coastal lagoon areas. These 
communities can each be subsequently divided into several different environmental guilds 
on the basis of habitat preferences or migratory behavior (Tamatamah 2007). 
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Other animals also spend all or parts of their lives in freshwater systems of the Wami 
Sub-Basin. These include macroinvertebrates, such as aquatic insects and shrimp, as 
well as larger animals like turtles, crocodiles (Crocodylus niloticus), and hippos. As with 
fish, flow conditions influence the habitat of these species and their ability to complete 
important phases of their life cycles. For example, for crocodiles and hippos, pools in the 
lower Wami River provide refugia during dry periods. Terrestrial animals also rely on the 
perennial Wami River as a source of drinking water during dry periods or as a migration 
corridor, especially within Saadani National Park (USFS 2007). Aquatic birds are 
commonly found in wetland areas and along river edges, particularly in the middle and 
lower parts of the basin. The Wami River estuary is reported to have at least 20 
commonly-sighted species of birds (Anderson et al. 2007); many more species would 
likely be added to that list following more periods of observation.  
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Table 2.3. Fishes reported from the Wami River and its tributaries, based on collections by Bernacsek 1980, Eccles 1992, and 
Tamatamah 2007. 
Family Scientific Name Common Name 

(Swahili) 

Common Name 
(English) 

Reference 

Barbus macrolepis Kuyu  Bernacsek 1980, Eccles 1992 

Barbus laticeps Kuyu Soft-rayed minnows Bernacsek 1980, Eccles 1992, Tamatamah 2007 

Barbus zanzibaricus Kuyu  Bernacsek 1980 

Barbus usambarae Kuyu Soft-rayed minnows Bernacsek 1980, Eccles 1992, Tamatamah 2007 

Barbus radiatus Kuyu  Bernacsek 1980, Eccles 1992 

Barbus amhigramma Kuyu Straightfin barb Bernacsek 1980, Eccles 1992, Tamatamah 2007 

Barbus kerstenii Kuyu Redspot barb Bernacsek 1980, Tamatamah 2007 

Barbus paludinosus Kuyu Straightfin barb Bernacsek 1980, Eccles 1992, Tamatamah 2007 

Barbus apleurogramma Kuyu  Bernacsek 1980, Eccles 1992 

Barbus innocens Kuyu  Bernacsek 1980 

Labeo cylindricus Ningu Redeye labeo Eccles 1992, Tamatamah 2007 

Labeo victorianus Ningu Labeo / Ningu Tamatamah 2007 

Labeo coubie Ningu African carp Tamatamah 2007 

Raiamas sp. Sipa, Kirangara African bariliins Tamatamah 2007 

Cyprinidae 

Opsaridium microlepis Mbasa, Mpasa Lake salmon Tamatamah 2007 

Brycinus affinis  
Ngacha, Ngala, 
Dagaa 

Redfin robber Bernacsek 1980, Eccles 1992, Tamatamah 2007 

Brycinus imberi Bembe Spot-tail Bernacsek 1980, Tamatamah 2007 

Micralestes acutidens Dagaa African tetra Bernacsek 1980, Eccles 1992, Tamatamah 2007 

Characidae 

Hydrocynus vitattus Mchena, Kange  Bernacsek 1980, Eccles 1992 

Astatotilapia bloyeti Furu Haplochromis Eccles 1992, Tamatamah 2007 

Tilapia zillii Perege, Sato Redbelly tilapia Tamatamah 2007 

Oreochromis niloticus Perege, Sato Nile tilapia Tamatamah 2007 

Oreochromis urolepis 
hornorum 

Perege, Sato  Bernacsek 1980, Eccles 1992 

Oreochromis pangani Perege, Sato  Eccles 1992 

Cichlidae 

Sarotherodon macrochir Perege, Sato  Bernacsek 1980 

Clariidae Clarias gariepinus Kambale mumi Airbreathing catfish Bernacsek 1980, Eccles 1992, Tamatamah 2007 
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Chiloglanis neumanni Ngogo  Bernacsek 1980 

Chiloglanis deckenii Ngogo Pangani suckermouth Tamatamah 2007 

Synodontis wamiensis Ngogo, Gogogo Squeaker catfish Bernacsek 1980, Eccles 1992, Tamatamah 2007 

Synodontis sp Ngogo, Gogogo Squeaker catfish Tamatamah 2007 

Synodontis maculipinna  
Ngogo, Gogogo 

 Bernacsek 1980, Eccles 1992 

Synodontis rufigiensis Ngogo, Gogogo, 
Nyanyandu 

 Eccles 1992 

Mochokidae 

Atopochilus vogti Ngogo  Eccles 1992 

Bagridae Bagrus orientalis Kitoga Bagrid catfish Tamatamah 2007 

Petrocephalus catostoma Kizurizuri, Ntachi Elephantfish Bernacsek 1980, Tamatamah 2007 Mormyridae 

Gnathonemus livingstonii Somo  Bernacsek 1980, Eccles 1992 

Amphiliidae Amphilius uranoscopus Mbumila Loach catfishes Bernacsek 1980, Tamatamah 2007 

Gobiidae Glossogobius giuris Bubu, Bumbula Tank goby Tamatamah 2007 

Eleotridae Eleotris fusca Bubu Dusky sleeper Tamatamah 2007 

Mugilidae Liza macrolepis Mkizi Largescale mullet Tamatamah 2007 

Caridea Macrobrachium sp Kamba Freshwater prawn Tamatamah 2007 

Syngnathidae Microphis fluviatilis  Pipefishes Tamatamah 2007 

Eutropius mobiusii Nembe, Mbata  Bernacsek 1980, Eccles 1992 Schilbeidae 

Eutropiellus longifilis Nemne, Mbata  Eccles 1992 

Nothobranchius guentheri  Redtail nothobranch Bernacsek 1980 

Nothobranchius steinforti   Bernacsek 1980, Eccles 1992 

Aplocheilidae 

Nothobranchius melanospilus  Blackspotted 
nothobranch 

Eccles 1992 

Eleotridae Platygobius aeneofuscus  Freshwater goby Bernacsek 1980, Eccles 1992 

Kneriidae Kneria spekii   Bernacsek 1980, Eccles 1992 

Distichodontidae Distichodus rufijiensis Tungwi, Tungu  Bernacsek 1980, Eccles 1992 
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Freshwater to marine linkages drive the ecology of the Wami River estuary, which lies at 
the river’s mouth near Saadani Village and bridges the land to sea continuum along the 
Indian Ocean coastline. Riparian village residents report that saline water intrudes in the 
Wami River channel to distances of approximately 5 km upstream from the coast during 
dry periods (Anderson et al. 2007). The presence of saltwater in the river channel helps 
sustain mangrove forest ecosystems along the estuary. During the transition and wet 
seasons, the Wami River forms a giant freshwater plume that has been documented to 
extend ~2 km into the Indian Ocean (Anderson et al. 2007). Saadani Village has long 
been the site for artesanal and commercial productive prawn fisheries (Penaeus 
monodon, Penaeus japonicus, Penaeus indicus and Penaeus semisulcatus), and local 
fishermen recognize the importance of freshwater inputs for shrimp productivity. 
Beaches along the coastline near the Wami River estuary provide critical spawning 
areas for endangered sea turtles, and five different species are known to nest in the 
region (Tamatamah 2007). 
 
Several protected areas have been established in the Wami River Sub-Basin to promote 
wildlife conservation. These areas also serve to safeguard freshwater ecosystems in 
critical areas of the sub-basin. The Nguru Forest Reserve of the Eastern Arc Mountains 
protects mountain torrent streams in the northern part of the sub-basin, and the 
headwaters of the Mkata River are situated within Mikumi National Park. The Wami-
Mbiki Wildlife Management Area and the Zaraninge Forest Reserve are two additional 
protected areas in the sub-basin. The newest addition to Tanzania’s system of national 
parks is the Saadani National Park, which encompasses much of the Wami River 
estuary and covers both coastal forest and marine areas. Nevertheless, while these 
parks and reserves are a positive step towards environmental conservation, other 
important areas of the Wami River Sub-Basin are still in need of protected status, in 
particular wetland ecosystems and other Eastern Arc Mountain blocks. 
 
 
2.3 HUMANS AND THEIR USES OF FRESHWATER RESOURCES 
 
According to a 2002 population census, 1.8 million people inhabit the Wami River Sub-
Basin (Table 2.4). The largest city in the sub-basin is Dodoma, located in the headwater 
regions and home to an estimated 764,912 people in urban and surrounding areas. 
Other notable cities in the sub-basin include Kilosa, Mvomero and Kongwa. At least half 
of sub-basin residents inhabit small towns or rural villages. Diverse ethnic groups are 
represented in the Wami Sub-Basin (Hyera 2007). 
 
Agriculture is the primary source of livelihood for the majority of Wami River Sub-Basin 
residents, with rice, sugarcane, and sisal among the most important crops. 
Approximately 80% of the employed population is engaged in subsistence agriculture or 
works on commercial farms (Hyera 2007). Other important sources of household income 
include livestock keeping, hunting, bee keeping, and fishing. A small percentage of the 
population is employed in formal jobs in regional/district headquarters, training 
institutions and industries. The rest are self-employed in the informal sector.  
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Table 2.4: Distribution of population by some districts in Wami River  
Sub-Basin according to 2002 census 

 

 

The lives and livelihoods of Wami River Sub-Basin residents are tightly linked to 
freshwater resources. Water rights for extractive uses of water are regulated and 
assigned by the Wami-Ruvu Basin Water Office (WRBWO) in Morogoro. Water rights 
have been issued since the late 1950s through the present. According to records, 
agriculture is the primary user of water in the Wami River Sub-Basin, as most crops 
depend on irrigation water during dry periods, especially those grown on large scale 
estates, such as the Mtibwa Sugar Company and Dakawa Rice Fields. These two 
companies hold large concessions for water from the Wami River and its tributaries. 
Rights to water from the mainstem Wami River have also been granted to the Chalinze 
water supply company to provide water for villages in the Bagamoyo district and 
Chalinze township. Several dams to provide water supply for domestic uses and 
agriculture are located in the upper part of the sub-basin. Undocumented water 
extractions are also common on a small scale throughout the sub-basin. 
 
Freshwater resources provide other ecosystem goods and services to human 
populations as well (Table 2.5). Freshwater fish provide an important source of protein 
and income in the Wami Sub-Basin, mainly for villages in riparian areas of major rivers 
or near the estuary. Several types of fish are caught, but catfish (kambale) and tilapia 
(pelage) are among the most common. Fishing is typically done using fish traps, hooked 
lines, and nets. Riparian vegetation provides building materials, charcoal for cooking, 
and raw materials for household goods.  Rivers are also linked to recreational, cultural, 
and spiritual practices in the Wami Sub-Basin. 
 

Population number District 

Male Female Total 

Mpwapwa 123,292 131,208 254,500 

Dodoma rural 208,921 231,644 440,565 

Dodoma urban 157,469 166,878 324,347 

Kongwa 120,098 129,662 249,760 

Mvomero 131,256 129,269 260,525 

Kilosa 244,201 245,312 489,513 

Bagamoyo 114,699 115,465 230,164 
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Table 2.5. River resource use in the Wami River Sub-Basin. 
River resources Resource use 

Fresh water � Domestic use 
� Irrigation  
� Livestock/Wildlife use 
� Recreation (swimming) 
� Industrial use 
� Cultural/religious practices 

Fish � Food  

Vegetation  � Timber/poles for building 
� Habitat for wildlife 
� Climate regulation 
� Charcoal/firewood for fuel 
� Vegetables/fruits for food 
� Medicine 
� Wood for furniture/boat making 
� Raw material for mats, baskets.   
� Cultural practices (e.g. worshiping) 

Soil and stones � Building material  
� Road construction 
� Bridge construction  
� Dam construction  

Wildlife � Food 
� Tourist attractions (e.g. animals) 
� Hides 

River ecosystem � Cultural practices  
� Flood plain for agriculture 

 
 
2.4  ENVIRONMENTAL PROBLEMS 
 
At present the Wami River Sub-Basin remains in good condition from an ecological 
standpoint, especially when compared with the adjacent Ruvu River Sub-Basin. 
Connectivity between upstream and downstream areas (longitudinal connectivity), 
between rivers and their floodplains (lateral connectivity), and on natural time scales 
(temporal connectivity) has not been substantially altered, with the exception of a few 
small storage dams in the upper parts of the Wami Sub-Basin. These important 
connections facilitate the movement of water, matter and animals along riverine 
pathways that link terrestrial, freshwater and marine ecosystems. Much of the land area 
of the basin remains relatively undeveloped and human population densities are low 
outside of urban areas. Wildlife is abundant in national parks and reserves. 
 
At issue for environmental conservation and water management is the future 
development and ecological state of the Wami River Sub-Basin. Three current patterns 
of resource use are of particular concern for freshwater resources in the future. First, 
forest clearing for agricultural expansion, timber or charcoal-making could result in 
increased sediment loads in rivers, thereby altering water quality and aquatic habitat. 
The problem of deforestation is exacerbated in riparian areas, which are frequently 
cleared for cultivation and livestock access to rivers; clearance or trampling of riparian 
vegetation can quickly result in river bank instability, degradation of edge habitats, and 
siltation, and can negatively affect aquatic ecosystems. Second, water pollution from 
industrial sources, large-scale agriculture or domestic wastes could become an 
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emerging concern in the near future, unless treatment of wastewaters becomes more 
widespread. Use of toxic substance for fishing also contributes to water pollution and 
negatively affects ecosystem health. Third, increasing water withdrawals from rivers and 
wetlands in the Wami Sub-Basin, particularly during dry periods, will affect freshwater 
delivery to downstream areas, including the estuary. The Wami Sub-Basin is poised to 
become a major source of food for Tanzania in the next two decades, which will 
probably mean more and greater water withdrawals for crop irrigation. The Chalinze 
water supply project may also increase the amount of water currently withdrawn from the 
Wami River to meet the domestic water needs of a growing human population.  
 
Thus, it is within the context described in this section that the Wami River Initial 
Environmental Flow Assessment has been designed and implemented.  
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CHAPTER 3: RESULTS OF FIELD STUDIES 
(2007) AT ENVIRONMENTAL FLOW 

ASSESSMENT SITES 
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During the Wami IEFA Team meeting in August 2007, it was decided that field studies at 
representative locations in the Wami River Sub-Basin were necessary in order to be able 
to estimate environmental flow requirements of the Wami River with confidence. 
Following this discussion, in September 2007 a subset of the Wami IEFA team made a 
reconnaissance mission to various parts of the sub-basin to identify representative, 
strategically-located sites for field study. A description of the findings of the 
reconnaissance mission and the rationale for site selection can be found in one of the 
supporting documents for this report (Wami IEFA Site Selection; accessed online: 
http://wami.fiu.edu). 
 
Five sites were selected in September 2007: (1) Kinyasungwe River at Kongwa; (2) 
Mkondoa River at Kilosa; (3) Wami River downstream from Mtibwa; (4) Wami River at 
Mandera; and (5) Wami River at Matipwili. The remainder of this chapter generally 
summarizes the findings of field studies at each of the five sites. Summary tables of data 
and select figures are located at the end of the chapter. More detailed information and 
data from the field studies can be found in supporting documents for this report, as 
prepared by the Wami IEFA team’s scientific experts (Available online: 
http://wami.fiu.edu). 
 
 
3.1 SITE 1: KINYASUNGWE AT KONGWA 
 

 
Figure 3.1. A dry Kinyasungwe River at Kongwa (1GD16) on 5th Nov 2007. 

 
3.1.1 Kinyasungwe: Hydrology 
Rivers in the Kinyasungwe hydrological zone are primarily seasonal in nature, including 
the main branch of the Kinyasungwe River which flows during the rainy season from 
November to May and dries out soon after. Flow Duration Curves (FDCs), constructed 
from daily flow records, illustrate this seasonal nature (see data at end of chapter). The 
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large range and steep slope at the beginning of the curve indicate high intra-annual flow 
variability at the upstream location as compared to the downstream location. The 
seasonal nature of the river is indicated by the high percentage of time during which the 
river experiences no flow (48-53%). 
 
3.1.2 Kinyasungwe: River Geomorphology and Hydraulic Characteristics 
The Kinyasungwe River at Kongwa is located in the upland plains stream zone. This is a 
semi-arid zone characterized by intermittent streams, and several upstream 
impoundments for water storage for domestic and agricultural use have been developed. 
No recent land use change has been documented in this area, although there has been 
a switch from the traditional sorghum crop to primarily maize over the past few decades.  
 
The Kinyasungwe River runs through an unconfined river terrace in an entrenched 
channel. The channel is primarily straight with low sinuosity, and the channel bed is 
characterized by a flat, sandy plain with granite and pebbles localized at several pools 
and riffles and on point bars located at meandering turns. Minor overbank deposition 
was observed during the field visit. The channel was dry at the time of the study, and 
limited debris deposition was noted.  
 
The study site was primarily modified by a bridge located 30 meters away from the site 
and severely impacted by livestock. As a result of the latter, there was extensive bank 
erosion along the steep banks, little effective vegetation and a large number of exposed 
roots. There was also extensive fluvial bank erosion, with undercutting and slumping 
documented along 33-75% of the bank length. The bed had little to no degradation, with 
an absence of fine alluvial deposits and moderate aggradation. 
 
Flows at Kinyasungwe at Kongwa are characterized by low average velocities (< 0.6 
m/s), even at bankfull discharge. The relationship between hydraulic depth and 
discharge has a very steep slope at this site, yielding the highest hydraulic depth per 
given discharge of any of the sites. However, wetted width and perimeter are distinctly 
the lowest of any of the sites visited as part of the Wami IEFA project. These 
characteristics illustrate the channelized nature of the stream. 

 
3.1.3 Kinyasungwe: Ecology 
The riparian plant density was the lowest of all the sites studied as part of the Wami 
IEFA effort, due to effects of grazing intensity. However, species diversity, as indicated 
by a Shannon-Weiner Index, was 2.138 ± 0.39, which was relatively higher than sites 
with greater stem density. This diversity might be explained by colonizing species in 
completely cleared and bare land. Also, the dominant species have been utilized for 
grazing and other purposes, hence giving room for underrepresented plant species and 
pioneer species to grow in the area. Although the dominant species on the riverbank 
was the Ficus cycomorus, Acacia tortilis was also observed; this species’ survival may 
be due to unpalatability to livestock. There is a subterranean water flow which supports 
the Ficus sp. in this area, as evidenced by the shallow wells dug by the local people 
around the area to obtain water for domestic use and their livestock. 

 
Due to low water levels during the EFA assessment, this site was dry at the time of 
sampling. Thus, no macroinvertebrates nor fishes were collected. 
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3.1.4 Kinyasungwe: Human Uses of Water 
The Kinyasungwe River runs through the districts of Mpwapwa and Kongwa. Data were 
collected from those districts, and from interviews conducted by the social scientist in the 
nearby village of Ng’ambi. 

 
In Mpwapwa water is primarily provided by three shallow wells and two gravity schemes, 
namely Mayawile and VIC. Although coverage within the town is estimated to be 73%, 
only 40% of total water demand is fulfilled. The sources of water for Kongwa are three 
boreholes located in the town, and three springs at Kongwa Maji, Mlanga and Sagara. 
Coverage is estimated at 54%, but only 33% of the demand for water is met. In the 
Western highlands of the Wami River Sub-Basin, where the seasonal Kinyasungwe 
River was the main source of water, water shortages were the most severe. At Ng’ambi 
village the average minimum time spent from home to the river was two hours with no 
vehicular transport. During more difficult periods, water was obtained from small dug 
holes along the dry channel of the river, with households collecting one to three buckets 
(20 liters / bucket). These sources are also shared with livestock.  
 
In addition to providing water for domestic purposes and livestock, the Kinyasungwe 
River also supports a local fishery. Villagers in Ng’ambi reported a relatively high 
decrease of fish during the dry season when the river dries up. Climatic change was also 
reported as being the cause of decreasing fish species in Ng’ambi village. While a 
number of fish types were caught in the past ten years, only catfish (“kambale”) and 
tilapia (“perege”) were mentioned as commonly available in recent years.  
 
Despite the river having an intermittent flow, the surrounding communities still depend 
on the Kinyasungwe for their domestic and agricultural water supply. After instream 
flows disappear at the end of the rainy season, continuation of sub-surface flows or the 
presence of a high water table still makes water accessible to people. However, reliance 
on a seasonally flowing river has also led to the establishment of a number of dams 
upstream, which may be responsible for retaining up to 30% of the flow.  
 
Another potential source of flow regime change in the Kinyasungwe zone is direct 
withdrawal of water from the river through legal and illegal water abstractions. Although 
illegal abstractions are difficult to quantify, licenses for a total of 37 legal abstractions 
account for a substantial amount water withdrawn, the majority of which have been 
issued this decade. During the dry season, these abstractions cannot be practical, as 
most reaches of this river are completely dry.  
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3.2 SITE 2: MKONDOA RIVER AT KILOSA 
 

 
Figure 3.2. A perennial River Mkondoa at Kilosa (1GD2) on 6th Nov 2007. 
 

3.2.1 Mkondoa: Hydrology 
The largest part of the flows in the Wami River Sub-Basin comes from the headwaters 
and tributaries of the Mkondoa River. Abundant rainfall and good soils contribute to 
perennial flows, even in the smaller rivers. However, there is seasonality in flow 
variation, with peak flows accompanying the rainy season from November to May, and 
medium to low flows accompanying the dry season from June to late November. 
 
The perennial nature of the river is illustrated by the daily flow duration curve (FDC) 
below. The steepness of the slope at the beginning of the curve indicates high seasonal 
variations in peak flows, while the tail end of the curve indicates that, in extreme drought 
periods, even this perennial river can dry up.  

 
3.2.2 Mkondoa: River Geomorphology and Hydraulic Characteristics 
The Mkondoa at Kilosa is located in the mountain stream geomorphologic zone, 
characterized by perennial streams and a moderate number of impoundments. No 
recent land use change has been documented at this site. The valley is primarily 
confined in this zone, although a narrow floodplain is present along the left bank at 
Kilosa, leaving a single, straight alluvial channel. The channel bed is primarily coarse 
sand with some riffles and middle channel bars. There is minor overbank deposition. 
 
Channel modification included a bridge 50 meters away from the site and vegetation 
removal and cultivation along with a footpath and railway line in the floodplain. However, 
the channel was inactive, and the banks were heavily vegetated and showed no signs of 
erosion. There was no bed degradation and moderate aggradation. 

 
The Mkondoa River at Kilosa falls within an upland sub-catchment zone, as opposed to 
the other sites, which are within the main Wami River. The hydraulic depth at this site is 
distinctly lower than at the other sites. However, because this site is located within the 



 30 

mountain streams geomorphologic zone, it also has much higher velocities per given 
unit of streamflow. Flow velocity shows a distinct breakpoint at Q = 40.0 m3 / s, due to 
the presence of an extended floodplain, which in turn yields a breakpoint in both wetted 
width and perimeter. 
 
3.2.3 Mkondoa: Ecology 
The riparian vegetation at Kilosa was characterized by Acacia polyacantha, which 
constituted the only remaining woody species present at that site. The shrub layer was 
dominated by saplings of Acacia polyacantha, Phragmites mauritiana and Senna 
abtusifolia, while the herb layer was dominated by Typha capensis, Bidens pilosa and 
Tridax procumbens. This riparian community plays an important role in stabilizing the 
soil along the riverbank with its roots and preventing erosion; however, land use 
pressure had reduced that community to a thin patch along the edge of the riverbank 
and flood plain. Plant species density at Kilosa (0.147 / m2) was higher than at the other 
sites; however, species diversity (1.61 ± 0.21, according to Shannon-Weiner Index) was 
lower, likely due to land use pressures such as grazing and cultivation. 
 
In terms of aquatic biota, Mkondoa at Kilosa had average density and diversity 
measurements for macroinvertebrates, when compared with other study sites in this 
project. However, five of the seven species collected were classified as being only 
moderately tolerant of pollution, indicating some sensitivity to water quality and reduced 
flows. 
 
Only two fish species were documented at Mkondoa at Kilosa (Barbus kerstenii, Barbus 
paludinosus), by far the lowest number of all the sites. Both of these species were in the 
pool guild, characterized by species that are sensitive to reductions in flow that alter the 
balance between riffles and pools in the river, or leave the pools anoxic. 

 
3.2.4 Mkondoa: Human Uses 
The Mkondoa runs through the district of Kilosa. Data were collected from that district, 
and from interviews conducted by a social scientist in the nearby village of Mbwamaji.  

 
A study conducted by the Ministry of Water revealed that the majority of households in 
Twatwa, Mkalama, Kieggea, Meshugi and Nguyami villages in Kilosa District collected 
water from a distance between 0.5 and 3 kilometers, against the Ministry of Water 
standard walking distance of 400 meters. These long distances lead to the collection of 
small quantities of water, which compromise necessary sanitation practices such as 
washing, bathing, etc., and negatively impact health.  
 
In Mbwamaji, another village in Kilosa District, local water projects provide tap water to 
villagers in exchange for a small contribution meant to ensure sustainable management 
of the project. However, villagers continue to prefer direct use of the river, when 
accessible, for several reasons. Some deem the amount charged for the service of tap 
water too costly, especially for large families. Others prefer direct use of the river for 
bathing and washing and appreciate the social interactions that have formed around this 
practice.  
 
In addition to domestic uses, the Mkondoa Rriver supports a fishery for nearby villages. 
However, the availability of fish in the sub-basin is seasonal, with harvests decreasing in 
the dry season. There has also been a decrease in the availability of fish due to climatic 
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changes. The 1998 El Niño event led to a drastic decrease in fish numbers, which all but 
ceased fishing activities in the Mkondoa River in favor of fishing in local ponds.  
 
Currently, over 78% of the total household income in Kilosa is from agricultural activities, 
with maize, sweet potatoes, cassava, sorghum and beans as the leading crops in the 
basin.  Other significant livelihood activities include livestock keeping, hunting, bee 
keeping and fishing. A small percentage of the population is employed in formal jobs in 
regional/district headquarters, training institutions and industries. The rest are self-
employed in the informal sector.  
 
Other users of river water in the basin are the pastoralists who migrate into the basin 
searching water.  The majority of them are concentrated in Mvomero and Kilosa district, 
within the Mkata plains. However, pastoralists and dryland farmers that occupy the 
western portions of the basin do not place significant demands on surface water 
supplies, and probably rely largely on groundwater and seasonal springs. 
 
The large size and perennial nature of the Mkondoa River enable it to support 
substantial water abstraction. In addition to water withdrawals in the Kinyasungwe zone 
upstream, there are 28 licensed water abstractions directly from the Mkondoa and its 
tributaries. In addition to licensed abstractions, Lake Gombo provides natural abstraction 
of inflow from the Kinyasungwe into the Mkondoa zone. There are currently no licensed 
water abstractions from River Mdukwe.  
 
3.3 SITE 3: WAMI RIVER DOWNSTREAM FROM MTIBWA 
 

 
Figure 3.3. A perennial River Diwale at Mtibwa Intake on 23rd August 2007. 
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3.3.1 Wami at Mtibwa: Hydrology 
Due to good soils and substantial rainfall, rivers within the Diwale zone are primarily 
perennial, although they do demonstrate seasonal variation. The primary tributary of the 
Diwale River is the Divue River, which drains the Nguru Mountains and runs down into 
the Turiani plains. It joins the Diwale River which then flows into the Wami River in the 
Turiani wetlands, a large swampy complex which supports a substantial amount of 
agricultural activity. The rivers and the wetlands have a continuous interaction, buffering 
one another from seasonal extremes. The rivers feed the wetlands during peak flows in 
the rainy season, which in turn maintain high river flows during the dry season. 
 
The flow duration curve (FDC) strongly resembles those of the Mkondoa zone, which is 
a substantial contributor. The wide range and steep slope at the beginning represent 
fairly high seasonal variability. Moderate intra-annual variability is represented by the 
middle of the curve, illustrating that flows are less than 150% Average Daily Flow (ADF) 
about 80% of the time. And the tail end of the curve indicates that, despite their 
perennial nature, rivers in this zone can dry up at certain times. 
 
3.3.2 Wami at Mtibwa: River Geomorphology and Hydraulic Characteristics 
The Wami at Mtibwa is located in the inland flood plain, a catchment formed by a 
shallow, dry basin surrounded on all sides by mountains. The basin contains an 
enormous amount of human activity, including several impoundments and high levels of 
water abstraction for industry and agriculture. Land use changes include the recent 
expansion of several large agricultural areas, including Mtibwa Sugar Farms, Turiani rice 
paddy farms and individual sugar farms and sisal estates in Kilosa-Msowero area. 
 
Most of the valley is unconfined flood plain with braiding channels, although this study 
site has a single, straight channel. This site was characterized by an alluvial channel and 
deep pool with clay and silt bed, with silt and clay along the banks and fine sand 
collected on the riffles. However, there was also an artificial rapid created by 
accumulated boulders forming an underwater bridge. Flows were low during the 
sampling period and water was turbid with extensive debris in the channel bed.  
 
Channel modifications were limited to the construction of a gabion to aid in river 
crossing. Bank impacts were limited to wild animal use and some invasive vegetation 
along the bank toe. There was limited fluvial bank erosion due to undercutting along 
10% of the bank length, and the bank appeared active, having recent channel incisions. 
However, there was no bank degradation or aggradation. 
 
Flows at Mtibwa were characterized by low average velocities (< 0.5 m/s), even at 
bankfull discharge. However, at the same discharge levels, hydraulic depth is quite high 
(second only to Kinyasungwe at Kongwa), indicating that the site is characterized by 
pools or near stagnant waters. This is further supported by the low banks illustrated by 
the geometric surveys, and the geomorphological classification of this site as inland 
floodplain. As a result of these characteristics, both wetted width and perimeter, which 
are average for this section, show a breakpoint at approximately Q = 30 m3/s, as the 
river expands into an extended floodplain. 

 
3.3.3 Wami at Mtibwa: Ecology 
The Syzygium guinensis community was dominant at Mtibwa. S. guinensis plays many 
critical roles in the ecosystem. Its overhanging branches provide shade and food to the 
river and nearby fish breeding habitats. The leaves of the species are soft, high in 
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nutrients and easily decomposable, and they provide the major food source for aquatic 
organisms in the system. Their roots help to stabilize the riverbanks and prevent erosion. 
The root systems also extend into the river where they help buffer drastic changes in 
flow velocity as well as provide underwater refugia for a variety of organisms.  
 
This vegetation community depends on permanent water flows of the river and 
associated wetlands, which may be threatened by large-scale consumptive water 
demands for irrigation of nearby sugar plantations. Riparian vegetation at Mtibwa was 
also threatened by cattle grazing. The trampling of soils in the river bank and associated 
riparian zone causes siltation and sedimentation in the basin and the river, which in turn 
affects the population of aquatic organisms. Associated loss of vegetation may also 
decrease the river’s hydroperiod. Despite these land uses, Mtibwa had higher species 
diversity than most of the other sites. However, the species density was one of the 
lowest. 

 
Wami at Mtibwa had the second highest density and number of families of 
macroinvertebrates compared to other sites, and it had the highest value for the 
Shannon Weiner Diversity Index. Although none of the 14 families were considered to be 
highly sensitive, eight of the fourteen were considered to have only a moderate tolerance 
of pollution, indicating some sensitivity to water quality and reduced flows. 

 
When compared with other sites, Wami at Mtibwa had an average number of fish 
species, all of which were in environmental guilds highly sensitive to flow timing and/or 
quantity. Five of the species were in the pool guild, species which are sensitive to 
reductions in flow that alter the balance between riffles and pools in the river, or leave 
the pools anoxic. Labeo coubie represented the lotic guild, species which are typically 
annual breeders whose breeding seasonality and migration patterns are tightly linked to 
the timing and quantity of peak flow events. Lotic guild members also require fairly high 
levels of dissolved oxygen, necessitating high flow velocities. 

 
3.3.4 Wami at Mtibwa: Human Uses 
Data on the human usage of the Diwale River was collected by a social scientist from 
the village of Mtibwa, in the District Mvomero, and the village Lukenge, in the District 
Turiani.  

 
Primary water usage in this zone is for industry and agriculture. The Mtibwa Sugar 
Company is the only large scale manufacturing industry in the basin, and its factory is 
located at Mtibwa village in Mvomero district. The Wami River provides the main source 
of water for its industrial uses, with daily abstractions of 345,600 m3/s. The sugar 
company has stimulated further large and small-scale sugar cane production in the area. 
While most of the small-scale farmers rely on rain fed agriculture, the large-scale 
farmers, including the Mtibwa Sugar Company and DAKAWA (NAFCO) paddy growers, 
largely practice irrigated agriculture.  
 
The most common water-related conflicts in the basin are between upstream and 
downstream irrigators in the same locality and between upstream animal keepers and 
downstream irrigators and crop producers. A good example of such conflicts has been 
reported among the Mtibwa irrigators in Mvomero district and small-scale rice farmers in 
Turiani. In the absence of effective coordination among different water users, more 
conflicts are likely to arise. 
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In addition to agricultural uses, villagers rely on the river for domestic water use. In 
Lukenge, a village in Turiani District, local water projects provide tap water to villagers in 
exchange for a small contribution meant to ensure sustainable management of the 
project. However, villagers continue to prefer direct use of the river, when accessible, for 
several reasons. Some deem the amount charged for the service of tap water too costly, 
especially for large families. Others prefer direct use of the river for bathing and washing 
and appreciate the social interactions that have formed around this practice.  
 
There are a total of thirteen licensed water abstractions from the main River Diwale and 
its tributaries. The oldest of these is a medium scale license for Mtibwa Sugar Estates, 
while the rest are small scale licenses. The total withdrawal from the Diwale zone may 
yield decreased inflows into the Dakawa swamps resulting in a decrease in the extent of 
the wetlands; however, minimal impacts appear to have occurred downstream of the 
swamps.  
 
3.4 WAMI RIVER AT MANDERA 
 

 
Figure 3.4. A perennial River Wami at Mandera bridge (1G2) on 8th November 2007. 

 
3.4.1 Wami at Mandera: Hydrology 
Rivers in the zone of the main Wami and its tributaries are typically perennial, with 
seasonal peaks in flow levels. Being the resultant river of the sub-basin, the Wami 
carries huge flow volumes and frequently overflows its banks at several locations to feed 
the Tendigo swamps and floodplains with water and sediment. These overflows usually 
happen at the peak of the rainy season in April. The Mkata River contributes a 
substantial amount of flow to the upper Wami, peaking from June to November and 
exceeding 100% of the total flow from August to October. The excess flow likely 
contributes to the overflow feeding the Tendigo swamps.  In fact, there is net loss of flow 
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from the tributaries to the upper Wami from February to November, suggesting this 
water recharges the swamps and is also used for dry season agriculture in the fertile 
inland plains along the Wami and Mkata Rivers. 
 
FDCs from the daily gauging stations in the Wami River zone illustrate the perennial 
nature of these rivers. Wide flow ranges along the upper Wami, illustrated by the large 
amount of flow variation for gauges 1G1 and 1G2, indicate high inter-annual variability; 
however, the majority of the rivers have moderate flow variability (50 – 150% ADF) about 
45% of the time. Despite the steep slope at the very beginning, the slopes for these 
rivers are generally gentle, indicating slightly less seasonal variability between high and 
low flows. The tail end of the curve suggests occasional drying up of the river during 
relatively dry years. 
 
3.4.2 Wami at Mandera: River Geomorphology and Hydraulic Characteristics 
The Wami at Mandera site is in the rejuvenation cascade zone, formed by parallel ridges 
forming a gorge through which the river flows. The river channel is entrenched in a 
confined valley with no floodplain, although there was some branching at this site. There 
are no impoundments in this zone, although there is some abstraction for domestic use 
about 200 m downstream of the study site.  
 
The channel bed here is a mosaic of rapids, rock beds and pools. Along some of the 
pools and alluvial runs, silts, clays and fine sands had collected; however, much of the 
channel reach was comprised solely of bedrock. There was low flow at the site, with 
highly turbid water, but no woody debris had collected along the channel.  
 
The channel along the study site reach had been modified by the construction of a weir 
for water abstraction and a bridge; however, there were no signs of bank erosion, 
undercutting or slumping. The vegetation along the banks was undisturbed, although the 
presence of an invasive aquatic plant was noted. The river bed was also stable, with no 
overbank deposition or alluvial deposits.  
 
Flows in the main Wami River at Mandera are characterized by low average velocity 
(<0.5 m/s), even at bankfull discharge, and average hydraulic depth. This was one of the 
largest sections of river, with a wetted width and perimeter that increased sharply with 
increased streamflow until ~50 m3/s, leveled out, and then experienced a distinct 
breakpoint at ~100 m3/s. Large rock outcroppings in this section caused hydraulic control 
to be very pronounced and sensitive to low flows, making this the most critical section of 
the main Wami River. 
 
3.4.3 Wami at Mandera: Ecology 
Both the species density and diversity of riparian plants were higher at Mandera than at 
the other sites, likely because the riparian vegetation at this site had not been 
significantly impacted by grazing and cultivation. Even though high level land tillage 
occurred above the riparian zone, very wet soils in the floodplain probably made it 
unattractive for cultivation. 
 
The Wami River at Mandera had notably high density and diversity of 
macroinvertebrates, the majority of which were sensitive or highly sensitive species. In 
fact, Mandera had representatives of each of the five highly sensitive families sampled in 
this effort: Perlidae, Teloganodidae, Prosostomatidae, Heptageniidae and Pyrelidae. 



 36 

Due to the positive correlation between river current and density of sensitive 
macroinvertebrates, flow velocities of ≥ 0.4 - 0.6 m / s are recommended.  

 
The Wami River at Mandera had the second highest number of fish species documented 
of all the sites, the majority of which represent environmental guilds with a high 
sensitivity to flow timing and quantity. Amphilius uranoscopus, in the riffle guild, requires 
fast flows and highly oxygenated waters, in addition to rocky habitats which may be 
susceptible to catastrophic floods. Labeo cylindricus, in the lotic guild, is an annual 
breeder whose breeding seasonality and migration patterns are tightly linked to the 
timing and quantity of peak flow events. Lotic guild members also require fairly high 
levels of dissolved oxygen, necessitating high flow velocities. Six of the species, 
including the endangered species, Opsaridium microlepis, belonged to the pool guild, 
species which are sensitive to reductions in flow that alter the balance between riffles 
and pools in the river, or leave the pools anoxic. 

 
3.4.4 Wami at Mandera: Human Uses 
Human usage of the Wami River was studied by a social scientist near the village of 
Mandera in the District Chalinze. Chalinze is the site of a major water project which 
provides tap water to a number of surrounding villages. It consists of approximately 160 
km of pipeline to provide approximately 7,200 m3/day of safe and clean water to about 
105,000 residents (Madulu 2005). To ensure sustainability of the project, local 
communities are responsible for operation and maintenance, as well as required to pay 
a small contribution in exchange for water. This is the only site where villagers do not 
rely on direct water from river because of accessibility. The nearby villages are a bit far 
from the river and there is a mountain to climb to get to the village. 
 
Fisheries sustained by the river are a very important source of income and protein for 
populations residing nearby. A number of the male population fishes to earn income and 
food for their families, as well as for leisure. While mostly men do the fishing, women 
carry out the local market processes of buying, processing and selling fish. The price of 
fish varies depending on type and size, with rarer types obtaining higher prices. 
Fisheries fluctuate on a seasonal basis, with harvests declining in the dry season. 
Climatic changes are also blamed for decreases in the productivity of local fisheries. 
 
Among the 11 issued water rights for the main stretch of the Wami River, two recently 
issued large scale licenses account for 80% of the total withdrawals. Currently the 
available water in the river is sufficient to support these water withdrawals with minimal 
impact; however, proposals for increased withdrawals downstream may have significant 
impacts on estuarine and marine morphology and ecosystems. 
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3.5 SITE 5: WAMI RIVER AT MATIPWILI  
 

 
Figure 3.5. A perennial River Wami at Matipwili village on 9th November 2007. 

 
3.5.1 Wami at Matipwili: Hydrology 
Due to the absence of a gauging station at Matipwili, hydrology information is not 
available for this site. 

 
3.5.2 Wami at Matipwili: River Geomorphology and Hydraulic Characteristics 
The Wami at Matipwili study site is located within the coastal plain, a catchment which 
encompasses the low lying plain from 100 m above sea level down to the sea. The 
catchment has limited tributaries, but branches into a delta as it nears the sea. Although 
there is no water abstraction in the catchment, there is extensive cultivation and industry 
in the town of Matipwili, primarily salt production, pineapple cultivation and game reserve 
activities. 
 
The site is located in an unconfined floodplain, and the channel is characterized as 
meandering with moderate sinuosity. The channel reach of the study site is primarily a 
plain sandy bed with pools and point bars occurring at the meanders. Some silt had 
collected in the pools, and channel banks were lined with silt and clays. The site had low 
flows and translucent waters. 
 
Channel modification was primarily through floodplain cultivation on one side, and 
vegetation removal had led to extensive bank erosion. Fluvial bank erosion as a result of 
undercutting and slumping was occurring along 10-33% of the bank, leading to an active 
channel tending to shift towards the side of cultivation. There was no sign of bed 
degradation, but aggradation was moderate, with accumulation of silt and sediment 
occurring at channel obstructions.  
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Flows at Matipwili are characterized by high flow velocities, peaking at 1.4 m/s, and 
average hydraulic depth (similar to that at Wami at Mandera). Wetted width and 
perimeter are fairly small and constant, quickly reaching a plane at 50 m, and only 
starting to increase when stream flows surpass 180 m3/s. 

 
3.5.3 Wami at Matipwili: Ecology 
The clearing of riparian zone and wetland vegetation for cultivation and cattle grazing 
had caused extensive soil and bank erosion at Matapwili. The low level of species 
density and species diversity present at Matapwili was likely a result of these extensive 
land use changes.  

 
The Wami River at Matapwili had a fairly high density of macroinvertebrates, although it 
had the lowest diversity and evenness scores of any of the sites. Additionally, the 
majority of families found at this site were considered “highly tolerant” to pollution. 
Although this site may not serve as a refuge for rare or sensitive species, it likely plays 
an important role in harboring large populations of common ones. 
 
The Wami River at Matapwili had an average number of fish species documented, as 
compared with the other sites surveyed in the river sub-basin. However, over half the 
documented species are highly sensitive to interruptions in timing or quantity of flows. 
Pool guild species, represented by Brycinus sp., are sensitive to reductions in flow, 
which may alter the balance between riffles and pools in the river, or leave the pools 
anoxic. The lotic guild representative, Labeo cylindricus, is an annual breeder whose 
breeding seasonality and migration patterns are tightly linked to the timing and quantity 
of peak flow events. Lotic guild members also require fairly high levels of dissolved 
oxygen, necessitating high flow velocities. Eleotris fusca and Glossogobius giuris, in the 
freshwater estuarine guild, are sensitive to decreased flows allowing increasing saltwater 
intrusion.  
 
3.5.4 Wami at Matipwili: Human Uses 
Human usage of the Wami River was investigated by a social scientist at Matipwili in the 
Bagamoyo District. 
 
The Wami River at Matipwili has traditionally supported a large fishery. Matipwili villagers 
fish only in the river, and while villagers in Saadani fish primarily in the sea, they also 
have small fishing hamlets in the nearby estuary of the Wami River. However, some fish 
species that were common in past decades are no longer available, and the fish 
population in the Wami River is no longer adequate to support local communities in the 
basin. As a result, communities have been forced to find other sources of food, and 
Matipwili villagers have begun to cultivate land within the Wami River flood plain to 
augment their diet.  
  
Another important economic activity in this zone is salt making, with more than thirty salt 
works identified in the Bagamoyo District (Madulu 2005). The business has resulted in 
the clearing of coastal forests for fuel wood for the salt production processes, causing 
the Tanzania Coastal Resources Management program (TCMP) to put forth much effort 
to protect the mangroves in coastal areas. 
 
To aid in the supply of water for domestic purposes, the Chalinze water supply project 
provides water for some villages in Bagamoyo and the township of Chalinze. The project 
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consists of approximately 160 km of pipeline that provide approximately 7,200 m3/day of 
safe and clean water to about 105,000 residents (Madulu 2005). To ensure sustainability 
of the project, local communities are responsible for operation and maintenance, as well 
as required to pay a small contribution in exchange for water. However, villagers 
continue to prefer direct use of the river, when accessible, for several reasons. Some 
deem the amount charged for the service of tap water too costly, especially for large 
families. Others prefer direct use of the river for bathing and washing and appreciate the 
social interactions that have formed around this practice. 
 
Poor communications, unsafe water supply and traditional beliefs combined with a low 
level of development in Tanzania’s health care services result in a number of nutritional 
and environmental related health problems for the majority of people living in coastal 
areas. Poor access to clean water is among the major causes of mortality because it 
leads to many water-borne diseases, such as malaria, cholera and diarrhea. While the 
use of clean latrines for human waste can mediate some of these health risks, 
households that do not have latrines cause water and land pollution, resulting in health 
problems as their waste is disposed elsewhere. Poor sanitation is a common problem in 
areas with water shortages, such as some villages in Bagamoyo district. A study 
revealed that the occurrence of diarrheal diseases was very common among households 
in Maasai pastoral communities residing in a village in Bagamoyo that did not have 
latrines (Kusiluka et al. 2004).   
 
In addition to providing water for cultivation, industry and domestic purposes, the Wami 
River is also the only reliable source of water for wildlife in Saadani National Park and 
Wami Mbiki Conservation Area. Animals found in the park, such as giraffe, kongoni, 
lions, wildebeest, zebra and elephant, all depend on the river for water, and the river 
also provides important habitat for crocodiles, hippos and many different types of birds, 
such as flamingoes. These resources play a significant role in increasing the number of 
tourists visiting the Saadani National Park, and the nearby villages of Saadani and 
Matipwili are immediate beneficiaries of services provided by the existence of the 
national park through improved transportation networks, hospitals and school services.   
 
Currently the available water in the river is sufficient to support current water withdrawals 
with minimal impact; however, a new proposal for a 17,000 ha sugarcane plantation just 
downstream from Matipwili Village will require an additional 11,810 l/s withdrawal, more 
than doubling the current licensed withdrawals for the river. Such a substantial increase 
may have significant impacts on estuarine and marine morphology and ecosystems. 
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3.6 ADDITIONAL DATA: MKATA AT MKATA 
 

 
Figure 3.6. A perennial River Mkata at Kilosa (1GD2) on 19th September 2007. 

 
Surveys at this site were restricted to hydrological, macroinvertebrate, fish and human 
usage surveys. While the Mkata River at Kilosa was not used for estimation of 
environmental flow requirements, the information is included here as it broadens 
scientific knowledge of the sub-basin. 
 
3.6.1 Mkata at Mkata: Hydrology 
The Mkata zone is mostly an inland plain in which the Mkata River flows through the 
Tendingo swamps before joining with the Wami. The majority of flows (more than 80%) 
in the Mkata River are contributed by its primary tributary, the Mkondoa River, which 
joins the Mkata at the Tendingo swamps. Occasional peak flows surpass the river 
channel’s carrying capacity and fill the swamps, acting as the swamps’ primary water 
source. In fact, a net flow loss is recorded during the early rainy season from October 
through February, as water overflows the river and fills the swamps, before eventually 
contributing to a net flow increase from April to July. As with other rivers in this region, 
flow volume is seasonal. 
  
The daily FDC for the Mkata resembles the FDC for the Mkondoa. A moderately steep 
slope at the beginning of the curve reflects moderate seasonal variability. Moderate 
intra-annual variability is illustrated by approximately 80% of the curve existing below 
150% of ADF. The tail end of the curve demonstrates that, despite its perennial nature, 
the river can occasionally dry up. 
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3.6.2 Mkata at Mkata: Ecology 
The Mkata River did not have the highest density or diversity of macroinvertebrates; 
however, it was one of two sites at which a sensitive species was located. Due to the 
positive correlation between river current and density of sensitive macroinvertebrates, 
flow velocities of ≥ 0.4 to 0.6 m / s are recommended.  
 
The Mkata River had the highest number of fish species of all the sites, and was the only 
site at which the endemic species, Labeo victorianus, was documented. This species 
was one of three lotic guild species present at the site, which require relatively high rates 
of dissolved oxygen and are highly sensitive to changes in the quantity and timing of 
peak flow events. It was also the only site for Chiloglanis deckenii, in the riffle guild, 
generally considered to be most sensitive genus in African EFAs, due to its high 
requirement for fast flowing water ( ≥ 0.5 m3/s).  

 
3.6.3 Mkata at Mkata: Human Uses 
The Tendigo swamps in the Makata plains provide the majority of water for irrigation and 
domestic purposes in the region, leading to a small amount of licensed abstractions 
directly from the Mkata River. However, six water rights issued in the River Myombo 
account for a substantial amount of legal water withdrawal. The resulting changes in flow 
regime may be significant to seasonal fluctuations in the Tendigo swamps. 
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3.7 SELECT DATA AND FIGURES FROM THE FIVE STUDY SITES 
 
3.7.1 HYDROLOGY 
 
MONTHLY FLOW VOLUMES 
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Average monthly flow volumes at Wami at Dakawa and its major tributaries showing 
inflow-outflow comparison. 
 
Mkata at Kilosa and Mkata 
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Average monthly inflows into Mkata (1GD2+1GD35) and outflow of Mkata (1GD36) for 
1973-1978 period. 
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ONE-DAY FLOW DURATION CURVES 
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Wami at Mandera 
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3.7.2 HYDRAULIC CHARACTERISTICS AND DATA 
A series of four cross-section transects was placed at each study site. Geometric 
surveys were conducted on each transect, yielding information on distance between 
transects, streambed elevation and water surface elevation. Longitudinal profiles of the 
river section were mapped using the deepest point of the riverbed in order to determine 
channel slope. Cross-section profiles were mapped to illustrate the geometric 
characteristics of the streambed.  
 
Flow discharge measurements, including velocity, flow depth and flow width, were 
carried out in most cross-sections using current meters. These measurements were then 
used to calculate flow area and total discharge. Observed data from the geometric 
surveys and stream-discharge measurements were used in a Physical Habitat 
Simulation Model (PHAB-SIM) to estimate water surface level at different flows.  
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Summary statistics for measured hydraulic flow parameters across all transects. 
Measured Hydraulic flow parameters Wami Site Statistic 

Total width of 
water surface, 

W 
(m) 

Total 
area, 

A 
(m2) 

Total 
discharge, 

Q 
(m3/s) 

Cross section 
mean 

velocity, Vm 
(m/s) 

Water 
Surface 
Level, 
WSL 

(masd) 

Mean - - - - 98.495 

STDEV - - - - - 

Kinyasungwe 
at Kongwa

1
 

Cv(%) - - - - - 

Mean 40.8 7.5 4.200 0.560 98.788 

STDEV 1.9 0.4 0.140 0.009 0.096 

Mkondoa at 
Kilosa 

Cv(%) 4.6 4.7 3.3 1.6 0.097 

Mean 33.3 27.4 6.339 0.230 97.425 

STDEV 2.8 1.3 1.413 0.041 0.008 

Wami at 
Mtibwa 

Cv(%) 8.5 4.6 22.3 17.6 0.008 

Mean 39.7 76.0 6.170 0.140 97.286 

STDEV 27.4 55.6 0.750 0.129 0.046 

Wami  at 
Mandera 

Cv(%) 69.1 73.2 12.2 92.0 0.047 

Mean 38.567 15.711 6.565 0.422 95.197 

STDEV 6.178 1.661 0.451 0.060 0.101 

Wami  at 
Matipwili 

Cv(%) 16.0 10.6 6.867 14.2 0.106 
1
Because the site was dry at the time of survey, WSL was estimated at bank full discharge from 

the 1GD16 gauging station. 
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1GD16C4 at 0.0 m
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1GD16C3 at 15.8 m
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1GD16C2 at 30.8 m
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1GD16C1 at 55.5 m
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Cross-section profiles 
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Simulation results of Water Surface Level measurements (WSLs) at various stream 
flows (Q). 
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Mkondoa at Kilosa 
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Longitudinal profiles 
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1GD2C2 at 79.0 m
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1GD2C1 at 124.0 m
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Cross-section profiles 
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Simulation results of Water Surface Level measurements (WSLs) at various stream 
flows (Q). 
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1G1C4 at 0.0 m

95

96

97

98

99

100

101

102

-30 -20 -10 0 10 20 30 40 50 60

Chainage (m)

B
e
d

 E
le

v
a
ti

o
n

 (
m

a
s
d

)

1G1C3 at 22.0 m

95

96

97

98

99

100

101

102

-60 -40 -20 0 20 40 60

Chainage (m)

B
e
d

 E
le

v
a
ti

o
n

 (
m

a
s
d

)

 
1G1C2 at 36.5 m
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1G1C1 at 76.0 m
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Cross-section profiles 
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Simulation results of Water Surface Level measurements (WSLs) at various stream 
flows (Q). 
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Wami at Mandera 
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Longitudinal profiles 
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1G2C2 at 80.0 m
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1G2C1 at 120.0 m
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Simulation results of Water Surface Level measurements (WSLs) at various stream 
flows (Q). 
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1G0C4 at 0.0 m
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1G0C2 at 80.0 m
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1G0C1 at 120.0 m
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Simulation results of Water Surface Level measurements (WSLs) at various stream 
flows (Q). 
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3.7.3 ECOLOGICAL DATA 
 
FISH SURVEYS 
 

Sites Family Scientific Name Swahili 
Name 

Conserv. 
Status 

Environmental 
Guild Mkondoa Mtibwa Mandera Matipwili Mkata 

Barbus kerstenii Kuyu Lc Rhithronic pool �    � 

Barbus 
paludinosus 

Kuyu Lc Rhithronic pool �    � 

Barbus 
amphigramma 

Kuyu Lc Rhithronic pool     � 

Barbus laticeps Kuyu Lc Rhithronic pool  �    

Barbus 
usambarae 

Kuyu Lc Rhithronic pool   �   

Labeo 
victorianus 

Ningu Endemic Potamonic lotic     � 

Labeo 
cylindricus 

Ningu Lc Potamonic lotic   � � � 

Labeo coubie Ningu Lc Potamonic lotic  �   � 

Raiamas sp Sipa. 
Kirangara 

Lc      � 

Cyprinidae 

Opsaridium 
microlepis 

Mbasa, 
Mpasa 

Endangered Rhithronic pool   �   

Brycinus affinis Ngacha, 
Ngala, 
Dagaa 

Lc Rhithronic pool   � � � 

Brycinus imberi Bembe Lc Rhithronic pool  � � � � 

Characidae 

Micralestes 
acutidens 

Dagaa Lc Rhithronic pool  �    

Astatotilapia 
bloyeti  

Furu Lc    �   

Tilapia zillii Perege, 
Sato 

Lc Potamonic eurytopic   �   

 
Cichlidae 

Oreochromis 
niloticus 

Perege, 
Sato 

Lc Potamonic eurytopic     � 
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Clariidae Clarias 
gariepinus 

Kambale 
mumi 

Lc Potamonic eurytopic     � 

Chiloglanis 
deckenii 

Ngogo  Lc Rhithronic riffle     � 

Synodontis 
wamiensis 

Ngogo, 
Gogogo 

Lc Rhithronic pool  � �  � 

Mochokidae 

Synodontis sp Ngogo, 
Gogogo 

Lc Rhithronic pool   �  � 

Bagridae Bagrus 
orientalis 

Kitoga Lc Rhithronic pool  �   � 

Mormyridae Petrocephalus 
catostoma 

Kizurizuri, 
Ntachi 

Lc      � 

Amphiliidae Amphilius 
uranoscopus 

Mbumila Lc Rhithronic riffle   �   

Gobiidae Glossogobius 
giuris 

Bubu, 
Bumbula 

Lc Freshwater estuarine    �  

Eleotridae Eleotris fusca Bubu Lc Freshwater estuarine    �  
Mugilidae Liza macrolepis Mkizi Lc Amphidromous estuarine    �  
Caridea Macrobrachium 

sp. 
Kamba Lc Catadromous estuarine      

Syngnathidae Microphis 
fluviatilis 

 Lc Amphidromous estuarine    �  

TOTAL =13 28    2 6 10 7 16 
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MACROINVERTEBRATE SURVEYS 
 
Summary of the results of macroinvertebrate sampling, including occurrence of families 
with either “moderate” or “very low” tolerance to pollution (as compared to “very high”, 
according to arbitrary groups established by the specialists). 

Site Density 
(indiv. / 

m2) 

Diversity 
(# 

families) 

Shannon 
Weiner 
Species 

Diversity Index 

Shannon 
Weiner 
Species 

Evenness 
Index 

Occurrence of 
Families with 

Moderate (Very 
Low) Tolerance 

to Pollution 
Mkondoa 
at Kilosa 

60 7 1.79 0.92 5 (0) 

Wami at 
Mtibwa 

1304 14 2.25 0.85 8 (0) 

Wami at 
Mandera1 

6800 / 
3448 

16 / 16 1.96 / 2.09 0.71 / 0.75 7 (4) / 7 (5) 

Wami at 
Matipwili 

99 7 1.02 0.52 3 (0) 

Mkata at 
Kilosa 

66 6 1.46 0.81 4 (1) 

1This site was surveyed in two locations, and results are presented for both as Run / 
Riffle 
 
VEGETATION SURVEYS 
 
Site Plant Species Density Plant Species Diversity 
Wami at Mtibwa 0.066 / m2 2.17 ± 0.12 
Wami at Mandera 0.164 / m2 2.09 ± 0.29 
Wami at Matipwili 0.097 / m2 1.82 ± 0.44 
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3.7.4 SOCIO-ECONOMIC DATA 
 
Distribution of population, water demand and water supply by district. 

Population Number1 
 

Study Site Nearest 
District 

Male Female Total 

Water 
Demand2 
(m3/day) 

Water 
Availability2 

(m3/day) 

Mpwapwa 123,292 131,208 254,500 5,000 2,000 Kinyasungwe 
Kongwa 120,098 129,662 249,760 2,130 700 

Kilosa Kilosa 244,201 245,312 489,513 - - 
Mtibwa Mvomero 131,256 129,269 260,525 - - 

Matipwili Bagamoyo 114,699 115,465 230,164 - - 
1Date from 2002 population census 
2Data from 2001 
 
Summary of licensed surface water abstractions by major rivers in each zone and by 
decade. 

Zone Major river Amount (l/s) Decade Amount (l/s)

Kinyasungwe Little Kinyasungwe 1,088.30 to 1960s 470.10 
  Great Kinyasungwe   1970s 12.70 
  Kinyasungwe 1,421.30 1980s 9.50 
  Total 2,509.60 1990s 261.50 
   2000s 1,567.10 

Mkondoa Mkondoa 661.20 to 1960s 0.50 
  Lumuma 2,645.00 1970s 25.90 
 Mdukwe 0.00 1980s 1,310.00 
  Total 3,306.20 1990s 10.00 
   2000s 1,888.90 

Diwale (Mtibwa) Chazi 27.80 to 1960s 0.00 
  Dizungwi 90.70 1970s 0.00 
  Divue 0.28 1980s 1,500.00 
  Diwale 1,784.20 1990s 0.00 
  Total 1,902.98 2000s 402.98 

Wami (Mandera) Kisangata 699.90 to 1960s 0.00 
  Wami Dakawa 5,243.10 1970s 0.00 
  Wami Mandera 3,280.00 1980s 37.80 
  Wami Matipwili 116.00 1990s 2,500.00 
  Total 9,339.00 2000s 6,801.20 

Matipwili Wami Matipwili 116.00 - - 
  Total 116.00   

Mkata Mkata 54.10 to 1960s 0.00 
  Myombo 3,839.10 1970s 1,130.00 
  Total 3,893.20 1980s 2,262.00 
   1990s 57.10 
   2000s 444.10 
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CHAPTER 4: THE WAMI INITIAL 
ENVIRONMENTAL FLOW ASSESSMENT: 

PROCESS AND PRODUCTS 
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4.1 APPROACH TO ESTIMATING ENVIRONMENTAL FLOWS 
 
More than 200 methodologies have been developed since the 1970’s to estimate the 
environmental flow requirements of a river as a proxy for answering the question that 
challenges freshwater ecologists and water resource managers worldwide: how much 
water does a river need (Richter et al. 1997; Tharme 2003)? These methodologies vary 
in levels of data requirements and complexity, and the majority fall into one of four 
general categories: (1) hydrology-based methodologies; (2) hydraulics-related 
methodologies; (3) habitat simulation methodologies; and (4) holistic methodologies 
(Tharme 2003). 
 
For the present case of the Wami River Initial Environmental Flow Assessment, it was 
decided early on that the resources available for this project were not sufficient to fully 
apply one of the more rigorous scientific methods for estimating environmental flows 
(e.g., Benchmarking, Building Block Methodology (BBM), Downstream Response to 
Imposed Flow Transformation (DRIFT)). Thus, a more process-based approach was 
taken by this project, focusing on the information and resources available. Select tools 
and techniques were borrowed from many of the published methods for environmental 
flow assessment, particularly BBM (King et al. 1998). The Savannah River case from the 
United States was used as a model for the process-based approach to determining 
environmental flow requirements (Richter et al. 2006). Both the BBM and the Savannah 
River methodologies fall into the category of holistic methodologies for environmental 
flow assessment. 
 
During December 2007, following desktop research and field surveys, an experts’ 
workshop was held in Dar es Salaam, Tanzania, where the Wami project team 
collaboratively worked to estimate environmental flow requirements. Following 
presentation and synthesis of all data known and available for the Wami River Sub-
Basin, the team went through several exercises to identify management options and 
then quantified flow needs for five sites in the Wami Sub-Basin: Kinyasungwe at Konga, 
Kilosa, Mtibwa, Wami at Mandera, and Wami at Matipwili. The details of this process are 
described in the following paragraphs. 
 
The framework and guidelines found within the Building Block Methodology (BBM) 
approach were adopted to identify management classes and goals (King et al. 1998). 
Each of the experts in the Wami project team was first asked to identify the present 
environmental state at each of the five sites. The present environmental state recognizes 
what the reference or natural conditions would have been and includes a judgment 
about how far each component (e.g., fish assemblages, riparian vegetation, channel 
condition) has changed from the reference conditions; experts select the category that 
best represents current conditions for each component, from natural (category A) to 
critically / extremely modified (category F). Experts then determine the trajectory of 
change, as a measure of whether the component is getting better or worse under the 
present situation; this measure is simply expressed as a plus sign, zero, or minus sign. 
The team also discussed as a group the importance or sensitivity of each site, and the 
river resource use by local human populations; the importance or sensitivity was 
classified as either low, medium, or high. These three measures were taken into account 
for the final determination for each site: the environmental management class (Table 
4.1). In this case, the experts were asked to categorize the site as A (natural, 
unmodified); B (largely natural with few modifications); C (moderately modified); or D 
(largely modified), according to King et al. (1998). For the Wami Sub-Basin, with the 
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exception of the Kinyasungwe River at Konga site (C class), the desired and feasible 
management class for all sites was B, largely natural with few modifications. The 
establishment of these classes helped to guide the subsequent process of determining 
environmental water allocations. 
 
Table 4.1. Summary of experts’ determinations of environmental management class for 
five sites in the Wami River Sub-Basin. 
B = Management initiatives should maintain or restore system to be largely natural with few 
modifications.  A small change in natural habitats and biota may have already taken place, or 
may take place in the future, but most or all ecosystem functions should be essentially 
unchanged. 
C= Management initiatives should maintain or restore system to be moderately modified. A 
loss and change of natural habitat and biota may have already taken place, or may be permitted 
to occur in the future. Basic ecosystem functions should be predominantly unchanged. 

 
Wami IEFA 
study sites 

Present 
environmental 

state 

Trajectory 
of change 

Sensitivity 
and 

importance 

Recommended 
EMC 

Recommended 
Actions  

SITE 1: 
Kinyasungwe 
River at 
Kongwa 
(1GD16) 

C/D - Medium C Maintain 

SITE 2: 
Mkondoa River 
at Kilosa 
(1GD2) 

B/C -/0 Medium / high B Maintain/Restore 

SITE 3: Wami 
River at 
Mtibwa (no 
gauge) 

B/C - Medium / high B Maintain/Restore 

SITE 4: Wami 
River at 
Mandera (1G2) 

B -/0 High B Maintain 

SITE 5: Wami 
River at 
Matipwili (new 
gauge) 

C - Medium / high B Restore 

 
 
To estimate environmental flow requirements for each of the five sites, a combination of 
professional judgment and quantitative information on flow needs for different riverine 
processes or biota was used.  Again, the framework applied in the Wami IEFA project 
drew upon guidelines from well-established methodologies like the Building Block 
Methodology and the Savannah River method (King et al. 1998; Richter et al. 2006).  
Flow periods were divided into six distinct categories: (1) wet periods during a dry year; 
(2) dry periods during a dry year; (3) wet periods during an average year; (4) dry periods 
during an average year; (5) wet periods during a wet year; and (6) dry periods during a 
wet year. These categories were designed to account for natural inter- and intra-annual 
variation in river flows (Poff et al. 1997). Experts were then asked to identify the 
minimum hydraulic requirements (in terms of depth, velocity, wetted perimeter, or water 
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level) necessary to ensure survival of biota or to facilitate key geomorphologic 
processes. The hydraulic engineer then used field data from channel cross-sections and 
modeling techniques to approximate discharge for each of the hydraulic conditions 
identified by the experts. This exercise was repeated for each of the six aforementioned 
cases of flow periods and for each of the five sites; thus, each expert completed 30 
forms as part of the process of quantifying environmental flows (See Appendices). The 
social scientist was simultaneously asked to quantify the amount of water necessary to 
fulfill basic needs for local human populations. As a team, all environmental flow 
recommendations were discussed and the hydrologist provided information as to the 
availability of flows during different seasons and different years, based on previous 
analysis of the hydrologic record. 
 
 
4.2 RECOMMENDED ENVIRONMENTAL FLOW ALLOCATIONS FOR FIVE SITES  
 
This section provides the recommended environmental flows for each of the five sites, 
which came as a product of the experts’ flow assessment workshop in Dar es Salaam in 
December 2007. All numbers are m3/s, unless otherwise indicated. Data and information 
to justify these recommendations can be found in the appendices. Tables and graphs 
are presented for each site. 
 
Three things deserve to be highlighted here, as they directly relate to the way that rivers 
be managed. The first is that environmental flow recommendations differ between 
months of the year to mimic natural variations in flow. The second is that flow 
recommendations differ between dry, average, and wet years, to account for intra-
annual differences inherent to a river’s natural flow regime. The third is that 
instantaneous peaks or high flows of varying magnitude and timing are recommended 
for different time intervals, to recognize the importance of high flow events in ecological 
and geomorphologic processes. 
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Table 4.2.1 Recommended environmental flows for Kinyasungwe River at Kongwa 
KINYASUNGWE AT KONGWA

Recom. Available Recom. Inst Peak Recom. Available Recom. Inst Peak Recom. Available Recom. Inst Peak

Oct 0.0 0.0 0.0 0.0 0.0 0.1

Nov 0.0 0.0 0.0 0.1 0.0 0.7

Dec 0.0 0.0 1.1 2.3 6 (T=1 yr) 8.0 16.0 44 (T= 10 yrs)

Jan 0.0 0.0 1.1 3.8 6 (T=1 yr) 8.0 33.6 44 (T= 10 yrs)

Feb 0.0 0.0 1.1 2.6 8.0 16.4

Mar 0.0 0.0 1.1 1.5 8.0 11.8

Apr 0.0 0.0 1.1 1.8 8.0 13.8

May 0.0 0.0 0.4 0.4 1.9 1.9

Jun 0.0 0.0 0.0 0.0 0.0 0.0

Jul 0.0 0.0 0.0 0.0 0.0 0.0

Aug 0.0 0.0 0.0 0.0 0.0 0.0

Sep 0.0 0.0 0.0 0.0 0.0 0.0

Driest year Maintenance year Wettest year

 
 
Table 4.2.2 Recommended environmental flows for Mkondoa River at Kilosa 

MKONDOA AT KILOSA

Recom. Available Recom. Inst Peak Recom. Available Recom. Inst Peak Recom. Available Recom. Inst Peak

Oct 0.0 0.0 4.2 4.2 10.0 15.2

Nov 0.1 0.1 4.3 6.7 10.0 40.0

Dec 0.1 0.1 6.7 10.5 27.9 55.7

Jan 0.1 0.1 9.2 14.5 47.2 94.4

Feb 0.3 0.3 11.6 12.6 29.0 57.9

Mar 0.4 0.4 14.0 13.9 80.7 87.2

Apr 1.0 1.0 3.6 (T = 1 yr) 14.0 21.3 31 (T = 1.15) 80.7 91.9 166 (T = 15 yrs)

May 1.3 1.3 14.0 14.4 45.1 60.2

Jun 0.2 0.2 5.7 7.5 21.2 28.2

Jul 0.2 0.2 4.3 5.8 12.6 16.8

Aug 0.1 0.1 4.3 5.2 12.2 16.3

Sep 0.1 0.1 4.3 4.6 10.0 14.5

Driest year Maintenance year Wettest year
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Table 4.2.3 Recommended environmental flows for Wami River at Mtibwa 
WAMI AT MTIBWA

Recom. Available Recom. Inst Peak Recom. Available Recom. Inst Peak Recom. Available Recom. Inst Peak

Oct 2.0 2.1 10.0 15.0 46.0 41.3

Nov 2.0 2.1 10.0 19.7 46.0 71.7 67 (T = 1 yr)

Dec 2.8 2.0 24.2 48.3 51.3 247.9

Jan 3.5 3.5 31.4 62.8 56.5 250.2

Feb 3.2 3.2 24.6 49.2 61.8 287.9

Mar 3.0 3.0 27.5 54.9 67.0 283.7

Apr 5.0 27.6 18 (T = <1 yr) 67.0 120.7 67 (T = 1 yr) 67.0 524.4 67 (T = 1 yr)

May 5.0 26.3 67.0 108.2 67.0 298.4

Jun 5.0 16.6 26.3 52.5 56.5 229.9

Jul 4.1 10.2 13.2 26.3 51.3 71.1

Aug 3.1 6.1 10.0 23.0 46.0 64.5

Sep 2.0 4.7 10.0 18.8 46.0 52.4

Driest year Maintenance year Wettest year

 
 
Table 4.2.4 Recommended environmental flows for Wami River at Mandera 

WAMI AT MANDERA

Recom. Available Recom. Inst Peak Recom. Available Recom. Inst Peak Recom. Available Recom. Inst Peak

Oct 3.0 4.3 13.3 13.3 23.0 65.0

Nov 3.0 5.9 14.0 26.0 23.0 265.9

Dec 7.7 15.9 27.3 54.6 59.8 503.9

Jan 7.7 10.1 32.8 65.7 96.5 412.9

Feb 7.7 12.3 24.6 49.2 133.3 325.1

Mar 5.6 5.6 52.4 69.9 170.0 466.6

Apr 21.7 102.1 48 (T = <1 yr) 65.0 192.9 53 (T = <1 yr) 170.0 1240.5 220 (T = 1.5 yrs)

May 21.7 261.7 65.0 145.4 170.0 465.9

Jun 15.5 42.6 37.5 49.9 91.4 182.8

Jul 9.2 27.9 20.8 27.7 30.1 60.3

Aug 3.0 15.4 14.0 21.1 23.0 51.3

Sep 3.0 10.4 14.0 15.5 23.0 61.5

Driest year Maintenance year Wettest year
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Table 4.2.5 Recommended environmental flows for Wami River at Matipwili 
WAMI AT MATIPWILI

Recom. Available Recom. Inst Peak Recom. Available Recom. Inst Peak Recom. Available Recom. Inst Peak

Oct 4.6 4.6 6.6 13.9 37.0 68.3

Nov 5.5 6.2 6.6 27.3 37.0 279.1

Dec 8.3 16.7 14.7 57.3 86.5 529.1

Jan 5.3 10.6 22.8 69.0 136.0 433.5

Feb 6.4 12.9 30.9 51.6 185.5 341.4

Mar 5.9 5.9 39.0 73.4 235.0 490.0

Apr 21.2 107.2 37 (T = < 1 yr) 39.0 202.5 39 (T = < 1 yr) 235.0 1302.5 220 (T = 1.5 yrs)

May 21.2 274.8 39.0 152.7 235.0 489.2

Jun 16.0 44.7 28.2 52.4 169.0 192.0

Jul 10.7 29.3 17.4 29.1 103.0 63.3

Aug 5.5 16.2 6.6 22.2 37.0 53.9

Sep 5.5 11.0 6.6 16.3 37.0 64.6

Driest year Maintenance year Wettest year
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4.3 APPLICATIONS OF THIS INFORMATION 
 
The information generated as part of the Wami IEFA project is intended to provide 
decision-making support to the Wami-Ruvu Basin Water Office. The estimated 
environmental flow requirements for the five sites are designed to give the basin water 
office a better sense of how much water can be allocated for extractive water uses while 
still maintaining a desired level of environmental protection for rivers and related 
ecosystems. While there is some uncertainty in these estimates for environmental flow 
requirements, these numbers are the most quantitative values currently available and 
are based on the professional judgment of some of the most capable scientists in 
Tanzania for making these types of recommendations. Further, the estimated 
environmental flow requirements should be refined and this tool adapted as more is 
learned about the Wami River Sub-Basin. 
 
Expressing the environmental flow allocations visually allows further explanation of the 
concept and the amount of water available for other water users at each of the five sites, 
at different periods of the year, and during dry, average, and wet years. The graphs 
below of each of the sites show the relative amounts of water needed for environmental 
flow allocations (yellow), and then the amount of water that can be allocated for 
extractive uses (blue). It should be noted that Wami at Mandera study site was 
considered as the most sensitive sites by all the experts. 
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Figure 4.1.1 Kinyasungwe River at Kongwa in a) dry year, b) average year, and c) wet year. 

a) b) c) 
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Figure 4.1.2 Mkondoa River at Kilosa in a) dry year, b) average year, and c) wet year. 

c) a) b) 
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Figure 4.1.3 Wami River at Mtibwa in a) dry year, b) average year, and c) wet year. 

c) b) a) 



 68 

 

 
 
Figure 4.1.4 Wami River at Mandera in a) dry year, b) average year, and c) wet year. 

a) b) c) 
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Figure 4.1.5 Wami River at Matipwili in a) dry year, b) average year, and c) wet year. 
 
 
These graphs are tools that allow the WRBWO to quickly and visually calculate flows available for extractive water uses and how that 
amount varies across years and between years. They depict the importance of considering season in flow allocation; during dry 
periods all water is often needed for environmental flows. 

a) b) c) 
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CHAPTER 5: CONCLUSIONS, 
UNCERTAINTIES AND THE FUTURE 

OUTLOOK FOR THE WAMI RIVER SUB-BASIN 
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This project was an initial attempt to assess environmental flow requirements of the 
Wami River and its tributaries, in order to have improved information available for water 
resources management. The product described in this report and the increased capacity 
now within Tanzania for environmental flow assessment are testament to the 
resourcefulness of the members of the Wami IEFA team and their strong collaborative 
spirit. The value of this project is multifold. First, it has resulted in quantitative estimates 
of environmental flow needs and simple tools that can be used in decision-making about 
water allocations. Second, the capacity of the Wami-Ruvu Basin Water Office in 
assessing environmental flow needs has been increased over the course of the project. 
And third, the process undergone in the Wami River Sub-Basin IEFA project is one that 
can be replicated with relative ease by other basin water offices in Tanzania. It is the 
intention of the team that the process of information gathering and synthesis that has 
been started here will hopefully continue, and that the estimates of environmental flow 
requirements be refined as more is learned about the Wami River Sub-Basin. Thus, the 
Wami initiative should be viewed as a first step along the road toward more sustainable 
water management. 
 
5.1 LIMITATIONS OF THIS PROJECT AND DATA AVAILABILITY 
 
There were several limitations to this project that deserve recognition here, in particular 
those limitations of the project as a whole and data limitations. In terms of the project 
itself, the timeline from the start of the Wami initiative to the flow assessment workshop 
(eight months) was short, compared with other environmental flow assessments in East 
Africa (e.g., Mara, Pangani Basins) and elsewhere that last several years. With a budget 
of approximately US$45,000 for consultants’ fees, field activities, and workshop costs, 
the funding available for this project placed restrictions on the work that could be 
accomplished; environmental flow assessments typically cost a minimum of US$100,000 
and can be upwards of US$1,000,000. The fact that not one person was employed full 
time by the Wami project also presented a challenge; most of the Wami project team 
members already had a full list of responsibilities, yet made the necessary time 
adjustments to be able to contribute to the initiative. In essence, the project had to be 
opportunistic and wisely use the available resources (time, money, capacity) to the 
fullest extent available. The WRBWO contributed a substantial amount of resources to 
the project in terms of the time of its employees and its vehicles, with great benefit to the 
Wami IEFA project.  
 
Data limitations presented a considerable challenge to the Wami IEFA project, requiring 
experts to use their best professional judgment. Very few scientific studies have been 
completed in the Wami River Sub-Basin; there exists comparatively much more scientific 
information for other important basins in Tanzania, such as the Ruvu, Rufiji, and the 
Pangani River Basins.  
 
In terms of hydrology, an important concern is the quantity and quality of data available 
for rivers of the Wami Sub-Basin. Although there are 26 different gauging sites in the 
sub-basin, the datasets from these gauges vary in their period of record. A few gauge 
sites date back from the 1950s, but most flow records span only the period of the 1970s-
1980s. Very little discharge data are available from the mid 1980s through 2005 (Table 
5.1). In 2006 a noteworthy attempt was made by the Wami-Ruvu Basin Water Office to 
rehabilitate many of the gauging sites, and hydrologic data, at least water levels, are 
being collected from 12 sites as of late 2007 (Valimba 2007). However, the rating curves 
of most of these stations still need verification or revision in order to ensure accurate 
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estimation of discharge from observed water level measurements (Ndomba 2007). Data 
quality issues were therefore of concern for the Wami IEFA team, and it was necessary 
for the hydrologist and hydraulic engineer to assess the suitability of data from gauges 
and make modifications where necessary. 
 
The issue of sparse data for the Wami River Sub-Basin extends beyond just the 
hydrologic record; similar challenges confronted the other experts in the Wami IEFA 
team, in particular the aquatic ecologist. Much of the information available on species 
records for fishes and other aquatic biota, and their distribution in the Wami Sub-Basin is 
qualitative and anecdotal (Tamatamah 2007). Detailed life history studies have not been 
completed, nor have scientific studies specifically focused on the flow needs of aquatic 
biota in the Wami. Observations made by fishermen or others whose lives and 
livelihoods are tightly connected to river ecosystems often provide the most reliable 
source of information on aquatic biota. In terms of water quality, punctual data are 
available from selected sites and housed at the WRBWO; however, very little is known 
about how physicochemical conditions vary spatially and temporally in the sub-basin. 

 

Table 5.1. Status of streamflow gauges in the Wami River Sub-Basin. 

 

 

5.2 UNCERTAINTIES ABOUT ENVIRONMENTAL FLOW ESTIMATES FROM THE 
FIVE SITES 
 
The environmental flow estimates for the five sites in the Wami River Sub-Basin targeted 
by this project are based on new and existing information and the professional judgment 
of some of Tanzania’s leading scientists, and thus the best possible calculations 
presently available. However, it is important to acknowledge the scientific uncertainty 
inherent in all environmental flow estimates, as well as the uncertainties resulting from 
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data limitations. Identifying ways to reduce scientific uncertainty in environmental flow 
estimates is also part of the process. Therefore, as part of the flow assessment 
workshop in December 2007, each expert was asked to compile a list of all uncertainties 
and future data collection priorities. This information can be found in the appendices of 
this report.  
 
Each of the Wami IEFA experts addresses the issue of sparse data records relevant to 
discipline in their respective reports (see appendices), but in general they concur that 
this is a problem in need of a long-term solution. For example, hydrologic records need 
to be collected over several years from new sites; life history studies of aquatic biota 
require investments of time for detailed study as well. To that end, the Wami IEFA team 
has generated a list of research priorities for the Wami River Sub-Basin in general that 
will help in beginning fill critical information gaps (Table 5.2). As more is learned about 
the sub-basin, quantitative estimates of environmental flow needs can be refined if 
necessary.  
 

Table 5.2. Immediate research priorities for improving flow recommendations for the 
Wami River Sub-Basin, as of 2007. 
Task Responsible Timeline 

Repeat sampling at all five sites used in the Wami 
during the wet season, and compare recommended 
environmental flows to actual data from gauges this 
year 

WRBWO 
coordinates; 
IEFA team 

April-June 
2007 

Conduct detailed water quality sampling campaign 
across the Wami River Sub-Basin, starting with the 
five sites where environmental flow estimates were 
made 

WRBWO 
coordinates 

Feb 2007 – 
onwards 

Conduct a detailed evaluation of the freshwater 
needs of the estuary, including a study of saltwater 
intrusion, sediment delivery, flow seasonality, fish 
species, and riparian vegetation. 

Wami IEFA 
experts, with 
possible 
coordination by 
TANAPA  

Not yet defined 

Collect more detailed socio-economic information on 
human uses of water, including an assessment of 
the value of ecosystem services to basin residents 

Not yet defined Not yet defined 

Improve hydrometereological data (rainfall, 
streamflow) collection, with focus on revising rating 
curves for gauging sites 

WRBWO February 2007 
– onwards 

 

5.3 CONCLUSIONS  
 
At present, the Wami River Sub-Basin remains in a relatively intact state as it has not 
been extensively degraded by human activities. Nevertheless proactive measures are 
needed to prevent unnecessary impact to ecosystems and balance the needs of humans 
and nature for water; the Wami IEFA is a good example of this type of proactive 
measure. 
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The environmental flows recommended at different sites in the Wami River are generally 
intended to maintain suitable flows for the protection of key ecological functions and 
geomorphologic processes of the Wami River. From an environmental conservation 
perspective for the Wami River, one target is maintenance of suitable flows for protection 
of important resident fish species such as Synodontis wamiensis and Labeo victorianus. 
Synodontis wamiensis is endemic to the Wami River system and Labeo victorianus is 
listed as among the threatened and declining fish species in Tanzanian water bodies 
(Nhwani 1996). From a geomorphologic perspective, a goal of the recommended 
environmental flows is maintenance of flows and sediment delivery to the estuary. 
 
 
The Wami IEFA project was an activity of importance for the WRBWO because it 
resulted in the development of scientifically-sound, quantitative flow information against 
which to make water allocation decisions and because it served as a capacity building 
exercise for WRBWO staff. It is hoped that the lessons learned and information 
generated will be shared with stakeholders in the Wami River Sub-Basin, and that the 
project will serve as an example for other basin water offices in Tanzania.
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APPENDIX 1: RECOMMENDED ENVIRONMENTAL MANAGEMENT CATEGORIES FOR EFA STUDY SITES 
DATA SUMMARY FROM 19 December 2007 meeting 
 
 
LIST OF COMPONENTS ASSESSED & CONSIDERED: 
SITE 1 SITE 2 SITE 3 SITE 4 SITE 5 

Riparian vegetation 
 
 
 
 
Geomorphology / 
Hydraulic conditions 
Flow regime 
 
Perceived opinion of 
local villages 
 

Fish 
Invertebrates 
Riparian vegetation 
 
 
Geomorphology / 
Hydraulic conditions 
Flow regime 
 
Perceived opinion of 
local villages 
 

Fish 
Invertebrates 
Riparian vegetation 
 
 
Geomorphology / 
Hydraulic conditions 
Flow regime 
 
Perceived opinion of 
local villages 

Fish 
Invertebrates 
Riparian vegetation 
 
 
Geomorphology / 
Hydraulic conditions 
Flow regime 
 
Perceived opinion of 
local villages 

Fish 
Invertebrates 
Riparian vegetation 
Downstream systems 
 
Geomorphology / 
Hydraulic conditions 
Flow regime 
 
Perceived opinion of 
local villages 
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SITE 1: Kinyasungwe River at Kongwa (1GD16) 
Component Present State 

(A-F) 
Trajectory Importance or 

sensitivity 
Recommended 
EMC (A-D) 

Comments 

Hydrology C + Medium C River is seasonal with no flow between 
June and mid Nov; significant flow 
modifications because of upstream 
abstractions 

Fish      
Invertebrates      
Riparian veg F -  D Riparian vegetation has been critically 

modified; damage may be irreversible; no 
sensitive species 

Geomorphology / 
Hydraulics 

B 0 High B Channel eroding, bed moderately 
aggrading; banks are clayey and sensitive 
to collapse 

Local perceptions C/D - Low societal 
importance; 
High sensitivity 
to change 

B/C Water availability is inadequate. Total 
reliance on dam for water in dry season; 
possible water quality problems 

OVERALL C/D - Medium C  
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SITE 2: Mkondoa River at Kilosa (1GD2) 

Component Present State 
(A-F) 

Trajectory Importance or 
sensitivity 

Recommended 
EMC (A-D) 

Comments 

Hydrology C - High B/C River still perennial; some water 
abstractions in tributaries; site is a main 
inflow for Tendigo swamps 

Fish C - Medium B Only 2 species of fish caught; higher values 
of species in previous years. Want to 
maintain existing ecosystems and species 
found. 

Invertebrates B ? Medium B Median species diversity but no very 
sensitive species caught; some moderately 
tolerant species 

Riparian veg C + High C Restoration is possible, despite some 
modifications. Flow dependent species 
present 

Geomorphology / 
Hydraulics 

B 0 Low B High energy system; unmodified, intact 
banks.  System in equilibrium. 

Local perceptions B 0 High B Abundant water year round.  Water used 
for irrigation; People worried about flooding; 
fish from reservoir 

OVERALL B/C -/0 Medium/high B  
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SITE 3: Wami River downstream of Mtibwa (no gauge) 

Component Present State 
(A-F) 

Trajectory Importance or 
sensitivity 

Recommended 
EMC (A-D) 

Comments 

Hydrology C - High B/C Some water abstractions for agriculture and 
community water supply; increasing 
abstractions are likely; site is within the 
swamps 

Fish B - medium B Suspected poor water quality and water 
abstraction. 6 species caught. 

Invertebrates B - medium B None of sensitive species caught here; 
some species moderately tolerant. 
Expansion of sugar farm’s irrigation will 
change habitat quality and quantity. 

Riparian veg C + High C Loss of natural vegetation in the flood plan 
due to sugar and rice farming. 5 sensitive 
species found. 

Geomorphology / 
Hydraulics 

B 0 Medium B Low energy system; largely natural with few 
modifications from garbion built upstream. 
Some sensitivity because change of flow 
would affect deposition patterns 

Local perceptions B 0 High B People have problem with flooding; 
perception of poor water quality from sugar 
plantation; perceptions of trajectory are 
mixed. 

OVERALL B/C - Medium/high B  
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SITE 4: Wami River at Mandera (1G2) 

Component Present State 
(A-F) 

Trajectory Importance or 
sensitivity 

Recommended 
EMC (A-D) 

Comments 

Hydrology C - High C Water abstractions are likely to increase; 
Downstream water requirements of 
Saadani NP, estuary and villages are 
important consideration 

Fish A 0 High A Only site with all habitats represented, 10 
species caught. Only site with riffle habitat. 
Only site with endangered species caught. 

Invertebrates A 0 High A Most sensitive species found here and goal 
should be to sustain them. 

Riparian veg B + High B Vegetation is largely intact; many sensitive 
species. 

Geomorphology / 
Hydraulics 

A 0 High A Naturally complex site, unmodified.  Site is 
a pronounced hydraulic control and 
sensitive to low flows 

Local perceptions B - High A/B Water from Chalinze. Dependence on river 
for fishing but perceived decrease in fish 
abundance; perceived decrease in flows in 
dry season, linked to Mtibwa and Dakawa 

OVERALL B -/0 High B  
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SITE 5: Wami River at Matipwili (new gauge) 

Component Present State 
(A-F) 

Trajectory Importance or 
sensitivity 

Recommended 
EMC (A-D) 

Comments 

Hydrology C - High C Water abstractions are likely to increase; 
Downstream water requirements of 
Saadani NP, estuary and villages are 
important. 

Fish B - High B Some disturbances from human activities. 
Uniform river habitat. High importance 
because close to estuary and near Saadani 
park. 

Invertebrates C - medium C/B No sensitive species caught here. Very few 
moderately tolerant species; it’s possible 
that water quality has deteriorated. 

Riparian veg F - medium D Vegetation has been cleared for cultivation 
and banks are eroding.  There are a few 
sensitive species. 

Geomorphology 
/ Hydraulics 

B - Low B Medium energy site; slightly modified due 
to floodplain cultivation. Natural state 
restored by preventing cultivation in 
floodplain. 

Local 
perceptions 

B/C - High B Water availability is OK, siltation has 
increased, fish abundance decreased; High 
societal dependence on river for fish. 

Downstream 
systems 

B 0/- High B Wami flows through Saadani National Park 
downstream; Wami estuary is of high 
ecological and socioeconomic importance 
that’s linked to freshwater inflows. 

OVERALL C - Medium/high B  
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SUMMARY OF RECOMMENDED ENVIRONMENTAL MANAGEMENT CATEGORIES (EMC): 
 
Wami IEFA study sites Present 

environmental 
state 

Trajectory 
of change 

Sensitivity 
and 

importance 

Recommended 
EMC 

Recommended 
Actions  

SITE 1: Kinyasungwe River at 
Kongwa (1GD16) 
 

C/D - Medium C Maintain 

SITE 2: Mkondoa River at Kilosa 
(1GD2) 
 

B/C -/0 Medium / 
high 

B Maintain/Restore 

SITE 3: Wami River downstream of 
Mtibwa (no gauge) 
 

B/C - Medium / 
high 

B Maintain/Restore 

SITE 4: Wami River at Mandera 
(1G2) 
 

B -/0 High B Maintain 

SITE 5: Wami River at Matipwili (new 
gauge) 
 

C - Medium / 
high 

B Restore 

 
 
B = Management initiatives should maintain or restore system to be largely natural with few modifications.  A small change in 
natural habitats and biota may have already taken place, or may take place in the future, but most or all ecosystem functions should 
be essentially unchanged. 
 
C= Management initiatives should maintain or restore system to be moderately modified. A loss and change of natural habitat 
and biota may have already taken place, or may be permitted to occur in the future. Basic ecosystem functions should be 
predominantly unchanged. 
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APPENDIX 2: DATA UNCERTAINTIES AND RESEARCH PRIORITIES FOR FIVE STUDY SITES IN THE WAMI RIVER SUB-
BASIN (SUMMARY FROM DECEMBER 2007 MEETING) 
 
Wami River Initial EFA—Data uncertainties and research priorities 
SITE 1: Kinyasungwe at Kongwa 
 
Component Uncertainty or data limitation 

Hydraulics • River was dry during sampling. 
• Bankfull discharge was estimated based on existing water level staff gauges and discharge was used 

for calibration. 
Geomorphology • What are local management strategies to control bank erosion? 

• The effects of reduced flows on bank stability 
• Sedimentation controls and deposition on river bed. 

Fish • No fish sampling 
Invertebrates • No invertebrate sampling 
Riparian vegetation • Data from upstream areas are missing since large amounts of water are trapped or abstracted by 

dams and hence modification of the area; need to have the data be inclusive of these areas. 
• The area presently appears to have no truly representative riparian species, except Ficus, only due 

to presence of groundwater.   
• Banks may be vulnerable to erosion in the wet season. 

 
Component Data collection and research priorities 

Hydraulics • Need better estimates of flow and water levels during low, medium, and high flows 
Geomorphology • Measurement of flows and water levels during the wet season. 

• Sediment delivery downstream. 
Fish • Conduct sampling of fish 
Invertebrates • Conduct sampling of invertebrates 
Riparian vegetation • Need studies of riparian ecology around the dams and upstream. 

• Studies of the possible efficiency of the dam according to its purpose. 
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Wami River Initial EFA—Data uncertainties and research priorities 
SITE 2: Mkondoa at Kilosa 
Component Uncertainty or data limitation 
Hydraulics • Hydraulic controls not pronounced, so sandbar was used in modeling. 

• The effect of bridges downstream as hydraulic controls has not been simulated. 
• Only one discharge at low flow conditions was used for calibration of hydraulic model. 

Geomorphology • Flow measurement during the wet season 
• Rate of sedimentation is unknown. 
• Controls on human development; lots of rain-fed agriculture upstream 

Fish • No reference fish list with which to guide more species-specific flow recommendations 
• Very few species (only 2) caught during field survey 
• No water quality data to relate to fish physicochemical requirements in recommending flow. 

Invertebrates  
Riparian vegetation • Data was sufficient enough to represent co-existing communities in the riparian ecosystem.  

• Most sensitive species were highly represented (P. mauritania, Typha capensis, A. filiculoides, M. 
pigra, P. purpureum) 

• The type of disturbance was due to banana farming and sugarcane. 
• It can be anticipated that the tradition of the people around the area is in accordance with 

management of riparian vegetation. 
 
Component Data collection and research priorities 
Hydraulics • Low, medium and high flow discharges should be sampled to mimic seasonality. 
Geomorphology • Study the rate of sedimentation. 

• Sediment delivery downstream. 
• Sediment characteristics during peak flows and impact of peak flows on river channel. 

Fish • Water quality data needs to be collected 
• Fish sampling in the wet season to capture those which were missed in the dry season. 

Invertebrates  
Riparian vegetation • Upstream and downstream information is still necessary for comparison purpose and to assess the 

possible maximum and minimum level of disturbance. 
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Wami River Initial EFA—Data uncertainties and research priorities 
SITE 3: Wami River downstream of Mtibwa 
 
Component Uncertainty or data limitation 

Hydraulics • Hydraulic controls were not pronounced. 
• Only one discharge was used for calibrating the hydraulic model. 

Geomorphology • The effects of floods are unknown. 
• Need more data on water quality. 
• The effects of water abstractions upstream are unknown. 

Fish • No reference fish list 
• Not all species expected to be caught were collected. 
• No water quality data to go alongside fish data in recommending flows 

Invertebrates  
Riparian vegetation • More data needs to be collected and more sampling zones established since this area was highly 

disturbed, and it was not easy to estimate clearly the level of disturbance of the riparian vegetation. 
 
Component Data collection and research priorities 

Hydraulics • Low, medium and high flows should be sampled to capture seasonality 
Geomorphology • Quantify the amount of water abstraction upstream. 

• Measure sediment load and flows during the wet season. 
Fish • Collect water quality data 

• Sample fish during wet season to capture those which were missed out in dry season. 
Invertebrates  
Riparian vegetation • Study species for regeneration of the riparian area. 
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Wami River Initial EFA—Data uncertainties and research priorities 
SITE 4: Wami River at Mandera 
 
Component Uncertainty or data limitation 

Hydraulics • Hydraulically complex reach (non-uniform/non-prismatic), and ideally these reaches require more 
data than simple sites. However, hydraulic controls are well-pronounced. 

• The river is braided. 
Geomorphology • The impacts of extreme events on the morphologic units found on site are unknown. 
Fish • No comprehensive reference fish list for the site to use in site-specific flow recommendations 

• Not all species that were expected to be caught at the site were collected. 
• Water quality data was not used alongside the fish data in recommending flow. 

Invertebrates  
Riparian vegetation • Data is sufficient for the assessment. 
  
 
Component Data collection and research priorities 
Hydraulics • Medium and high flows should be sampled to capture seasonality in conditions. 
Geomorphology • Measurement of flows and collection of related data during the wet season. 
Fish • Collect water quality data and translate information that is available. 

• Collect fish in the rainy season 
Invertebrates  
Riparian vegetation • None. 
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Wami River Initial EFA—Data uncertainties and research priorities 
SITE 5: Wami River at Matipwili 
 
Component Uncertainty or data limitation 

Hydraulics • Hydraulic controls are not pronounced. 
• Only one flow discharge during low flow season was used for calibrating the hydraulic model. 

Geomorphology • How human development is or can be controlled 
• Degree of meandering and avulsion (?). 

Fish / General Ecology • No comprehensive fish reference list is available for the site that is necessary to make site-specific 
flow requirements. 

• Not all species expected to be caught were collected during field survey. 
• No water quality data for use alongside fish in recommending flow were available. 
• No data on the extent of salt water intrusion. 

Invertebrates  
Riparian vegetation • Upstream and downstream information is important since it will help to cover correctly in the 

catchment and the estuary. 
• The transition zone of the riparian to mangrove communities was not assessed, nor was the 

mangrove community that was part of the estuary. 
• The effect of salt water intrusion to the riparian vegetation needs to be assessed. 

 
Component Data collection and research priorities 

Hydraulics • Low, medium and high flow discharges should be sampled to assess natural variability. 
Geomorphology • Flow and sediment characteristics need to be measured during the wet season. 
Fish/ General Ecology • Collect water quality data 

• Collect more fish in the rainy season 
• Collect data on water requirements of wildlife (animals) at SANAPA. 
• Species inventory of coastal resources (prawns and mangroves) in the estuary. 
• Study on landward extent of sea water intrusion in different seasons. 

Invertebrates  
Riparian vegetation • Effects of salt water intrusion on riparian vegetation below Matipwili 

• Assessment of the mangrove community is important  
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Wami River Initial EFA—Data uncertainties and research priorities 
Socio-Economic Information, general for all five sites 
 
Component Uncertainty or data limitation 

Socio-economic 
information and 
human uses 

• Some social benefits of river resources are unquantifiable (e.g., uses of water for worshipping and 
cultural activities) 

• Water requirements for livestock in the basin are difficult to establish in terms of actual figures 
because of migrating pastoralists 

• Water quality and sanitation issues are not considered when using water directly in the river 
• Human activities (tree cutting, illegal fishing, etc) at a higher increase because of poverty 
• Quality of census data on population and unknown current population size (last census in 2002) 

 
Component Data collection and research priorities 

Socio-economic 
information and 
human uses 

• Need to build a spatial GIS data base with population layer in Wami Sub-Basin 
• Livestock population data (spatially distributed in the basin) 
• Livestock water consumption requirements 
• Level of water abstraction (unlicensed/illegal) for irrigation and gardening around the sub-basin 
• Water consumption for use in schools, health centers, churches and mosques 
• Water needs for house construction and other building purposes (clay and stick construction) 
• Water quality study in all sites to determine the level of pollutants and possible threats to human 

health 
• Detailed study on industrial use of water resources (agro-industry, large scale agriculture), and costs 

of curtailing water extraction (economic impacts of reducing water use). 
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APPENDIX 3: FLOW ASSESSMENT FORMS FROM DECEMBER 2007 WORKSHOP 
 
This Appendix of the Wami IEFA report contains the flow assessment forms completed 
by the experts (geomorphologist, hydraulic engineer, aquatic ecologist, riparian 
specialist) for each of the five study sites. The forms are organized in order of site 
(Kinyasungwe, Mkondoa, Mtibwa, Mandera, Matipwili). There are three pages for each 
site for each expert or component for which environmental flow needs were estimated. 
Experts were asked to evaluate hydraulic parameters (e.g., water depth, velocity) 
needed for maintenance of ecosystems and riverine processes during both wet and dry 
seasons in a dry year, an average year and a wet year. These recommended 
parameters were then linked to their corresponding flows based on data gathered and 
analyzed by the hydraulic engineer. The hydrologist reviewed the historical hydrologic 
record to determine if and when recommended flows were available. 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Kinyasungwe at Kongwa 
 
 
NAME OF SPECIALIST(S): 
Mwanukuzi and Ndomba 
 
 
COMPONENT: 
Geomorphology and Hydraulics 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 0 0 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 94.553 1.0 m3/s  
     
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Maintain natural condition
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 94.553 1.0 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 95.823 6.0 m3/s  
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Prevent collapse of banks
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 97.699 28.0 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 98.73 44.0 m3/s  
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
To prevent lateral scouring and undermining structures 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Kinyasungwe at Kongwa   
 
 
NAME OF SPECIALIST(S): 
C. Mligo 
 
 
COMPONENT: 
Riparian Vegetation 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  none NA  
Velocity     
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  -   
Velocity  -   
Wetted 
perimeter 

  -  

Water level     
     
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
No riparian vegetation
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

  -  

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

  -  

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
No riparian vegetation
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

  -  

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

  -  

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
None of the riparian species were represented 



 97 

 
Wami River Sub-Basin Initial Environmental Flow Assessment 

FLOW ASSESSMENT FORMS 
 
WAMI EF SITE:  
Mkondoa at Kilosa 
 
 
NAME OF SPECIALIST(S): 
Mwanukuzi and Ndomba 
 
 
COMPONENT: 
Geomorphology and Hydraulics 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 

Parameter 
Important 
(y/n) Estimate 

Corresponding flow 
(provided by Ndomba) 

Possible at site? 
If yes, month? 

Depth     
Velocity y 0.661 6 m3/s  
Wetted 
perimeter y 38.8  6 m3/s  
Water level     
     
 
WET SEASON 

Parameter 
Important 
(y/n) Estimate 

Corresponding flow 
(provided by Ndomba) 

Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter y 163.62  170 m3/s  
Water level y 99.951  170 m3/s  
     
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
• Velocity for transportation of sediments 
• Maintenance of the bank through supporting reed growth
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 

 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.800 10 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

173.53 100.776 600 m3/s  

Water level 2.290 100.776 600 m3/s  
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Maintain survival of reeds that in turn maintain channel stability
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.927 15 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

y 197.61 925 m3/s  

Water level y 101.312 925 m3/s  
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Mkondoa at Kilosa 
 
 
NAME OF SPECIALIST(S): 
C. Mligo 
 
 
COMPONENT: 
Riparian Vegetation 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth y 30 cm 30.3 cm  
Velocity   0.78 m/s              = 10.0 m3/s  
Wetted 
perimeter 

 18.75 m 40.01 m  

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth y 100 cm 100.2 cm             = 170 m3/s  
Velocity     
Wetted 
perimeter 

    

Water level  100 cm   
  99.951   
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: These conditions are minimum flow requirements of which the Azolla filiculoides 
can survive, reproduce and turn over from herbivores. 
Wet: A condition maximum possible for luxuriant growth of Azolla as well as the riparian 
community (Phragmites, Polygonum and Typha capensis)
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  100 cm 290.0  
Velocity     
Wetted 
perimeter 

                                = 43 m3/s  

Water level     
  99.352   
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  160 cm   
Velocity     
Wetted 
perimeter 

                            = 725.0 m3/s  

Water level     
  99.352   
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Wet: These are the minimum depths where plant species including the most sensitive 
species perform well. 
Dry: 100 cm is the minimum depth at which all plants in the riverbank can get enough 
water to survive.
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  160 cm 725.0  
Velocity     
Wetted 
perimeter 

    

Water level  98.67   
  99.352 43 m3/s  
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  > 160 cm 170 m3/s  
Velocity     
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: These are conditions in which most of the plant species in the riverbank will get 
optimum flow requirements for survival. 
Wet: These are conditions in which plants of the floodplain get the possible requirements 
from the floods. 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Mkondoa at Kilosa 
 
NAME OF SPECIALIST(S): 
Tamatamah 
 
COMPONENT: 
Macro-invertebrates 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.3 0.75  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.935 2.0  
Wetted 
perimeter 

    

Water level     
     
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Moderately pollution tolerant species which are the most numerous at this site 
require only adequate flow levels (well below those required by sensitive species). Many 
of these will become eliminated when the water becomes stagnant. At 0.75 m3/s there 
will be some water to ensure survival. 
Wet: Inundate more areas of the channel to provide more habitats and feeding areas for 
Trichoptera such as Hydropsychidae. Approx. 2 m3/s. 
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.43 2.0  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.8 10.0  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: In a maintenance year there would be strong motivation to satisfy all the conditions 
for higher diversity of the indicator species, eg. Hydropsychid (moderately tolerant). 
Once the conditions provde for these, there is high possibility of higher diversity and 
hence greater biomass for highly tolerant species. This will enhance ecological integrity 
of the site. Approx. 2 m3/s. 
Wet: Floods would be important for introducing drift from upstream and other refugia. 
Migration would help introduce other taxa and balance the community in terms of 
taxonomic representation. Much more marginal vegetation is submerged, acting as 
further variability for macro-invertebrates. Flushing of organic matter also ensures 
improvement of water quality. Approx. 10 m3/s. 
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.8 10.0  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 1.02 20.0  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Small spates of flooding will help freshen the water and offer additional habitats for 
macro-invertebrates, especially considering the preceding low water levels. This will 
prepare the drought species for the wet season floods and ensure availability of 
phytoplankton for Hydrosychidae. Approx. 10 m3/s 
Wet: Occasional much larger floods would result in scouring, removing a great deal of 
macro-invertebrates since most biotypes would be flushed away—the gravel, sand and 
mud. This will result in initial reduction of densities but will increase significantly 
afterwards. This will promote community diversity rejuvenation during recolonization. 
Approx. 20 m3/s. 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Mkondoa at Kilosa 
 
NAME OF SPECIALIST(S): 
Tamatamah 
 
COMPONENT: 
Fish 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.33 1.0  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.435 2.0  
Wetted 
perimeter 

    

Water level     
     
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: The primary motivation for minimal dry season flow would be to inundate enough 
are of the channel to ensure survival of Barbus caught at this site. Barbus sp. have low 
requirements of fast flowing water. Approx. 1 m3/s. 
Wet: Inundate large part of the main channel to provide variety of habitats for resident 
fish species. Approx. 2.0 m3/s. 
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.39 1.5  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.6 5.0  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Inundate enough of the main channel to provide more habitats for fish beyond those 
habitats available during low flow of drought year. Approx. 1.5 m3/s . 
Wet: Provide enough flow beyond dry season maintenance to trigger spawning in fish 
requiring flow cues to start spawning. Approx. 5 m3/s .
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.8 10.0  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 1.4 165  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Few floods in the dry season will inundate more habitats for fish and provide near-
optimal growth for fish. Also help to improve water quality by flushing out organic matter 
deposition on banks and in small pools. Approx. 10 m3/s. 
Wet: Overtop banks and provide access to floodplain by floodplain farmers. Inundate 
higher portions of banks and wash out nutrients accumulated on banks and floodplain 
over the dry season. Approx. 165 m3/s. 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Wami at Mtibwa 
 
 
NAME OF SPECIALIST(S): 
Mwanukuzi and Ndomba 
 
 
COMPONENT: 
Geomorphology and Hydraulics 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity  0.351 

m/s 
  

Wetted 
perimeter 

    

Water level  97.24 5.0 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 98.35 18 m3/s  
     
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Reduce deposition in the bed.



 110 

Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 99.902 53 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 100.352 67 m3/s  
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Maintain channel stability
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 100.352 67 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 101.45 > 75 m3/s (the model did not 
go high enough) 

 

     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Maintain channel stability. 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Wami at Mtibwa 
 
 
NAME OF SPECIALIST(S): 
C. Mligo 
 
 
COMPONENT: 
Riparian Vegetation 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth y 100 cm   
Velocity  0.257 

m/s 
  

Wetted 
perimeter 

    

Water level  97.24 2 m3/s  
  96.73   
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  320 cm    
Velocity  > 0.367 

m/s 
  

Wetted 
perimeter 

 >83.11 
m 

  

Water level     
  96.97 2.750 m3/s  
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: These are the conditions in which the most representative species (Ceratophyllum 
demersum) can survive. However can go beyond these ranges up to 3.2 m or so.  
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth y 100   
Velocity  0.257   
Wetted 
perimeter 

 38.34                      = 10.0 m3/s  

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  320   
Velocity  > 0.367   
Wetted 
perimeter 

 > 83.11                      = 75.0 m3/s  

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
The conditions within the area can be maintained to that level since all the plant species 
present in the riparian zone can get optimum conditions. 
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  160 cm 160.2 cm  
Velocity  0.311 

m/s 
0.352 m/s             = 21.0 
m3/s 

 

Wetted 
perimeter 

 42.82 m   69.93 m                 

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  > 320 cm  252.6 cm   
Velocity  > 0.367 

m/s 
0.367 m/s             = 75.0 
m3/s 

 

Wetted 
perimeter 

 83.11 m 83.11 m  

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
The conditions can be maintained to that range in both the wet and the dry season. 
Vegetation is not likely to be destroyed with floods since it is woody. Ceratophyllum 
remain attached on the debris and sediments. They can not be affected by flooding 
regime. 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Wami at Mtibwa 
 
 
NAME OF SPECIALIST(S): 
Tamatamah 
 
 
COMPONENT: 
Macro-invertebrates 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.20 1.5 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.235 4.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: No very sensitive species (only low-flow requiring species). Inundate few areas of 
the channel to eliminate stagnant water and maintain flow that will ensure survival of 
macro-invertebrates. Approx. 1.5 m3/s. 
Wet: Inundate more area of the channel to flush out stagnant pools and provide more 
habitats for invertebrates. Approx. 4.0 m3/s.
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.226 3.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.261 11.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Inundate more areas of the channel beyond those provided under low flows in 
drought year to ensure more habitats for macro-invertebrates. Approx. 3 m3/s. 
Wet: To introduce drift from upstream and other macro-invertebrate refugia to bring in 
new taxa and increase species diversity. Inundate marginal vegetation to increase more 
habitats for macro-invertebrates. Flushing of organic matter to improve water quality. 
Approx. 11 m3/s. 
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.261 11.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.362 67.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Small spate floods to help freshen the water and offer more habitats for macro-
invertebrates and help boost phytoplankton, which constitutes important food for macro-
invertebrates. Approx. 11 m3/s. 
Wet: Occasional large floods are necessary— 
• Help in species succession (flushing away existing macro-invertebrates) 
• Overtop banks and introduce into the main channel nutrients that have accumulated 

in the floodplain during the dry season.  
Approx. 67 m3/s. 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Wami at Mtibwa 
 
 
NAME OF SPECIALIST(S): 
Tamatamah 
 
 
COMPONENT: 
Fish 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.20 1.5  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.238 5.0  
Wetted 
perimeter 

    

Water level     
     
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Inundate enough area of the river channel to ensure survival of fish existing in this 
reach. We do not have very sensitive fish requiring fast-flowing water (eg. Labeo, 
Synodontis, Bagrus, etc.). Approx. 1.5 m3/s. 
Wet: Inundate large part of the main channel to provide a variety of habitats (feeding, 
recreation, breeding, etc.) for resident fish. Approx. 5 m3/s.
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.23 4.0  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.257 10.0  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Inundate enough area of the main channel and provide more habitats beyond those 
provided during the dry season low flow in drought year. Approx. 4 m3/s will be 
necessary for this. 
Wet: Provide enough flow beyond the dry season maintenance to act as a flow cue for 
Labeo and Barbus to begin spawning migration and maturation of gonads. Approx. 10.0 
m3/s will be necessary.
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.257 10.0  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.362 67.0  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Few small floods in the dry season of a flood year are necessary to inundate areas 
of the channel above that attained during the dry season of the maintenance year to 
provide additional habitats for near optimal growth rate of fish species as well as 
breeding for repeated spawner which can breed even in the dry season. Floods will also 
help flush out organic matter deposited on lower banks and pools that would otherwise 
impact the water quality. Approx. 10 m3/s. 
Wet: Necessary to overtop the banks and provide access into the floodplain by 
floodplain spawners such as Tilapia, Oreochromis, Clarias caught at this section of the 
river reach. Approx. 67 m3/s will be needed.  
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Wami at Mandera 
 
 
NAME OF SPECIALIST(S): 
Mwanukuzi and Ndomba 
 
 
COMPONENT: 
Geomorphology and Hydraulics 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 99.163 35 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 99.711 48  
     
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Hydraulic control
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 99.683 47 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 99.87 53 m3/s  
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Hydraulic control.
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 99.87 53 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 100.48 71 m3/s  
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Hydraulic control 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Wami at Mandera 
 
 
NAME OF SPECIALIST(S): 
C. Mligo 
 
 
COMPONENT: 
Riparian Vegetation 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth y > 30 cm    
Velocity     
Wetted 
perimeter 

    

Water level  96.106 0.5 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth y 100 cm 23.0 m3/s  
Velocity     
Wetted 
perimeter 

    

Water level     
     
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Wet: The set in conditions are optimum when there are not enough seasonal rains. This 
will make many of the species in the riparian area survive. 
Dry: These are minimum conditions when the flow is low. The velocity needs to be lower 
than at 30 cm depth.
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth y 100   
Velocity     
Wetted 
perimeter 

    

Water level  97.286 6.17 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  160 65.0  
Velocity     
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
The conditions are optimum in such a way that most of the representative riparian plant 
species will survive as most of the sensitive species’ flow conditions are at this range 
and lower than these.
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  100 cm   
Velocity     
Wetted 
perimeter 

    

Water level  98.473 23.0 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  >160.0 
cm 

  

Velocity  >0.314 
m/s 

                           = 65.0 m3/s  

Wetted 
perimeter 

 134.38 m   

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
These conditions need to be to that maximum but should not go beyond 3 - 3.2 m. 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Wami at Mandera 
 
 
NAME OF SPECIALIST(S): 
Tamatamah 
Note: Requested Q values are maximum values! 
 
COMPONENT: 
Macro-invertebrates 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.33 3.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.4 5.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: The site with all very sensitive species. Some sensitive species such as Plecoptera- 
Perlidae live in sheltered rock faces of the riffles where they are protected from strong 
current. Generally they require fast flowing water. Hence, need to provide enough flow to 
inundate the riffles for survival of these macro-invertebrates. Approx. 3 m3/s. 
Wet: Inundate more areas of the riffles to provide more habitat for macro-invertebrates. 
Approx. 5 m3/s .
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.387 4.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.65 10 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Inundate more areas of the main channel. Approx. 4 m3/s 
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.65 10 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.599 170 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Wami at Mandera 
 
 
NAME OF SPECIALIST(S): 
Tamatamah 
Note: All requested Q values below 16.0 m3/s are maximum values! 
 
COMPONENT: 
Fish 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.33 3.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.6 10.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Inundate enough area of the riffles to ensure survival of the flow-sensitive species 
caught here (i.e. Chiloglanis sp.) which need minimum flow of 0.4 m3/s . Approx. 3 m3/s 
for this site. 
Wet: Inundate more area of the main channel (especially riffles) to provide a variety of 
habitats for resident fish species. Approx. 10 m3/s.
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.5 7.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.35 20.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Inundate enough area of the main channel and provide more habitats beyond those 
provided during dry season low flow in a drought year. Approx. 7 m3/s. 
Wet: Provide enough flow beyond the dry season maintenance to provide flow clues for 
Labeo and Barbus to begin spawning migration and maturation of gonads. Approx. 19-
20 m3/s.
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.35 20.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.55 100.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Few small floods in a dry season of the flood year are necessary to inundate areas 
of the channel above that of the dry season maintenance year to provide additional 
habitats for near optimal growth rate of fish species as well as breeding for repeated 
spawners which can even breed in the dry season. Approx. 19 m3/s. 
Wet: To overtop banks and provide access to the floodplain by floodplain spawners. 
Inundate higher portions of the banks and wash out nutrients that have accumulated in 
banks and floodplains. Nutrients such as P and N control productivity of aquatic 
systems. Approx. 100 m3/s for this site.  
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Wami at Matipwili 
 
 
NAME OF SPECIALIST(S): 
Mwanukuzi and Ndomba 
 
 
COMPONENT: 
Geomorphology and Hydraulics 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 95.05 5.5 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 95.807 35 m3/s  
     
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Maintain channel stability. 
Maintain morphological units.
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 95.807 35 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 97.456 185 m3/s  
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why):
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 97.456 185 m3/s  
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity     
Wetted 
perimeter 

    

Water level y 98.708 220 m3/s  
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Wami at Mitipwili 
 
 
NAME OF SPECIALIST(S): 
C. Mligo 
 
 
COMPONENT: 
Riparian Vegetation 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth y 30 cm   
Velocity     
Wetted 
perimeter 

                              = 4.0 m3/s  

Water level  94.657   
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth y 100 cm 37.0 m3/s  
Velocity     
Wetted 
perimeter 

    

Water level     
     
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: The necessary conditions for the survival of Azolla nilotica needs a depth of no less 
than 30 cm and at minimum velocity. 
Wet: The conditions which can favor more riparian vegetation such as Phragmites and 
Ficus species. 
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  100 cm  37.0 m3/s  
Velocity     
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth  160   
Velocity     
Wetted 
perimeter 

                       = 82.0 m3/s  

Water level  95.107   
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: 100 cm depth with the estimated velocity are favorable/optimum conditions for most 
of the sensitive species to perform. 
Wet: 160 and the estimated velocity are favorable conditions to maximize performance 
of the sensitive species.
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth y 100 cm   
Velocity     
Wetted 
perimeter 

                            = 37.0 m3/s  

Water level  97.813   
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth y > 160 cm 82.0 m3/s  
Velocity  > 0.314   
Wetted 
perimeter 

 > 134.38   

Water level  97.83   
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Regardless of high flow or flood the conditions should be at that minimum. 
Wet: The conditions need to be greater than the estimates; however, should not exceed 
3.2 m because that will destroy the species sensitive to flow and displace the habitat. 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Wami at Matipwili 
 
 
NAME OF SPECIALIST(S): 
Tamatamah 
 
 
COMPONENT: 
Macro-invertebrates 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.226 1.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.323 3.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: No very sensitive species here. Provide just enough flow to inundate enough area 
of the channel to ensure survival of these less sensitive macro-invertebrates. Approx. 1 
m3/s. 
Wet: Inundate more area of the channel to flush out stagnant pools and increase 
habitats for macro-invertebrates. Approx. 3 m3/s.
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.306 2.5 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.46 10.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Inundate more habitats than in the low flow drought year to provide more habitat 
and flush out stagnant pools. Approx. 2.5 m3/s. 
Wet: Introduce drift of other macro-invertebrates stranded in refugia upstream that will 
help increase species diversity. Inundate marginal vegetation to increase more habitats. 
Flush organic matter to improve water quality. Approx. 10 m3/s.
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Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.46 10.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 1.3 235.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Small spate floods to help freshen the water after the dry season and offer more 
habitats. Help freshen phytoplankton growth which constitutes important food for macro-
invertebrates. Approx. 10 m3/s. 
Wet: Occasional large floods are necessary: 
To help in species succession by flushing out old macro-invertebrate population 
Overtop banks and bring in more nutrients from floodplain. Approx. 235 m3/s. 
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Wami River Sub-Basin Initial Environmental Flow Assessment 
FLOW ASSESSMENT FORMS 

 
WAMI EF SITE:  
Wami at Matipwili 
 
 
NAME OF SPECIALIST(S): 
Tamatamah 
 
 
COMPONENT: 
Fish 
 
 
Hydraulic parameters recommended for MINIMUM / SURVIVAL conditions (survival of 
fish or invertebrate populations, riparian vegetation, basic geomorphologic processes, or 
basic human needs): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.26 1.5  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.36 5.0  
Wetted 
perimeter 

    

Water level     
     
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Inundate enough area of the main river channel to ensure survival of fish (especially 
estuarine residents which visit this area for feeding and spawning or use it as a transit to 
their freshwater breeding areas). No fish with high flow requirements (fast flowing water). 
Approx. 1.5 – 2.5 m3/s. 
Wet: Inundate more area of the channel to provide more habitats for resident fish (pools, 
bank vegetation, etc.). Approx. 5 m3/s.
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Hydraulic parameters recommended for MAINTENANCE conditions (of fish or 
invertebrate populations, riparian vegetation, geomorphologic processes, or regular 
human uses): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.35 4.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.5 13.0 m3/s  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Inundate enough area of the channel to provide more habitats for fish species. This 
would provide more food and resources (eg. dissolved oxygen) than that available in the 
dry season low flow of the drought year. Approx. 4 m3/s. 
Wet: Provide enough flow to trigger gonadal maturation and spawning for fish requiring 
flow cues to start breeding (eg. Labeo and most other species, including estuarine 
species). Inundate bank vegetation to increase habitat. Approx. 13 m3/s.



 144 

Hydraulic parameters recommended for HIGH FLOW / FLOOD DISTURBANCE 
conditions (in fish or invertebrate populations; riparian vegetation, geomorphologic 
processes): 
 
DRY SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 0.5 13.0  
Wetted 
perimeter 

    

Water level     
     
 
WET SEASON 
Parameter Important 

(y/n) 
Estimate Corresponding flow 

(provided by Ndomba) 
Possible at site? 
If yes, month? 

Depth     
Velocity y 1.3 235.0  
Wetted 
perimeter 

    

Water level     
     
 
 
 
REASONS FOR MAKING THESE RECOMMENDATIONS (briefly explain why): 
Dry: Few small floods are necessary to provide many more habitats (eg. bank 
vegetation) for near optimum growth of fish species and allow repeated spawners to 
breed during the dry season. Flush out organinc matter on lower banks and small pools 
that impact water quality. Approx. 13 m3/s. 
Wet: Overtop banks for floodplain spawners to access floodplain. Approx. 235 m3/s. 
 
 
 
 


