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Executive Summary

(1) Irrigation development may impact strongly on tkelegy of natural aquatic resources, and their
role in rural livelihoods. This project aimed toveéop tools and guidelines for the assessment and
mitigation of negative, or enhancement of posithapacts.

(2) A suite of assessment tools were developed basedrewiew of the relevant literature, further
analysis of data acquired in a previous projectiitexhal livelihoods and institutional analyses,
and mathematical modelling of fish stock dynamicseilation to water management.

(3) A conceptual framework based on institutional asiglyand design has been developed to
integrate the physical, biological, livelihoods aimstitutional aspects of irrigation-fisheries
interactions.

(4) Livelihoods analyses were developed to identify fagtors that influence the allocation of labour
and resources to fishing, and for assessment afrip&ct of irrigation development on vulnerable
groups.

(5) Empirical models were developed to predict potérfigh yield per unit area in natural and
modified aquatic systems. Yield was found to bersjly related to catchment area above the
sampling point.

(6) A biomass dynamic fisheries model has been devdlopeanalyze interactions between water
management and fisheries in reservoirs and floadpékes. Results suggest that drawdown to
about 20% of the full area will lead to only modereeductions in yield, while further drawdown
will cause far more marked reductions.

(7) A guidance manual has been developed for the assatssand management of irrigation
development impacts on fisheries. This includesatopol for impact assessment and analysis of
alternative mitigation or enhancement measures.

(8) Assessment case studies were conducted in Laas &ndLanka. The purpose of the studies was
to test and further develop the assessment frankeavat tools.

(9) In Laos the study focused on the potential impatts proposed, medium scale irrigation project.
The effect of reservoir construction on floodplamtches by local villagers was estimated to be
small (loss of 3-4%). This is likely to be competesiby the newly created reservoir fishery in
aggregate, but the distribution of losses and gaémends on who fishes, where they fish, when
they fish, how they fish, and on their alternatemployment opportunities. In Laos irrigation
impacts are not generally negative for vulneralteigs, including women, the landless and those
of limited mobility.

(10) The Sri Lanka case study considered the fisherigzaéts of the Kirindi Oya irrigation
scheme. Overall the scheme has resulted in anaser@ fisheries production, largely due to the
development of a very productive new reservoir digh However, several fisheries problems
linked to the scheme were identified. Firstly, ddawn of ancient reservoirs in the project area
had increased in recent years due to reduced irdlodvincreased withdrawal, with consequent
reduction in fish production from the reservoirec&ndly, drainage water inflow into a coastal
lagoon was associated with negative impacts omnadidy productive shrimp fishery. Both these
fisheries had become important sources of livelitsotor identifiable, and particularly landless
groups. Experience was gained in the identificatd mitigation measures and the preliminary
assessment of water management options and assbireate-offs.

(11) Results have been disseminated by a variety of sngetuding workshops, poster and oral
presentations, and publications.

(12) In conclusions, irrigation development impacts ishdries production and the contribution of
fisheries to rural livelihoods may be positive aallvas negative. Consideration of fisheries issues
in irrigation planning and management can enharmstipe and mitigate negative impacts.
Fisheries production and livelihoods issues mayfediffrom those relating primarily to
biodiversity conservation: water for fisheries ist mecessarily “water for nature”. Stakeholder
involvement is crucial to identifying and managlivglihoods impacts.
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1 Introduction

1.1 Background

Irrigation development aims to raise agricultunalductivity and reduce production risk, and
through this to raise employment, incomes and femdirity. This can, however, carry
environmental costs with possible repercussion$oiod security, and an area where such
repercussions may be direct and significant issinefries.

Fisheries (as distinct from aquaculture or fistmfigug) produce food from the exploitation of
natural populations of fish, molluscs and crustaseland and coastal fisheries make
significant contributions to rural livelihoods inamy developing countries, often providing
food and cash income for the poorer sections otifadions in particular. Fish account for the
bulk of animal protein consumed in countries susha@os or Bangladesh, and much of this
is obtained locally by part-time subsistence fighiihe importance of inland fisheries stems
from their accessibility to all sections of the ptgiion and the fact that diverse natural fish
stocks, including many small species eaten whotjige high levels of micro-nutrients and
vitamins (Haraksigh-Thilsteet al. 1997). Unfortunately the productivity and diveysiif
fisheries and their contribution to livelihoods arelely threatened by overexploitation and
the degradation of ecosystems upon which they akegexploiting natural populations of
animals and plants, fisheries link food securitgl @nvironmental concerns in a particularly
close way.

Water resources development for irrigated agricalia probably the single most important
factor impacting on inland fisheries in developicguntries. Impacts may occur through a
variety of pathways, including:
- reduction/modification of stream/river flows;
obstruction of migratory pathways (loss of habd@thnectivity);
destruction of old (e.g floodplain) and creationnefv (e.g. reservoirs, irrigation canals,
ponds) aquatic habitats;
increased use of agrochemicals associated witated crops;
changes in access rights to aquatic resourceshamapportunity costs of fishing.
(ICID 1993; Roggeri 1995; Claridge 1996; Lorenzéale2000)

Extensive studies on the impacts of water resouteeslopment on fisheries have been
carried out (e.g. FAP 17, 1995; Hadisal.,1999, WCD 2000, Lorenzen et al. 2000). Small-
scale aquatic resources, however, are much less@gied even though collectively they are
likely to match or exceed the socio-economic araloggcal importance of the large-scale
resources. Small-scale resources are frequentlgategd by developments on an equally
small scale, such as small-to-medium irrigatioresegs. Impacts of such developments are
rarely assessed, although they may be significatfit locally, and cumulatively on a larger
scale.

The challenge of allocating water resources betvad#éerent sectors of the economy and the
environment is recognized in international initta8 such as the Dialogue on Water, Food
and the Environment (Moldest al. 2001), and in DFID’s Strategies for Achieving the
International Development Targets (DFID 2001).



1.2 Project purpose and outputs

The project purpose as defined in the project manaum is

Guidelines for the assessment and mitigation (beeoement) of irrigation development
impacts on aquatic resources in rural livelihooegised and disseminated.

1.3 Key staff and collaborators

The project was implemented jointly by Imperial gk London (lead institution), ITAD
Ltd., the International Water Management Instit(@f&/MI), the Regional Development
Committee for Livestock and Fisheries in Southeaod (RDC), and the University of
Kelaniya.

Key staff were:

Imperial College

Dr Kai Lorenzen (principal investigator, fisheriesology specialist)
Mr Laurence Smith (principal investigator, livelibhds specialist)
Ms Sophie Nguyen Khoa (project officer)

Dr Caroline Garaway (institutional specialist)

ITAD Ltd.
Dr Martin Burton (irrigation specialist)

RDC

Mr Doungchith Litdamlong (coordinator)
Mr Thonglai

Mr Nick Innes-Taylor (consultant)

International Water Management Institute
Mr lan Makin (regional director Asia)

Dr David Molden

Mr L.R. Perera

Ms Shyamalie De Silva

Mr M.M.C. Kumara

University of Kelanyia

Dr Upali Amarasinghe

Mr M.G. Kularatne

Mr Chandana Bandara

An informal collaboration with Mr Gertjan De Gra®dfEFISCO Foundation, provided the
opportunity to test the biomass dynamics fishemeslel on long-term data sets from
Bangladesh floodplain fisheries.



2. Work carried out
The research philosophy of the project was guidethé following principles:

Direct developmental relevance through focus oraaquesource use and related use of
biological diversity by villagers.

Close integration of ecological and socio-econoamalysis.

Use and further development of local capacity twycaut aquatic resources research and
integrate results into development decision making.

Work in the project involved four different areakevelopment of impact assessment tools,
development of an assessment approach and guslelassessment case studies, and
dissemination.

2.1 Development of specific assessment tools

A suite of assessment tools were developed basea m@mview of the relevant literature,
further analysis of data acquired during projec28, additional livelihoods and institutional
analyses, and mathematical modelling of fish stabknamics in relation to water
management.

2.2 Development of assessment protocol and guidanoanual

An assessment approach has been developed andaveitsble in the form of a guidance
manual. To address the shortage of relevant espeiti most countries where irrigation-
fisheries interactions need to be assessed andgedna was decided to extend the
assessment and management guidelines into a moygrelensive guidance manual.

2.3 Case studies

Assessment case studies were conducted in Laas &rdLanka. The purpose of the studies
was to test and further develop the assessmenteivark and tools. In Laos the study
focused on the potential impacts of a proposed,junedcale irrigation project. It was carried
out in collaboration with the Regional Developm@ummittee for Livestock and Fisheries
in Southern Laos, and drew in local communitieswadl as all relevant government
departments (irrigation, agriculture and livestogkfisheries). In Sri Lanka, the study
focused on a post-hoc assessment of overall impastaell as current management issues,
in the large Kirindi Oya irrigation scheme. Thisidy was carried out in collaboration with
the International Water Management Institute amdUhiversity of Kelaniya, and again drew
in local stakeholders as well as the relevant gowent departments.



2.4 Dissemination and uptake promotion

Results have been disseminated by a variety of sneetuding workshops, poster and oral
presentations, and publications (see section 4.2).

3 Results

3.1 Specific assessment tools

Four specific assessment tools have been develGpedse in impact assessment: an
institutional analysis approach for exploring imigtions and integrating information; a
conceptual framework for assessing irrigation inbpae fisheries in a livelihoods context;

empirical relationships for predicting fisherieglgs; and a dynamic model of fisheries-water
management interactions.

3.1.1 Institutional analysis as an integrative tool

The sustainable use of fisheries depends on theeceation of habitats as well as the
regulation of exploitation. A pervasive featurefisheries is the fact that in most cases the
fish stocks, as well as the defining element ofirth@bitat (water), are common pool

resources. Common pool resources are exploitedlyjdny many users, who by doing so

subtract from the shared resource and therefordéhefits obtainable by others. A useful

framework for analysing common pool resource systamch as fisheries and irrigation

systems is that of Institutional Analysis and DagiBAD) (Ostrom 1992, Pido et al. 1996).

Attributes
IAD recognizes three main types of attributes césource system:

Situational variables describing the environmemnwimch the fishery operates

Patterns of interaction, the aggregated actiong®durce users as influenced by the
situational variables

Outcomes of resource use as influenced by the gdilyand biological characteristics
of the resource, and its use (patterns of intevagti

The situational variables to be considered are:

1) Physical, biological and technical attributeshaf resource
- The physical environment: aquatic habitats and dlpdy
The production ecology of living aquatic resourcesluding their responses to
harvesting
Techniques used for harvesting aquatic resources
Irrigation infrastructure and production techniques

2) Community and stakeholder attributes
Stakeholder capabilities
Livelihoods of stakeholders
Local institutions and organisations.



3) Economic attributes
Economic and policy environment
Markets for aquatic products, labour, and farm ts@nd outputs.

4) Institutional attributes
Operational rules for resource use (rules thatrdete by whom, where, when and
how resources may be used)
Conditions of collective choicewhich are the set of rules which determine how
operational rules can be made
External arrangements pertaining to rules and ¢mmgi of collective choice.

Patterns of interaction are the aggregation ahallactions taken by individual resource users
over a period of time. Outcomes are physical in flst instance (e.g. production,
consumption, ecological change), then stakeholdétach values to physical outcomes
according to their own objectives and situatiorendlating physical outcomes into economic
and social outcomes (e.g. benefits and costs, elsaingemployment, incomes and revenues
for institutions).

Irrigation development will often be associated hwitapid and dynamic change in the
resource system, and impacts on fisheries can #mieagh complex and indirect as well as
direct pathways. Some of the possible pathwaystawe/n in Figure 1.

In Figure 1 the situational variables corresponth#attributes introduced above, but now
illustrate aspects specifically relating to irrigat development. The physical/biological/
technical attributes include infrastructure antyated agriculture, as these are technical
interventions that define biophysical characterssti

The community stakeholder attributes include attel of all those affected by irrigation, but
particularly the irrigators who will affect fishes outcomes. They include social, economic
and institutional characteristics. Institutionabchcteristics of the community in general — i.e.
not specifically related to irrigation - are alscluded here.

The institutional attributes directly connectedHe irrigation intervention are shown as a
separate category. These include rules affectrigators, and rules relating to irrigated
agriculture that directly affect fishers. Institutal attributes relating to fisheries are also
shown as a separate category, not linked to o#tterof attributes because they are rarely
considered in irrigation interventions. Althougte thutcomes of irrigation may impact on
them only indirectly, it may often be appropriatechange fisheries institutions when
irrigation is developed. Economic attributes apeincluded in this illustration.

Patterns of interaction are specifically thosehefitrigators relating to irrigation system
operation (maintenance/water control). Fisherffgoas of interaction (translated as fishing
practices) are actually in the outcomes columnusTthe outcomes comprise three attributes:
ecological & hydrological, fishing practices, arat&®l and economic.



Four different types of impact pathways are indidah Figure 1 by different style lines:

Direct fisheries impacts from irrigation infrasttuce and land use (dotted lines)
Hydrological and ecological impacts mediated bigation management (heavy solid
lines)

Secondary interactions within the fisheries systeatid lines)

Direct impacts of institutional factors relatingagriculture on fishing practices
(heavy dashed-dotted line).

These interactions are further explained and Haietl below, with numbers referring to lines
in Figure 1.

Direct fisheries impacts from irrigation infrasttuce and land use (dotted lines)

Irrigation infrastructure will affect hydrology (drtherefore ecology) irrespective of
characteristics of community, rules in place foigators, or changes to property rights. For
example, dams will inevitably modify flow patterasd provide an obstacle to fish migration
(line 1). Changes in agricultural land use willesff the social and economic situation of
fishers and other groups by creating new livelihoptons, increased revenue and changes
in labour allocation (line2); irrespective of thdas in place for irrigators, or changes to
property rights.

Hydrological and ecological impacts mediated bigation management

Although irrigation infrastructure and land use @ will have strong and direct impacts on
fisheries, these will be strongly moderated by rreaiance and management factors (line 4).
For example, if infrastructure is not maintainedrtldams or canals may break and
effectively reduce the design impact of infrastanet Water control is a major factor
determining fisheries impacts, and certain ingtndl arrangements may result in a much
more fisheries-friendly water control system thémeos.

Secondary interactions within the fisheries system

There are various secondary interactions withirfigleries system that may have a strong
impact on outcomes. Changes in the social and eacrstuation of fishers are likely to
affect the labour allocated to fishing, and therefiishing practices (line 3). Likewise,
modified hydrological conditions may change fishprgctices (line 5). For example, reduced
peak flows may permit the use of barrier gearfi@river channel at times when this would
have been impossible before, and the increaseiddigimessure may feed back into the
ecological status of the fishery (line 6). Chanigefsshing practices will almost inevitably
affect the social and economic status of fisheng (T), and this effect may be differentiated
between groups. For example, a decrease in flowdfiéhing opportunities may strongly
reduce the fish catch obtained by women as parbohal household activities, while
opportunities for dry season fishing in an upstreaservoir may benefit mobile men during
periods of low labour demand.

Finally, hydrological and ecological outcomes, amnidation patterns of interaction can
affect the social and economic status of fishensuih fisheries-independent routes.
Examples include changes in water availabilitydomestic purposes, or changes in the risk
of contracting diseases such as malaria or schoistiesis (line 8), or conflict and tension (a
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deleterious social outcome) which could lead takdewn of institutional arrangements
pertaining to fisheries.

Direct impacts of institutional factors relatingagriculture on fishing practices

Irrigation development may, by design or by defathitange property or usufruct rights and
this may affect fishers access to the fishery aedefore fishing practices (line 10). For
example, land development in irrigated areas mag te any remaining water bodies
becoming private property of farmers who own adjhd¢and.

Economic attributes have not been included inithustration to avoid excessive complexity
in the diagram, but will clearly influence both fggihs of interaction and outcomes. For
example, both general price stability (low inflatjand sound public finances will influence
infrastructure maintenance and thus the outconaddhow. Similarly, local economic
growth and the development and functioning of miarkell influence social and economic
outcomes, in turn influencing labour allocationidems and fishing practices. Such factors
are further discussed in section 3.1.2.
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3.1.2 Conceptual framework for understanding thelemf fisheries in livelihoods
Poverty

Whilst income level is an important determinantpaoiverty it is often not sufficient as a
measure of poverty, and indeed many poor peopleral areas of developing countries may
depend largely on their own productive activities $ubsistence and have very little cash
income. People may be poor for structural readanking the resources and opportunities to
establish a viable livelihood and always havingtimggle to meet basic needs, or they may
be vulnerable to livelihood failure and fall intoyerty during times of crisis such as periods
of illness, crop failure or high livestock mortglit Poverty can also be considered in terms of
deprivation of economic, social and cultural righfsmong rural communities the capacity to
resist poverty and to improve livelihoods dependstlee opportunities offered by natural
resource based production systems and the widemoeto, institutional and political
environment.

For assessment of poverty this prompts consideratidhe total resources or assets that are
used for existence; including those that are owrbdse that can be obtained through
exchange and those that can be obtained througksraf access. There is also a need to
understand the ‘vulnerability context’, meaning thends (e.g. economic and technological),
shocks (e.g. climatic or market related) or cultymactices, which may disrupt livelihoods
and push people deeper into poverty.

Sustainable livelihoods

“A livelihood comprises the capabilities, assetslfiding both material and social resources)
and activities required for a means of living. iRelihood is sustainable when it can cope

with and recover from stresses and shocks and aiaiat enhance its capabilities and assets
both now and in the future, while not underminihg hatural resource base” (DFID 1999).

Importance of own labour

Own labour is the main source of power in many fagsystems and fisheries in developing
countries, the main asset of the majority of therpst households, and a key determinant of
output, income and food security. For those witbeas to land, unless sources of cash
income are secure and local food markets reliabtecampetitive, its use will be prioritised
for the cultivation of subsistence crops, carewhdivestock, and possibly part-time fishing
if a productive fishery is available. Labour magoabe allocated to other hunting and
gathering activities, although these tend to béllgigeasonal, and will rarely offer returns to
labour use that are equivalent to those in farnondjshing. Once subsistence needs have
been met, or if local markets can be relied upanaffordable food supplies, labour may
increasingly be allocated to production of incomeneyating cash crops, to fishing if
profitable, or to paid employment. For the landlebunting and gathering activities
including fishing will be the only alternatives paid employment, and may make important
contributions to subsistence requirements. How hmlabour is allocated will depend on
access to common pool natural resources, the piigdycof these resources and on
alternative employment opportunities.

Given the importance of own labour to productionfarming the return to labour can be a
more important factor in decision-making than téim to land, whilst in fishing it is clearly
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the main factor, unless major investments of chpaae been made. It should also be noted
that compared to full-time fishing the labour oppoity cost of part-time fishing done
outside normal working hours may be much lowemnifirly for fishing done using passive
fishing methods (e.g. set and wait gears) in castjan with completion of farm tasks or
other work.

In allocating family labour between activities, lsetolds also take into account not only
time-cost but also the energy-cost of using labddther factors influencing labour allocation
will be time and travel cost to the place of waitke need to and cost of taking meals away
from the home, and security, particularly for women

Communal labour also often remains a strong ti@dith many societies and if so can be
utilised in managing the impacts of irrigation aquatic resource use. When attempting to
mobilise communal labour it is important to undanst the way in which the communities
concerned have traditionally organised themselgesdmmunal work.

Seasonality

One dimension of a sustainable livelihood is adeguand stable flows of income and
consumption the whole year round. Seasonalityoith farming and fishing causes variation
in labour use and food security because of the atigmbetween uneven income streams and
continuous consumption requirements. Labour spestain peak periods can also be
compounded by seasonal ill health or low energgkimtgiven scarce food supply.

Livelihood diversification

Diversification is a common and important featufewal livelihood strategies, and is the
process by which rural families construct a divegseefolio of activities and social support
capabilities in order to survive and to improveittsandards of living (Ellis 1998). Many
rural households have complex livelihood stratetiies cross the simple boundaries of hunting
and gathering, farming, labouring, being an en&eur and a consumer. For such households
the changes arising from irrigation development maye complex effects.

Farming of crops and/or livestock is the most wtead and important source of livelihood
for the majority of people in rural areas of deys#hy countries. However, in regions well
endowed with aquatic resources fishing may alsofbgreat importance. In such regions
farmers may also be fishers, or there may be haldeHor whom the main source of
subsistence and income is fishing but who alsoivaiét a small plot of land. Although

usually fewer in number than households predomipatgpendent on farming, there may
also be significant populations of ‘professionalfall-time fisherfolk.

Livelihood diversification can reduce the adver$ieats of seasonality by utilising labour
and generating alternative sources of income duoifiggeak periods. Diversification also
reduces the risk of losing all income sources diama@lously, for example as a result of
climatic or other shocks.

Coping strategies should also be considered arsk theeex-postresponses to shocks or
unanticipated livelihood failure, demonstratingttdaversification may arise from necessity
or choice; either as a means of survival, or a mdanimprovements in welfare through
exploitation of new opportunities.
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Livelihood characteristics of fishing

Fishing is commonly regarded in many developingntoes (and in much of the literature)
as an activity of last resort and a refuge foreabenomically and socially marginalised. It is
commonly perceived that households who speciafiséshing will be a recognisable and
distinct social group, and one that is typicallycenm the most deprived and poorest. Fisher
households are identified by their trade or by esaand often expected to be a socially
inferior and subordinated class.

For inland floodplain capture fisheries, fishingypically seen as a labour intensive activity
with relatively low cost requirements for gear gugment. It is also expected that if full-

time fisher households manage to save from thewnre and accumulate assets, they will
tend to seek alternative employment or forms dalihood diversification such as farming.

This stereotypical picture of fishing as an acyiwf last resort may, however, not always be
true. Whilst the incidence of poverty in absoltgems amongst fisher households may be
high, there can still be considerably socio-ecomordifferentiation amongst fishing
communities, and incomes of full-time fishers maynpare well with those of neighbouring
farmers.  Fishing can be an inherited or adoptedepsion for households with limited
access to farm land or other resources, thoughteh aemains associated with caste and
social differentiation.

Wealthier members of fishing communities tend tont@e specialised in fishing than the
poorest, and may make significant capital investsiengear and fishing methods, or in the
purchase or leasing of access rights to a fish&gsulting differences in fishing capability
lead to socio-economic variation by total incomet, income from fishing and hourly returns
to labour in fishing. Any surplus assets tend @drivested in fishing rather than non-fishing
livelihood diversification.

The poorest fisher households tend to be thos@doo to invest in better fishing methods,
and those having more restricted access to therfisho the best fishing areas or during
certain seasons (dry season access to a fisherybeast a particular premium). Like

marginal farmers these marginal fishers are likelyhave more diversified livelihoods,

supplementing fishing with farming small plots, ftsa or labouring for other fishing or

farming households.

In areas such as lowland Laos fishing is also na&daivity of last resort. Rather it is one of a

traditional set of diversified subsistence actestithat rely heavily on the natural resources
available to rural communities. Here economic ttgsment and the accumulation of other

assets is at an early stage, and clear trajectoirielsange with regard to the role of fishing in

livelihoods have yet to emerge.

In many societies tradition governs quite strietlyich activities women carry out and which
by men. Labour division may be both by enterpasd by task. In fishing gender divisions
may be even more culture and location specific thaiarming, but in some locations also
much less apparent. Despite this, divisions byerpnise as defined by fishing method,
location and species caught are common. Divisignissks such as mending nets and boats,
or making traps may also exist.
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Though dangerous to generalise, fishing practisedvbmen compared to men, tends to
correspond to that practised by poorer fisher hooisis compared to those wealthier. That
is, it tends to be relatively labour intensive,ngslow cost gear, in pursuit of dispersed small
species in shallow water or dispersed fry in tloodl season, and offering low returns to
effort. Fishing practised more exclusively by n{and better off households) thus tends to
be using more expensive gear to catch larger spatideeper water, or concentrated adult
fish in the dry season, and offering higher returns

Most fishing activities may require less energy thee many farm tasks, but fishing may be
considered more difficult or dangerous. Apart friira obvious weather and accident related
risks, long hours of immersion in water are likébyleave people prone to skin diseases or
affected by parasites or fevers.

For the poorest households, fishing is likely toimg@ortant in helping them just to live. It
may play an important buffering role in food seturand labour use as they struggle to
maintain precarious and vulnerable livelihoodshatrargins of survival. Any catches above
own needs may also provide an occasional sourceasti income or means of exchange
(Figure 2). Beyond such minimal maintenance rdisking may enable advancement
through income generation and accumulation of assebis may be through specialization in
fishing and capital intensification in terms of geand fishing methods, assuming the
resource can sustain this. Alternatively, throdgrersification after accumulation of assets
that provide the base needed to gain entry to divedihood activities. Understanding such
livelihood roles of fishing and likely trajectorie$ change in household livelihood strategies
is highly relevant to the impact assessment ajatron developments.

Figure 2: Livelihood Roles of Fishing as Livelihoodstrategies Develop.

Livelihood strategy Livelihood roles of fishing

‘Surviving’ Subsistence

Complementarities in labour use with farming
Buffering/diversification as a coping strategy
Occasional cash source

‘Specialisation and Market production and income

commercialisation’ Accumulation
‘Diversification for Accumulation
accumulation’ Retention in a diversified accumulation strategy.

Livelihood impact assessment: processes and livatibd assets

Both irrigated farming and fishing (or other aquagsource use) are livelihood activities that
are embedded within society and, because sociatynamic, any kind of intervention will,
to a greater or lesser extent, contribute to satiahge. From a livelihoods view point the
purpose of the approaches to planning and assesdmarioped in the guidance manual is to
ensure that irrigation projects contribute to pes&s in society that will maximise welfare
and the reduction of poverty.

16



Six interrelated economic and social processexanéral in the assessment of impacts on
rural livelihoods:

1) improvement or impoverishment of livelihoods;

2) household own labour allocation;

3) how livelihood improvements or impoverishments distributed;
4) access to or exclusion from resources;

5) institutional development;

6) participation in or alienation from rights.

Core concepts are that the assessment must beepmmyted, holistic and dynamic in
seeking to understand and build upon processdsamige. It must consider linkages between
activities at macro and micro levels and the imgoece of the physical, policy and
institutional environments in influencing choserelihood strategies and outcomes.

Assessment focuses on five types of asset uporhvge@iople draw to build their livelihoods.
These are:
natural capital (e.g. land, water, biodiversity);
social capital (social resources including netwprggup membership, trust and
access to wider institutions in society);
human capital (skills, knowledge, health and apttit work);
physical capital (infrastructure and goods thatpsuplivelihoods such as transport,
energy, tools and buildings);
and financial capital (financial resources inclggdsavings, remittances, pensions and
credit).

Assessment of improvement or impoverishment ofilie®ds needs to account for:
people’s access to these five types of asset;
the ways in which people combine and transformelassets in strategies that as far
as possible meet their material and experientietisag
the ways in which they are able to expand theietasase through accumulation and
exchange activities that are governed by the pddioyg institutional environment,
which in turn is framed by the state, markets ami ociety;
and the ways in which they are able to enhancedaptby their capabilities to change
the institutions that govern how resources arerotiatl, distributed and transformed
into income streams.

Livelihood impacts

As illustrated by Figure 1, the potential sociofe@mic impacts of irrigation development on
aguatic resource use can be complex, taking time édbothdirect andindirect impacts.

Direct impacts arise from the hydrological and ecologingbacts of changes in water flow
or storage in natural streams and waterbodies,framd the construction and operation of
irrigation infrastructure. The impacts are maimyterms of changes in the productivity,
seasonality, and location of fisheries. These alag result in changes in the best methods
for fishing and in the level of effort requireddohieve a certain catch.
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Indirect impacts arise from the development of irrigatedcadfure. This will result in an
increase in farm labour requirements, particulaiying part or all of the dry season when
household labour will typically have been relatweinderemployed. Successful irrigation
will also result in the intensification and incredscommercialisation of agriculture, as
farmers have greater and more reliable surplusesdi®. This in turn will stimulate the
development of markets and the rural economy, pi@lgncreating a range of new livelihood
and employment opportunities. Thus indirect impdake effect mainly through changes in
livelihood options and the impact of these on hbosown labour allocation.

A range of pre-existing or situational conditioasid the processes by which these evolve
will mediate both direct and indirect impacts. $@eonditions include:
- the economic and policy environment, which throtlghlevel of market development
and market conditions will influence livelihood apfunities and incentives;
the institutional environment and power relatianfipencing access to resources and
the distribution of the benefits and costs of cleang
the degree of empowerment and effective partigpatthrough which people
themselves can influence the nature of outcomes.

In addition to these factors, direct impacts wikcavary for households or individuals
depending on their physical location in relationtiie location of natural fisheries and the
newly constructed or enhanced irrigation infraguieee. The precise impacts for a given
household or individual will further depend on:

the relative importance of fishing as a livelihcadivity;

who fishes (which household members)

where theycan fish and where theprefer to fish

when they fish (both seasonally and daily)

how they fish (gear types, passive/active methods)

and on the incentives for alternative uses of lalgpven available opportunities and

personal preferences.

Indirect impacts will tend to be more general ireithincidence, but the full range of
situational conditions listed above will still inBnce outcomes for households or individuals.

Thus irrigation projects will not benefit everyoaqually. Some groups will gain more than
others while some groups may lose from the process,this also applies to the impacts of
irrigation on aquatic resource use. It is gengratit acceptable for poor people to become
even more impoverished as a result of a developsemtme and such an outcome will
require changes to its design and implementatiomay result in its rejection. Assessment
requires consideration of the structural aspecisowerty and in particular differential access
to resources and the distributional consequencteqgiroposed development.

At local level differentiation can be seen in stuwmes of caste, class, social status, age,
gender, language and ethnicity. Differentiationthia distribution of project benefits or costs
can arise as a result of one group, as defined fey @ more of these characteristics,
capturing the scheme benefits and excluding othdifse reality is often complicated with
different forms of social differentiation operatiag different levels: household, community,
command area, district or state.

Where affected households are both farmers an@rfishegative impacts on fishing as a
source of livelihood may be compensated by the ifgrbenefits. In such a case it is clearly
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important for the assessment to seek to estimatesthtive magnitude of the gains compared
to the losses and hence the net impact on livetihoAs emphasised in the discussion of
poverty and livelihoods above, the assessment bmsh terms broader than just income,
including for example, the benefits of fishing inelihood diversification, nutrition, as a
ready source of cash and for their role in cultanel social capital. Net gains or losses
evaluated using this broad range of criteria wél inevenly distributed because of social
differentiation, and the assessment must seekdarlgl identify who are the gainers and
losers.

Where households are full-time fishers, they maya lminority, but negative impacts on the
fishery may have severe consequences for theitino@ds. Clearly these will not be
compensated by the direct benefits of irrigationffoming, and the assessment must judge
carefully whether they can be compensated by tiogainfrastructure impacts on habitat
area and fishing efficiency. Here again the hefeneity of the full-time fishing community
must be considered, and hence the distribution mpacts. Expanding alternative
employment opportunities in the rural economy Wwal open to labour from full-time fisher
households, but for social, cultural or economisoans fisherfolk may face greater barriers
to entry to such work than other rural households.

Irrigation development has the potential to exp#ra non-farm labour market through the
stimulus it provides to the rural economy, provglmiral households with new opportunities
for livelihood diversification. On the one handrity create opportunities and incentives that
draw labour away from fishing or compensate forucedl productivity of, or access to, a
fishery. On the other, poor households, withouteas to the benefits of irrigation and
perhaps economically and socially marginalised teydevelopment, may be driven to rely
more heavily on fishing as one element of a difieisurvival strategy. Identifying and
predicting such trajectories of change in livelideanust be a key element in the planning
and assessment of irrigation development.

3.1.3 Empirical relationships

In project R7235, a holistic assessment of ovarghlacts of small to medium scale irrigation
development on aquatic resources has been conducsmlithern Laos. The study covered
weir and dam irrigation schemes with command aaeging from 17-515 ha (average 155
ha) and associated paddy areas varying from 3@ha4average 93 ha). The study had been
designed as a replicated, paired comparison ofemlg fishing effort and yield between
irrigated and non-irrigated sites within the sama&tessheds. Overall impacts of irrigation
development on local aquatic resources were medsaréerms of abundance of aquatic
habitats, fishing effort and catches.

In both controls and impacted sites, participatiomatural aquatic resource use was near
universal, with 83% of households fishing during Burvey period. Streams and rivers were
the most important water resources for fishing on4mpacted areas. Fish ecology and
fishing activities are closely linked to the annbgtirological cycle. In the early wet season,

fish migrate against the flow into upper catchmamtas and floodplains, where they spawn
and feed. This is followed by down-migration withetflow as water levels recede. Both

migration periods allow very efficient capture a$hf in traps, and tend to account for a
substantial share of the annual fish catch in ffle@dplain systems.
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A range of physical environment characteristicsenevestigated as possible predictors of
local fish catches and fish diversity. Total cateminarea above the sampling location was
found to provide a good predictor of local catchr pait area (wet season flooded area)
(Figure 3). No such relationship is evident in dffper unit area, which suggests that the
catch relationship reflects underlying biologicabguctivity rather than differences in effort
(Figure 3). The value of this relationship is tiigprovides an indication of the production
obtainable from local aquatic resources from bgemgraphical information (catchment area
and local flooded area). Fish species richnessweakly related to total catchment area and
local dry season water area, but no good predicélaionships have been identified. Further
analyses are being carried out.
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Figure 3. Catch per unit area (CPUA) (top) and fisling effort per unit area (EPUA)
(bottom) in relation to drainage area above the sapling location.

Fishing effort is of course a key determinant dthaand a general quantaitive relationship
between catch and effort is an important tool fordgcting impacts of changes in overall
aguatic habitat availability which may lead to centration or dilution of fishing effort. The
general functional form of such relationships haerb investigated on the basis of data
collected in the project and in several relatedgmts. A sigmoid functional form provides
the best description of yield—effort relationshigéppendix E)
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Impacts of weir and dam irrigation schemes

No significant effects on aquatic habitat areasewecorded in the weir impacted sites. Dam
schemes were associated with significantly loweerriareas, and significantly higher dry
season paddy areas than the non-impacted controls.

Weir schemes were associated with a non-signifidaaline (14%) in household effort, and a
significant, 36% decline in catch (Table 1). Ovkthls indicates a negative effect of weir
irrigation schemes on fish catches, which is paoty not fully explained by a decline in

fishing effort. Declining fishing effort may in 4 be the result of increased demand for
labour in other activities (such as irrigated agjtiere), and/or a reduction in the actual or
perceived opportunity for fishing due to changeshable habitat or fish abundance.

Dam schemes were associated with no significanhgd® in catches or effort overall,
although a tendency towards reduced householdt efifmt catch was noticeable (-13% and —
17% respectively). The lack of a significant overaffect does, however, hide very
substantial change that become apparent when tiaeada broken down into floodplain
habitats and the newly created reservoirs (Tahl®ain schemes are associated with drastic
declines in floodplain effort (-58%) and catch (}5&n a household and unit area basis.
These are partially compensated by increases arvas effort and catch, so that overall
effects are not significant (but noticeably negativCatch per unit of effort (CPUE) increased
slightly (but not significantly).

Table 1: Effects of irrigation schemes on fishing féort, catches and catch per unit of
effort (CPUE). Effects are reported as the averagdifference between paired impacted
and non-impacted sites. The non-impacted average (Ns given for comparison.

Weir sites Dam sites (overall) Dams (outside resavir)
NI Effect NI Effect NI Effect
HH catch 0.77 | -0.28 [-0.50, -0.10] 2.07 | -0.36[-1.18, 0.27] 1.80 | -0.91[-1.89, -0.12]
(kg/week) -36 % -17% -51%
HH effort 4.84 | -0.69[-1.64, 0.21] 5.55 | -0.72[-1.91, 0.62] 4.48 | -2.58 [-4.04, -1.13]
(h/week) -14 % -13% -58 %
CPUE (kg/h) | 0.15 | +0.01[-0.04, 0.07] 0.38 | 0.29[-0.05, 0.82] 0.37 | -0.04 [-0.17, 0.10]
+7% + 76 % -11%
CPUA 1.01 | -0.63[-1.73, -0.01] 1.26 | -0.75[-1.49, -0.13]
(kg/ha/week) | 0.52 | - 62 % -69 %
-0.07 [-0.14, -0.01]*
-13%
EPUA 6.62 | -1.20 [-3.04, 0.39] 2.85 | -1.76 [-2.94, -0.66]
(h/ha/week) | 4.78 | - 18 % -61%
-0.45 [-2.00, 0.90]*
-9%
Richness 9.05 | -0.50 [-1.80, 0.60] 8.94 | +0.40 [-1.65, 2.21]
-6% +4%

* Excluding the influential pair W1.
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In order to understand the reasons behind therderli floodplain fishing, it is instructive to
analyse effects separately by season. Dam irrigagthemes led to a transfer of fishing effort
into the reservoirs and, perhaps surprisingly, #ffect was most pronounced in the wet
season. The decline in floodplain fishing activgylargely but not fully compensated by the
increased effort and catch from the reservoir.sidifficult to establish from these data
whether the shift of fishing activity from floodptes to reservoirs is a positive response to
new fishing opportunities, or is forced by a reduetn floodplain fisheries productivity. The
fact that catch per unit of effort in impacted fiipdain habitats is similar to or higher (as a
result of reduced effort) than that of non-impadtetbitats (Table 1) suggests that the change
reflects largely a response to new fishing oppoties in the reservoirs. This view was
supported by informal interviews with villagers wbonsistently emphasized the new fishing
opportunities provided by reservoirs and perceived significant negative impacts on
floodplain fishing. (Appendix A)

3.1.4 Dynamic model for fisheries-water managementeractions

Shallow reservoirs and floodplain lakes suppordpative fisheries that are of great
importance to local livelihoods. These water bodeesl to characterized by a highly seasonal
hydrology, which in turn drives fisheries dynamiosa large extent. Consequently,
hydrological management (flood control or drawddamirrigation) has major fisheries
implications, and trade-offs between gains in agtice and possible fisheries costs should
be considered in decision making. To aid the assestsof such tradeoffs, a biomass
dynamic model of a fishery subject to strong hydgatal variation has been developed.
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Figure 4. Water area (heavy solid line), fishing @brt (solid line) and catch per unit of
effort (squares) in a Bangladeshi floodplain lakelqeel) fishery.
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The overall interaction between hydrology and figkeearises from physical, biological and
socio-economic factors:
The physical dilution and concentration of fishrhass with fluctuating water area,
which affects the efficiency (catchability) of figly gear;
The variation in overall carrying capacity with watrea; and
Variation in total fishing effort in response teetbfficiency of gear use (cf. point 1) and
the seasonality of labor demand in other sectors

The present analysis is concerned only with thesjgly and biological mechanisms, while
total fishing effort taken as externally definedheTbasic physical and biological mechanisms
driving the fisheries response to the flood cyckewsell understood (Welcomme 1985).
Flooding after the dry season vastly increasesdhg/ing capacity of the water body as a
large area is inundated and nutrients and orgaattembecome available to the aquatic
system. This phase is associated with rapid gremwthreproduction of many fish species,
leading to very rapid overall biomass growth. Adewdevels recede again, carrying capacity
decreases and the stock biomass may well excesgncpacapacity and suffer strong
reductions from natural mortality. At the same tithe stock becomes highly concentrated
and is harvested very efficiently. The end resuigain a remnant dry season stock
approaching the carrying capacity of the remaitapitat.

The discrete Fox biomass dynamics model has baended to include water area effects on
carrying capacity and catchability terms. In bodises, the effects are modeled as power
functions of water area,@&xpressed as proportion of an arbitrarily defirefdrence area A
(e.g. the mean dry season area). The resulting Insode

log(B,)

B., =B, +rB, 1- - C,
at q
log K —-
J A
_ a,

Ct = Bt Et g K
Where:
B biomass
C catch
r maximum biomass growth rate
K carrying capacity at reference area
a water area
A reference area
p scaling factor of carrying capacity with area
C scaling factor of catchability with area

23



If the scaling factors p and c are set to 0, thdehsimplifies to the conventional biomass
dynamic Fox model (Hilborn & Mangel 1997). The effef the two factors on predicted
fisheries dynamics in seasonal water bodies isoeggldemonstrated in Figure 4. All
predictions have been generated for the same ssgsattern of water area change. When
both scaling factors (p and c) are zero, catchupérof effort (CPUE) is constant despite the
water area change. If carrying capacity is lineaglgted to water area but catchability is
constant (p=1, c=0), the predicted CPUE followsdhme temporal pattern as the water
level. Conversely, if carrying capacity is consthuat catchability declines linearly with water
area as the stock becomes more dispersed (p=0, t¥elpredicted CPUE is highest at low
water level. Both effects together (p=1, c=-1) fesua pattern where the highest CPUE
occurs at an intermediate point in time, duringpgbegod of water area contraction.
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Figure 5: Variation of CPUE in relation to water level (heavy solid line) for different
combinations of the scaling factors of carrying cagcity (p) and catchability (c).

The model has been applied to a Bangladeshi fl@fdke fishery for which long-term
catch, effort and water area data are availablé&(Baf et al. 2001). The model was fitted to
the CPUE time series using observed water areaffod data. The model provides a good
fit to the observed CPUE time series (Figure 5k $taling factors have been estimated as
p=1.4 and c=-0.3, indicating that carrying capatitreases more than proportionally with
water area, while catchability declines less thapertionally. Further, species-
disaggregated analyses are being carried out.
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Figure 6: Observed and predicted time series of CP®) for Puntius sophordn a
Bangladeshi floodplain lake (beel).

Hydrological management of shallow water bodiesclby aims at either restricting the wet
season area (flood control, applies mostly to fidaih lakes), or at withdrawing water for
irrigation purposes and thereby reducing the dagse area (water storage, applies mostly to
reservoirs). We used the model derived for the dwda beel puti fishery to explore the
effects of different levels of drawdown yields. lirsg effort was assumed to follow the long-
term average pattern regardless of hydrology. Todeaipredicts that yield is relatively
insensitive to drawdown unless the dry seasonianealuced to less than 10 % of the

maximum area (Figure 7).
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Figure 7: Predicted yield of Puntius sophoreas a function of drawdown (expressed as
dry season area relative to the maximum area.

The biomass dynamic model developed here providesiple and generic tool for exploring
the dynamics of fisheries under conditions of langdrological variability. It may be applied
as an aid to decision making in situations wheck & detailed biological data precludes the
use of dynamic pool models (Welcomme & Hagborg 19¥4dls et al. 2001). (Appendix B)
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3.2 Assessment protocol

3.2.1 Assessment protocol

An assessment approach has been developed ardliteste case studies. The assessment
protocol is based on the model of environmentalactmssessment (EIA), and thus will
typically be carried out in four distinct phases:

(1) Screening: to assess whether fisheries impactsnofngervention are likely to be
significant and warrant an assessment.

(2) Scoping: to determine the scope and level of deggilired in the assessment.

(3) Assessment: of the range of possible impacts aedtifccation of mitigation and
enhancement measures.

(4) Decision-making: analysis of trade-offs, selectioih options and design and policy
recommendations.

Screening is the first stage in impact assessmahtn@ay be carried out by the agency or
agencies with responsibility for planning irrigatialevelopment and/or responsibilities for
water resource and fisheries management. lddalylliinvolve a stakeholder analysis and

consultation with stakeholders potentially affectgdthe proposed developments, although
these may not have been fully identified until Sogps also completed (see below).

The purpose of screening is to establish whethérrigation development project is likely to
have any substantial impact on fisheries that waaltifor an impact assessment. There are
two categories of impacts that would warrant sutlssessment:

1) Impacts on the actual or potential productivityfisheries, and thus on livelihoods.

2) Impacts on the biodiversity of fisheries resources.

Screening must be based on available data and kdge] making a preliminary impact
assessment that involves:
identification of potential impacts on fisheriesjelihoods and biodiversity through the
use of checklists, expert knowledge and stakehaloesultation;
reconnaissance field visits and community or stalddr interviews;
comparison with similar projects in comparable emwvinents.

The purpose of scoping is to:
- define the scope of the required impact assessstgahy;
consider resource needs and availability;
avoid waste of resources in unnecessary data tiolle@nd analysis;
establish contact with and appropriate levels afsattation with, or participation by, all
stakeholder groups likely to be affected by thgation development.
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Scoping will primarily rely on the results of theepminary assessment for information, but
should continue throughout the impact assessmeheastudy scope may need to be adjusted
to take account of new information or changinguwmnstances. It should be seen as part of a
process of screening, scoping and impact assessmaititich these phases are overlapping
and often iterative in practice (Figure 8).

Impact assessment involves:

(1) Description of the project: sufficient detail tdcal impact assessment

(2) Description of the pre-project situation: analysishis stage is mainly descriptive and
summative. The aim is to document and understhadpte-project situation as a
basis for predicting project impacts.

(3) Prediction of project impacts: disaggregated assess of impacts over time on
biodiversity and on livelihoods of changes in th®ductivity of fisheries or in
patterns of access to fisheries. Hence predictajgctories of change for the
livelihood strategies of impacted people and ferebology of aquatic habitats.

This assessment protocol can be applied t@gahte’assessment relevant to the planning
stages of a proposed irrigation development, depost’ or retrospective assessment for
an existing irrigation scheme. For the latteradleit will be too late to change the decision
to implement the scheme or many of its main depayameters, but if aspects of aquatic
resource management including fisheries were neglan the design stages, or in current
scheme operation, it may be possible to identifysgade improvements. Thus the main focus
of an ex-post assessment will be on the possikldiftcation of measures to mitigate
negative ecological and livelihood impacts, andagiaie any positive impacts.

With regard to decision-making and the analysigrade-offs, as with other aspects of water
resource management, management of irrigation dprednt impacts on fisheries will often
be characterised by multiple objectives, multigiéecia, multiple actors and decision-makers
and multiple stakeholder groups. This assessmetbgol will inevitably reveal systems
characterised by dynamic relationships and comgylexiFurthermore, irrigation impacts on
fisheries often raise conflicting issues and irgeseparticularly between farmers and fishers.
There will be a mix of direct and indirect impa¢both positive and negative). Some of
these can be quantified and estimated in monegamyst (e.g. farming and fishing output), but
others which may be viewed as equally significantdecision making cannot be fully
guantified and valued (e.g. biodiversity, culturadlues and livelihood activities of last
resort). In such a context, decision-makers fdwdlenges when selecting the best design
and management options, and appropriate analy#indl decision-making processes are
needed.

There is no unique way of selecting the best optibat principles and methods to assist
decisions on complex and often conflicting issuas be put forward. Outcomes will be a
combination of scientific results, stakeholdergferences and national policy priorities.

The methods or tools available for this type ofisiea making can be placed under the

general heading of multi-criteria analysis (MCAT.hese are methods that can be used to
assess alternatives and to identify stakeholddemmeces for alternative options. They can
range from very simple processes to more major @mplex exercises. Cost benefit

analysis will typically be integrated as one crdarwithin a larger MCA framework.
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The key elements or stages of MCA are:
- Identification of stakeholders to participate irciden making
Identification of criteria and assignment of criéeweights
Scoring and ranking of alternatives against eaitbra
Comparison of alternatives across criteria or dveraference ranking.

MCA techniques can be used at different pointhegroject cycle, from review of options
and project identification, through project desigppraisal and selection. They can also be
used as part of adaptive management to assess®tiothe operation of existing irrigation
schemes, which may for example, include changéseimperation of reservoirs (water levels
and release patterns), or decisions on whetheradifyy expand or decommission certain
facilities during the life of a project.

Importantly, participation and transparency goads de facilitated and operationalised
through multi-criteria processes. Rather than raeftic decision-making tools, they
become negotiation grounds to decide which optaresto receive prominence, and a basis
to move towards societal consensus on exploringetiogtions more fully. Clear affirmation
of the roles of all stakeholders is needed at statpe of the process, particularly with regard
to selection, weighting and application of decisioiteria.

More detailed explanation for each stage of thisessment protocol is provided in the
guidance manual.

3.3 Case studies

Two contrasting case studies were conducted in Badsn Sri Lanka to test and further
develop the assessment approach and methodology.akhcase study focused on the ex-
ante assessment of fisheries impacts of a mediate-gcgation scheme currently under
construction. The Sri Lankan case was concernddtivi ex-post assessment of a large
irrigation scheme, and possible modifications sojperation in order to improve fisheries
outcomes.

3.3.1 Laos

The Lao study focused on assessing the poterglaiiies impacts of the medium-scale Huay
Thouat irrigation scheme currently under constarctn Champhone district, Savannakhet
Province.

Stakeholder identification, screening and scoping

The following groups of stakeholders were idendifiy the local team, and one or two
representatives each invited to the workshops:

(1) Villagers:
Farmers likely to benefit directly from the availdl of irrigation water
Villagers affected negatively: those resettled we tb lose land because of irrigation
system construction
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Villagers engaged in fishing downstream of the darntoo far from the reservoir to
benefit from the new fishing opportunities it cresat
Villagers likely to get both benefits and disadwaaygs from irrigation.

(2) District officers
Irrigation Unit; Livestock and Fisheries Unit; Agulture and Forestry Unit.

(3) Provincial officers
Agriculture and Forestry division; Planning divisidrrigation section; Crop section;
Livestock and Fisheries section.

(4) Irrigation construction companies, Xaylatanalsdd in Savannakhet and Cienco 5 based
in Vietnam.

Screening was carried out in a workshop with staldsrs, based on informal surveys at
village level and a review of existing informatid@creening results indicated that

fisheries are ‘important’ or ‘very important’ inglproject area, because all households are
fishing throughout the year and their subsistesaaainly based on rice and fish.

Potential impacts of the irrigation scheme on fiskeewere perceived as positive overall,
mainly because irrigation will increase dry seas@iter availability and opportunities to fish.
This was perceived to outweigh possible negatiyeaicts from reduced wet season flows. It
was also perceived that fish migration would noaffected significantly because fish could
migrate through canals. Stakeholders expresseddeaerns regarding potential negative
impacts, because all stakeholders (including #dgers interviewed) perceived overall
benefits to their livelihoods.

Figure 9: Interviewing villagers as part of the sceening process.
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Pre-project situation

Physical/biological attributes

The irrigation scheme is located in the Huay Thaasathment. The catchment has a total
area of 62.6 kif) of which 42.5 krare above the dam site. Much of the upper catchisen
forested, while the area below and immediately alibe dam is agricultural land.
Agricultural systems in the project area are preidamntly rice-based, with rainfed paddy rice
in the wet season and little crop cultivation ie tiry season. Irrigation is seen as an
opportunity to extend the cultivated area, anddase rice production with a dry season crop.

Water resources in the area include the Huay Thawetitself, and the much larger Xe
Champhone river into which it flows. Much of thdtotated area in the lower Huay Thouat
catchment is within reach of the Xe Champhone wedaan area rich in oxbow lakes and
seasonally flooded depressions which supports @uptive inland fishery. Aquatic resources
including fish, shrimps and snails are harvestethfpermanent water bodies, and seasonally
flooded areas including rice paddies (which accdoiné large share of seasonal aquatic
habitat). Aquaculture is little developed, conttibg less than 10% of the total fish
production in the area.

Livelihoods

The local economy is centered on paddy rice culowabut hunting, fishing, and gathering
traditionally play an important role in househaktlihoods. Occupational specialisation in
villages is low. Household income may be suppleexibly other productive activities and/or
part-time employment for government as teacheathaorkers or agricultural extension
agents. Fishing appears to be second in importangee production as a livelihood strategy.

Garaway, 1999, reports that subsistence fishicgrsed out by almost everyone who has
convenient access to water, and freshwater figieiprincipal source of protein for the rural
population. Reliance on fishing is similar for sdicial groups. Reliance on bought fish was
found highest for the richest socio-economic grang lowest for the poorest, and this was
explained in terms of purchasing power. Strongado®rms encourage wealthier
households to help those poorer, particularly witkinship groups, and poor groups thus
tend to receive more fish as gifts. The poorestigsdhat caught the most fish were also
selling the most, and therefore using the locldrg for income generation as well as
household subsistence to a greater extent. Fishiag activity carried out by men in almost
all households and is practiced throughout the.y&amen spend less time fishing and their
activity is more restrained when fishing requiresel to more distant water bodies. Fishing
in the wet season tends to be carried out in teepaddies or nearby water bodies such as
flooded drainage channels or other low lying ardaghe dry season fishing is inevitably
limited to perennial streams or ponds and thusofiéin involve greater travelling and is
more practiced by men. However, fishing is not gergpecific, though the pattern of activity
and the gears used are different. Selling of frsthiemmediate control of the cash income
tends to be in the hands of women. Children alag gulite a significant role in fisheries,
particularly in the smaller scale streams, ricilieand ponds.

The time required for fishing has implications fmusehold decisions on labour allocation.

Having fewer economic opportunities the poor seetmatve more time to spend fishing, and
caught more because of the higher fishing effodt gkill gained. Availability and
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characteristics of resources within walking disean€the village, and/or restrictions on use,
were important determining factors of total catched more important than socio-economic
differences between groups. Villagers also tenoktoonstrained in their access to fisheries
by what is available in their immediate vicinitydagise fishing (particular with ‘passive’
gear) is often combined with other activities tregjuire household members to be in or near
their village or rice-fields, thus limiting time toavel to water bodies (that may be open
access or shared with other villages) further aw@ppendix D)

Institutional arrangements

Most institutional arrangements pertaining to fisg®are customary, and rules are widely
observed. Most permanent water bodies (riversslakel swamps) are under teefacto
control of local village administrations. Most tese are open access, but some may be
managed for collective benefit of the village, eiths community fisheries or rented out to
generate a village cash income. Paddy fields aea &g fishing by anyone, except where the
owner has taken measures to enhance fish produetignby creating a refuge pond).

There is little active water management in the atgaesent, and consequently few
institutional arrangements regarding water control.

The project

Huay Thouat irrigation project is designed to iatigga command area of 1021 ha in 15
villages. The dam is situated on the Huay Thoyadtream from its confluence with the Xe
Champhone. The reservoir is designed to retain il®mcubic metres, about 70% of the
total available water (TAV), and will have a sudaarea of 474 ha at full storage level.

Feasibility studies and surveys have been cartigdbpthe Viethamese Institute of Irrigation
Technology based in Hanoi. Construction is caraetlby a joint venture between a Lao
company (Xaylatanah) and a Vietnamese company ¢Gibjy and was expected to be
completed in 2003.

At the time of the study no detailed informationsnevailable as to how the irrigation system
would be managed. Village involvement in planniag lbeen limited, and local people’s
knowledge of fishery resources was not sought.odarsystems of water management exist
in other schemes in the area, though in many ¢hses appears to be a lack of clarity
concerning what should happen, and a disparity &atvthat and what actually does.
However, it has become increasingly recognizedabave involvement of local
communities in irrigation management and develognsea key factor for the success and
sustainability of such initiatives.

Predicted impacts

Hydrological and ecological impacts

Hydrological impacts of the dam on the main wagsiources used for fishing were predicted
to be minimal. This reflects the fact that fishisgnostly concentrated in the Xe Champhone
wetland area and in rainfed paddies. The contobubf the Huay Thouat to total discharge
below its confluence with the Xe Champhone wasrestd at about 3 %, and a loss of this
magnitude will not be noticeable. The total flocaplarea likely to be lost along the lower
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Huay Thouat itself was estimated at 48 ha. Thedd#isis area will be more than
compensated for by the new reservoir even if, amsdikely, storage levels will fall short of
the design target.

Figure 10: Water resources map of the project area

Overall fisheries production impacts resulting frogdrological change are likely to be
positive. The effect of a 2-3% discharge reductiarthe hydrology and fisheries productivity
of the Xe Champhone wetlands is likely to be nelgleg A loss of 48 ha of temporary
floodplain would incur a reduction in potentialHeries yield of about 6 tonnes/year (48 ha x
130 kg/halyear). The reservoir at full storage lévdéikely to produce some 38 to 310 tonnes
per year (464 ha x 80-650 kg/ha/year). This suggegbsitive net effect even if storage
levels fall well short of the design target.

The above figures are based on reliable comparetigemation and thus represent a realistic
assessment of likely fisheries impacts. Howevenjegpt design plans for the Huay Thouat
scheme included a reservoir fisheries productiogetaof 10,000 tonnes per year, equivalent
to 21 t/hal/year. This figure is entirely unreatigabout 40 times higher than even the most
optimistic objective estimate), and a fact that whsgious to local fisheries officers and study
team members alike. Nonetheless, being part gbtthject design plan, the figure proved
difficult to replace with more realistic estima@sd was repeatedly used in workshop
assessments, particularly by government officengersthat even realistic figures suggested
a positive fisheries impact for the project, using exaggerated production targets did not
modify the overall conclusions of the assessmatrttitliloes illustrate a general problem that
is discussed further in the review of the assessprexess below.

Local fishermen identified five locally recognizepecies as migrating from the Xe

Champhone into the upper Huay Thouat catchmermiaws: Pa khaoWallago atty, Pa
Khangeng leterobagros bocourti, Mystos sincaringatc), Pa TongGhitala lopis,
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Notopteros notopteryugtc), Pa Kodemibagros nemrujiand Pa Phiaorolius

barbatulus, chrysophekadipnThe dam would prevent the upstream migratiothese

species, but this was not seen as a major proltast of the affected species are likely to
establish populations in the reservoir and mignatie the upper catchment from there, while
migrants from downstream are likely to aggregatevwee¢he dam and create an important
fishery. The latter effect has been observed aratams in the area, but it obviously depends
on sufficient recruitment to the regional stocknfraccessible catchments.

It is likely that paddies contribute significantty fish production in the area, with a
production potential estimated at about 130 kgkaryWhile the wet season hydrology of
rainfed paddies may remain largely unaffected bgation development, two factors could
have a significant impact on fisheries producti@mf paddies:

farming practices that involve reduced retentiomwater in paddies;

reduced fish recruitment to paddies from permanatér bodies due to lower wet

season flows in the river, and/or irrigation infrasture creating obstacles to lateral

migration.
Experience in other irrigation systems in the angggests that changes in wet season farming
practices are unlikely to occur in the short teimmpacts of lower wet season flows on
recruitment to paddies are difficult to predicisthspect should be monitored after
completion of the scheme. A significant area ofified paddy will remain outside the
command area, above the irrigation canals, andhteis may suffer reduced recruitment to
paddies as a result of canals embankments blo¢kimgnovements. The design of culverts
under the canals will be a crucial factor in allog/fish movement. Fish migrate upstream at
times of high rainfall and flow (these provide ctiesmigration), and it is therefore
important to design culverts so that peak flow gi#les do not exceed the maximum (burst)
swimming speed of fish. Cross-drainage culvertehzeen designed for a flow of 1-2 m/s,
which exceeds the maximum short-term swimming spé@dost fish species (mostly below
0.5 m/s).

Figure 11: Culverts become critical pathways for f§h migration when raised canals
separate temporary from permanent aquatic habitats.
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Impacts on livelihoods

A range of livelihood changes is likely to resutirh irrigation development at Huat Thouat.
The increased access to new and more perennial badees is likely to compensate for the
loss of floodplain area, although it is recognitieat that there may be differentiation in these
results between locations and households. Itheilparticularly important that access to
water bodies for the landless is maintained. Herewerall access to water bodies and
therefore fish is likely to be improved, particljaduring the dry season. This will reduce the
time spent traveling to fish and improve the e#fiy of aquatic resource use, particularly
for the households situated nearest to the schatheegervoir. Increased availability of
water from return flows and seepage will also ftati¢ access to fisheries for women, who
are fishing in the proximity of the household.

The relative importance of different aquatic hatsifar fisheries is complex, varying by the
characteristics of the habitat, distance from gila and seasonally. Small perennial water
bodies in proximity to villages were recognizedoasticularly important as a source of fish.
This was emphasised at times of the year whenimedisheries assume lesser importance or
when they are distant. Perennial water bodiestalst to provide catches of the larger and
more valuable species compared to other habitdlige wce paddies were also an important
seasonal resource, and again very accessible foewo Fishing on the Mekong and other
large rivers is also important as a resource aeddsg men from many households in the
area.

The socio-economic development of the area wikieanced by irrigation development,
and this may lead to the emergence of new actvére an increase in the local population
through migration. By introducing a dry season goap irrigation will significantly increase
the use of labour, particularly during the periofisice transplanting and harvesting. Time
available for fishing will be reduced, but the inapan labour allocation to fishing is
potentially complex, and will depend on the locatand fishing characteristics of water
bodies that have been modified by or created lyattion, and on the fishing methods used.

The period of the year during which fishing canpp&cticed in rice paddies and nearby water
bodies will tend to be extended, and thus women Ineagble to fish for a greater part of the
year. This may particularly be the case when padshing methods can be used in
association with work in the rice fields. Men nadlpcate their time in a similar way because
of the greater convenience of fishing in nearbytmns, particularly when fishing is to meet
own consumption needs rather than to produce sseplior sale.

Care of livestock and collection of wild foods at@er tasks that occur throughout the year.
Women tend to spend more time on the collectiowilaf foods than men, and for both men
and women more time is devoted to this activityifythe wet season when more foods are
available. Women are also engaged in growing addes throughout the year, whereas for
men this is more seasonal, particularly if thegp@nsibilities are mainly for seedbed or plot
preparation. Irrigation may facilitate extendeddarction of vegetable crops and hence the
use of labour for this. By reducing the area otllamailable for free grazing in the dry
season, irrigation may also result in some incra@assbour required to care for livestock, in
particular the time required to either tether ang@a grazing areas or to supervise grazing.
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It was concluded that overall the livelihood imsact irrigation development will be mainly
positive, but that future monitoring of the intértkdages between labour allocation, access to
common pool resources including water bodies amderaployment opportunities, by
gender and by household category, will be importasafeguard the interests of vulnerable
groups.

Impacts on institutions

As well as changing the physical, biological, sbaiad economic environment, irrigation
initiatives are likely to change the institutiomadvironment, but limitations on time and
available information constrained a detailed exgtion of this issue during the case study.
New institutions regarding water management (conaitocation, maintenance) will
accompany the physical infrastructure, and the lesglchanges may create new property or
usufruct rights to land. According to the Projéethnical report and all other available
sources, the institutions designed to facilitatplamentation, operation and maintenance of
Huay Thouat irrigation scheme did not include ruteprotect the fishery and any fishers
negatively affected. At the same time, the newitutsons will be introduced into a social
order that is already rule bound, thereby affecting being affected by the existing social
and institutional environment. These issues wagblighted as requiring further attention as
the project progresses.

Mitigation and enhancement measures identified

A set of mitigation and enhancement measures thdtl deneficially be incorporated into
project design and implementation were identified:

Irrigation infrastructure

Construction of a ‘fishway’ or bypass canal for them (although this was not seen as
a major priority).

Maintain lateral connectivity by appropriate desagrd maintenance of drains and
culverts to allow fish movement into upstream paddind streams that serve as
spawning grounds. Design culverts to limit flowaaties, and provide resting areas
in drains.

Water control

Maintain sufficient wet season flows to allow upgnation through the river into
paddies and streams.

Institutions
Integrate consideration of fisheries issues inigation water control and

maintenance regimes.
Establish rules to restrict fishing at critical pageways such as culverts.
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Aqguaculture development to enhance fish production

Earth moving for irrigation construction offers thpportunity to create ponds near
canals

Rice-fish culture in paddies may have potential

The reservoir may be stocked to enhance fisheraduption.

Review of the assessment process

The assessment process was judged to have beassiutin assessing the likely impacts of
this irrigation scheme and identifying specific iggition measures. However, a number of
limitations and their implications for further déepment of the impact assessment protocol
were identified.

In this Laos case local scientific and technicgbazaty for the fisheries impact
assessment was very limited, and consequently tbeegs relied heavily on
guidance from international study team members. Jtielelines developed for
impact assessment must include a comprehensiveasiky accessible compilation
of basic knowledge and relevant tools.

The existing fisheries production “plan” for theigation scheme provided grossly
exaggerated figures for expected benefits, whidvegu difficult to correct during
the assessment process. It is important to incdusiet of generally acceptable yield
standards in the assessment guidelines in ordeouateract the use of strongly
biased “information” by interested parties.

Although some engineering measures likely to miéghsheries impacts were
identified, it was unlikely that they would be adeq because they contradicted
established practice and already completed deslgnspfor the project. Such
measures will require strategic assessment anddsvason much earlier in the
planning and design process, and wide disseminafitime lessons of this research,
and content of the assessment guidelines is désirab

3.3.2 Sri Lanka
A full report on the Sri Lanka case study is giverAppendix C.
Study area

The Kirindi Oya irrigation system is located in tlseutheast dry zone of Sri Lanka.
Constructed in 1986 as the Kirindi Oya IrrigatiordeSettlement Project (KOISP), the project
rehabilitated and incorporated an ancient tankdbasegation system. The ancient system
has been replaced by an open cascade irrigatidensyshrough the following network
(Figure 12): a large new headwater reservoir, Lanugehera; the five ancient tanks, Debera
Wewa, Tissa Wewa, Yoda Wewa, Pannegamuwa and Waaand old and new command
areas.
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Figure 12: The Kirindi Oya system.

Figure 13: Discussion during the screening workshopat Tissa Resthouse,
Tissamaharama
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The assessment process

An overview of the assessment process implement&diiLanka is given in Figure 14.
Following social mobilization and stakeholder id&oation, a first workshop was held for
screening and scoping. Five distinct issues wertifled for assessment, and investigated
further in workshops and technical studies.

Screening and scoping

There is a significant inland and lagoon fisheryha Kirindi Oya basin. Approximately 1230
households are engaged in fishing (7% of the tgpabducing 2550 tonnes of fish per year.
The gross income from fishing was estimated atrhBlidon Rs/year (13% of total gross
income in the area). Fishing is carried out prechamily in the reservoir, tanks, and in
coastal lagoons.

Stakeholders identified the most important issodsetinvestigated as follows:
1) Loss of floodplain area and river flow
2) Declining dry season water retention in tanks asenvoir
3) Inflow of drainage water into the lagoons
4) Conflicts between fishers and farmers
5) Weak linkages between fisheries institutions andation institutions

Assessment results by issue

Issue 1: Loss of river flow and floodplain area dstveam

The reservoir stores a significant proportion afiead flow, resulting in a significant impact
on the downstream flow and flooding patterns. Ttawba rough indication of the overall
fisheries impacts of the scheme, a fisheries balaras calculated based on the habitats lost
and created, and their respective fish producfi@ble 2). The results suggest that the
overall balance is positive; the reservoir compgngdor the loss due to the biophysical
changes downstream of the dam. (Appendix C).

It is also notable that the loss of river flow dlabdplain area was not considered to be a
significant negative impact by stakeholders, and indially raised as an issue by the study
team. Current fishing activities and stakeholderoeons are concentrated on the tanks and
lagoons.
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Figure 14: Implementation of the Impact Assessmerferocess
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Table 2: Kirindi Oya Fisheries Balance

Tot.
Waterbody Area Productivity Production  Value/kg Value
(million
(ha) (kg/ha) kg (R/kg) R)
Unaffected by KOISP
Tissa Weeva 200 400 80000 40 3.2
Yoda Weeva 800 526.25 421000 40 16.8
Weerawila Weeva 800 281.25 225000 40 9.0
Pannagamuwa
Weeva 200 400 80000 40 3.2
Debara Weeva 150 400 60000 40 2.4
Small tanks 200 650 130000 40 5.2
Total 2350 996000 39.8
Lost by KOISP
Tanks inundated -100 650 -65000 40 -2.6
Floodplain below
dam -4200 50 -210000 40 -8.4
Floodplain
inundated -2000 50 -100000 40 -4.0
Lagoons -200000 150 -30.0
Total -6300 -575000 -45.0
Gained by KOISP
Lunuganwehera 3200 423.4375 1355000 40 54.2
Lagoons 200000 40 8.0
Total 3200 1555000 62.2
Balance -3100 980000 17.2
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Issue 2: Declining dry season water retention mk$sand reservoir

Increased withdrawal of irrigation water, and resgtliinflow due to low rainfall and diversion
of water to the new command area have led to daglidry season water retention in ancient
tanks, and in the Lunugamwehera reservoir; thisiderstified as the major irrigation-related
issue by inland fishermen.

The fisheries dynamics model developed by the ptoyas used to explore relationships
between drawdown and overall fisheries productizmawdown to less than 15-20% of the
wet season area was predicted to lead to strongtieds in fisheries yield. Stage-area-
volume relationships provided by IWMI were used#iculate the equivalent minimum level
and capacity of each tank.

Workshop participants including irrigation managensl engineers emphasized the need for
better water management approaches to ensureréived@wn limits are not exceeded,
including:
modifying the pattern of water discharge from ttwekis and reservoir in order to
retain enough water for fisheries;
adapting the cropping patterns to water availahilitoughout the year to avoid
extreme pressure on water resources towards thefehd dry season.

The following specific mitigation scenarios weremdified and scored against a set of criteria
by two groups of workshop participants:

Scenario 1. (S1): Growing other field crops (OH@rt rice to reduce water use
Scenario 2. (S2): Reduce irrigated area and intedjishers in planning commitments
Scenario 3. (S3): Increase agriculture productivity

Scenario 4. (S4): Proper maintenance of irrigatiamals

Group A Group B
Scenarios / Criteria S1|S2(S3|S4|S1|S2|S3 |54
Effectiveness 5 2 4 4 3 2 2 4
Cost 2 1 5 5 1 0 4 4
Time scale 1 2 5 4 1 1 3 3
Level of potential 4 |5 1 1 114 2| 4
conflicts
Potential for local level 4 2 3 1 5 3 3 4
resolution

Growing OFC was ranked highest followed by propaimtenance of irrigation canals.
Stakeholders perceived growing of OFCs to be thst mdequate option in terms of
feasibility of implementation, even though previddBSC programmes have shown
disappointing results. Improving the maintenanog thus conveyance efficiency of
irrigation canals should also be considered, aljhahis measure might not be sufficient to
save enough water for fisheries.

At present, cropping patterns are poorly adaptedatier availability, and this is widely

recognized. The actual area irrigated is also grahtin planned, and minimum tank water
levels are not maintained. Institutional developtrienmprove the consideration of fisheries
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interests in irrigation management is crucial tdradsing this problem, and will be dealt with
separately below.

Issue 3: Water quality changes in the lagoons

Two coastal lagoons, Embilikala and Malala which iaterconnected by a natural channel,
receive increased freshwater inflow as a resuf@ISP. Embilikala receives drainage water
from the right bank command area of the KOISP, e/NMklala receives drainage from the
neighboring Bandagiriya irrigation scheme which megeive a supplementary water
allocation from KOISP, although this has not haggekim recent years (Figure 12). Malala
lagoon is separated from the sea by a sand babtbathes naturally under certain
conditions or may be breached intentionally by léaamers or fishers (Figure 15). Opening
and closing the sandbar is a key management igswanal constructed in 1994 to connect
the lagoon to the sea has had little effect amkahasvn locally as the “foolish canal”.

Figure 15: The sandbar separating Malala lagoon frm the sea.

The main environmental change in the lagoons has heise in water level and substantial
reduction in salinity due to drainage inflow, frdi@-41 parts per thousand in the mid-1980s
to less than 7 ppt in the mid-1990s. Rising wkateels pose risks to agricultural activities
around the lagoon, and have led to frequent opeofitize sandbar by local farmers to reduce
the water level. While connectivity with the seaattain times is critical to ensuring the
recruitment of valuable marine shrimp into the lagadrequent breaching of the sandbar at
other times may lead to loss of shrimp and is aebffed by fishers. In the most recent years,
however, a drought has dramatically reduced fretgnwaflow and very low water levels are
currently the main limiting factor for fisheriesgatuction.

A timeline of the fishery has been completed wisihérs and is shown in Table 3. The

number of fishers involved in the lagoon fisherg karied substantially during the years as a
result of ecological, economic and institutionadtéas (e.g. establishment of the Fishermen’s
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Cooperative Society, FCS). At the end of the curdeaught, the lagoon is likely to revert to
the state of the mid-1990s, with drainage inflowiag salinity at very low levels.

Table 3: Changes in the lagoon fishery

Year Number of Reason for variation Situation of lagoon fishery
fishers
1965 Less than 25 Low population Good catches
Low market price
1966to 74 | 25 Low population Low catches
Decrease of water level due to the
drought
1975t085 | 300 Increase of outside fishers Gooinghproduction
1986t098 | 150 FCS regulate outsiders Decrease of shrimp production
Decrease of shrimp Increase of water level, decrease in
production salinity
1998 to 240 Increased memberships of | Almost no catch

date FCS
Decrease of water level due to the
drought

Two factors are important in determining lagootéis/ production in terms of quantity and
guality: the lagoon’s connection to the sea anddfiel of freshwater inflow. In a
comparative international study of lagoon fishesidy Joyeux and Ward (1998) conclude
that a lagoon’s connectivity with the sea is thgamdeterminant of its productivity, while
salinity has little impact on total productivityh&y estimated an average total fisheries yield
of 100 kg/halyear, including on average 25 kg/har'yé shrimp. The average total is close to
an independent estimate of 120 kg/ha per year faald (Jayakodi 1993). Given a combined
area of the Malala and Embilikala lagoons of 880this suggests realistic production
estimates of about 90t/year in total, including/g&ar of shrimp.

Fishers considered that while total yields mayhate been affected by the reduction in
salinity, shrimp yields have declined strongly. i8tp are particularly important to fishers
because of their extremely high value comparedsto(ifTable 2). It is plausible to link the
decline in shrimp catch to increased drainage wmflalthough changes in the lagoon’s
connectivity with the sea may also be implicated.

The decline in the shrimp fishery has had majoraotp on the livelihoods of local
households. The shrimp fishery was the most impofitshery in the lagoon, previously
sustaining several hundred families. The droughktadiso affected paddy and dairy
production, leading to a strong overall reductio@verage household income in an area that
is relatively underdeveloped and has unemploymegesrthat are above the national average.
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Several mitigation measures for irrigation impawrighe lagoon fishery were identified by
stakeholders:

Scenario 1 (S1): Restoration of small tanks

Scenario 2 (S2): Rehabilitation of irrigation canal

Scenario 3 (S3): Canal construction to divert cagswater
Scenario 4 (S4): Reuse of drainage water to finstream tanks
Scenario 5 (S5): Intensive prawn culture

Scenario 6 (S6): Return drainage water upstreapubyping

Participants scored the scenarios against a seitefia, using scores from 1 (lowest) to 5
(highest).

Group 1 Group 2
Scenarios / S1 |S2 [S3 |[S4 |S5 |S6 |S1 |[S2 |[S3 |S4 | S5 | S6
Criteria
Effectiveness 5 5 3 5 1 0 3 4 4 1 1 4
Cost 2 1 1 0 4 5 5 5 5 3 4 4
Time scale 3 1 3 0 0 5 5 5 5 3 2 3

Level of potential | O 0 1 1 2 4 3 0 2 1 5 2
conflicts

Potential for local | 1 1 1 2 4 4 2 4 4 1 1 4
level resolution

Participants chose a combination of scenariosahd?6: restoration of small tanks,
rehabilitation of canals and returning drainageaewapstream. (Further detail is provided in
a separate case study report).

Issue 4: Conflicts in the Kirindi Oya watershed

Development enhanced by the KOISP has put incrgassgure on natural resources such as
water and fish. The most important reported cotglimder KOISP lie between fishers and
farmers, particularly in the lagoons where contriahe sand bar cutting became a critical
issue for the livelihoods of local communities (iIss3 above). The situation has been
aggravated by the environmental conservation altind regulations of the Bundala
National Park, which limit alternative local naturasource based livelihood options. An
overview of conflicts arising over the lagoonsirgegp in Table 4. The second type of
reported conflicts between fishers and farmergeslto the management of water in tanks
and reservoir (Issue 2 above).

A number of conflict mitigation measures were idfeed:

(1) Awareness creation and information sharing

The various stakeholders are not well aware ohtexls of other stakeholders, and
information is not widely and equitably shared.séthey lack knowledge and understanding
of the different impacts on the physical environtmétrwas suggested to promote education
and training of stakeholders through various progngs on water resources: at school, on
TV and in newspaper articles.
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(2) Link Fisheries Cooperative Societies (FCS) Badmer’s Organisations (FO)

Joint membership and meetings of FCS and FO tdvesonflict and manage resources, e.g.

regulation of tank releases and levels, timingawfdbar opening for Malala lagoon.

Strengthened linkages between FCS and FO througiafemn of coordinating committees of

fishers and farmers.

Table 4: Typology of the main conflicts involving fshers in the lagoons area

Parties Conflicts/Disputes Implications Frequency | Signif-
involved icance
Fishers and | Cutting the sand bar to protect | Fishermen: Flush out fish and 1-4 times a| High
farmers paddy fields from floods shrimps. year
Farmers: Lose crop because |of
excess water
Freshwater inflow to the lagoon | Fishers: Change of fish habitatContinuous| High
system diluting the salinity level.| and decrease in fish
Salinity level dropped to 1-7 ppt | production
(18.5 ppt is favourable). Farmers: Release of drainage
water
Releasing of water for paddy fromFishers: Loss of fish breeding Every High
tanks without maintaining and production season
minimum water level for fish Farmers: Damage to since 1999
breeding (villagers’ interviews) | cultivation
Fishers and
the state
Fishermen Fishing activity (use of canoes | Fishers: Restrictions on During Moderate
and Wildlife | and nets) is disturbing birds fishing activity in the lagoon | fishing
Dept. (WCD) WCD: Threat to bird habitat | seasons
Restricted access to the Park for Fishers: Restrictions on Continuous| High
fishers fishing in the lagoon
Agency: Threat to wild-life
Fishers and | Freshwater inflow into the lagoon Fishers: Decrease of fish Continuous| High
Irrigation system production
Dept. (ID) ID: Release of drainage water
Among
Fishers
Fishers from | Fishing in the lagoon (based on | Access rights of resident Periodical | High
Pallemalala | discussions with fishers from fishers versus visiting/migrant
and Sippikulama) fishers
Sippikulama

(3) Conflict resolution

Disputes between farmers and fishers may beconidylpglarized and contentious, and this
may constrain resolution of the root problemscadihflict resolution procedures are lacking,
then these should be formulated and agreed amaosegst for different scenarios. Disputes
can then be referred to arbitration for decisioasda on agreed rules.

(4) Accompanying institutional measures
Legal backing may be required for the measurediftshabove.
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Issue 5: Inadequate institutional arrangementse@mianagement of water for fisheries

Both Issues 2 and 4 discussed above have strotigiiiemal components. Focusing
specifically on institutional aspects, stakeholddentified three main areas where action is
required.

(1) Enhanced representation of fishers in wateragament decision making

Fishers lack political and social clout within s&tgt their needs are ignored or overlooked.
Fishers Cooperative Societies are weak comparEdrioer Organizations. Fishers may gain
power by linking up with other groups, particuladgvironmentalists and National Park
authorities, to place pressure on irrigators forerefficient and socially equitable water use
and management. However, the interests of thesggrare not always identical, even with
respect to water management.

(2) Lack of identified water rights by sector

There is no explicit allocation of water betweentses, and consequently politically weaker
interests such as fisheries suffer. A possibletgmiwould be to form river basin committees
to discuss, agree and allocate water rights amdifies for different scenarios, e.g. very wet
year, average year, very dry year. However, thppears to be limited political and social
will to form such committees and to give them suppo

(3) Lack of water control capability of the Irrigah Department

Water releases are less controlled than is desirabl minimum water levels in tanks are not
maintained even though there have been agreenmedtsdo. It was suggested to improve the
water control capacity of the ID through a variefyneasures, possibly including: relating
bonuses to water use efficiency and productivityar@ness training, and sanctions for poor
performance. However, it is difficult to see howpirmvements can be made without far
reaching changes in the organizational and ingiitat arrangements for irrigation
management.

Review of the assessment process

Overall it was judged that the assessment procedsed well in Sri Lanka:
there was a great deal of interest and participdtimm stakeholders;
stakeholders were able to define and evaluaterdiffescenarios to improve water
management for fisheries.

Hence the process proved practical and effectikeaging to management recommendations,
although time and resources were inadequate to lafevthese further or to seek
implementation. It is notable that many of the iifead issues and their solutions are broader
water management issues than just fisheries impadey had also already been identified
in other contexts, but not resolved. This re-erderthe premise that wherever possible,
fisheries impact assessments should be integratéa wider irrigation and water
management planning and management processes, thathearried out independently.
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3.3.3 Contribution of case studies to the developina guidelines

The case studies contributed to the developmenhefguidance manual in two ways: by
providing a testing ground for the protocols analddeing developed, and by providing case
material for the manual.

Several observations made during the case studeksntportant implications for the design
of the guidelines for fisheries impact assessmedtraanagement.

In Laos, and to a lesser extent in Sri Lanka, teakiwcapacity of staff from agencies
relevant to water management and fisheries, angarticular of inland fisheries
officers given that this has tended to be a redffimeglected sector. Staff tended to
lack technical knowledge as well as the organisaticand management skills
important to facilitate a process of impact assesdgnthat involves genuine
participation by stakeholders.

The need for flexibility and iterative adaptationthe implementation of the impact
assessment process, including flexibility in tmegscale required for the process.
Recognition that robust findings and managemeramasendations can be derived
from relatively inexpensive data collection methafdappropriate use is made of
existing secondary sources of data and well chtaerd’ or more formal research
methods, but that effective stakeholder particgrais a vital element in this.

That mitigation or enhancement measures need teviaduated as part of an
integrated assessment of the whole water resouacagement system. Linkages
between measures need to be considered, also éiskeith other sectors and water
uses. Thus, as noted above, that impact assesfmnaguatic resources needs to
be ‘upstreamed’ as much as possible in processesigf resource planning and
irrigation scheme identification and design.

That information concerning the economic and livetid important of inland
fisheries needs to be more widely disseminatedthadorofile of inland fisheries
raised so that it is adequately considered bygdhaies involved in water resource
management.
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3.4 Guidance manual

A Guidance Manual on the Management of Irrigation Elepment Impacts on Fisheribas
been developed by the project team, based on amsxé review of the relevant literature,
specific project research as reported above, andg¢bessment/management case studies.

3.4.1 Overview of guidance manual

The guidance manual is organized in three mainaectintroduction, knowledge base, and
assessment guidelines (Box 1).

The Introductionsets the scene. It introduces fisheries and agtltheir importance in rural
livelihoods, the rationale for irrigation developmbeimpacts of irrigation on fisheries, and
the complexity of impact pathways.

TheKnowledge Baseovers the basic principles and practices thdepstonal need to know.
All principles covered are directly related to inspassessment and management practice,
and these links are made explicit by providing Itdmxes with practical applications in
most sections.

The Assessment and Management Guidelpreside suggested protocols for assessing and
managing fisheries impacts of irrigation developtnen

Managing irrigation impacts on fisheries is fundata#ly an interdisciplinary task, and it is
envisaged that assessment and management plantiiggrverally be carried out by
multidisciplinary teams under the co-ordinatioragrofessional who may have a
background in any of the relevant disciplines. @ksessment protocol and guidance manual
developed have been designed primarily for usaublg seams. Emphasis is placed on
consultation with all relevant stakeholders andipigation by beneficiaries and those
negatively impacted by irrigation development whappropriate and possible.

Recognising capacity limitations, as discussed.®33above, simple generic principles and
methods are emphasised so that fundamental workleatys be done and ambitions for the
“best should not be the enemy of the good”. Furthedance is then also provided so that
recommended methods can be applied with varyingegsgof intensity and sophistication

appropriate to the nature of the specific issuasgomvestigated and the human and other
resources available.

3.4.2 Consultation and publication

The Guidance Manualis currently in the form of a consultation documeA range of
irrigation, fisheries and related professionalsehbeen contacted to seek their views on the
content and structure of the document before fivagiit for publication.

The International Water Management Institute (IWM#s offered to publish the Guidance
Manual as part of their Research Reports serieschwis distributed widely within the
irrigation community in printed and electronic farfthe option of publishing the document
jointly with other organisations such as ICID, FA®,|CLARM is being explored.
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Box 1. Overview of the structure of the Guidance Maual

Part 1: Introduction and overview
1 Introduction
1.1 What are fisheries?
1.2 Why fisheries and aquatic resources matter
1.3 Irrigation development: rationale and trends
1.4 Impacts of irrigation development on aquatsorgces and their mitigation
1.5 Tradeoff or commonality: bridging water for tband water for nature

Part 2: Knowledge Base
2 Understanding fisheries systems
2.1 Fisheries systems: characteristics, comporzentsnterlinkages
2.2 Physical habitats and hydrology
2.3 Ecology of fish production
2.4 The exploitation of fisheries
2.5 Biodiversity of aquatic resources
2.6 Fisheries in livelihoods
2.6 Institutional arrangements and the managenfdigheries
3 Irrigation development impacts on fisheries
3.1 Overview
3.2 Irrigation schemes
3.3 Impacts on aquatic habitats: hydrology and lasel
3.4 Impacts on fisheries ecology and exploitation
3.5 River basin development: local impacts in ceinte
3.6 Livelihood impacts
3.7 Impacts of institutional change accompanyingéation
3.8 Interactions and synergistic impacts
3.9 Summary
4 Mitigation, compensation and enhancement
4.1 Approaches to mitigation
4.2 Principles of mitigation of aquatic resouraepacts from irrigation structures
4.3 Mitigation of impacts from infrastructure iretiproject cycle
4.4 Adapting fisheries management
4.5 Mitigation of impacts from agricultural praci
4.6 Reservoir fisheries
4.7 Fisheries enhancement
4.8Aquaculture development
4.9 Livelihoods
4.10 Institutional development for mitigation arahgensation

Part 3: Guidelines for Assessment and Management
5 The assessment and management process
5.1 Overview
5.2 Screening and scoping
5.3 Ex-ante impact assessment for individual ptsjec
5.4 Ex-post assessment
5.5 Institutional development
5.6 Monitoring and adaptive management
5.7 Strategic assessment
References
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3.5 Summary of key results

A suite of assessment tools were developed based mview of the relevant
literature, further analysis of data acquired inpeevious project, additional
livelihoods and institutional analyses, and math&ah modelling of fish stock
dynamics in relation to water management.

A conceptual framework based on institutional asialyand design has been
developed to integrate the physical, biologicatklihoods and institutional aspects
of irrigation-fisheries interactions.

Livelihoods analyses were developed to identify Kagtors that influence the
allocation of labour and resources to fishing, éadassessment of the impact of
irrigation development on vulnerable groups.

Empirical models were developed to predict potérfisn yield per unit area in
natural and modified aquatic systems. Yield wasébio be strongly related to
catchment area above the sampling point.

A biomass dynamic fisheries model has been devdldpeanalyze interactions
between water management and fisheries in ressranit floodplain lakes. Results
suggest that drawdown to about 20% of the full amdhlead to only moderate
reductions in yield, while further drawdown willuwse far more marked reductions.
An assessment protocol has been developed and avadable in the form of a
guidance manual.

Assessment case studies were conducted in Laos &nl Lanka. The purpose of
the studies was to test and further develop thesassent framework and tools.

In Laos the study focused on the potential impaéta proposed, medium scale
irrigation project. The effect of reservoir congttion on floodplain catches by local
villagers was estimated to be small (loss of 3-4Ph)s is likely to be compensated
by the newly created reservoir fishery in aggrega the distribution of losses and
gains depends on who fishes, where they fish, ihepnfish, how they fish, and on
their alternative employment opportunities. In faorigation impacts are not
generally negative for vulnerable groups, includmgmen, the landless and those
of limited mobility.

The Sri Lanka case study considered the fishengsacts of the Kirindi Oya
irrigation scheme. Overall the scheme has resuteh increase in local wild fish
production, largely due to the development of ayveroductive new reservoir
fishery. However, several fisheries problems linkedhe scheme were identified.
Firstly, drawdown of ancient reservoirs in the patjarea had increased in recent
years due to reduced inflow and increased withdramith consequent reduction in
fish production from the reservoirs. Secondly, dage water inflow into a coastal
lagoon was associated with negative impacts onraddy productive shrimp
fishery. Both these fisheries had become importamirces of livelihoods for
identifiable, and particularly landless groups. pEsience was gained in the
identification of mitigation measures and the pnéhary assessment of water
management options and associated trade-offs.

In conclusions, irrigation development impacts ashdries production and the
contribution of fisheries to rural livelihoods még positive as well as negative.
Consideration of fisheries issues in irrigation npli;ag and management can
enhance positive and mitigate negative impacts.hdfiss production and
livelihoods issues may differ from those relatingingarily to biodiversity
conservation: water for fisheries is not necesgdviater for nature”. Stakeholder
involvement is crucial to identifying and managlinglihoods impacts.
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4 Contribution of results

4.1 Contribution to DFID’s developmental goals

DFID’s developmental goal is the elimination of pay in poorer countries through: policies
and actions which promote sustainable developmdmitter education, health and
opportunities for poor people; and protection amdtds management of the natural and
physical environment.

The present project contributes to these goalsversl ways:

- New and improved knowledge has been generated gongethe technical, ecological,
economic and social aspects of inland capture riisfieand the potential impacts of
irrigation and other water resource developmentdhase resources. This knowledge
includes field tested tools and methods for fiskerappraisal and impact assessment,
including assessment of impacts on livelihoods.

This and existing knowledge has been assembledavdiide disseminated in the form of
a guidance manual targeted for use by relevantpsadnals and other stakeholders in
developing countries, and in other publications famd.

Specific design and management recommendationsefected irrigation developments
in Laos and Sri Lanka have been developed with npest and stakeholders.
Implementation of these recommendations will mitgaegative and/.or enhance positive
irrigation impacts on fisheries, and enhance |h@bd benefits derived from those
fisheries, and from irrigated agriculture.

The study has demonstrated that planning and agprprocesses involving genuine
stakeholder participation can be implemented withdest resources, and that these will
deliver improvements to both design and managerokntater resource management
institutions and developments.

The project has resulted in substantial capacitigimg within partner institutions in Laos
and Sri Lanka.

The project has highlighted the need to distinguistween biodiversity/ecological
integrity consideration and livelihoods issues Ire tassessment and management of
irrigation impacts on fisheries. An explicit focus the latter is likely to enhance
livelihoods outcomes for the poor.

4.2 ldentified promotion pathways

Project results have been promoted and taken wgriatus levels in the partner institutions.
4.2.1 Publications

The following publications have been prepared arel gue to be submitted. Drafts are
appended to this Final Report.

Lorenzen, K., Smith, L., Nguyen Khoa, S., Burton, ® Garaway, CGuidance Manual on

the Management of Irrigation Development ImpactsFasheries To be published as an
IWMI report.
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Nguyen Khoa, S., Lorenzen, K., Garaway, C & ChagtsiiB. Impacts of irrigation
development on capture fisheries in rice-basedifagrsystems: a replicated field survey. To
be submitted tdournal of Applied Ecology

Lorenzen, K. & De Graaf, G. A biomass dynamics nhdoleassessing interactions between
fisheries and water management in highly seasorakrwbodies. To be submitted to
Canadian Journal of Fishereis and Aquatic Sciences.

Lorenzen, K., Almeida, O.T., Garaway, C. & Nguyehad, S. Aggregated catch and fishing
effort in tropical multi-species fisheries (SubradttoEcology Letters

4.2.2 Reports

Two reports have been produced on the assessnsnstealies. The reports are being edited
for publication as contributions to the DialogueWater for Food and the Environment:

Nguyen Khoa, S., Lorenzen, K., Smith, L., Burton, BI Garaway, C. Management of
irrigation development impacts on fisheries: Lasecatudy.

Nguyen Khoa, S., Smith, L., Burton, M., Lorenzen, & Garaway, C. Management of
irrigation development impacts on fisheries: Smka case study.

4.2.3 Presentations at conferences and workshops

Smith, L.E.D., Nguyen-Khoa, S., Garaway, C., & lLaren, K., The Impact of Technical
Change on Rural Livelihoods in a Semi-SubsisteremnB&my: Irrigation Developments and
Aquatic Resource Use in Laos. Presented at theéS@&inar of the European Association of
Agricultural Economistd.,.ivelihoods And Rural Poverty: Technology, PolicydA

Institutions September 12-15th 2001, Imperial College at WAghford, Kent, UK.

Nguyen-Khoa, S. & Smith, L.E.D., Impacts of irrigat development on small-scale fisheries
in South-East Asia. Presentedraigation and Drainage Research by UK Institutgpn
organised by ICID British National Committee, HR Nveford, 21 March 2001.

Lorenzen, K. Managing irrigation development impactiisheries. Presentedlaigation
and Drainage Research by UK Institutiomsganised by ICID British National Committee, HR
Wallingford, 19 March 2002.

Arthington, A. & Lorenzen, K. Fisheries ecology aedvironmental management of large
river systems. Invited keynote paper, Fisheriesldggoand Conservation Panel. Second
International Large Rivers Symposium, Phnom Penébrdary 2003. (Review paper
incorporating many project outputs and promotirgygbidance manual).
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4.2.4 Workshops

The impact assessment case studies involved s#ri@srkshops in Laos and Sri Lanka. A
brief overview of the workshops is give here.

Laos

Workshop 1, Savannakhet, 19 October 2001

Introduction to the project, overview of irrigatiampacts on fisheries, guidelines, project
activities; start of screening process.

Workshop 2, Savannakhet, 26 October 2001

Screening: results from informal surveys at villdgeel; introduction to scoping
phase.

Workshop 3, Savannakhet, 02 November 2001

Stakeholder analysis; scoping.

Workshop 4, Savannakhet, 09 November 2001

Stakeholder analysis and scoping continued; stdnatiassessment.
Il.
Workshop 5, Savannakhet, 19 November 2001

Situational assessment

Workshop 6, Savannakhet, 27 November 2001

Prediction of impacts.

Workshop 7, Savannakhet, 05 December 2001

Mitigation measures; evaluation of process by pgdnts.

Workshop 8, Savannakhet, 11-12 December 2001

Final workshop with a wider group of stakeholderduding provincial and
national government officers. Overview of impacessment process,
guidelines, problem identification, scoping, sitaatl assessment, impact
prediction, and mitigation measures. Decision mgkind trade-off analysis;
recommendations, evaluation of workshop.

54



Sri Lanka

Workshop 1, Tissamaharama, 15 February 2002

Project introduction, understanding impacts ondrgs, guidelines, screening.

Workshop 2, Tissamaharama, 21 February 2002

Identification of key issues and interactions be&wanpacts, potential mitigation /
enhancement measures, review of available infoondtr impact assessment.

Workshop 3, Tissamaharama, 14 March 2002

Presentation and discussion of assessment reguttgjor issue: river water and floodplain
loss, water level decrease in tanks and resentagepn water quality changes due to inflow
of drainage water, conflicts between fishers amohéas, linkages between fisheries and
irrigation management policies.

Workshop 4, Tissamaharama, 26 March 2002

Final workshop at local level. Trade-off analygigeliminary recommendations;
review of the process of guidelines testing.

National Workshop, Villa Ocean View Hotel, WadduWwd-05 April 2002

Workshop introduction; guidelines outline; studgarimpact assessment results;
management scenarios and their implementatioretoéfdanalysis; recommendations;
conclusions.

4.3 Uptake of project results

Project results have been taken up by partnetutisins including governmental agencies in
Laos and Sri Lanka.

4.4 Follow-up necessary to achieve developmentalrisdits

The consultation on the draft guidance manual aisd subsequent publication and
dissemination will ensure increased awarenesssbkfies issues in irrigation development,
and of approaches to addressing them. Uptake wifuither promoted by the International
Water Management Institute and

This should lead to

Supporting implementation

Adaptive management
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