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Smmary

Fsh populations inhabiting the rivers dreams, naiurd wetlands and paddy fidds of rice-
based faming systems support capture fisheries of mgor importance to locd livelihoods.
Water resources devdopment for irrigation has the potentid to impact dgnificantly on
these fisheries by modifying habitats and their connectivity, as wedl as patens of
exploitation. We conducted a fidd survey to edablish the impacts of smdl to medium
dzed wer and dam irrigation sthemes on locd fisheries in the rice-based farming
sysdems of southern Laos. The survey was replicated a the irrigation scheme leve.
Impacted dtes were pared with non-impacted controls within the same watershed. Waeir
schemes were associated with a dgnificant decline in households and per-area catches
which as not fully explaned by a concomitant change in fishing effort. Dam schemes
caused no ggnificant overdl decline in catches, but a very dgnificant re-digribution of
caches and effort into the newly crested reservoirs. In both wer and dam schemes,
changes caich were largey explained by changes in fishing effort. No dgnificant impects
on fish species richness were detected.  Small-to-medium Szed irrigaion schemes have
only moderate impacts on locd fisheries in rice-based farming systems. Net impacts of
wers may be more pronounced than impects of dams. Rather than being fundamentaly
degraded as often assumed, fish populations and the fisheries they support can reman
productive and diverse within irrigated rice sysems Protecting and enhancing wild fish

gocks in such sysemsis likely to generate socid and ecologica benefits.
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Introduction

Inland fisheries play an important role in rurd livdihoods in many deveoping countries,
in paticular within the most resourcepoor sections of the populaion (ADB, 2002). The
productivity and diversty of the aguatic resources upon which these fisheries depend is
cdosdy linked to the functioning of aguatic ecosysems hence inland fisheries link

environmenta and food security issues in a unique way.

The productivity and diversty of inland agquetic resources are drongly affected by the
devdopment of water resources for irrigation, hydropower generation, and urban and
indugrid uses. In rurd aess of the deveoping world, irrigation is widdy seen as the
sngle mog important intervention impacting on fisheries Irrigation sysems may
abdract and deplete (through evgpotranspiration) a large proportion of the annud flow
from tropicd river basns and reduce the overdl avalability and ecological connectivity
of aguatic hebitals In addition to direct physcd and ecologicd impects, irrigation
devdopment may affect fishing practices, use rules and the opportunity costs of fishing.

Hence the overdl impacts of  irrigation development on fisheries are multiple and varied.

It is now recognized that fisheries impacts should be consdered in the planning and
management of irrigation deveopment, but there is a lack of rdiable quantitaive impect
assessments to  inform  this process (WCD, 2000). Although subdantid quditative
knowledge has been generaed in recent years (mainly through detailed descriptions of

impacts on fish ecology), to date and to our knowledge, no quantitative assessment of the



impacts on fishing activiies and their consequences for rurd livdihoods hes
ubdantiated the quditative information. As a rexult impacts on fisheries ae often
effectivdy ignored in peformance andyses of irrigation schemes Despite growing
avareness, aguatic ecosystems continue to be degraded by unsound forms of utilization

(ADB, 2002).

The am of our dudy is to assess quatitaivey the fisheries impacts of irrigaion
development within rice-based faming sysems Rice-based faming sysems support a
large share of the rurd population in South, Southeest and East Ada, and in parts of West
Africa Ranfed rice paddies are designed to dore water for extended periods, cresting
aguatic ecosysems with many smilaities to naturd floodplains (Heckmann 1979). Like
floodplain habitets paddies are colonized by fish during the wet season and contribute
subgantidly to the overdl fisheries production of the river-floodplan sysem. Fishing,
often caried out on an occadond or pattime bass makes a dgnificant contribution to

livdihoodsin many rice-based farming systems.

Irrigation development in rice-based systems ams to dlow cultivation of a second crop
of rice or another field crop, or a the very least to secure a Sngle crop in dry years. The
present dudy is concaned with smdl to medium scde irrigaion schemes irrigating
command areas of up to about 500 ha The schemes conddered in this sudy use gravity
to supply waer to fidds via cands but differ in the diverson dructures used absract
water from rivers. Weirs are relatively low sructures that divert water without creating a

sgnificant dorage reservoir. Dams involve dgnificant dorage of water in reservoirs,



Waeir irrigation schemes have the effect of exacerbaing the naturd seasondity of river
flows, abdracting water mosly during the dry season when irrigation demand is highes.
Dam schemes on the other hand tend to atenuate naturd flow patterns, retaining a large

share of pesk flows in the reservoir but increesng dry season flows due to drainage and

seepage.

We caried out a quantitative assessment of irrigation impacts on atisand fisheries in
Southern Laos The study was desgned as a pared comperison of household fishing
effort and yidd as wdl as locd fish dock diversty between irrigated and non-irrigated

gtes.

Material and methods

STUDY AREA

In Laos, the dimate is tropicd with an average daily temperature of 31°C and an average
annual precipitation of 1500 mm, about 75% of which occurs in the monsoon season
(May to October). Rice is the sngle mogt important crop in Lao agriculture, accounting
for about 80% of the cultivated area More than 85% of rice produced is of traditiond
vaieties of the glutinous type, and annud yidds are in the range of 1.5 to 28 t/ha Only
3% of the paddy area is irrigated, and the dependence on rainfed sysems is seen as the
mgor condrant to the expandon of rice production (Suan 1989; IRRI 1999).

Agiculturd production in the rainfed areas tends to be subsistence-oriented.



FHed dudies were caried out in three provinces of Southen Laos Khammouane,
Savannakhet and Champassak. The lowlands of Savannakhet and Champassak provinces
are among the mgor rice producing aress in Laos, together accounting for over a third of
nationd rice production. Much of Khammouane is mountainous, meking the province a

lessimportant, but dill Sgnificant areafor rice production.

The dudy covered wer and dam irrigation schemes with command aess ranging from
17-515 ha (average 155 ha) and associaed paddy aress varying from 3 to 346 ha (average
93 ha). Weir schemes and the respective control stes were located mogtly in the upper
reaches of watersheds, while dam gtes and controls were located in lower reaches.
Conseguently both irrigation command and overdl agudic habitat arees were amdler in
wer dtes and controls than in dam gStes and controls. Within dl irrigation schemes, the

wet season rice crop was cultivated as a largdy ranfed crop and there was little land

engineering.

STUDY DESIGN

The study was replicated a the irrigation scheme leved based on the paired comparison of
cach, effort and gpecies richness a gStes impacted by irrigation and non-impacted control
gtes. Control dtes were located within the same watershed and on a river of the same
order as the impacted dte A pared desgn was chosen to minimize environmentd
vaiaion and maximize the ddidicd power of the compaisons. Pdiminay

invedtigations suggested that 50% reduction in fish caiches would be sufficient to offset



the net benefits of many irrigation schemes. Hence the survey was designed to detect a
50% reduction in catch a a levd of ggnificance of ? = 0.1 and power of ? = 0.9. Based
on edimaes of within and betweenvillage variance in fish caches (Garavay 1999),
power andyss suggedted that ten pared dtes with samples of ten households in each
would be aufficient to meat the desdgn criteria Hence the wer and dam dudies were

designed with ten paired Sites each.

SURVEY METHODS
At each dte, we caried out a dte survey, a household fishing survey, and a fish
biodiveraty survey. The household fishing and biodiversty surveys were caried out

twice, in the dry season and the period of receding floods.

The dte survey was desgned to provide generd information on the village (populaion,
paddy aes irrigated ared), and to quantify habitat availability. Villagers were asked to
draw water body maps for the locd area. Surveyors then measured area, depth, and some

other characterigtics of the water bodies.

The household fishing survey covered ten households sdected a random from the village
lig. Surveyors carried out a detalled interview in each sdlected household, collecting deta
on fishing events (person fishing, time fished, and catch in weght) with a one-week
recdl. The interview method was adapted from a previous survey (Garaway, 1999) and
involved the use of ads such as bowls of different sze and gicks of different length to
hep the villagers in quantifying ther caiches. Catches were recorded separatdy by

habitat type. To asess whether irrigation development impacted on the fisheries



productivity of floodplain habitats (induding paddies), catch and effort per unit habitat
aea were cdculaed by multiplying average household caich with the number of

households, and dividing by the average (wet and dry season) agudic hebitat area in the

village proper.

For the fish diversty survey, large groups of villagers fished in dl locd aguatic hebitas
for a fixed period of aout two hours. All fish caught were presarved and identified to
oecies level in the laboratory. The number of specimens obtained differed between
sampling locations, and spedies richness was postivey corrdaed with the tota number
of specimens obtained. To correct for this sampling effect, average richness of computer
generated resamples of 30 fish (the lowest number of specimens obtained for a Ste) was

used in the andyds of speciesrichness.

DATA ANALYSS

All survey data were sored in a relationd database. Exploratory andyses showed that the
pared differences in catch, effort and species richness were dightly skewed and
leptokurtic. A non-parametric  bootstrap was used to generate confidence limits for
effects. Regresson andyss of logarithmicdly trandformed catch and effort per unit area
was used to assess whether observed varidtion in catches could be explained by variaion

in effort.



Results

BASELINE DATA

Participation in naturd aguatic resource use was near universa in dl dtes, with 83% of
houssholds fishing during the survey peiod. In the non-impacted dtes average
household fishing effort was consstently about 5 h/week, but houschold caiches were
lover in wer controls (0.77 kg/week) than in dam controls (207 kg/week). This
difference in catches is likdy to reflect differences in the hydrology of weir and dam
controls related to their different locations within watersheds. On a per-area bass, fishing
effort was much higher in wer than in dam controls (6.6 vs. 29 Whalweek) while catches

were Smilar. Species richness was Smilar between welr and dam Stes.

EFFECTS OF IRRIGATION SCHEMES ON OVERALL HOUSEHOLD HSHING

EFFORT AND CATCHES

Average household catch and effort in the paired dtes are shown in Fig. 1. A drong pair
effect is noticesble, i.e overdl household caich and effort are far more variable among
than within pairs. Pairing of impacted and control Stes within watersheds has effectivdy

reduced environmentd variation.

Wer schemes were associaed with and a dgnificant 36% dedline in household catch and
a gndler, nonggnificat decdine of 14% in housshold effort (Table 1). Overdl this

indicates a moderatdy negdive effect of wer irrigation schemes on fish caches, partly



but not fully explaned by a dedine in fishing effort. Dedlining fishing effort may in itsdf
be the result of increesed demand for labour in other activities (such as irrigated
agriculture), and/or a reduction in the actud or perceved opportunity for fishing due to

changesin fishable habitat or fish abundance.

No ggnificant overdl impact on household catch or effort was detected for dam schemes,

dthough a tendency towards reduced household catich and effort was noticeable (-17%
and —13% respectivdly). However, the lack of a dgnificant overdl effect hides very
ubgtantid  changes that emerged when andyzing the data separady between floodplain
habitats and the newly created reservoirs. Dam schemes were associated with dragtic and
datidicaly dgnificant reductions in floodplain catch (-51%) and effort (-58%) on a
housshold and unit aea bass Increases in resarvoir cach and  effort  partidly
compensated for the reduction in floodplan fishing, so that overdl effects were not

sgnificant.

Redationships of caich per unit area (CPUA) and CPUE to effort per unit area are given in
Fg. 2, aggregated over dl habitats other than resarvoirs Catcheffort rdaionships for
wer an dam gtes (impacted and controls) had a sImilar dope but the intercgpt was
sgnificantly higher in dam dtes and the associated controls than in weirs and controls.
This reflects underlying differences in physcd and hydrologicd dte characteridics
Impact datus (impacted/control) had not dgnificant effect on the reaionship between

CPUA or CPUE and EPUA in either weir or dam stes.
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Discussion

The overdl impects of irrigation devdopment on household caches in wer and dam
irrigation schemes have been assessed as moderatdy negetive. These impacts are largdy
but not fully (in the case of wers) explaned by differences in fishing effort. A dight
reduction in fishing effort observed within irrigation sthemes in gened is likdy to
reflect increased opportunity cogts of fishing. In the case of dam schemes, it is difficult to
aartan to what extend the obsarved shift in fishing activities from river-floodplain to
reservoir hebitats reflects a podtive reponse to new fishing opportunities in  the
reservoir, and to what extent this change is forced by degradation of the river-floodplain
habitat. The fact that no sgnificant impact of irrigation schemes on per-area catch-effort
relationships could be detected suggests that impacts on activities and caiches reflect
predominantly responses to opportunities.  Impacts on  fish dock  productivity and

divergty gppear to be limited overdl.

The low ovedl levd of irrigation impacts on fisheries productivity and gock diversty in
the ricebased faming sysems of southen Laos may be surprisng, given the subdtantid
impacts of weirs and dams on river flows and longitudind connectivity of river habitas
(WCD 2000; Wdcomme 2001). Two likely contributing factors are the nature of the rice-
based faming sysems and the fact that the schemes assessed were embedded into
largey intact river-floodplan sysems Ranfed rice faming sysems conditute extensve

quas-floodplan habitats, the hydrology of which is driven by runoff and direct

1



precipitation rather then river flow and levd. Hence the hydrology of rice fidds which
represent the largest aguatic habitat in the systems dudied is insendtive to modifications
of river flow. Ther fisheries productivity is likedy to be mantaned as long as ecologica
connectivity with perennid  habitats is aufficient to dlow colonization by fish. As
colonizetion is linked to seasond migrations Sgnificat colonization is unlikdy to occur
in the second, irrigated production cycde Hence unless water is mantained in the paddy
between production cydes the irrigated crop is unlikdy to add sgnificantly to annud
fisheries production. A crucid factor in rice field fish production is the maintenance of a
aufficent water leve, a least in the initid dages of cultivation. This was the case in dl
dtes assessed, where the wet season crop was cultivated in the traditiond rain fed way
even in irrigated dtes Elsawhere in Ada, there has been a tendency to use irrigation
water even during the wet season and to dradticdly reduce storage within the rice fidd.
This modification in faming practice may wel have a more dramatic impact on locd
fisheries production than the devedopment of irrigation infrestructure as assessed in the

present study.

A second fector likely to contribute to the moderate level of impacts detected is the fact
that impacted Stes were embedded within largdy intact river sysems. This configuration
dlowed us to adopt a rigorous comparaive methodology in the firgd place, but it dso
meat that colonization of irrigated Stes from the surrounding area could raise locd
productivity and diversty. Cumulaive and synergiic impects are likdy to occur as a

result of increesng dendty of gmdl-tomedium schemes, and consecutive repeated



interruptions of longitudind connectivity in rivers and sreams. Hence further dudies a

catchment level are warranted to assess these issues.

There ae severd important implications of these results for the assessment and
mitigation of irrigation devdopment impacts on fishaies Frgly, impact assessments
must congder responses in exploitation petterns as wel as ecologicd  effects in
retrogpective and predictive assessments.  Secondly, ecologicd  dtributes  of  rice-based
faming sysems are such that they may support productive fisheries even within irrigated
aess. lrrigation water management and farming practices within irrigated rice systems
may have a grester impact on their fisheries productivity than irrigation infrastructure per
s« Thirdy, cumulative and synegigic impacts of irrigation schemes should be

congdered even where the individua scheme has gppears to have only alimited impect.

Adequate guiddines and tools for the assessment of irrigation development impacts on
fisheries should be developed and integrated into the commonly used Environmenta

Impact Assessment (EIA) and Strategic Environmental Assessment (SEA) frameworks.

Even within irrigated rice faming sysems naturd aguatic resources can be productive
and divee Thy may continue to play an important role in rurd livdihoods, and add
condderable vdue to the use of waer in agriculturd aess. This vadue should be
quantified paticulaly in the edimation of water productivity and conddered in water
dlocation decisons. Measures should be teken to conserve and enhance natura fisheries

productivity and divergty in irrigated rice sysems for socid and ecologicd benefits In

13



the face of increesng pressure on water resources, this will make an  important

contribution to the consarvation of inland aguetic resources in the tropics.
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Table 1 Results of the paired comparisons of average household fishing effort (HH effort) and
catch (HH catch), catch per unit of effort (CPUE), effort (EPUA) and catch (CPUA) per unit area
(average of wet and dry season area including paddies), and species richness.

Weir sites Dam sites (overall) Dams (outsidereservoir)
NI Effect NI Effect NI Effect
HH catch 0.77 | -0.28[-0.50, -0.10] 207 | -0.36[-1.18,0.27] 180 | 0.91[-1.89,-0.12]
(kg/week) - 36 % -17% -51%
HH effort 484 | -069[-1.64,0.21] 555 | -0.72[-1.91, 0.62] 448 | -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] 037 | 0.04[0.17,0.10]
+7% +76% -11%
CPUA 101 | -0.63[-1.73,-0.01] 126 | 0.75[-1.49,-0.13]
(kg/ha/week) | 052 | -62% -69 %
-0.07 [-0.14, -0.01]*
-13%
EPUA 6.62 | -1.20[-3.04,0.39] 285 | -1.76[-2.94,-0.66]
(h/ha/week) 478 | -18% -61%
-0.45[-2.00, 0.90]*
-9%
Richness 9.05 | -0.50[-1.80,0.60] 894 | +0.40[-1.65,221]
-6% +4%

* Excluding the influential pair W1.
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Fgurelegends

Fig. 1. Average household catch and fishing effort in the paired wer (a b) and dam (cf)
stes. Non-impacted controls (open bars) and impacted dStes (solid bars). For the dam
dtes cach and effort ae shown overdl for dl aguaic habitats (¢, d) and for habitats
other than reservoirs only (g, f).

Fig. 2. Redationships between fishing effort (EPUA) and catch (CPUA) per unit area in
wer gtes (g b) and in the nonreservoir habitats of the dam dtes (¢, d). Non-impacted
controls (open squares) and impacted Sites (solid squares).
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